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Message from the General Conference Chair

Prof Sunil Maharaj

We are extremely pleased to welcome you to the 2020
World Engineering Education Forum and The Global
Engineering Deans Council (WEEF&GEDC) being held
virtually, from 16 to 19 November 2020.

Each year, IFEES holds the World Engineering Education Forum in different locations around the world. On even years, the conference is jointly
convened with the Global Engineering Deans Council Conference. This is the largest global gathering in engineering education and includes
participation from a large number of stakeholders - Engineering educators, leaders, students, industry, governmental organisations, non-
governmental organisations, among others — who share and build fruitful and long-term collaborations during the event.

The South African Society for Engineering Education (SASEE), as a member of IFEES, is co-hosting this event with the University of Pretoria,
in conjunction with the South African Engineering Deans’ Forum. The WEEF/GEDC provide a strong platform for interaction and consultation
with international delegates for the sharing of interests and expertise, and we look forward to welcoming back our returning supporters and
providing opportunities for new partners.

The virtual conference will include both live and pre-recoded events, which will give our sponsors maximum visibility. The live events will be
recorded and available to delegates beyond the conference dates hence giving the sponsors maximum and extended visibility. There will be a
separate Studio for all corporate sponsors to showcase themselves during and after the conference both live and also asynchronously.

We look forward to working with you and thank you in advance for your important support of the congress.
We plan to have an exciting line-up at the Conference.

Message from the Executive Secretary (GEDC) and Secretary General (IFEES)

Prof Hans ). Hoyer

- It is my great pleasure to welcome you to the
World Engineering Education Forum and the Global
Engineering Deans Council (WEEF-GEDC) Virtual
Conference to be held November 16-19, 2020.

WEEF has been an important event in furthering the International Federation of Engineering Education Societies' (IFEES) and GEDC's mission
to bring together the global community to build excellence in engineering education. It is uniquely designed, inviting participation from Profs,
academics, engineering educators, researchers, and students to governmental organizations, industry leaders, and other stakeholders. WEEF/
GEDC offers this dynamic group a strong platform for interaction and consultation with international delegates sharing interests and expertise.
Participants convene to discuss how to move institutions forward, motivated by purpose to contribute to more equitable, inclusive, and
sustainable development.

As many things in 2020 halted in response to the COVID-19 global pandemic, our team decided to persist. They worked tirelessly to adapt the
format of our annual conference into a dynamic virtual experience out of necessity and purpose.

My sincerest gratitude to our Conference Chair, Sunil Maharaj, Conference Co-Chairs Sirin Tekinay and Ramiro Jordan, Co-Chair for Student
Activities Mr. Yashin Brijmohan, and the organizing committee for their detailed, passionate, and effective dedication to making WEEF/GEDC
2020 a successful event. | would also like to express my appreciation for the student leaders who coordinated many wonderful and informative
sessions to amplify the student voice.

We are certain that you will both gain insight and feel inspired by our diverse sessions and complex and engaging dialogue. Join us in creating
disruptive innovations for engineering education, for a world that is beset with challenges, to change the trajectory of humanity and to create

a sustainable and ethical future for all.

Sincerely, Prof Hans J. Hoyer
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Message from the GEDC Chair

Prof Sirin Tekinay

Dear Global Engineering Education Community, it is truly an
honor and apleasure to extend a warm personal welcome to you
as GEDC Chair and Conference Vice-Chair of World Engineering
Education Forum (WEEF) & GEDC Conference 2020.

How the world has changed since we started to plan WEEF-GEDC 2020! In August of 2019, a few of us from IFEES/GEDC leadership flew
from our homes in various parts of the world to beautiful Cape Town to visit and inspect the conference site, accommodations, and nearby
attractions. We started to work hard on the program as usual, but then, a lot more, to transform all of our preparations, and time-honored
annual traditions into the virtual event our conference has become for the first time. While we look forward to getting together face to face
in Cape Town in 2022, we are delighted and proud to have overcome distances this time around, thanks to our South African colleagues, our
global team, and our technology partners. Once again, but for the first time virtually, our annual conference will serve our mission of sharing
best practices, promoting global quality standards, bringing university and industry together, and generally empowering engineering education
community to achieve heightened impact.

| am especially proud to see student engagement increase at our conferences. This time, we have even more student-led events than before. It is
so very gratifying to see our students owning up to their education in general, and in particular, making use of this space for networking, and making
impact along themes of their choice. The university-industry events at the conference, with the experience of an extremely successful recent virtual
GEDC Industry Forum under our belt, are geared towards blurring the boundaries between the academic dimensions of education and research,
integrating it all into innovation, co-creation, design, and impact. The skillset of the new engineering student and graduate is best shaped hand in
hand with industry. Our GEDC-initiated global virtual internship program has added to the palette of modalities of university-industry interaction.

I am thrilled to invite you to participate in, and contribute to, upholding our time-honored traditions such as the IFEES Award, and celebrations
of diversity. We will hold our GEDC Diversity Award Ceremony, and host a panel of authors of the second edition of our publication, “Rising to
the Top: Global Women Engineering Leaders Share Their Journeys of Professional Success,” as we gear up for its third and fourth installments.
Our GEDC and General Assembly included, all of the sessions of the conference will connect the globe in real time.

We are physically distanced, but socially, globally tighter connected than ever.
Please stay safe, healthy, and in touch.

Message from the Conference Vice-Chair & IFEES President

Prof Ramiro Jordan

On behalf of the International Federation of Engineering
Education Societies (IFEES), it an honor and a pleasure to
welcome you to the World Engineering Education Forum and
the Global Engineering Deans Council (WEEF-GEDC) Virtual
Conference, to be held from 16 - 19 November 2020.

This year, COVID-19 has pressed the RESET button for the planet. 2020 is a challenging year where all existing models will have to be re-
engineered, re-imagined. Models like healthcare, transportation, supply chains, energy, water, other. For IFEES is the engineering education
model, how we teach, learn, do research, collaborate and organize entrepreneurial activities.

The WEEF-GEDC virtual event has been designed to foster the exchange of new ideas, experiences, products, services, facilitate new collaboration
opportunities, and networkingamong Profs, academics, engineering educators, industry leaders, researchers, students, governmental
organizations, and concerned global citizens. We encourage you to engage and helps us design the future of engineering education. It is about
you. We want to thank all the dedicated volunteers, event planners, sponsors, student organizations, IFEES and GEDC members for making this
conference anoutstanding success!

My sincere thanks to the General Conference Chair Prof Sunil Maharaj, Conference Co-Chair Prof Sirin Tekinay, Co-Chair for Student Activities
Mr. Yashin Brijmohan as well as the rest of the conference organizing committees for their time, effort, dedication, and commitment for making
WEEF-GEDC-2020 a successful event!

I would like to wish all of you a very productive experience and a successful event.
Respectfully, Prof Ramiro Jordan
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Message from the IFEES President Elect
Alaa K. Ashmawy

Welcome to the 2020 WEEF-GEDC Conference. This year’s
conference takes place against the backdrop of extraordinary
circumstances that disrupted our conventional operations. The
ongoing COVID-19 pandemic presented formidable challenges,
but it also gave us a chance to reflect on our priorities; it
provided our global engineering education community with
purpose and context as we move forward.

With travel restrictions and economic adversities in place, the organizing committee wasted no time in putting together a world-class virtual conference
that engaged not only educators, but also industry professionals, researchers, and students in a quest to define new norms in teaching and learning.
This is evident in the diversity of topics covered in this year's papers and presentations, as well as the emergence of new solutions to facilitate distance
education, virtual classrooms, and remote collaborative learning. Our community has also recognized the importance of addressing large-scale
threats to our planet and refocusing our curricula toward the attainment the planet’s sustainable development goals. Another important dimension
covered in the conference is the recognition of the societal, psychological, and ethical challenges surrounding remote and virtual learning.

One of the most important takeaways from this year's conference is the resilience of the global engineering education community, as we continue to
build bridges between industry, academia, and society at large. The live streaming of the interactive workshops and technical sessions will serve as
a model for hybrid editions of the conference in the future. This will enable a larger audience of students and professionals who have limited travel
resources to engage with the face-to-face participants.

| wish to thank our colleagues from South Africa who put together an exceptional conference through a virtual platform, and look forward to
congratulating them in person, at the Cape Town edition in 2022.

Message from the Technical Program Committee

Dr Helen Inglis

On behalf of the Technical Program Committee, | am extremely
pleased to share with you the proceedings of the WEEF & GEDC 2020
Virtual Conference. These proceedings present original research and
innovative pedagogical practices implemented by authors from across
the globe, as well as potential directions for engineering education
researchers and practitioners through various position papers.

All the papers included in the proceeding went through a two- or three-step review process. To improve the quality of the reviews and provide
the authors with constructive directions for developing the paper, the Technical Program Committee organised an online review workshop for
reviewers. Authors were initially invited to submit 500 word abstracts. These abstracts went through a double blind review process in which each
abstract was reviewed by at least two reviewers. Out of the 111 abstracts received at this stage, we invited 94 to be submitted as full papers.

The full papers submitted by the authors underwent another round of double blind peer review. Papers that required minor revisions were
accepted to be included in the proceedings with the authors being encouraged to incorporate in the final version the suggestions made by the
reviewers. The authors of the papers that required substantial changes were asked to submit a revised version of the paper with details on how
the reviewer feedback was incorporated in the revised version. These revised papers underwent an editorial review before being accepted into
the proceedings. Out of the 54 full papers initially submitted, we accepted 42 to be included in the proceedings. The authors who contributed
these studies represent more than 25 different universities in more than 16 countries around the world.

I would like to extend my heartfelt gratitude to the members of the Technical Program Committee, who reviewed abstracts and full papers.
The timely and constructive feedback from reviewers contributed to improving the quality of the papers. | am also extremely grateful for the
commitment of the Technical Program Committee Vice-Chairs: Dr Ashish Agrawal (University of Cape Town), Prof Deborah Blaine (Stellenbosch
University), Prof Johnson Carroll (University of Johannesburg), Dr Lelanie Smith (University of Pretoria), and Prof Alta van der Merwe (University
of Pretoria). Their dedicated effort and thoughtful engagement ensured the integrity and quality of the process of publishing these proceedings.

I hope you enjoy reading through the proceedings, and that these papers open new ways for you to think about engineering education research
and teaching.

Sincerely, Dr Helen Inglis
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Keynotes & Speakers

Prof Tawana Kupe

Bio: Prof Tawana Kupe is currently the Vice-Chancellor & Principal at the University of Pretoria and is the
13th vice-chancellor to take up the reins of this 111-year old university and commenced his duties on 14
January 2019. Prior to his appointment, he served as the Vice-Principal of the University of the Witwatersrand
(Wits), responsible for the daily running of that institution and the coordination of operations across all
executive portfolios. Before that, he held the rotating Vice-Principal post and also served as the Deputy
Vice-Chancellor for Advancement, Human Resources and Transformation. Prof Kupe holds a Bachelor of Art
Honours degree and Master's in English from the University of Zimbabwe, as well as a DPhil in Media Studies
from the University of Oslo, Norway. A highly published academic, he has authored several journal articles,
books and book chapters in his main discipline, Media Studies and Journalism.

Prof Barbara Oakley

Bio: Prof Barbara Oakley is a Prof of Engineering at Oakland University in Rochester, Michigan. Prof Oakley
holds Bachelor of Science in Electrical Engineering, from the University of Washington, in 1986, a Master
of Science in Electrical and Computer Engineering degree from Oakland University in 1995, and a Ph.D. in
Systems Engineering from the same University. Her work focuses on the complex relationship between
neuroscience and social behavior. She teaches Coursera - UC San Diego's “Learning How to Learn,” one of
the world's most popular massive open online course with over three million registered students. Barb is a
New York Times best-selling author—her book A Mind for Numbers has sold nearly a million copies in twenty
languages worldwide.

Prof Bevlee A. Watford

Bio: Prof Bevlee A. Watford is a Prof in Engineering Education, Associate Dean for Equity and Engagement
and Exectuve Director of the Center for Enhancement of Engineering Diversity at the College of Engineering
at Virginia Tech. Prof Watford earned all of her degrees from Virginia Tech’s College of Engineering (BS Mining
Engineering, MS and PhD in Industrial Engineering and Operations Research). Prof Watford has worked
at Virginia Tech since 1992, becoming associate dean in 1997. Her professional interests are focused on
ensuring that all students who desire an engineering degree are successful. She is particularly interested in
helping under-represented students achieve their educational and professional goals, whether these goals
are in engineering or any other field.

Prof Ramiro Jordan

Bio: Prof Ramiro Jordan is a scientist, innovator, educator and entrepreneur. He is a faculty member of the
Electrical and Computer Engineering (ECE) department at the University of New Mexico, and is currently the
Associate Dean of Engineering for International Programs. His research activities include sustainability, Smart
Grid, cognitive radio, multi-dimensional signal processing, and software development. He is a dedicated
educator, actively creating educational infrastructure in academic institutions worldwide with emphasis on
the “culture of quality” in educational programs for accreditation and certification. Prof Jordan is a recognized
leader in his field and serves on the Board of Directors of several industrial and professional organizations.
An active member of scientific and professional societies including ASEE and IEEE, Prof Jordan has published
extensively in books, journals, magazines and on the Web.
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Keynotes & Speakers

Mr Xavier Fouger

Bio: Mr Xavier Fouger An Industrial Engineer, former Science Attaché in Vienna, Xavier Fouger joined Dassault
Systemes in 1990. He developed innovation processes for various automotive manufacturers in Germany and
Korea. He created the corporate organization in charge of global academia. He created Dassault Systemes’
Learning Lab that conducts collaborative educational research with various universities, funded by US and
European agencies on the use of digital technologies in education and the development of lifelong learning
of emerging engineering practices. His current focus is on developing industry-inspired learning centres,
establishing educational government programs and nurturing collaboration with engineering education
societies.

Dr Michael K. J. Milligan

Bio: Dr Michael K.J. Milligan is the Executive Director and Chief Executive Officer of ABET, the global accreditor
of over 4,000 college and university programs in applied and natural science, computing, engineering and
engineering technology. Dr Milligan earned his Ph.D. from the University of Texas at Austin, his M.S.E. from
the University of Massachusetts at Lowell, and his B.S. from Michigan State University — all in electrical
engineering. He also earned an M.B.A. in Business Administration from Western New England College, is a
registered Professional Engineer (PE) in Colorado and Maryland, and a Certified Association Executive (CAE).
Dr Milligan is also a member of the Tau Beta Pi Engineering Honor Society, IEEE Eta Kappa Nu Electrical and
Computer Engineering Honor Society, and a senior member of the Institute of Electrical and Electronics
Engineers (IEEE).

Prof Cindy Cooper

Bio: Prof Cindy Cooper is Program Officer for The Lemelson Foundation and supports higher education
initiatives that promote invention education and invention-based entrepreneurship to improve lives. She
also leads the Foundation's Engineering for One Planet initiative accelerate environmentally and social
conscious engineering by mobilizing changes in engineering education. Prof Cooper holds a Global M.B.A.
with distinction from Thunderbird School of Global Management and earned a B.A. summa cum laude in
Psychology/Spanish from Claremont McKenna College. She has experience in global marketing and has
consulted to corporations, foundations and NGOs on social innovation and environmental impact projects.

Mr Michael Carone

Bio: Mr Michael Carone joined MathWorks in 2003. During his career, he has held positions as an application
support engineer, industry marketing analyst, and product marketing manager for Stateflow. He is currently
a principal product marketing manager for Simulink, focused on guiding the strategic direction of Simulink
and Model-Based Design, especially in the areas of modeling, simulation analysis, and online collaboration.
Michael received his Bachelor of Science degree in mechanical engineering and a minor in economics
at Lehigh University. He received his Master of Science degree in mechanical engineering at the Georgia
Institute of Technology.

viii
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Keynotes & Speakers

Prof Gong Ke

Bio: Prof Gong Ke obtained his Bachelor's degree from Beijing Institute of Technology in 1982. He gained his
doctor degree of Technological Science at the Technical University Graz, Austria in 1987. He is member of
the Communication Technology Committee of the Ministry of Industry and Information Technology of China,
member of the China Standardization Experts Committee, member of the Artificial Intelligence Technology
Innovation Expert Group of the Ministry of Education of China. He is foreign fellow of the Russian Academy
of Aerospace Sciences. He has an honorary doctoral degree from the University of Glasgow. In January 2014,
he was appointed by then General Secretary Ban Ki-moon to the Scientific Advisory Board of the Secretary-
General of the United Nations. He has been working in WFEO as Chair of Committee on Information and
Communication, then Chair of Engineering for Innovative Technologies since 2009. He took the office of
President at WFEO in 2019.

Prof WU Qidi

Bio: Prof WU Qidi is a Prof of Tongji University and Tsinghua University, Director of Center for Engineering
Education, Chairperson of National Accreditation Committee of Engineering Education and member of
National Education Advisory Committee and Education Committee of Chinese Academy of Engineering.
She served as President of Tongji University, Director of Department of Management Sciences of National
Science Fund of China (NSFC), Vice Minister of Education and Member of the People’s Congress. Madame
WU received her PhD from Federal Institute of Technology (ETH) Switzerland, MA and BA in E.E. from
Tsinghua University. Her major research interests are control theory, electrical engineering and engineering
management, published several books and more than 100 papers. She received many awards including
Grand Cross of the Order of Merit of the Federal Republic of Germany.

Mr Prasad Mavuduri

Bio: Mr Prasad Mavuduri is the CEO, at University of Emerging Technologies and a Senior business leader,
entrepreneur working for the past thirty two years in the fields of Higher Education, Emerging Technologies
(such as Big Data, Al / ML, Blockchain, Cloud Computing etc.), Business Process Re-engineering, Business
Transformations, Enterprise Resource Planning systems, Business Intelligence, Governance & Compliance.
Prasad holds an MBA from Kellogg School of Management (Northwestern University) and an MS (Technology)
from Andhra University.

Ms Sabine Dall'Omo

Bio: Ms Sabine DallOmo attained her Higher Commercial Certificate from Heinrich-Thoene College in 1985
and did vocational training at Siemens Germany between 1986 and 1989. She took on the responsibility of
Commercial Officer: Accounting Services and shortly thereafter Commercial Officer: Sales until 1995. In 1998,
she became Commercial Manager for a Siemens' Automation and Drives business in Germany, a position
she held for over three years. Later, she progressed to Commercial Manager for the Siemens Automation
and Drives Office in Shanghai, China, until 2004. Sabine joined Siemens South Africa in 2004 as Head of Risk
and Controlling, Mergers and Acquisitions where she was instrumental in executing major transactions. In
2012, she was appointed Chief Financial Officer of the Siemens Cluster Africa and two years later became
Chief Executive Officer of Siemens Southern and Eastern Africa.
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Keynotes & Speakers

Mr Sun Gang

Bio: Mr Sun Gang is the Director of Global Talent Ecosystem Development at Huawei Technologies Co., Ltd.
He manages Huawei's ICT Talent Eco-system and related operations globally, including Huawei ICT Academy.
Mr Gang has extensive experience in Huawei and has been in various executive positions in regions including
China, Europe, and Head Office.

Mr Tommie Chambers

Bio: Mr Tommie Chambers attained his B.Eng Electronic Engineering degree in 1988 at the “Potchefstroom
University for Christian Higher Education” (now part of the North-West University) and in 1995 earned a B.Sc
Computer Science degree (cum laude) from the same university. He is a business developer for the Siemens
Digital Enterprise portfolio in South Africa. He started his career at Eskom, a power utility, in 1989 as an engineer
in training and later worked as a turbine maintenance engineer. He moved to Siemens in 1996 working on
power station projects. He moved to the automation marketing team as a technical consultant for visualization
systems and [T/OT integration at the end of 1998. In 2018, Tommie assumed the responsibility of business
development for Factory Automation digitalization solutions and now for Siemens Digital Enterprise.

Mrs Dora Smith

Bio: Mrs Dora Smith directs the globalacademic program for Siemens. Under her leadership, the global academic
program is a strategic initiative for the company. The program empowers the next generation of digital talent
through industrial strength software and curriculum, project-based learning, and STEM competitions to support
more than 1 million students and more than 3,000 institutions worldwide. Dora serves in academic-industry
advisory roles as chair-elect on the American Society for Engineering Education’s Corporate Member Council
and director on the International Federation of Engineering Education Societies executive committee. Dora
earned her bachelor's degree in journalism from University of Missouri-Columbia and a master’s in business
administration from Washington University. She is an accredited business communicator with more than 25
years of experience in the engineering and manufacturing industry with leadership roles across disciplines.

Mr Hakan Bulgurlu

Bio: Hakan Bulgurlu is the CEO of Argelik, a leading manufacturer of home appliances. Arcelik has annual
revenues of five billion euros and its brands hold prominent leadership positions across global markets. Under
his leadership, the company has generated solid topline growth, and expanded its global manufacturing
network to 23 plants in nine countries. Hakan is passionate about creating positive social impact and driving
change that fosters inclusive, sustainable, and responsible business. This vision drove Arcelik to become an
Industry Leader in the Dow Jones Sustainability Index and to be included in the FTSE4Good Index for four
consecutive years. After graduating from the University of Texas, Austin he earned his MBA from the joint
program of Northwestern University and the Hong Kong University of Science and Technology.

Dr Will Greenwood

Bio: Dr Will Greenwood is Higher Education Content Manager at MathWorks. Dr Greenwood completed
his Bachelor of Science (BS) in Civil Engineering at University of Vermont in 2013 and completed his PhD at
University of Michigan in 2018.
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Keynotes & Speakers

Mr Paul Karam

Bio: Mr Paul Karam is the Director of Research & Development at Quanser. Paul's vision and guidance
is essential to ensuring that the R&D team is able to deliver solutions that are effective, sustainable, and
academically appropriate. Before assuming his current position, Paul Karam managed Quanser's industrial
projects and robotics technologies for six years. He was involved in the design and implementation of
Quanser’s original integration with National Instruments (NI) LabVIEW™ control design software and played
a pivotal role in the development of the QNET line of engineering trainers for the NI ELVIS platform. He holds
an honours bachelor degree in Electrical Engineering from the University of Waterloo.

Professior Ishwar K Puri

Bio: Prof Ishwar K. Puri is the Dean of Engineering at McMaster University. Prof Puri obtained his B.Sc. in
Mechanical Engineering at University of Delhiin 1982 and Applied Mechanics at University of California San
Diego in 1984 and his Ph.D. in Applied Mechanics from the same University. His expertise are Transport
Phenomena; Heat Transfer, Energy Storage; Fluid Mechanics; Self Assembly & Nanostructure Synthesis;
Combustion & Pollutant Airborne Emissions; Mathematical Biology; Bioinspired Computational Biology.

Dr Armin Veitl

Bio: Dr Armin Veitl is Senior Director for Global Academic Programs at Altair. In this role, he combines
all activities in the regions to promote teaching and learning with the latest simulation technologies. Prior
to his current position, he supported Altair's global indirect business as Technical Director. From 2016
to 2018, he led the technical team in Greater China from our regional office in Shanghai. He gained his
technical expertise through numerous service projects in the field of lightweight design in the automotive
and aerospace industries for German and European customers. He joined Altair in 2000 after completing his
studies in multi-body dynamics at the Technical University of Munich with a PhD.

Mr Mark Burns

Bio: Mr Mark Burns is Director of Data Analytics for SLED Team across North America and based out of US
in New Hampshire. He assists organizations achieve their goals through Data Analytics and oversees a data
analytics sales and solutions team based in North America. Mr Burns areas of expertise include Data Prep,
Data Quality, ERP Systems Reporting and Data Science.

Ms Thandi Majola

Bio: Ms Thandi Majola is an experienced Business Development Manager with a strong background in the
Education & Skills Development field with a demonstrated history of working in the cloud computing and
software industry. She currently fulfils this role within Amazon Web Services (AWS), where she has served in
this role since 2018. A key component of Thandi Majola’s business development activities entails capacitating
educational institutions with the knowledge and platforms required to enable the effective delivery of virtual
learning environments for hybrid learning. Additionally, Thandi also has a strong focus on driving digital skills
development initiatives within the South African region.
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OnDemand, Chief Sales Officer for Launchpad Recruits, Sales Director EMEA for Cogeco Peer 1, and UK
Country Manager for Kronos. He holds an MBA from Durham University Business School.

Mr Jesus Sancho

Bio: Mr JesUs Sancho holds a Master Degree of Aeronautical Engineering from Universidad Politécnica de
Madrid (Spain) and an Executive MBA Diploma from IESE Business School (Madrid). He presently holds the
position of Middle East Managing Director of Spain”s ACCIONA (www.acciona-me.com). He has been based
in Dubai (UAE) since 2008. Mr. Sancho has recently been included in the Forbes List “Global Meets Local: Top
100 executives in the Middle East 2018" as well as in the Construction Week's “ME Power 100 List.

Dr Bernard Amadei

Bio: Dr Bernard Amadei is a Distinguished Prof and Prof of Civil Engineering at the University of Colorado
at Boulder. He received his Ph.D. in 1982 from the University of California at Berkeley. Dr Amadei is the
Founding Director of the Mortenson Center in Engineering for Developing Communities. He is also the
Founding President of Engineers Without Borders - USA and the co-founder of the Engineers Without
Borders-International network. Among other distinctions, Dr Amadei is an elected member of the US National
Academy of Engineering and the National Academy of Construction. He is also an elected Senior Ashoka
Fellow. Dr Amadei holds seven honorary doctoral degrees (UMass Lowell; Carroll College; Clarkson; Drexel;
Worcester Polytechnic Institute; the Technion in Israel; and SUNY-ESF). In 2013 and 2014, Dr Amadei served
as a Science Envoy to Pakistan and Nepal for the US Department of State. Dr Amadei holds a commercial
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Workshop Sessions

1) Session: Crisis Online Learning
Workshop

Topic:
Actionable Insights from Engineering Educators During Emergency
Remote Teaching

Overview:

This workshop will consist of an interactive presentation of an
ongoing research effort into the effect of the transition to emergency
remote (online) teaching (ERT) during the pandemic. The research,
conducted by the South African Society for Engineering Education
and Stellenbosch University, seeks insights into the conditions,
challenges and successes of the transition from engineering (and
related) educators and postgraduate students at different institutions
in different contexts.

Workshop participants will be invited to compare their own
perceptions of online teaching in particular learning scenarios into
their own context in an interactive format. The facilitators will then
guide the participants through the framework and methodology used
to productively interpret the qualitative data collected. The workshop
will culminate with a comprehensive discussion on translating the
analysed data into areas for potential action.

Presenters:
Karin Wolff (Stellenbosch University) and Johnson Carroll (University
of Johannesburg)

Target Audience:
All engineering education related stakeholders (management, deans,
lecturers, students, learning support staff)

2) Session: Mental Wellbeing Workshop

Topic:
Exhaustion and Authenticity in your career as an academic staff
member

Overview:

Although wellbeing is a topic of much discussion within Higher
Education, it is often seen as elusive and can be even harder to remain
aware of your own wellbeing during the busiest times. This workshop
facilitates participants’ explorations of what working in Engineering
Education Research means for them and how they can embed active
wellbeing practices into their work life. Beginning by exploring two
key factors in maintaining healthy levels of wellbeing, authenticity and
exhaustion, participants are invited to reflect on their own experiences
using this framing of wellbeing via Action Learning Sets and culminating
in each participant devising their own strategies to ensure a healthy
balance of wellbeing through a pledge they make to themselves. To
embed sustainability into this practice of self-reflection and awareness
of how they continue to embody their pledge in the future, the second
part of the workshop focuses on developing simple personalised
practical actions in support of this.

Presenters:
Lelanie Smith (University of Pretoria) and Rebecca Broadbent(Aston
University, UK)

Target Audience:

All levels of faculty who are interested in exploring their awareness
of their own wellbeing or exploring ways in which to help members
of their team become aware of their wellbeing and master practices
to maintain awareness.

Xiv

3) Session: Ethics in Engineering Education
Workshop

Topic:
Workshop on teaching ethics within engineering

Overview:
Session participants can expect to gain:

the opportunity to engage with the different facets of teaching
ethics including ethics as a skill, concept, knowledge, value and
attitude

the exploration of the difference between ethics as an individual
and as a communal practice

experience of online activities for the teaching of ethics to
engineering students

practical hands-on engagement with research ethics training and
engagement with strategies to counter corruption in the public
service.

Ethics within engineering can be seen as an individual practice and,
as such, falls outside of professional discourse and processes. This
workshop will reposition ethics as central to the practice of engineering
and will engage with three key areas relating to research, the public
sector and professional identity. Participants will go home with
practical ideas for enhancing their own teaching of ethics to engineers.
Participants will be engaged as students and teachers and expected to
participate in and contribute to practical activities including scenarios.

Presenters:

Alison Gwynne-Evans, Marianne Camerer, Lyn Horn,Paula Saner
(University of Cape Town) and Manimagalay Chetty

(Durban University of Technology)

Target Audience:
All engineering education related stakeholders (management, deans,
lecturers, learning support staff)

4) Session: Africa Engineering Education
Research Network (EERN) Workshop

Topic:
Africa EER networking workshop

Overview:

EER is not well represented in Africa and although there is a growing
interest to support African countries, Africa lacks representation in the
global EER community. Many African Universities operate with limited
resources and unique restrictions which leads to various innovative
educational projects but they remain unpublished. This short
workshop will act as a community building engagement as we move
towards a sustainable EER network in Africa and to increase African
representation globally in this field and showcase the contribution
of Africa to EER. It will be informally organised to give scholars and
practitioners the opportunity to connect, share experiences and their
interests or potential links to EER.

Presenters:

Lelanie Smith (University of Pretoria), Esther Matemba (Curtin
University), Aida Guerra(Aalborg University) and Mike Klassen
(University of Toronto)

Target Audience:

Even though the focus is on African countries and building an
EER community, anyone who has an interest in networking and
collaborating is more than welcome.
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A case of implementation of an iPeer software tool to assess and develop
engineering students' teamwork capabilities in a large class environment

Saija Bezuidenhout
Department of Industrial and Systems Engineering, University of Pretoria, South Africa
saija.bezuidenhout@up.ac.za

Abstract—Due to the growing administrative challenges and
addressing the need for creating an efficient large class learning
environment, a peer review approach is introduced as a part of
the Engineering Management module’s teamwork assessment.
The module is compulsory to all engineering disciplines and
has an annual class size of +1000 students in the University
of Pretoria. As a result, the workload of academic staff has
concurrently become unfeasible, especially concerning the
student assessment and feedback. Furthermore, the industry
feedback has indicated that the current system is not
successfully producing the employability capabilities needed
in the real world in terms of teamwork. This competency
gap between students’ actual teamwork skills and the skills
required by the industry further sparked the need to revisit
the teaching, learning and assessment practices of teamwork.
Hence the technology-assisted peer review provided a solution
to maintain the workload and the prospective to work smarter.
This paper aspires to advance a better understanding regards
the utilisation of peer review and its educational value in a
large class size environment as the existing literature currently
focus on small class size applications. This is an interactive mix
methods study with a multiphase concurrent interdependent
design. The emphasis is in the considerations of practical reality
as the instructors in the high education institutions under the
pressure of growing class sizes are in constant need of useful
tools and new practical knowledge to better operate in their
environment. The convenience sample includes 826 students
forming 166 teams. After the completion, it became apparent
that the peer review has a positive impact on students’ self-
awareness and that it can be used for assessment for a
teamwork evaluation with certain limitations. This paper
argues that the peer review, however, does not provide a ‘quick
fix' automatically improving students’ teamwork capabilities
but rather only assists in highlighting the problem areas when
used in isolation. To enable actual cognitive learning and skills
development, a more systematic approach involving curriculum
development is required where teamwork skills are developed
gradually through different modules from first to last year.

Keywords—teamwork, team development, collaborative learning,
peer assessment, large class

l. INTRODUCTION

The different fields of engineers are in high demand in South Africa
as the country is suffering from an escalating skill shortage in
most of its key economic sectors. Although South Africa’s situation
is acute, the country is nevertheless not alone, but nations all over
are facing the same problem.

Consequently, the University of Pretoria’'s Faculty of Engineering,
Built Environment and Information (EBIT) hosts the largest school

978-1-7281-9756-2/20/$31.00 ©2020 IEEE

of its kind in terms of student numbers in Southern Africa. Due
to the growing administrative challenges and addressing the
need for creating an efficient large class learning environment,
EBIT introduced iPeer software tool as a part of its Engineering
Management module’s teamwork assessment.

This paper firstly aspires to advance a better understanding
regards the utilisation of peer review and its educational value, as
well as creating a greater awareness of the peer review technology
available for super-sized classes, as the existing literature
currently primarily focuses on small class size applications [1][2]
[3][4]. Furthermore, although eLearning can rightfully be claimed
to be important and widely accepted, there is still, however,
minimal high performing applications available [5][6]. This case
demonstrates an implementation of iPeer software tool in
assisting in the extensive class administration and assessment as
well as in developing the student teamwork skills.

1. ENGINEERING EDUCATION ON TEAMWORK

The teamwork skills are among the top ten non-technical soft
skills required in a modern workplace [7][8][9][10]. The employers
actually, in most cases value the generic employability skills over
the specific technical skills and hence, the educational practices
should directly address the employability skills development [9]
[10][11]. The engineering professionals that learn well to the team
would be more able to solve complex cross-disciplinary problems,
align different cultures and viewpoints and to learn from multiple
fronts, deliver a variety of outputs, and better manage a continually
changing environment [12].

TheEngineering CouncilofSouth Africa(ECSA)andthe Accreditation
Board for Engineering and Technology (ABET) emphasise the
teamwork skills in their accreditation criteria for engineering
and computing programmes [8][13][14], due to the professional
profile of engineers having such a strong teamwork component
[15]. Furthermore, the research on learning and education
strongly continues to influence the engineering education; the set
learning outcomes and the selected teaching approaches, more
Profs using active learning methods, increasingly emphasising
cooperative learning and increased student engagement [16][17]
[18]. Also, many instructors believe the importance of soft skills
but most lack knowledge in developing these skills [19].

In most higher institutions, the use of teamwork is more related
to lacking teaching or administrative resources rather than
for the teaming skills improvement purposes [20]. Although
the traditional approach is to place students together without
further formal instruction and let them just ‘work things out, it
is, however, unlikely that any teamwork skills would be acquired
through such an ad-hoc project experiment. There needs to
be a more systematic approach towards the teaming and the
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development of students’ teamwork competencies [19][21][22]
through training and activities integrated into an active learning
process [15][23]. Also, it is essential to note in a high technology
environment, that a group of experts such as engineers do not
necessarily naturally form an expert team [24] but quite the
opposite. Typically engineers are well equipped in the technical
skills needed for individual task performance. In contrast, the
teamwork skills that are cognitive, behavioural and attitudinal
aspects that an individual needs in order to function effectively
as part of a team are left without much of attention and guidance
[24].

According to Botha et al. [7], although the teamwork has such
a high emphasis and a role in the higher education engineering
programmes, the validity and reliability of the teamwork
assessment is often questioned. In order to effectively assess
the teamwork, both the final team deliverable and the process
to develop that deliverable must be evaluated. Ideally, the
feedback on teamwork leads to student's critical reflection and
the development of the teamwork skills. In order to improve the
teamwork skills, the assessment must support it as the learning is
strongly influenced by the assessment [7].

Lingaard and Barkataki [21] aspired to find a more pragmatic and
practical approach to teaching teamwork skills. They were driven
by the need to establish criteria to measure the effectiveness
of teaching these skills [21]. The teamwork should enforce the
involvement of everyone in the team, both in the work and the
assessment [25]. However, with this comes the challenge of how
to assess the individual attendance and contribution to the team'’s
results [20][23].

1. PEER ASSESSMENT

Botha et al. [8] emphasise that the assessment of teamwork
should be based on both the output as well as on the deliverable
to develop the output. This can be challenging since the teamwork
typically takes place outside the formal classes where the lecturer
cannot observe the team collaboration and contribution of the
individual members. Peer participation evaluation (PPE) can cover
this gap by allowing students to reflect their team dynamics and
the respective teamwork skills by themselves. This feedback
executed by the fellow team members regards the standard of
work, and the overall team performance will enhance learning
through improved understanding through self- regulation
(monitoring of their learning) and self-correction, ultimately
leading to metacognition [8]. In other words, PPE allows students
to self-reflect and thus learn about themselves as well as about
their role within the team [8][26].

Substantial research evidence suggests that peer assessment
results in improved learning [26]. Peer assessment is a reliable
and valid assessment approach to that conducted by an
academic instructor and can complement other approaches
such as cooperative learning [26]. Furthermore, an approach
incorporating an element of peer assessment accounting for
individual performance contributes positively towards the
employability skills through learning as it increases the student
responsibility and autonomy, provides insight to the assessment
mechanisms and work expectations, advances deep learning,
and motivates students to perform [11][27]. Regardless of the
clear benefits and increasing implementation, many institutes
still are not successful in incorporating the peer assessment to
their formative or summative assessment [11]. There is also no
clear consensus between the users regards the preferred peer

assessment instrument [27]. However, the system should ideally
be harmonised within the faculty, if not within the institution, in
order to utilise the potential benefits fully. Some of the instruments
currently available for peer- reviewing are Turnitin, PeerScholar,
edx ORA, Canvas and iPeer [28].

iPeer is an open-source peer review application developed by
the Centre for Instructional Support at the University of British
Columbia [29] that enables the instructors to develop and
distribute evaluations to the students online efficiently and to
review and distribute the received student comments. iPeer offers
three types of evaluations: (i) simple evaluations where students
evaluate each other by distributing a set number of points among
their team members, (ii) rubric evaluations where the students
evaluate each other based on specific criteria, and (i) mixed
evaluations where the students evaluate each other by using a
combination of the simple and rubric evaluations. Evaluations
are based on anonymity, where the respondent students details
are concealed and not shared with the other students in order
to provide a platform for honest feedback. In all, iPeer facilitates
customised evaluations in an automated and anonymous system
environment, hence reducing instruction workload and overall
logistics required, as well as efficiently distributing the assessments
and receiving the feedback [30]. Furthermore, iPeer assists in
establishing individual marks by allowing the team members to
assess each other’s participation and contribution to reaching the
team’s objective. Thus iPeer promotes not just effective teamwork
but also individual learning.

Iv. METHOD

The objective of this study seeks to create knowledge that
guides practise through evaluating the outcomes and the
overall experiences of iPeer implementation into a large class
environment, especially from the students’ teamwork skills
development point of view. This study attempts to explore the
concept of peer assessment inductively, and iPeer tool especially
in order to answer to two questions: (i) what is the usability of
iPeer in a large class environment as an assessment tool, and (ii)
does peer review have an impact on students’ teamwork skills
development?

This is an interactive mix methods study that incorporates both
qualitative and quantitative research approaches in order to
provide more in-depth analysis and understanding of the research
problem to guide the academic practitioners [31]. The different
components are in constant interaction, and their outcomes are
integrated throughout the study.

This study follows a multiphase concurrentinterdependent design
and the study is conducted in four phases. The implementation of
each of the phases is not dependent on the results of data analysis
of the other component. The integration of different approaches
takes place both at the analysis and the discussion of results with
a joint display of study findings and the merging of datasets. The
quantitative approach is deemed as the principal and decisive
core component, and the qualitative as the supplementary
component in addressing the study objectives. The four phases
of the study were as follows: (i) Phase 1: Project work assessment,
(i) Phase 2: Team peer review, (iii) Phase 3: iPeer feedback survey,
and (iv) Phase 4: Meta inference.

The data collection is conducted as follows: (i) Phase 1: Obtaining
all team project work assessment information (i.e. final marks for
the teams) captured in the University of Pretoria’s clickUP Learning
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Management System, internationally also known as Blackboard, (i)
Phase 2: Obtaining all the individual peer assessment information
(i.e. individual student evaluation marks) captured in iPeer, and
(i) Phase 3: Obtaining all the individual iPeer survey responses
captured in Qualtrics.

The data analysis is conducted for both qualitative and quantitative
datasets. The overall objective for quantitative data analysis is to
convert the data into a readable format. The process starts with
data preparation, including the validation (i.e. ensuring through a
random sample of 5% that the correct procedures are followed
and that the data is complete), editing (i.e. checking for errors and
outliers) and coding (i.e. grouping and assigning values) of the
quantitative data. The data preparation is followed by the data
analysis, including the preparation of descriptive and inferential
statistics and the execution of structural coding in order to identify
broader topics, commonalities, relationships and indexing [32].

Following the preparation, qualitative content analysis is
conducted. After the overall data analysis for both Phases 2 and 3
are completed, a meta inference, i.e. meta summary and synthesis
for both quantitative and qualitative data analysis is completed in
order to synthesise the results.

The sample for this study is all University of Pretoria’s engineering
students registered for the third year Engineering Management
module in 2019. This convenience sample including 826 students
of which formed 166 groups, is not further categorised according
to sex, race or any other demographic factors. The peer review
is compulsory for all the students when the participation in the
following iPeer feedback questionnaire is voluntary.

All the 826 students are required to complete project work in
auto-created teams (i.e. iPeer generated teams automatically
based on random selection, only the maximum number of five
team members were present) of which is assessed as follows: (i)
the project work report is assessed by the academic personnel
as the team deliverable and forms the basis of the overall team
mark, and (ii) the peer assessment where the team members are
assessing each other anonymously allocated the weight for each
student. In other words, the project mark (i.e. overall team mark)
x the individual student weight = the individual student mark for
the project work. The student is assessed competent if the project
work report is competent, and the peer assessment completed
by the group members indicates that the student has contributed
competently.

The 166 teams are instructed to submit their finalised project work
reports within a set deadline, only after which the peer evaluation
takes place. The project work report mark (i.e. the team mark) is
used as a reflection point for criterion validity for this study where
the project work report mark is compared predictively to the iPeer
assessment mark.

iPeer is made available for students for seven days after the
report submittal deadline closed. Each team has access to their
event window in iPeer through clickUP where all the students
are required to assess each of their team members as well as
themselves as per the rubric provided. The rubric includes ten
assessment criteria of which the assessment scale is pre-defined
from the poor performance ‘Not acceptable’, through standard
performance ‘Effective’, to finally to the highest performance level
as 'Excellent’. Each student is required to fill in the assessment as
well as to include a written comment for each of the ten criteria.

After all the students in a team have submitted their peer reviews, 3
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the assessment mark and the written feedback becomes available
in the system. The assessment process is completed anonymously,
and the students cannot identify who gave which assessment and
feedback.

Allthe peer evaluation results are exported from iPeer as a dataset
for descriptive and inferential statistics analysis preparation and
qualitative coding by using a structural coding approach in order
to identify initial patterns and connectors [32]. The categorisation
is theoretically based on Topping [26] and Bannister et al. [33]
where Topping [26] emphasises the importance of providing
feedback as imperative in order to enable corrective actions and
learning to take place. Thus the coding was following his main
categorisation to confirmatory, suggestive and corrective feedback
types. Furthermore, the feedbackiis also categorised according to the
writing style from a general to very specific[26]. From another point
of view, Bannister et al. [33] in their study present critical elements
for effective teamwork of which four are applied for categorisation,
namely communication, respect, leadership and engagement [33].

The iPeer feedback survey is released after the official module
assessment process is finalised. The survey questionnaire is
developed in Qualtrics, and the link together with the Quick
Response Code to the survey is distributed to all the students via
clickUP. The survey is made available for seven days and concluded
before the actual marks are published in order to receive objective
and unbiased feedback unassociated to the marks. The survey
serves to record the usability of iPeer and to collect opinions
and feedback regards the student learning component and is
conducted anonymously. A descriptive and inferential statistical
analysis is prepared and the qualitative data coding applied by using
structural coding approach [32] where the comments six categories
were formed, namely the iPeer experience (i.e. how did a student
experience the use of iPeer in general), other emerging themes
(i.e. other themes that were frequently emerging in the student
comments), teamwork skills (i.e. teamwork skills and iPeer’s possible
impact on their development), assessment (i.e. how did the student
experience being assessed, assessing others or self- assessing),
peer comments (i.e. did the student go through the peer feedback),
and peer assessment at the University of Pretoria (i.e. would the
student support regular use of peer assessment in teamwork).

Lastly, a meta inference is conducted where all the different phases
analysis outputs are reflecting each other.

V. RESULTS

In all, the written student peer comments can be categorised into
two main segments: 75.2% confirmatory in nature, and 12.8%
directly related to the overall communication, the other type of
comments being presented in insignificant numbers. The role of
a confirmatory response is to communicate the correctness or
incorrectness of action or behaviour in a team, pointing out the
positives and negatives. In contrast, the communication-related

comments address the different ways to exchange information
within the team and the overall interaction in a team'’s social context.

The segments that can be directly related to the development
of teamwork skills and learning, namely the suggestive and very
specific comments as well as the corrective comments, consist
only 1.0% of all the comments of which as such is not a significant
proportion. A suggestive comment by its definition includes a
recommendation where the corrective comment provides a
suggestion of corrective measure. As such both suggestive and
corrective comments can be said directly providing a basis for the
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recipient to not just to better understand of his/hers capabilities
but even more important to understand how to change for
the better. Furthermore, a very specific comment provides the
receiver with more detailed feedback and thus is also more
valuable and useful from the learning point of view [26].

Consequently, these results, especially the significantly small
proportion of feedback directly impacting on the learning and
development of teamwork skills, bring up the question of the peer
assessments actual capability in contributing in the development
of students’ teamwork skills as such but instead it contributes in
identifying negative and positive individual attributes. Although
from another point of view, it could be argued that confirmatory
when presented as a negative comment, i.e. pointing out incorrect
action or behaviour, could also indirectly provide a basis for
learning and as such be corrective feedback in nature, and hence
the proportion of feedback directly impacting on the learning and
development of teamwork skills could be significant.

When analysing the frequencies in more detail, the confirmatory
comments are evenly dispersed between all the assessment
questions. In contrast, the communication comments are focused
on the communication through text and voice 45.0%, and to
the communication about the progress and challenges 29.9%.
Furthermore, the question concerning the delivery on time received
the highest number of corrective comments of all the questions.
The students paid the closest attention to the manner of how their
team members were communicating and felt that the matters of
progress and the possible issues experienced that could hinder
the execution of the project was the most critical information to
communicate within the team.

When looking at the overall comments section that was made
available for any open comments at the end of the peer
assessment, its higher relative proportion of 12.3% of the overall
comments together with the relatively higher number of corrective
comments 6.4% and the significantly lowest amount of general
comments 0.7% indicates that the students were quite willing to
give a detailed and specific written feedback on their peers.

Overall, students' feedback is frank, direct and honest rather than
just diplomatic, courteous and suggestive throughout the peer
assessment questions.

The further statistical frequency analysis indicates that the criteria
means are all in very close proximity to the maximum mark and
that the standard deviation is small. Furthermore, the marks are
clustering at the maximum end of the scale (negative skewness)
and forming a heavy-tailed distribution (positive kurtosis); thus it
can be concluded that the students have the tendency not only
to award high marks to their peers but also to award the same
marks to everyone.

The majority (80%) of the respondents’ impression on the iPeer
overall usability is positive. The application is found to be somewhat
(26%) or very easy (43%) to use, where 70% of the respondents
indicated that they did not need to use any instructions when
navigating around the system.

All the respondents were unanimous that the teamwork skills are
valuable for future employment and career. From the learning
perspective majority of the students felt that iPeer had an impact
on teamwork skills (84%), that iPeer experience was valuable (80%)
and that it would be useful to have all the teamwork peer-assessed
regularly (80%) at the University of Pretoria. Furthermore, 77% stated

that they had read the peer comments made available to them.

As expected, the overall iPeer feedback survey comments are
dominated by the feedback regards the overall iPeer experience,
covering 29.3% of all the comments. Surprisingly the emerging
themes form almost an equal relative proportion of 27.6% as
a whole. In this category, the topic contributing the most is the
students’ improved ability to assess the individual performance
in a group work situation 12.6% followed by the issues regarding
the grading scale 5.7% where students suggested that the grading
should allow zero assessment for peers that do not contribute,
the positive feedback on overall anonymousity 5.3%, the concerns
about the underlying motivations 3.7% and personal views
affecting the assessment, and lastly the concerns of honesty 2.8%
regards the self-assessment.

The segments that can be directly related to the development of
teamwork skills and learning consist of 17.0% of all the feedback.
The written feedback confirms the students to consider the peer
assessment to be a positive experience and indeed to bring some
positive value to the teamwork. However, the actual value to the
learning is not considered significant. The students also consistently
point out in the comments that the peer assessment itself does not
as such build the teamwork skills but more point out the positives
and negatives in students’ performance and behaviour.

The final meta inference indicates that where the project report
marks (assessed by the lecturers) have a normal distribution. In
contrast, the peer assessment has a deviation from normal as the
students are giving very high marks to all of their peers regardless
of the contribution.

VL. CONCLUSIONS

The large class size of the Engineering Management module and
the traditional, often manual, approaches applied had led to a
situation where the management of the module had become
overly strenuous, occupying the few academic resources mainly
to administrative tasks and preventing the development and
execution of a more efficient project work assessment of the
students. Furthermore, the students received limited, superficial
feedback of their performance that was based only on the project
work report submitted by the student teams as their collective
output. Thus, students did not have access to any individual
feedback on their teamwork performance.

The iPeer project was initially started to ease the administration
related to the assessment of +1000 students through technology
utilisation. Very early on the potential as an educational aid was
also realised. Based on the data gathered, this study, however,
argues that peer review itself will not automatically improve
teamwork skills but rather only highlights the problem areas. To
enable actual cognitive learning and skills development, a more
systematic approach involving curriculum developmentis required
where teamwork skills are developed gradually through different
modules from first to last year. This would involve developing a
teamwork teaching and study building block into the official LMS.

On the whole, students find the usability of the application to
be so easy that they do not require any instructions to navigate
around the system. Students also receive more individual
feedback much quicker from their peers through iPeer than that
what can be offered by the academic staff. Hence the iPeer offers
a valuable solution in cases of constrained resources and minimal
academic capacity. It is important to note, however, that the
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overall assessment should preferably be based on the students'
comments than the marks given. For good quality feedback, it
is advisable to have only a one general comment section at the
end of each peer assessment as suggested by the students. In
general, the comments provide a reliable source of information
that further supports the overall assessment.

To conclude, this study advances the theoretical position of broader
curriculum development as a prerequisite in enabling cognitive
teamwork learning and skills development, especially in a large
class environment. A systematic approach supporting both the
teaching (academic staff) and learning (students) can best enhance
the efficiency and successfulness of teamwork skills development.
The broader implications of the research support the use of peer
review software tools in a large class size environment, providing
the assessment is based on the written comments.

This study had several limitations, which also offer avenues for future
research. The data was based on a single case study where the
students' team roles were not taken into account. Therefore, future
research could explore the students’ allocation to the teams based
on their different characteristics and the impact on this to learning.
Furthermore, the utilisation of more comprehensive CATME-B peer
evaluation instrument for a more rigorous approach and a further
study on group averages and the sampling of poor-performing
students in a longitudinal study should be explored. Despite the
limitations, this study reported on actual experiences from a super-
sized class perspective, giving new insights to the limited literature
in a large class size engineering education environment.
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Abstract—Since 2013, we have been implementing a global
project-based learning (PBL) course of our own design.
The global PBL course is an engineering education project
for fostering innovation and global-mindedness among
engineers and scientists. The course is multidisciplinary and
multinational, involving industry-academia collaboration
in project-focused learning. Project themes are related to
sustainable development goals and real-world industry
problems. Global PBL programs include two project types:
faculty projects and student projects. To implement the
global PBL program, the faculty must perform certain
project activities such as designing an educational program
to improve the international learning environment while
implementing, controlling, and continuously improving
educational activities. Project deliverables and activities
are organized as a work breakdown structure (WBS) prior
to the commencement of the project. This process involves
defining faculty member roles, preparing a schedule for
the preparation phase, and implementing the global PBL
program. The faculty plans, executes, monitors, and controls
the project. At the end of each year's global PBL course,
the Keep-Problem-Try (KPT) method is used to implement
continuous improvement of the course. At the end of the
course, the faculty describes the KPTs in line with the WBS
items. The KPTs are then collected and shared among the
faculty, leading to continuous improvement.
Keywords—Project-based  Learning,  Global,
Multidisciplinary, Project Management

Innovation, SDGs,

. INTRODUCTION

In recent years, engineering education has changed due to
society's expectation that education promote student awareness
and understanding of social issues while offering knowledge
and technology related to specific fields. During the Fifth World
Engineers Conference and Convention 2015 (WECC 2015), the
Kyoto Declaration was adopted, including the statement that
engineers must not only work to advance specialized knowledge
of science, technology, and engineering, but also consider societal
concerns [1].
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For engineers, higher education is a main venue for education
in innovation. Innovation education is crucial in engineering,
helping link pure engineering with societal needs. Teamwork
among people of differing specialties and backgrounds is
important, and methodologies that integrate knowledge and
technology are clearly needed. Implementation of innovation
in an engineering context can involve the following processes:
exploring social issues, creating solution concepts and
prototypes, maintaining a discussion centered on society,
and introducing prototypes that establish new services while
obtaining user evaluation.

We observe that innovation education, including methodology
and practical training to create new value, is necessary for all
engineers and engineering students. Moreover, we believe that
such education should be conducted during each stage of both
undergraduate and graduate education. In line with these trends,
science and engineering educational institutions have developed
various project-based learning (PBL) educational programs taught
by diverse teams [2] [3] [4].

Since 2013, the authors have been implementing global PBL
programs for students from Japan and Southeast Asian countries,
with the goal of developing individuals who can promote
discovery and innovate to solve social problems across fields.
Global PBL programs also include faculty and staff projects for
designing educational programs and environments, maintaining
learning environments, and coordinating with industry and the
community. In this paper, both student projects and faculty and
staff projects are described.

Il GLOBAL PROJECT-BASED LEARNING (PBL)
A Overview of global project-based learning (PBL)

Each year, the Shibaura Institute of Technology (SIT) conducts
80 global PBL programs at home and abroad. Each PBL
program consists of a unit specific to a field such as mechanical
engineering, electrical and electronic information engineering, or
civil engineering. A cross-disciplinary PBL unit is also offered in
which students participate from across multiple fields.
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In the global PBL programs implemented around the world in Asia,
Europe, and other locales, students and faculty from Japan stay at
partner universities, where students from those partner universities
and visiting Japanese students conduct intensive activities for
approximately ten days. These activities include problem discovery
as well as solution design, prototyping, and presentation. In
contrast, for global PBL programs in Japan, students from around
the world are invited to Japan and implement a multinational global
PBL program there.

Cross-disciplinary global PBL programs concern social problems
such as sustainable development goals (SDGs) and real industry and
community problems. Program themes cover a variety of topics such
as energy, transportation, environment, poverty, natural disasters,
and education. In cross-disciplinary PBL programs, students from
different departments cooperate to define problems, set tasks,
propose solutions, and produce prototypes [5] [6] [7].

B. Cross-disciplinary global project-based learning (PBL)

The first global PBL program was held in Bangkok, Thailand, in
February 2013 in a collaboration between SIT and Thailand's
King Mongkut's University of Technology Thonburi (KMUTT). The
following year, Indonesia’s Institut Teknologi Sepuluh Nopember
(ITS) joined the global PBL effort. This program has since continued
while making improvements and adding participating institutions,
with the global PBL program taking place in February 2020.

In 2015 SIT initiated a multinational global PBL program, partnering
with KMUTT, TS, and other Japanese, Asian, and European
universities on SIT's Omiya campus.

C Global project-based learning (PBL) program with complex
project management

Global PBL program that include multidiscipline, academia-
industry collaboration, and multinationality, and require immense
administrative tasks for inviting international students and faculty.
Moreover, overnight trip for an intensive project camp needs
complex project management.

A global PBL program implemented at SIT's Omiya campus
in Saitama Prefecture and Nasu town, Tochigi Prefecture is
described. This global PBL program was implemented for 10
days: December 5-14, 2018 (Figure 1). Seventy one students
and six teaching assistants participated in the PBL course, with
participating students coming from 21 universities in 11 countries
(Figure 2). Of the students participating in the global PBL course,
34 hailed from Japanese universities (SIT, Ehime University, and
Tokyo Denki University); 16 students hailed from Thai universities
(KMUTT, Suranaree University of Technology, Thai-Nichi Institute
of Technology, and Nakhon Ratchasima Rajabhat University),
and five students hailed from Vietnamese universities (Hanoi
University of Science and Technology, Ho Chi Minh City University
of Technology, and the Posts and Telecommunications Institute
of Technology in Vietnam). Additional participants from Indonesia,
Malaysia, China, Taiwan, Mongolia, Ireland, Germany, and India
included three students from ITS; three from Universiti Teknologi
Malaysia and Universiti Utara Malaysia; three from the Wuhan
University of Technology and the China University of Geosciences;
two from Ming Chi University of Technology and Tamkang
University; two from Mongol Koosen College of Technology; one
from the Waterford Institute of Technology; one from Clausthal
University of Technology; and one attended from K.L.S. Gogte
Institute of Technology.

The PBL also includes academia-industry collaboration with more
than ten local industries and government.

FIGURE 2 Farticipants in gPBL2018 at SIT Omiya

1. AIM AND RESEARCH QUESTION

The burden and degree of difficulty of conducting a global PBL
course can vary substantially depending on course location,
number of participating students, presence or absence of industry-
academia collaboration, and scope of the participating students.
The program placing the least burden on faculty and staff would
be a small-scale PBL course between two university laboratories,
focused on a single technological field, with no industry-academia
collaboration. In contrast, the most burdensome and difficult
program would be one with students of various specialties from
many countries and universities, covering multiple technological
fields, with extensive university-industry collaboration (Figure 3).

The challenge is managing the complexity of the project and
ensuring project success.

Low difficulty High difficulty
Number of Single Multi
disciplines | discipline discipline
Academia-Industry
collaboration No Yes
Number of | gy, tional Mt
countries national

FIGURE 3 Factors influencing the difficulty levels in designing and implementing
global PBL
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Iv. METHODOLOGY
A Stakeholders and scope of global project-based learning (PBL)

Implementing the global PBL program required faculty and staff
to create project activities and a learning environment . Project
activities included designing an educational program, improving
the international learning environment, and implementing,
controlling, and continuously improving educational activities. This
international collaboration project conducted by faculty and staff
enabled students to conduct active learning in Japan and abroad.

The global PBL program has extensive stakeholders, including
students, faculty, and staff from each university, teaching assistants
(TAs) from universities in Japan and elsewhere, such as cooperating
companies and local governments, grant-related funders, and
government ministries and embassies. Staff include teachers
in charge of courses, staff from the International Division, staff
from the Academic Affairs Division, and staff from the University-
Academia Collaboration Division.

From the faculty and staff perspective, the global PBL project's
scope included various tasks (Table 1) : the design of a PBL
educational program; management of cooperation with industry
and local governments; participant selection and recruitment;
recruitment, development, and management of TAs; arrangement
of participants’ travel and lodging; facilitating cultural exchange
among students; enabling coordination among faculty members

TABLE | Scope of Global Project-Based Learning (PBL)
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from participating countries; assessing tool development and
procurement of learning outcomes; sending out evaluation
results of learning outcomes to participating universities in Japan
and abroad; designing and implementing an award system with
participation by domestic and foreign students and teachers.
These tasks involved dealing with staff illnesses and injuries;
budgeting; fundraising; and expense processing and reporting to
government agencies, partner companies and local governments
and groups.

B. Project management of project-based learning (PBL) by
Work Break Down Strucutre (WBS) and Keep-Problem - Try
(KPT) method

Project deliverables and activities are organized as a WBS prior
to the start of each project [8] [9]. This process involves defining
faculty and staff member roles and preparing a schedule for
the preparation and implementation phases of the global PBL
program. Faculty and staff plan, execute, monitor, and control the
project, and at the end of each year's global PBL course, they use
the Keep-Problem-Try (KPT) method to implement continuous
improvement. The KPT method, a mental framework used to
determine improvement actions, proceeds in the following order:
K = Keep (items that were good and should be continued), P =
Problem (areas that need improvement), T = Try (new ideas). At
the end of the course, faculty and staff describe KPTs in line with
WBS items. The KPTs are then collected and shared among the
faculty and staff, prompting continuous improvement.

Designing global PBL as
an educational program

Design of educational objectives, curriculum and evaluation of learning outcomes
Development and arrangement of tools for assessment of learning outcomes
Award system design and implementation

Sending of evaluation results to participating schools in Japan and abroad

Participants and
stakeholders

Domestic and international participant recruitment and selection of participants
Recruitment and training of teaching assistants (TAs)

Coordination among the faculty members of the participating countries
Collaboration with industry and local governments

Cultural exchange between students

Support services

Preparing for a welcome party, etc.

Arrangement of travel and accommodation for participants
(Visa application, air ticket and accommodation arrangements)
Arrangement of chartered buses for domestic transportation and transportation to and from the airport

Crisis management

Public safety, illness and injury of participating domestic and foreign students and faculty

Finance and accounting

Budget planning, grant applications, collection of donations, and expense processing

Reporting Reporting to government agencies, partner companies, local governments and organizations
C Industry-academia collaboration with local companies V. RESULTS
The global PBL course implemented in Thailand has included A Student behavior and teacher involvement

collaborations with Honda Automobile (2014), Ajinomoto Thailand
(2015), Isuzu Motors (2016), EXEDY Friction Material (2017, 2018),
YKK (2019), and various Japanese-affiliated companies. Factory
tours and exchanges of opinions with company executives have
helped students understand manufacturing, design, research
and development localization, and methods for communicating
among multinational employees. Additionally, in 2016 a local
connector manufacturer provided a global PBL theme related to
manufacturing and product testing. Two student teams worked
on issues connected with this theme, visiting the local factory's
production line. Based on engineer interviews, multinational
and multidisciplinary student team we used characteristics and
suggested concrete solutions to fit the local situation. The teams'
solutions were given strong evaluations by the company.

Participating students from Southeast Asia hail from the top
technical universities in their respective countries and excel at
using their expertise to solve determinate problems. However,
these students have little experience with finding problems or
with working on problems lacking a predetermined answer. In
addition, Japanese students tend to believe that environmental,
hygiene, and transportation issues, among others, in Southeast
Asian countries have already been solved in Japan, and that those
issues can be solved elsewhere using the same means. Thus, the
goal is for these students to come up with new solutions as a
multinational team. The teacher’s role is to set up multinational
and multidisciplinary student teams to promote creative activities
that are not limited to easy solutions.
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B. Global project-based learning outcomes and quality
assurance

Learning outcomes were assessed for students, and results
were fed back to participating universities. Learning outcome
assessment included design of a rubric (evaluation-level table)
for individual learning results and project achievements, as well
as individual self-evaluation at the start and end of the program
in accordance with learning objectives. Self- assessment and
mutual evaluation among students were conducted with
respect to study results and teacher evaluation, and inter-group
evaluations were carried out concerning project results (Table

) [101[11].

TABLE Il Learning Outcomes and Quality Assurance of Global PBL

Learning outcomes and assessment methods

1 | Rubric for individual learning outcomes (used for student
self-evaluation and student peer evaluation)

2 | Rubric for results of team activities (peer evaluation between
teams and evaluation by teachers)

3 | Engineering communication skills (developed a CEFR-based
Can-Do list)

Intercultural ability

5 | Generic skills (PROG applied to global talent evaluation)

Additionally, a multi-lingual introductory Progress Report on
Generic Skills (PROG) [12] [16] for evaluating generic skills in
adults was conducted. The PROG consisted of a literacy test
measuring knowledge-based generic skills and a competency test
measuring experience-based generic skills. In 2013, an English-
language version of both PROG examinations was prepared and
used with Japanese and Thai students. The scores in the literacy
test, which consisted of long sentences, were lower for students
of lower foreign language proficiency. Starting in 2014, to maintain
accurate evaluation and fairness, competency examinations using
short problem sentences were standardized in English regardless
of student nationality, while long-sentence literacy examinations
for Japanese and Thai students were conducted in their native
languages.

C Collaboration expansion in global project-based learning

It is desirable that faculty members create project plans and
make full use of the implemented global PBL program and that
many universities and companies participate and share their
results (Table Ill). Global PBL links education, research, and
industry-academia collaboration, strengthening joint research
and industry-academia collaboration among faculty from various
universities (Figure 4).

TABLE Il Collaboration in Global Project-based Learning

Benefits + Economies of scale (project planning,
logistics)

- Diversity (different universities, majors, and
cultures)

+ Learning from each other about good

practices in PBL

Expertise + Multidiscipline

+ Single discipline

- Domestic universities
+ Industry- academia
- International universities

Collaboration

Location

+ Japan and abroad

Student projects |- Practical issues of industry and community
- Social issues, SDGs

+ Simulated issues

Period + two weeks intensive, quarter, semester, 1 year

Implementation
costs

- Self- funding,

- On-campus budget,

+ On-campus scholarships
+ Government scholarships

Sharing of teaching | - PBL instructional design

and assessment - Assessment methods for learning outcomes
methods, joint + Credit approval and grading

development + Credit transfer

+ International
Collaborative
Research

+ International
Collaborative
Education

FIGURE 4 Expanding global project-based learning collaboration
D. Glabal technology initiative consoutium

SIT established the Global Technology Initiative (GTI) Consortium
in 2015 [13]. The Consortium is a platform in which universities,
industries, and government agencies cooperate, with the purpose
of generating innovation and developing human resources. In
collaboration with universities, companies, and government
agencies, the GTI Consortium co-hosts global PBL, international
internships, international joint research, inter-governmental
cooperation projects, inter-university international collaborations,
and the GTI Consortium Symposium (Figure 5) (Table 2).

The cross-disciplinary international PBL program described in this
paper began in February 2013 and was regarded as a precedent
for establishing the GTI Consortium. To implement global PBL
programs, it is necessary to train faculty and staff who can plan,
implement, and control PBL activities. The joint use of global PBL
by the GTI Consortium enables many university faculty and staff to
experience global PBL. Training for operating global PBL programs
is also being formulated.

[ Objectives]
Foster global engineers
Generation of Innovation

[Activities]
. Global PBL (Project-basedLearning) |
International exchanges among \
universities

International Internship

International Collaboration Research
Intergovernmental Projects
GTI Consortium Symposium

poa N

-Established in December 2015
-221 members as of March 2020

FIGURE 5 Global Technology Initiative
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TABLE IV Increase in GPBL Programs

Outbound Inbound
Field Students Students
Programs Programs
Japan International Japan International
Mechanical Engineering 8 117 77 3 30 40
Material & Chemistry 2 32 32 2 40 30
S v ; o 2
Civil Eng. & Architecture 16 183 181 6 67 71
Design & Engineering 5 75 150 7 145 141
Mathematics 2 5 5 1 10 5
Multi-disciplinary 3 79 73 1 40 40
Total 53 708 736 24 397 369
V. SUMMARY [3] Servant, V, (2013), The many roads to Problem-Based Learning: A

In 2013, a global PBL course was designed and it has been
executed ever since. The global PBL course is an engineering
education project for fostering innovation and global- mindedness
in engineers and scientists. The course is multidisciplinary and
multinational, and it involves industry- academia collaboration
in project-focused learning. Participating students have come
from Japan, Thailand, Indonesia, Cambodia, China, India, Malaysia,
Mongolia, Vietnam and others countries, and participants have
included third- and fourth-year undergraduate students and first-
year graduate students. Project themes are related to SDGs and
real problems in industry, covering a wide range of topics such
as energy, transportation, the environment, poverty, natural
disasters, and education. Multinational student teams find and
define social, technical, and interdisciplinary problems and then
design and prototype solutions. Global PBL programs involve
two project types: those for students and those for faculty and
staff. Faculty and staff develop educational curricula, implement
the PBL program, develop the environment, and coordinate
cooperation with industry and the community. Students develop
their own project plans and then execute and control them in an
environment of global collaboration. The education program’s
quality assurance has been achieved by assessing learning
outcomes based on rubrics and a test known as the PROG Skills.
Based on these experiences, the GTI Consortium was established
in 2015 as a platform for collaboration among universities,
industries and government organizations in Japan and Southeast
Asian countries. The GTI Consortium aims to create innovation and
develop human resources based on global industry-academia
collaboration.
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Engineering students' perspectives on the use of group work peer assessment
In two undergraduate Industrial Engineering modules
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Abstract—Group work is commonly used in undergraduate
engineering curricula as it cultivates attributes that make
graduates work-ready. However, freeloading behaviour,
frequently observed at university level, spoils learning
benefits and can deepen marginalisation and prejudice.
Therefore, conversations about how to fairly credit individual
contribution in group work are ongoing in literature and
practice. Peer assessment is a popular mechanism for
distinguishing individual marks, but it is not without its
criticisms. This study evaluates students’ perspectives
regarding the use of mark-influencing peer assessmentin two
junior-level Industrial Engineering courses at the University
of Pretoria. The findings show that students acknowledge
the learning benefits of group work but group work overuse
and freeloading mars their experience. They support the use
of mark- influencing peer assessment in general, regardless
of whether groups are self-selected or allocated. The study’s
findings offer practical insights for engineering educators and
broader inputs to the development of assessment policies.

Keywords—peer assessment, group work, freeloading, individual
contribution

I INTRODUCTION

Engineering educators use group projects in their undergraduate
courses to prepare graduates for the workplace. Project-based
learning (PBL) is a favoured pedagogy, primarily because it
emulates so well the professional environments of engineers
in industry [1]-[3]. Facilitating PBL in a group setting — i.e.
group work — has also risen to prominence as employers and
accreditation bodies place more emphasis on the importance of
teamwork and effective communication skills [4]-[7].

At the University of Pretoria (UP), high-stakes group projects
are common in many of the third year (junior) and fourth year
(senior) courses in the Bachelors degree in Industrial Engineering
(IE). In conversation with colleagues, it is clear that developing
work-ready graduates is a primary motivator for using group
projects. But some have com- mented that there is a secondary,
more pragmatic, motivator — workload balancing. We hope that
the synergy of group work would reduce individual workload
and introduce more enjoyment in the learning process. But, the
informal feedback we have received from students over the years
indicates that our altruistic notions seem to benefit the lazy and
burden the diligent through freeloading.

The problem of freeloading (or social loafing) in university-level
group work is pervasive [4], [7]-[9] and deeply harmful. Not only
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does freeloading erode the developmental benefits of positive
interdependence advocated by cooperative learning proponents
like Colbeck et al. [4], it can deepen marginalisation in the classroom
[7]. When hardworking students mitigate freeloading by avoiding
“slackers” [4], it further inculcates a culture that already avoids
weaker students or students regarded as “other than us”[7]. In fact,
in a culture that expects freeloading, it can become a scapegoat
or smoke-screen for other harmful group dynamics, for example
when more dominant or “diligent” students ignore or deliberately
squash the earnest contributions of others in pursuit of a higher
mark. After repeated experience, freeloading antagonises students
to group work altogether and fosters resentment towards those
educators who require it. Although freeloading is not the only
root cause of negative group dynamics, literature highlights it
as a significant one that requires proactive measures. We agree
with authors like Mellor [7] who contend that freeloading is not
innocuous, and thus it is our duty as educators to implement good
group work practice by proactively combatting it.

Concerned about the negative impact of freeloading, we
implemented mark-influencing peer assessment of group projects
in two junior IE modules, namely Operations research (BOZ 312)
and Simulation modelling (BUY 321). This technique is a practical
and efficient approach for large classes in a resource-constrained
environment. But it is not without its criticisms. Therefore, we
wanted to investigate students’ perceptions about its use. Our
research question is:

“What are students’ perspectives on the use of peer assessment in
BOZ 312 and BUY 321?"

This paper presents survey results from four student cohorts
collectedin2017and 2018. Ourfindings provide recommendations
to engineering educators who currently use group work but
are frustrated by perceived freeloading behaviour. The insights
from the student perspective also add to the conversations that
formulate assessment policies in engineering schools.

The following section explains the rationale for mark- influencing
peer assessment in this study. Section Ill outlines how data
was acquired and analysed. Sections IV and V present findings
of student perspectives regarding group work in general and
peer assessment, respectively. Section VI answers the research
question with suggestions for educators and administrators.

1. ASSESSING INDIVIDUAL CONTRIBUTION IN GROUP

PROJECTS

A common source of tension in group work is due to reward
interdependence [4] — i.e. everyone receives the same mark.
Reward interdependence is a reality in professional settings. Thus
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if group work is to prepare graduates for industry, they must
learn how to constructively navigate this interdependence and
not avoid it. Herein lies a paradox that each educator faces. We
embrace this paradox in our own practice as follows: While we
endeavour to coach students in developing constructive group
work attitudes, we need to scale reward interdependence in the
context of time-constrained, outcomes-focused modules where
the primary learning objectives are not related to cultivating
teamwork attitudes.

Recognising individual contribution is the most popular way
of scaling back reward interdependence in higher education.
Although it could be argued that this is a more superficial approach
to developing teamwork skills, many have found it effective in
promoting fairness and better group dynamics [6], [8]-[11] within
curricular constraints.

The question of how to measure individual contribution across
diverse scenarios is not trivial [6]. The many creative approaches
to assessing individual contribution found in literature and
practice can be divided into three overlapping themes: explicit
identification of individual work, lecturer assessment through
observation and disclosure, and peer assessment. Hayes et al.
[6] state that these assessment approaches should aspire to be
fair, consistent, reflect educational objectives, provide feedback,
encourage students, not allow mark inflation, and be easy on
the assessor. We have not found evidence of any approach that
meets all these criteria.

Peer assessment holds two advantages over techniques that rely
on the lecturer: it lightens lecturer workload and has the potential
to be more accurate. Group members could, arguably, have a
more precise view of individual contributions than any outsider.

Concerns regarding peer assessment are fairness and honesty &
impartiality in the face of social pressure [11] or stereotyping [9].
Sridharan et al. [11] show that when peer assessment is used in
a formative sense, it is remarkably accurate and consistent. In
contrast, when peer assessment is used summatively, influencing
the final mark, the results are significantly less so. Despite this
drawback, mark-influencing peer assessment remains a widely
used technique, and students do seem to prefer it to the alternative
where everyone receives the same mark [6], [8], [9]. Therefore,
educators suggest strategies to increase the integrity of such
peer assessment such as anonymity [8], including self assessment
in the scoring [12], and coaching students in class to reduce the
influence of social pressure and stereotypes [7]. Some also note
that students grow in their ability to assess and thus experience
may improve their judgements [11].

We were aware of the potential drawbacks of mark-influencing
peer assessment when we implemented it, but in light of resource-
scarcity, we hoped that it would still be effective in quashing
freeloading.

Il DATA AND METHODS

Both BOZ 312 and BUY 321 teach mathematical modelling
techniques used to represent, study, and ultimately improve
industrial systems. It is critical that students learn how to apply
these modelling techniques to real-world problems. The co-
authors of this study, Prof Johan W Joubert and Dr Wilna L Bean,
have presented BUY 321 and BOZ 312, respectively, at least since
2016. As these courses are closely related, Joubert and Bean
often discuss and align pedagogical strategies.

12

From 2016 to 2018, both courses included a mandatory group
project that formed a substantive portion of a student’s final
mark. The rubrics used to assess the academic merit of the
project focussed on educational objectives related to various
Engineering Council of South Africa (ECSA) outcomes. The rubrics
used for peer assessment asked each student to rate their group
members in terms of their attendance, participation, autonomy,
and value-add. For each one of these criteria, students could
select one of four competence levels: competence not achieved,
towards required competence, competence achieved, or exceeds
required competence. Each one of these competence levels had
criteria-specific descriptions that were discussed in class at the
outset of the module.

Since 2016, Joubert and Bean let the peer assessment influence
the final mark. How the peer assessment influenced the final mark,
differed slightly between the modules and is described alongside
relevant results in Section IV. The authors’ observations indicated
that the approach held promise to reduce freeloading. Thus, in
2017 and 2018 (the study period), they obtained ethical clearance
to administer a voluntary student survey for the purpose of this
study.

In BOZ 312, the survey was administered after the project and
peer assessment was finalised, but before students received their
marks. In BUY 321, students completed two peer as- sessments
— one after each major deliverable. The survey was conducted
after the first peer assessment, but before they received their
mark for the deliverable. We wanted to conduct the survey while
the group work and peer assessment was still fresh in students’
minds, thus we chose not to wait a few weeks until their marks
were available.

There were four student cohorts in this study: BOZ312-2017,
BOZ312-2018, BUY321-2017, and BUY321-2018. The number
of survey respondents, respectively, were 61 (47%), 125 (85%),
77(53%),and 115(85%). BOZ 312 is presented in the first semester
of the junior year and BUY 321 in the second. It is thus likely that
respondents participated in two surveys (or more, if they repeated
a course). We believe student perceptions can evolve, thus we
prefer to include all responses. Besides, anonymity prevents any
attempt to remove second or third responses.

The surveys were identical with the exception of two of the
twenty-three questions (see Appendix A). Eight of these questions
gauged students’ opinions on the goals of using group work in
the IE curriculum (Q1-Q7, Q16). These questions were included
to explore whether students held the same opinion as us about
the goals of group work. In the same vein, one question surveyed
the suitability of group projects in the courses (Q8). A question
about group formation was also included as this seems to be
a contentious issue among our students and colleagues (Q17).
Central to this study, two questions related to freeloading
(Q9, Q10), five related to the importance and fairness of peer
assessment in these courses (Q11, Q18-Q21), and four related to
the appropriateness of the criteria used in the peer assessment
(Q12-Q15). All these questions used a 5-point Likert scale
(Strongly Disagree (SD), Disagree (D), Neither Agree or Disagree
(N), Agree (A), Strongly Agree (SA)) and provided a Not Applicable
(N/A) option.

The two last questions were included only for BUY321- 2017 and
BUY321-2018. One surveyed whether students thought their
peers had sufficient knowledge of all aspects of the project (TRUE/
FALSE) (Q22), the other allowed general comments (Q23).
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Mann-Whitney hypothesis tests could not, in nearly all cases,
reject the null hypothesis that the survey responses were similar
between the four cohorts. Thus we combine the responses of
the cohorts in this paper. In the few exceptional cases where the
null hypothesis was rejected, we visually inspected the response
distributions and were comfortable that combining the cohorts
would not distort the findings.

One shortcoming of this study was our lack of expertise in survey
design. While sincere thought was applied, we realised later that
the wording of the questions limited the degree to which we could
study connections and causalities. The findings and assertions
that follow are mindful of this limitation.

TABLE | Survey Responses: Goals of Group Work N =378

GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

V. STUDENT PERSPECTIVES ON GROUP WORK
A The goals of group work

We were pleasantly surprised that a majority of students shared our
perspectives regarding the goals of group work. Table | presents the
relevant responses. These questions were asked in a general sense
— not specifically relating to the two courses. When answering
these questions, students would have been involved in group
projects in courses other than BOZ 312 and BUY 321. Q2-Q5 show
that the students recognised the educational goals of group work,
while Q1 illustrates their belief that quality of learning improves.
Q6 confirmed the informal feedback that students were not overly
convinced that group work assisted in workload balancing.

Question abbreviation? N/A SD D N A SA
Q1 | Learning quality <1% 5% 11% 17% 57% 10%
Q2 | Teamwork skills 0% 2% 7% 9% 64% 18%
Q3 | Analytical skills 0% 2% 5% 5% 61% 23%
Q4 | Collaboration skills 0% 2% 5% 8% 61% 24%
Q5 | Organisational skills 0% 2% 8% 10% 54% 26%
Q6 | Workload balancing 0% 15% 21% 20% 32% 12%
Q7 | Workload (lecturer) <1% 7% 19% 42% 21% 10%
Q9 | General freeloading 0% 1% 11% 24% 43% 22%
Q16 | Group work overuse <1% 6% 19% 26% 21% 27%
a See Appendix A for survey questions.
When asked about the goal of reducing lecturer workload, students ~ B. Group formation

were more neutral than we anticipated. From our perspective,
group work does reduce the marking burden, but increases
the administrative burden. Reducing lecturer workload is not a
dominant goal for us, but we appreciate that students would not
have sufficient knowledge about our workload to recognise that.

While students shared our perspective on the educational benefits
of group work, Q16 indicated that nearly half of them believed
group work was overused in the IE curriculum. Combined with the
strong agreement that “group work results in freeloading” (Table
l, Q9), there is a potential for resentment towards lecturers who
use group work.

Sharpening the focus on this study, more than half of students
agreed or strongly agreed that BUY 321 was better-suited to
group work than individual work (Q8). The majority of these BUY
321 respondents (55% in 2017, 71% in 2018) also believed that
all their group members had sufficient knowledge of the project’s
elements to defend it in an exam (Q22). This is curious when
compared to their response about workload balancing (Q6). We
considered that balanced workload and balanced exposure to the
project elements were correlated, but this was not the case.

For BOZ 312, only the BOZ312-2018 survey included the question
regarding appropriateness (Q8). Here, the students felt differently.
More than 36% either disagreed or strongly disagreed with only
21% agreeing or strongly agreeing.

Overall, students recognised the learning benefits that group
work offered, but their experience of group work overuse and
freeloading must be addressed. Next, we explore students'
perspectives about group formation.

INBOZ 312 and BUY 321, students were allowed to select their own
groups to a maximum of four members. There was no minimum
which meant that students could choose to work individually. Very
few chose individual projects and the majority of groups had three
or four members. Three reasons are offered: the lecturers’ strong
discouragement of individual projects was convincing, students
were optimistic about group work's benefits (refer Q1-Q5), and
they were willing to work in groups they selected.

Whether to allow students to select their own groups or enforce
random/lecturer allocation is not an obvious choice among our
colleagues. RandomV/lecturer allocation better reflects industry
where one seldom gets to pick one’s project members. But students
greatly preferred selecting their own groups. In response to the
statement “[w]hen group work is assessed, | want to choose my own
group members...", nearly three quarters agreed or strongly agreed
(Q17). Our experience suggests that students select groups based
on their friendship circles, academic performance and to avoid
slack- ers. One reason for allowing self-selection was to leverage
the social contracts in place (friendships) so that students could
progress swiftly through the “forming”, “storming”, and “norming
stages of group work to the “performing” stage [13]. Another
reason was that we were actually indifferent and believed that this
“granted autonomy” would make students more positive towards
group work. Only after engaging with literature for this study did we
realise the unintended harm of giving students what they want. Self-
selection has the potential to deepen marginalisation and prejudice
[7]. These realities make eradicating freeloading behaviour in
our student culture even more urgent for us. We believe that be
removing the expectation of freeloading behaviour, students may
be more generous during group formation. Mark-influencing peer
assessment may be one way to achieve this.

"

13
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V. STUDENT PERSPECTIVES ON PEER ASSESSMENT

Two survey questions starkly reflect the perceived importance of
peer assessment in generally regulating group dynamics. While
peer assessment is preferred in self-selected groups (Table II,
Q18), students regarded it an absolute necessity (66% strongly
agree) when they did not get to choose (Q19). The less control
students had over who was in their group, the greater their

TABLE Il Survey Responses: Peer Assessment in General N = 378

GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

need for an incentive to control group dynamics. The majority of
students also agreed that this peer assessment should influence
the final mark (Q20). The responses to Q10 (N = 255: N/A 13%, SD
20%, D 31%, N 149%, A 16%, SA 7%) regarding freeloading in these
two courses compared to group work in general (Table I, Q9) do
imply that group dynamics were improved. This view that mark-
influencing peer assessment promoted better group dynamics
aligns with literature [11].

Question abbreviation? N/A SD D N A SA
Q18 | Peer assessment (self-selected) <1% 3% 11% 13% 46% 28%
Q19 | Q19 Peer assessment (allocated) 0% 0% 1% 4% 29% 66%
Q20 | Q20 Should influence mark <1% 2% 11% 13% 41% 33%

a See Appendix A for survey questions.
A. Peer assessment in BOZ 312 and BUY 321

The peer assessment rubrics in all four cohorts were identical.
The rubrics asked students to rate themselves and all their group
members according to four equally weighted criteria: attendance,
participation, autonomy, and value-add. Astudent’s peer assessment
mark was an equally weighted average of his self assessment
and his peers’ assessments of him. Including the self assessment
avoided the scenario where over-generous students inadvertently
penalise themselves [12]. It also allowed students to calibrate
their opinion of their peers against their own contribution, and
highlighted problematic group dynamics. Both courses aligned with
good educational practice [6], [7], [12] by being transparent about
the rationale for peer assessment, criteria, scoring mechanism, and
influence on the final mark by discussing these elements in class

TABLE Il Survey Responses: Peer Assessment in the Courses N = 378

and in the course study guides. Thus it heartened us that students
predominantly disagreed that the criteria were vague and unclear
(Table 1, Q11).

Table lll, Q12-Q15, show students’ opinions on the importance of
the four criteria in the peer assessment. Using a Mann-Whitney
hypothesis test, the null hypothesis that the response distributions
for Q12 (attendance) and Q13 (participation) were similar, was
rejected (p < 0.05), implying that participation is a more important
criteria to measure than attendance. The null hypothesis that the
response distributions for Q14 (autonomy) and Q15 (value-add)
were similar failed to be rejected. But the p-value of 0.057 suggest
that this is a borderline result. These findings merit weighting
participation and value-add more than attendance and autonomy
in future.

Question abbreviation? N/A SD D N A SA
Q11 | Criteria vague/unclear <1% 18% 54% 19% 8% 2%
Q12 | Attendance criterion 0% <1% 8% 13% 48% 31%
Q13 | Participation criterion 0% <1% 2% 4% 48% 46%
Q14 | Autonomy criterion 0% <1% 4% 13% 50% 33%
Q15 | Value-add criterion 0% <1% 3% 6% 54% 36%
Q21 | Procedural fairness 6% 2% 3% 16% 46% 26%

a See Appendix A for survey questions.

Howthe peerassessmentwasincorporatedintoastudent'sindividual
project mark differed between BOZ 312 and BUY 321. In BOZ 312,
the group mark was multiplied by the student's peer assessment
score. This multiplicative approach is preferred to the approach that
simply adds the peer assessment score as a contributing criterion in
the project mark because it better reflects the purpose of scaling the
overall mark to reflect personal contribution [8]. For BUY 321, a type
of normalisation scheme was adopted. If all group members' peer
assessment scores were similar, everyone received the broader the
scaling of the group mark among the group members. Unlike BOZ
312, it was possible for students to achieve 110% of their group's
mark in BUY 321 if their peer assessment score stood out.

The fact that most students agreed that these approaches were
fair (Table lll, Q21) could be misleading. They had not yet seen
their final mark when they completed the survey. In hindsight, we
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believe both scaling mechanisms require revision. The scheme
in BOZ 312 was unduly punitive. For students to receive the full
group project mark, they had to “"exceed expectations” in each
criteria. Instead, the approach followed by Goldfinch and Raeside
[8] seems more fair where students can earn more than 100%
of the group mark if their contributions exceeded expectations.
The scheme in BUY 321 made it possible for groups to ‘game the
system’ by ensuring everyone received similar peer assessment
scores. Yet, students believed, at least in theory, that these flawed
approaches were more fair than no approach at all.

Students felt strongly about including mark-influencing peer
assessment regardless of how the groups were formed and
seemed positive about the way in which peer assessment was
implemented in the courses. The next section summarises the
most useful findings of this study.
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VL. CONCLUSION

Student perspectives regarding the use of peer assessment
in two junior-level IE courses were collected from four cohorts
in 2017 and 2018 using a Likert-style survey. Survey questions
covered five broad topics: students' general perceptions of the
goals of group work, students’ experiences of freeloading, stu-
dents’ preferences regarding group formation, the importance of
peer assessment, and the fairness of the mark-influencing peer
assessment approaches used in BOZ 312 and BUY 321.

Some of the studys insights should be considered by those
developing assessment policies within our engineering school.
Firstly, our students appreciated the learning benefits of group
work, but group work overuse in the IE curriculum and freeloading
behaviour potentially eroded these benefits. Secondly, despite its
criticisms, students supported mark- influencing peer assessment
as a necessity in distinguishing in- dividual contribution. Thus, in our
view, mark-influencing peer assessment remains a viable alternative
to address freeloading at our institution. However, care should be
taken when decid- ing how peer assessment influences final marks.

As engineering educators, we have gained practical insights
through this study. Firstly, group work should be used spar- ingly
in our curriculum. Secondly, students prefer it when explicit
strategies are implemented to reduce freeloading. Thirdly, we
should be cognisant of the subtle social im- plications of group
formation protocols and seek to reduce marginalisation.
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APPENDIX SURVEY QUESTIONS
Q1 Group work, as part of formal assessment, allows that peer
learning takes place. Consequently, the overall quality of student
learning improves.

I'learn teamwork skills when given group work that helps me work
efficiently within team dynamics.

When doing group work | learn specific analytical and cognitive
skills like questioning others, critical thinking, and evaluating the
contribution of others.

When given group work, | learn collaboration skills about conflict
management and resolution, accepting criticism, and about
negotiation and compromise.

Group work taught me better organisational and time management
skills. I'had to fit in with others’ schedules, and had to plan better to
work jointly subject to multiple individuals’ schedules.

Group work allows us as group members to better apportion the
workload. Group work is less effort for the student compared to
individual assignments.

Group work is easier for the lecturer to assess. Itis an easy-out for
the lecturer.

The course BUY 321 (Simulation modelling) [BOZ 312 (Operations
research)] lends itself more towards group work than individual
assessment. [Error in data collection for BOZ312-2017, responses
excluded.]

In general | think group work results in freeloading: some students
just tag along as dead wood.

We experienced freeloading in our BUY 321 (Simulation modelling)
[BOZ 312 (Operations research)] group. The contribution was
unequal. [Question mistakenly omitted for BOZ312-2018.]

The criteria for peer assessment in this module is vague and
unclear.

'Attendance’ is important in peer assessment, and it should be
specifically assessed.

'Participation’ is important in peer assessment, and it should be
specifically assessed.

‘Autonomy’ is important in peer assessment because students
must still work on their own (even in a group setting), and it should
be specifically assessed.

'Value-add' is important in peer assessment, and it should be
specifically assessed. Q16 | believe group work is overused in our
Industrial Engineering curriculum.

When group work is assessed, | want to choose my own group
members (as opposed to groups being set up by the lecturer).
When we choose our own groups, peer assessment is necessary.
Q19 When the lecturer sets up the groups, peer assessment is
necessary. Q20 The peer assessment should influence the group
mark.

| believe the procedure followed, in BUY 321 (Simulation
modelling) [BOZ 312 (Operations research)], in which peer
assessment influences the group work (and group mark) is sound
and fair.

With regards to your BUY 3271 semester project, do you believe
that each member has sufficient knowledge about all aspects of
the project (data analyses, modelling, reporting) that they can
defend it in an examination? [Not included in BOZ 312 survey]

Q2

Q3

Q4

Q5

Q6

Q7

Q8

Q9

Q10

Q11

Q12

Q13

Q14

Q15

Q17

Q18

Q21

Q22
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Abstract—Using a narrative approach, this research will
explore the factors that were influential to engineering
students as they transitioned from high school to a well-
resourced South African university, and how digital literacy
competence influenced their transition. We define our use of
thetermdigitallliteracy and draw ontheories of first-generation
students, intersectionality and transitions to university. This
work-in-progress paper describes the theoretical framework
that will be used to analyze data. A sample narrative analysis
is given, based on the personal narrative of the second author,
who is a final-year engineering student.

Keywords— transition, narrative, digital literacy, intersectionality,
student success

. INTRODUCTION

South Africa is a hugely unequal country due to various social
factors that resulted from the Apartheid governing system.
Schoolsreserved for white students under apartheid have become
desegregated and continue to be functional, but schools formerly
reserved for Black students continue to be under-resourced and
achieve lower educational outcomes [1, 2]. Universities have
been and are still fighting the battle of inequality through various
programs to reduce the gap [3].

Under-resourced and mostly dysfunctional schools make up 75%
of the schooling system in South Africa [4]. Students who come
from these schools have little or no familiarity with the usage
of computers, in contrast to their counterparts who come from
the wealthier schools. With overcrowded classrooms, limited
resources, and no technical labs, under- resourced schools may
manage to produce two or three “star” students each year. Some
teachers disregard government directives to teach in the language
of instruction (which is English in over 80% of schools) from Grade
4 and instead teach science and mathematics concepts using
native language examples for better chances of understanding.

One of the ways inequality is evident is in the additional time
needed by some students to quickly acquire digital literacy skills
in order to navigate their start of university. Digital literacy also
impacts the educational trajectory of the fortunate few students
from such schools that get to go to university. The engagements
that school students have with technology are typically on social
media platforms such as Facebook, WhatsApp and Instagram.
However, in tertiary institutions, the acceptance letter, registration
details and even the welcome by faculty are all communicated
via email. The university student is expected to know how to
use a computer but for students who have little or no previous
encounters with computers, a small task like checking email can
take a couple of days to discover. As the first year progresses,
factors such as efficiency in technology use and proficiency in
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English can impact grades [5], some right through the end of their
degree or to the point where they eventually drop out.

The purpose of this research is to better understand how the
university community of lecturers, support staff and present
students can help to make the adjustment to university easier for
future students.

1. THEORETICAL FRAMEWORK

The following theories frame this research.

A Digital literacy in higher education students

There is no single definition of digital literacy used in research
literature. The term can simply mean being technologically fluent,
or being able to locate, extract, organise, manage, present and
evaluate digital information, or being competent in issues such
as online safety, privacy, ethical use and reuse of digital media
[6]. We consider digital literacy in broader terms since students
without a knowledge of the need for password security might
become a victim of hackers and this could jeopardise their
progress at university. This research will add rich qualitative data
to international research that explores the impact on humans of
not being digitally literate [6].

There is an expectation that ‘digital natives’ who were born into
a highly digital world are more comfortable and competent with
technology than older ‘digital immigrants’ [7]. However, the end-
user focus in social media, with no attention given to how the
technology works, may distort students’ view of what makes for
effective communication and disadvantage them in the long run.
B. First-generation students and intersectionality
First-generation or first in family’ students face challenges which
are not usually singular. These could be lower socioeconomic
status, poverty, language, not knowing how to navigate a university
or the expectations from lecturers of students. The theory of
intersectionality [8] recognises that there are multiple facets of
identity that may compound struggles [9]. For example, students
who are first-generation at university in South Africa are often Black,
often come from lower socio-economic backgrounds, are typically
studying in a language that is not their home language and may be
grappling with how to fit in with others who are more economically
advantaged.

Groves and O'Shea [5] found that first-generation students who
were able to successfully complete their degrees at universities
had some common behaviours: they engaged more with lecturers,
tutors, and university counsellors, and were not shy or quiet about
their struggles. This intentional involvement helped them build
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relationships and find support for whenever they encountered
hurdles, which could include digital literacy problems. Making the
structures in the university more transparent to students in order for
students to find the right people to engage with is a recommendation
from an international review [10], which also suggested that support
for first-generation students should not be through exclusive
programmes only open to first-generation students.

C Transition to university
1) Emotional transitions

Succeeding academically at university affects more than just the
rate at which credits are gathered. A study in the United Kingdom
[11] showed that academic factors are critical to students’
emotional experiences in their transition to higher education.
Higher levels of negative emotionality, primarily stress, is
associated with greater inclination to plagiarize [12]. Therefore, it
is in the interests of universities to help students to manage their
academic studies in ways that keep stress levels low. Keeping track
of digital communication for all their courses in a time-efficient
manner is a vital skill for students to master as soon as possible.

2) Transition to university extends beyond first year

The transition to university is usually considered to be exclusive
to first year students but Groves and O'Shea [5] suggest that
since more first in family students consider leaving studies in their
second and third years, the transition process takes longer than
the first year. They advise that “drawing upon learners' reflections
of their participation across the whole of the student life cycle
usefully offers new insights into how [first in family students]
manage their transition into the new community.” [5: p.50]. The
implication of [5] is that it justifies using a methodology that allows
for gathering experiences from final year students, and perhaps
also students who did not complete degrees.

Many international studies (for example [13, 14]) investigate the
transition to university in terms of the academic preparedness of
students. The South African context adds richness to international
studies due to the extreme resource differences between the
wealthiest 25% and the poorest 75% of schools [4].

In summary, the theories of digital literacy, first-generation
students, intersectionality and transition to university provide a
framework from which the research questions were posed. This
theoretical framework will direct the collection and interpretation
of the data for the purpose of answering the research questions.
In this work-in-progress study, we present the research questions,
methods and methodology that will be pursued, together with a
sample narrative analysis of the experience of the second author.

. RESEARCH QUESTIONS

This research explores the influence of society and culture on
the retention and attrition of engineering students in universities.
We will explore how transition experiences and digital literacy
competence (specifically email, word processing, spreadsheets,
internet browsing, online learning system navigation) plays a role
in the student’s ability to complete their engineering studies.

The research questions are:
1. What factors were influential to engineering students as

they transitioned from high school to a well-resourced South
African university?

2. Were there overlaps in the identified factors between
students who attended poorer and wealthier South African
high schools?

3. How does digital literacy competence influence engineering
students in their transition to a well- resourced South African
university?

Related questions that are beyond the scope of this study but are
suggested for future research are:

How competent in digital literacy are university students in
general, and how do engineering students compare with
other students, internationally and in South Africa?

Is there evidence that engineering students, who are
typically top achievers with higher levels of technological
understanding, have more digital literacy competence, and
therefore that peer-help support systems in engineering may
work better than in other disciplines?

Iv. METHODS AND METHODOLOGY

A Research design

A qualitative research approach will be taken using narrative
analysis. Narrative analysis is a research method that involves
carefully looking through the words from interviews or stories
people have shared and deducing themes that link to the theories
in the theoretical framework. (See [15] for a good summary of
narrative research applied in an engineering education context.)

Final-year engineering students from disadvantaged schools as
well as students from well-resourced schools will be identified.
After ethical clearance is obtained, students will be interviewed
on WhatsApp or Zoom about their experiences and progress in
university and how their digital literacy competence affected them
at different stages in their transition into university. Interviews
will be semi-structured, using open-ended questions such as:
‘What was your school experience like? Describe your first days at
university. Follow-up questions will be used to expand more on
the participants’ stories, for example: ‘How did you keep up with
course announcements?’ Interviews will be recorded, transcribed
and anonymised before being coded and analysed by thematic
analysis [16] using the software NVivo.

As the second author is herself a final-year engineering student,
the research method of scholarly personal narrative [17] provides
an additional research method and source of data. The personal
narrative extracts that follow give an example of the narrative
analysis method.

V. SINDISWA'S STORY

Sindiswa attended one of the 75% of poorly resourced South
African schools. Her science teacher found ways to make students
understand concepts despite the lack of resources.

The person | probably still consider the best teacher | ever had
was my science teacher, he had a talent for making you imagine
things you'd never seen. The elements and concepts we learnt
about in chemistry particularly, we'd never seen. We had no labs
to conduct experiments, but 10 years since | left high school, |
still remember the concepts. | credit that to his examples which
were made up of things we did know and that were explained in
the native language.

17
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A reliance on her vernacular language of isiXhosa at school may
have made her early transition to university more challenging.

This might have helped me gain impressive marks in high
school however it was not beneficial for me when | got to
university where the language of instruction is strictly English.
Before | could grapple with the complex concepts of courses,
| first needed to translate the lecture in my head which only
made the learning process longer. Sometimes, | would miss
things completely and when realising that my peers didn't,
there would be embarrassment to admit such. However,
the experience wasn't all doom and gloom because you do
improve in English as you go along.

Recalling the experiences of friends, Sindiswa noticed that
language use affected students in different ways.

| have a friend who was also from a vernacular language
school like myself. He was incredibly smart. The experience of
not fitting in and the delivery of all courses in English took a
toll on him so much that he ended up dropping out. He went
to the University of KwaZulu- Natal which he'd heard would
be more accommodating to Zulu-speaking pupils like himself.

The impact of feeling a sense of fitting in is noted in the failure
and subsequent success of a student who moved from the
University of the Western Cape (UWC) to the University of Cape
Town (UCT) and back again. The demographics of UCT and UWC
are quite different. UWC was established in 1959 as a college
for Black students [18] and has a greater proportion of Black
students when compared to UCT.

. a friend who came to UCT after a year at UWC doing
Computer Science. He didn't do well at UCT, except in
Computer Science. For example, he failed first year electrical
engineering three times until he decided to go back to UWC
and continue with his Computer Science degree. He finished
last year and is working now.

The final narrative extract shows the benefit Sindiswa experienced
from making connections with lecturers and teaching assistants,
which confirms the findings of [5].

What was probably the turning point for me was joining the
ASPECT extended program. | had lecturers | wasn't scared to
approach, people whom it was easy to believe that were there
for you. When you gain such support, then you start believing
in yourself again and your grades start to improve. | have
come to realise that | do better when | feel seen, when I do not
feel like I'm lost in the big numbers of University classes. When
people in positions like lecturers, teacher's assistance support
you, you want to do better not just for yourself but to be able
to share your successes with them too.

VL. FUTURE RESEARCH AND IMPLICATIONS

We anticipate a number of findings from this research. Firstly, if
stories of students from low resourced schools point to areas of
difficulty inthe transition into university, such as specific difficulties
with gaining familiarity with the necessary digital literacies needed
atuniversity, this knowledge may suggest focussed areas in which
to provide targeted support for engineering students adjusting
between their school education and university education.
Support may take the form of development of online or face-to-
face mentoring by students or staff from diverse backgrounds.

GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

The findings could contribute to a design-based research project
in which researchers work with students from high schools and
university to identify and overcome obstacles to the transition to
engineering studies at university.

Secondly, we expect the narrative stories may suggest ways to
manage diverse levels of digital literacy competence that provides
needed support without making the supported students feel
stereotyped, second-class, or weak. The outcomes of this study
will be interesting and relevant to countries with similar problems.

A limitation of the qualitative approach for this research is that
only a small number of participants will be interviewed and
consequently the results will not be generalizable. However,
the depth that qualitative research brings complements larger
qualitative studies that produce more easily generalizable results.

We anticipate that the results of this research will further reduce
the gap and increase interest, participation and success of
students in STEM programs.
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Abstract—Peer mentorship programmes exist where senior
students offer support to first year students to help them
transition from high school into a university environment.
The implementation of such programmes requires extensive
resources and a proper management structure. In general,
both the mentor and mentee benefits, as the mentee
is helped to settle into the university while the mentor
develops important social skills. However, different authors
have different perspectives on measuring the success of
such programmes. Some measure the success based on the
academic performance, decrease in dropout rates and better
social integration of the mentees. What may be considered
as a successful programme at one university may not be
considered so at another university. Furthermore, what
tangible benefits accrue to the mentors? The purpose of this
paper is to present a scholarly personal perspective of the
benefits and challenges of a peer mentorship programme
that was introduced at a university of technology in South
Africa in 2014. The author was employed as a teaching
and learning assistance in the faculty of engineering and
information technology for a period of one year, thereby
validating her perspectives based on personal involvement
with the mentors. A scholarly personal perspective is used
that may be linked to a constructivist research methodology
that recognizes the validity and usefulness of a researcher’s
personal experiences in a specific discipline. Critical
subsections on the success of this programme relates to the
selection criteria for mentors, the structure and management
of weekly sessions between mentors and mentees and
developmental sessions for the mentors. It is recommended
that universities should continue offering support to first
year student through peer mentorship programmes, as it
assists mentees to settle into university life, while allowing
further personal development.

Keywords—Benefits, mentors, mentees, reflection
l. INTRODUCTION

“Successful peer mentoring in university settings is the result
of relationships among students, mentors, and instructors”.
These words, by Colvin and Ashman [1] , brings to our
attention that the success of peer mentoring hinges upon the
successful interactions between all stakeholders. Johnson,
Niemi, Green and Gentry [2] claims that implementation of a
successful peer mentorship program is a process that requires
extensive resources and the proper management structure
and maintenance of a thriving environment. In view of this,
reflecting on the structure and maintenance of an existing peer
mentorship programme should be encouraged in order to
determine possible benefits and challenges, which may need to
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be addressed. According to Deakin University [3] it is important
to note that reflective writing is not a summary of something
that one has observed. It is important to describe, analyse and
evaluate experiences that enable one to develop new insights
and perspectives.

Research so far has indicated that scholarly writing is important
because there is an increasing use of learning journals in higher
education which are on reflective writing and they enable
individuals to relate personal experiences to active learning [4].
Moreover, Strivens [5] brings to our attention that reflective
writing is supported by a broader literature on reflection which
illustrates how writing down a record of an event followed by
conscious analysis helps one to learn from that event. A study
conducted in engineering education showed how personal
narrative reflections can be usedin a way to support professional
development [6].For example an academic in engineering
used personal narratives to demonstrate how developing a
comprehensive portfolio provided tangible evidence of good
teaching, personal experience and acquired skills [2]. Therefore,
in student peer mentoring programme a scholarly narrative
may be used to present its benefits, challenges and successes.

According to Yomtov, Plunkett, Efrat and Marin [8] student
peer mentoring is a process whereby a mentor who is a senior
student provides guidance, support and advice to a mentee.
In this study, the mentee is a first-year student who is close
in age and shares common characteristics or experiences.
Many authors have reflected on different peer mentorship
programmes, having arrived at different conclusions.

For example, Crisp and Cruz [9] points out that such a
programme benefits mentees in terms of psychological and
emotional support, goal setting and career path, academic
subject knowledge support and having a role model. Mentors
also benefit in the process of helping mentees. For example,
Beltman and Schaeben [10] point out that benefits derived
by mentors includes developing interpersonal skills such as
communication and leadership. Yomtov, Plunkett, Efrat and
Marin [6] further state that such programmes have become
a prominent tool in higher education as it enhances personal
and professional development among both mentees and
mentors. Despite these benefits, there are challenges that are
faced by some mentors, such as a lack of self-confidence or
having trouble with interpersonal skills [11]. Moreover, a peer
mentorship programme can become a challenge when mentors
are unable to communicate with their mentees on a regular
basis or get them engaged during contact sessions.

The purpose of this paper is to present a scholarly personal
narrative of the benefits and challenges of a peer mentorship
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programme that was introduced at a university of technology
in South Africa in 2014. According to Nash [12] a scholarly
personal narrative (SPN) is where the author explores some
part of his or her personal life, weaving experiences into a
fabric of scholarly research from other sources, as a way of
reaching insights. Moreover, Nash and Bradley [13] remind us
that a SPN structure makes use of the first person, because the
author relates to personal experiences, critically reflecting on
them. Killen and Gallagher [14] describes a SPN as an emerging
methodology which is accurate and worthy of being recognised.

A SPN challenges researchers to apply theoretical concepts
to personal and professional experiences. It seems that
Brookfield [15] dispute Killen and Gallaghers's [14] claim that
autobiographies do not make scholarship. The author suggests
that scholarships of personal narratives, as initiated by Nash,
can be scholarship if it consists of two elements which are
used in research; a theoretical literature and a continuous
attempt to construct theory from generalised elements of
certain events, contradictions and actions. Ng and Carney
[16] emphasises that a SPN challenges researchers to link
theoretical concepts to personal and professional experiences.
Drawing on the experiences of the author during 2016 and
2017, as a teaching and learning assistant in a faculty of
engineering and information technology, validates the author’s
perspective based on personal involvement and experiences
with the mentors.

This SPN will cover the author's experiences with regard to the
selection criteria for mentors, the structure and management
of weekly sessions between mentors and mentees and
developmental sessions for mentors. The author was personally
involved with these aspects of the peer mentorship programme
on a weekly basis for almost one year. Other aspects, such
as budget allocation, management of funding resources,
compiling the reports for university management and conduct
with mentees will not be discussed, as the author was not
personally involved with them. The paper firstly considers some
of the benefits and challenges of a peer mentorship in higher
education, along with the author's experiences in this regard.
1. PEER MENTORSHIP PROGRAMME

Colvin and Ashman [17] define peer mentorship programme
(PMP) as relationship whereby a more experienced student
assists a less experienced student to improve their overall
academic performance, by providing advice, support, and
knowledge to the mentee. Peer mentorship programme relates
to the concepts of peer support and learning whereby a mentor
helps in enhancing the university experience of an individual
student or a group of students [18]. Moreover, in general, a
peer mentor is slightly more advanced in their studies than
mentees and they use their experiences to help new students
to settle into and succeed at the university, building lasting
relationships that last through the first-year and beyond [19].
It seems that both authors agree with one another that peer
mentorship is all about experienced students supporting in-
experienced first- year students to settle into, and succeed at
the university, by building lasting relationships. For example,
the author received a mentor's monthly report in which stated
that one of the mentees had lost his father in death and was
subsequently facing many emotional challenges. | quote “the
entire family (Myself and all the mentees) gave support during
the entire week till the funeral day. We bought a sympathy card
and we all signed and bought roses as a sign of one's love. She
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was so touched, and she replied how much we mean to her and
how we changed her life completely.”

A PMP further assists first-year students to adapt to a higher
education institution, resulting in positive outcomes such as
enhancing academic performance, self-efficacy and well-being
[19]. These programmes have increased the retention of diverse
groups of students [20]. Another key benefit lies in mentors who
desire to give support to other students [19], thereby building
their interpersonal and intra- personal skills. A study conducted
by Andrew and Clarks [21] revealed that participating in peer
mentorship benefits students to attain valuable transferable
employability skills, such as self-management, leadership and
communication skills. In addition, mentors experience personal
and social benefits, which include personal satisfaction in
helping others and the opportunity to 'give something back’.
However, disadvantages or challenges of such programmes do
exist. For example, Bunting, Dye, Pinnegar and Robinson [22]
argues that even if there are large numbers of experienced
students on college campus, it does not guarantee that
all of them will chose to participate in such programmes.
Research findings by Andrew and Clarks [21] shows that one
of the challenges in PMP is communication within the between
mentors and the institution, especially in regard to reporting.
One key aspect relating to communication that should be
transparent to all is the criteria for selecting mentors for a PMP.
. SELECTION AND INTERVIEW PROCESS

Every year in September the teaching and learning assistant
(TLA) in the faculty of engineering and information technology
at Central University of Technology (CUT) places an advert for
students to apply to be mentors in the following year. The
advert has the information regarding the PMP and outlines
what is expected out of the mentors. Furthermore, information
of all the documents that should be submitted are also included
on the poster. Students who are applying to become mentors
would personally contact the TLA in the faculty via email,
attaching all relevant documentation. The attached documents
would include the CV of the student, copy of ID, statement of
results and a motivation letter stating the reason for applying to
be a peer mentor. The TLA then checks the academic results of
the applicants, selecting only those who had passed all of their
first-year modules. A file is then created for every student for
record-keeping purposes. After this initial screening process,
the applicants would be interviewed by the TLA in order to
ascertain why they want to be a mentor and what contribution
that may make towards the success of the PMP. The interview
will take place in the TLA office and last for about 45 minutes
during the month of October. After two weeks of conducting
interviews, the TLA informs all students via email of the outcome
of their application.

A briefing session is then held in November with all successful
applicants where the TLA informs the mentors of the required
forms and documents that they should submit to finalize the
appointment. In addition, they are informed of the activities
which are planned for the new year. Mentors need to submit
these forms before the end of January of the new year to the
TLA, as it needs to be submitted to the Human Resources
Department for payroll purposes. According to Nowell, Norris,
Mrklas and White [23] a PMP incurs costs and requires
expenditure in order to operate successfully, which includes
a stipend to mentors for the work which they do. It is the
responsibility of the TLA to make sure that all the forms are filled
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in correctly and submitted to Human Resources Department in
order for mentors to be paid.

The submission and screening of the applicant's documents
was done by me. This gave me the opportunity to review the
motivational letters of the students in order to find out why
they want to be mentors and how they would benefit from it.
Zaniewski and Reinholz [20] verifies that potential mentors
were screened through a written application process. Most
of students who applied for the position where mentees and
indicated that they have benefited from the programme in
the past. Jackling and McDowall [24] noted some reasons why
students want to be mentors, which include wanting to make a
difference and wanting to help other students, while learning life
skills and improving their self-confidence. This really equates to
ploughing back into the community. In this regard, it shows that
these applicants had a good experience with their mentor, and
this can be regarded as one of the success stories of PMP as
they were positively influenced by their mentor. The screening
process assisted me to understand student's intentions of
being a mentor and to select potential mentors for an interview.
Although the screening process verifies potential mentors,
it was labour intensive and time consuming for me. | had to
review over 120 applications from which | selected 100.

| found the interview process transparent as | was able to
evaluate if the applicant would be a good mentor. My evaluation
was based on the applicants being able to answer the interview
questions satisfactorily. While most of the students were keen
in being mentors, | found that many of them lacked a desire
and willingness to fulfil the responsibilities of a mentor which
they were familiar with. The interview process also gave me
an opportunity to interact with the applicants and determine
which ones would be better suited to become mentors based
on their communication skills. Some of the applicants were not
able to express their thoughts very well, despite performing well
academically. However, | tried to obtain a holistic view of the
applicants by not considering if any of their strengths may offset
this perceived weakness. For example, | had a student who did
not express himselfwell when answering interview questions and
atthe end of the year he was one of the committed mentors and
his communication skills had improved. This provides evidence
that a PMP enhances mentor's communication skills, which is
collaborated by Hall and Jaugietis [25]. Instead of just focusing
on the applicant's communication skills, or lack thereof, | would
focus on other characteristics such as a willingness and a desire
to be a mentor and on their previous experiences as a mentee.

The interviews also enabled me to get to know the names of
the mentors that I will be working with. It is always good to
learn student’'s names and address them by their names as
it builds relationships between individuals. Glenz [26] brings
to our attention that learning student's names is the first
step in knowing who they are and calling them by their name
communicates respect and makes them feel recognised as
individuals. Furthermore, it helps to draw out and include shy
students in the discussion. Learning student names is important
in developing a long-lasting relationship and helps establish a
sense of belonging for students in the PMP.

V. STRUCTURE
SESSIONS

AND MANAGEMENT OF WEEKLY

Every week mentors meet with mentees for mentorship
sessions to discuss different topics. Prior to these meetings, a
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Meet and Greet session is held. The TLA initiated this activity
in response to a challenge raised by previous year's mentors
who stated that they had difficulty in contacting their mentees
before the weekly sessions commenced. The purpose of this
activity was for the mentor and mentee to start establishing a
working relationship. It was the first time that such an activity
was held in the Faculty.

After the initial Meet and Greet activity, the first session was held
with mentees. Details about such sessions were communicated
between the mentor and the mentees using a WhatsUp group
(social media). One mentor was assigned to ten mentees who
collaboratively decided on a venue and time slot. The sessions
were held once a week with mentees, some of the topicsincluding
goal setting, time management, study skills, budgeting, revision
methods and stress management. The purpose of these topics
was for mentors to share their own ideas and experiences with
mentees in order to help them adapt to university life and to
help them cope with their academic workload.

A register was kept for each session and photos were often
taken for inclusion into official reports and student portfolios.
The TLA took note of mentors who had not submitted their
monthly reports and attempted to follow up with them as to
why this was so. In some cases, mentors did not meet their
mentees due to time limitations or timetable clashes.

| considered the Meet and Greet activity to be effective as
many mentors and mentees supported it, enthusiastically
engaging with each other for more than two hours. This activity
furthermore stressed the importance of attending mentorship
sessions in the faculty and in helping mentees gets to know the
TLA.

Although the activity was effective in helping to build
relationships, | noted that many of our first- year students did
not attend the activity, despite being aware of it. This awareness
was created by using posters and by visiting first-year students
in their classes. Rodger and Tremblay [27] brings to our
attention that the level of participation in PMP activities differs
as it is voluntary.

| also noted that it was difficult for the mentor and mentees
to reach consensus on the venue and time slot for the weekly
sessions due to their different timetables. This led to some
mentors having two groups of mentees per week. Then at the
end of the month the mentor submits a report together with
the register to the TLA. In the past the institution considered
the time from 12:30-13:30 as a lunch hour and there were no
classes between those times. Mentors often used that period
for these sessions, which no longer was possible, as the lunch
hour was removed in 2016.

In view of this, it is suggested that there should be a specific
time slot allocated to mentorship activities on the timetable of
first-year students. This would enhance mentees attendance
for PMP sessions. Consequently, a lack of dedicated time for
mentorship sessions is considered as a major problem for an
effective PMP [25].

V. DEVELOPMENTAL ACTIVITIES FOR MENTORS

Three specific PMP developmental activities are stipulated to

assist and empower mentors which are grouped as follows:
training; meetings; and support.
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Training; this is required to empower mentors to acquire
mentoring skills in order to implement effective mentoring
sessions with mentees [20]. In this regard, training is a
process where a mentor is being nurtured by the TLA, who
also encourages the mentors to develop their personal and
professional skills. PMP training is usually held for two days
where the mentors are capacitated with knowledge and skills
on how to conduct PMP sessions with mentees. Life skills,
such as teamwork, problem solving, time management and
communication are also discussed. This training further assisted
mentors to work together in a team and to get to know each
other better. Other PMP training sessions are also incorporated
into the semester, such as the graduate attributes workshop.
This workshop usually lasts for one day and is facilitated by one
of the PMP administrative staff. The purpose of the workshop
is to help mentors in the faculty to be able to identify and
understand the ten graduate attributes adopted by CUT. After
this workshop, a paper entitled assessing senior engineering
student's ability to identify graduate attributes was presented
at the 2018 International Conference on Multidisciplinary
Research [27].

Meetings; these are important because they help coordinate
activities and provide accountability [2]. In addition, they
provide a supportive organizational structure with committed
individuals to assist with supervision to keeps track of
individuals. Johnson, Niemi, Green and Gentry [2] stresses that
this is accomplished through conducting training and bi-weekly
meetings. These were held twice per month enabling the TLA
to announce any upcoming PMP activities and for mentors
to raise any challenges they were facing with their mentees.
Possible solutions to these challenges were then discussed by
all in attendance. In this way, the mentors learned from each
other. In the beginning of the year, the TLA suggested that the
PMP should have a leadership team. The mentors welcomed
the idea and elected a Chairperson, a Deputy Chairperson, a
Secretary, a Public Relations Officer and a Finance Officer. The
committee usually liaises with the TLA to discuss future meeting
agendas. These meetings also serve to identify and plan other
PMP activities that were specifically geared towards mentor
development.

Support; this is to be provided by the TLA to the mentors in the
program. Foster, Ooms and Marks-Maran [28] are of the view
that universities can better support mentors through regular
mentor updates, study days for mentors and assessment of
mentors. The TLA held one on one consultations in an effort
to help support mentors in identifying and addressing any
concerns or challenges that they may have encountered. The
consultations also provided the opportunity for the TLA to
check on the mentor’s academic performance and if they were
managing to balance PMP activities with their academic work.

| found the training as informative activity in that it empowered
mentors with specific knowledge and skills to effectively help
their mentees. During training mentors are empowered to
be professional, understanding, confident and approachable.
Training was conducted during the last week of January to
prepare the mentors for the semester's activities with their
mentees. A few mentors did not attend the training as they
were still on holiday. I therefore had to arrange another training
session for them. The training that | provided to the mentors
better equipped them to deal with their responsibilities,
especially in writing their monthly reports which helped me to
compile my report to senior management.
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The bi-weekly meetings were very interactive, being led by
a chairperson appointed by the mentors. Mentors took
ownership during meetings by engaging in the discussions and
making it easier for other mentors to raise any challenges they
were facing with their mentees.

Meetings also served as a platform for mentors to be updated
with upcoming PMP activities and share any accomplishments
that they may have experienced with their mentees.

| really enjoyed the experience of supporting the mentors
during our one-on-one consultation. For example, one mentors
pointed out that she was not coping with academic and PMP
work, but she loves being a mentor. We came up with solutions
together on how to manage her time so that she can balance
both works. | also found that specific mentors had developed
a sense of self-esteem with different abilities such as being
professional and understanding to their mentees. Many of
the mentors thanked me at the end of the year for the regular
consultations by giving me small gifts as a token of their
appreciation. One mentor stated: “thank you for the impact that
you had in my life” while another said “Thank you for making me
the best mentor | can be”.

This has taught me that whatever | am involved with in my life
should be related to the development of others, and not only to
doing a good job. To date, I am still in contact with many of the
mentors and they share their life's challenges and progress with
me. | still try to advise and guide them where possible. All these
images are evidence of the gifts that | received from mentors
and conversations that | have with them. Others have graduated
while others are on experiential trainings and others are still on
campus. | have also formed relationships with mentors and to
date some of them consider me as their mentor and we are still
in contact beyond PMP.

VI. CONCLUSIONS

The purpose of this paper was to present a scholarly personal
narrative of the benefits and challenges of a PMP that was
introduced at a university of technology in South Africa in 2014.
It is limited to a singular academic perspective of the author
as it reflects a personal experience of working in a PMP as a
TLA. The author's scholarly personal narrative also includes
illustrating the benefits and challenges of a PMP, as perceived
by herself during 2016 and 2017. Table I illustrates aspects in
the PMP that worked with benefits and challenges.

Key benefits noted by the author for mentors include creating
a platform for them to unleash their full potential, through
different leadership roles, by being role models and by building
relationships. Providing mentors support was one of the most
rewarding experiences because it resulted into positive effects
such as focusing on mentor’s development and building lasting
relationship with them. A platform was created for the TLAto give
a feedback to mentor’s performance, showing appreciation and
checking if mentors were balancing their academic work with
their PMP activities. The conversations were constructive, and
quite social with laughter. Constructive feedback is necessary
for mentor's development and this helps mentors to recognise
their challenges in PMP. Feedback focused on all aspects of
PMP activities and academic work. Thus, for mentors to balance
activities and work they have to acquire time management skills
and be able to plan activities in time.
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TABLE | Aspects in the PMP that worked and their benefits and challenges

Aspects What worked with its benefits Challenges
Selection Documents Documents
Criteria Submission of relevant documents finalised the They were time consuming as they had to be filled in correctly and

appointment of mentors enabling them to be paid
a stipend. It also served as a motivation to mentors
and helped with record keeping for HR and office
administration purposes.

Interviews

Interviews created a platform for the TLA to interact
with the mentors, getting to know their names and
building professional relationships with them.

submitted with all relevant supporting documents which are a copy
of identity document, appointment forms and proof of bank account.
Some mentors take time in submitting the relevant documents and it
delays payment. Sometimes it will take me the whole day sorting out
more than 50 mentors' documents and delayed me to do some of
the office duties. This emphasizes the need for students to be called
all at once so that they can be guided when filling in the forms to
avoid delays. More than 120 applications were reviewed and 100
were selected for interview.

Interviews

About ten applicants were not able to express their thoughts well
during the interview even though they had good academic results.
This led to the interview exceeding hour duration. Interviews
therefore serve to get to know students and to determine where
they need to develop.

Structure and
management of
weekly sessions
between a
mentor and the
mentees

Meet and greet

This activity was a highlight of the PMP as it was the
first time being held in the faculty where mentors had
a chance to meet their mentees face to face before
conducting their PMP sessions.

Mentorship Sessions

Sessions were held once a week and mentors
prepare topics for discussions and sometimes, they
ask mentees to come up with topics for discussion.
Sessions provided mentees with academic and social
support.

Meet and greet

Not all mentees attended the event despite being made aware of it
by posters and classroom visits. About 50% of mentees attended the
event. | had identified that mentees have their own preferred
mentors and they were already assigned to their mentors before they
came to event. It was therefore essential for me to motivate mentees.

Mentorship Sessions

In some cases, it was hard for some mentors to meet with all their
mentees at the same time for their sessions. This led to some
mentors having more than one session per week which impacted
on their balancing their various activities. Sometimes a mentor will
meet with two mentees out of ten today and tomorrow it will the
others. | came to realize that there is a need for mentorship slot in
the timetable where all mentees go for sessions at the same time.

Developmental
activities for
mentors

Training of Mentors

Training was held during the last week of January to
provide mentors with skills and knowledge on how to
effectively execute their duties. This helped the TLA

to better execute her duties during the semester,
especially in terms of reporting to senior management.

Graduate attribute workshop

A workshop was held for mentors in order for them to
be able to understand and identify graduate attributes.
This led to mentors being able to identify graduate
attributes which they could not communicate to their
mentees. This was also a flagship activity that enabled
me to write my first conference paper.

Meetings

Meetings were interesting as they were led by the
mentors and it was easy for them engage with one
another. It primarily addressed challenges that they
may be facing with their mentees.

Mentors support by the TLA

Mentors support is very important as it is regarded as
a developmental tool for mentors. It also emphasises
the importance of balancing PMP activities and
academic work. It also builds trust between the TLA
and the mentor.

Relationships with Mentors

The warm cheerful attitude of the TLA would have
made a lasting impression on many mentors, as many
of them showed gratitude by giving small gifts of
appreciation.

Training of Mentors

It turned out that some of the mentors were not able to attend the
training due to family matters. The first training 60 mentors attended
which was most mentors. The TLA had to conduct a second training
session in February and 12 mentors attended.

Graduate attribute workshop

Most of the mentors attended the workshop and can understand
and identify graduate attributes. Out of 72 mentors only 51 attended
the workshop. However, 60% struggled to identify technical and
conceptual competence and 80% numeracy as there is no word in
the definition that may be linked to the name of the attribute.

Meetings

Some mentors were engaging so much with one another during
the meeting, that it went overtime with one hour. This led to some
mentors losing interest and leaving the meeting. Average time for
meetings was an hour.

Mentors support by the TLA

This was, time consuming at times, as the TLA had to meet with
almost 80 students each week. Sometimes it would take an hour to
complete one consultation with one mentor and at the end of the
week | did not do other office duties as most of the time was spend
on mentors support. | would even have to work overtime to attend to
other office duties.

Relationships with Mentors

Building relationships with mentees made it easier for TLA to

be approachable and made mentors to be free. However, there
was a point when some mentors would just come to the office
without a valid reason. About 11% would not respond well to the
direction given.
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Mentors faced challenges when they had to meet with their
mentees for sessions as there is no specific provision in the
university timetable for this type of activity. Therefore, there is a
need for a time slot for a PMP in the institutional timetable to
accommodate all mentees to attend these contact sessions. A
PMP can create a platform for mentors to assist a mentee. It is
recommended that a good relationship be maintained between
the TLA, mentors and mentees for a PMP to be successful. My
experience can help other in this field to improve on their
mentorship work.
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Abstract—The four modes of entry into Faculties of Engineering
and Technology in Nigerian universities are: passing the Unified
Tertiary Matriculation Examination (UTME) to gain admission
into the first year of a five-year engineering degree programme;
passing through a one year Remedial programme before
coming in as first year students; Direct entry admission into the
second year (200 Level) of the degree programme; and Direct
entry admission into third year (300 Level). Data on the modes
of entry and Cumulative Grade Point Average (CGPA) at the time
of graduation obtained from the ten departments in Faculty of
Engineering and Technology at University of llorin, for students
who graduated in 2018/2019 session, were analysed. Out of the
471 students, 24 graduated with first class honours with 22 of
them being UTME students and two being Remedial students.
The number of UTME, Remedial, Direct Entry students at 200
Level, and Direct Entry students at 300 level were: 377, 66, 26,
and 2 and the averages of their CGPA were: 3.58, 3.27, 3.60, and
3.52, respectively. There was statistically significant difference
between the CGPAs of graduates who were admitted through
UTME, Remedial and Direct Entry at 200 level. Itis recommended
that the admission quota of Direct Entry candidates be
increased and the UTME candidates should continue to have
the highest percentage of admission spaces.

Keywords— modes of entry, academic performance, engineering,
students

I INTRODUCTION

There is increasing demand for spaces in Faculties of Engineering
and Technology in Nigeria due to increasing turn out of applicants
who have completed secondary education, as a result of population
growth in the country. The four modes of entry into Faculties of
Engineering and Technology in Nigerian universities are: passing the
Unified Tertiary Matriculation Examination (UTME) organized by the
Joint Admissions and Matriculation Board (JAMB) to gain admission
into the first year of a five-year engineering degree programme;
passing through a one year pre-degree programme also known as
Remedial programme before writing UTME to come in as first year
students; Direct entry admission into the second year (200 Level)
of the degree programme for students who have successfully
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completed Advanced Level or National Diploma programme in a
polytechnic (DE-200L); and Direct entry admission into third year
(300 Level) for students who have successfully completed a Higher
National Diploma (HND) programme in a polytechnic (DE-300L).

To qualify for admission through UTME, DE-200L or DE- 300L, a
student must have at least 5 credits pass at one or two sittings in
ordinary level or school certificate examination conducted by West
African Examination Council (WAEC) or any of the two national
examination bodies. The 5 credits must include Mathematics,
Physics, Chemistry and English Language. The UTME candidates
for engineering programmes write their examination conducted
by JAMB in these four subjects and they are expected to score
reasonably high marks.

Remedial candidates may or may not have 5 credits required at
one or two sittings because they are admitted to a one session
pre-degree programme in which the ordinary level curriculum
is covered in Mathematics, Physics, Chemistry, Biology and
English Language before proceeding to the first year. During the
Remedial year they are expected to take UTME but scoring high
marks is not demanded of them as for UTME candidates. For this
mode of entry, the entry requirements are reduced to give room
for students from educationally disadvantaged places to have
opportunity to enroll in engineering programmes.

All applicants for admission are also subjected to Post- UTME
computer-based test in which they are expected to score above
60 or 70% for most engineering degree programmes.

One of the factors that can affect the academic performance of
students in the university is the mode of entry.

Academic performance was defined by Ballotpedia [1] as the
“measurement of student achievement across various academic
subjects”. Itis usually measured by using classroom performance,
graduation rates, and results from standardized tests and it is
used to determine how well an individual can assimilate, retain,
recall and communicate what has been learned [2,3].

Some researchers have worked on the effect of mode of entry
on academic performance in Higher Education Institution. Evroro
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[4] from his investigation of the relationship between the mode
of entry and academic performance of a sample of 300 students
in Faculty of Education at Delta State University, Abraka, Nigeria,
found that the academic performance at the point of graduation
of the students had no relationship with their mode of entry.

Ojo [5] stated that direct entry students were superior to their
remedial and UTME students in academic achievement. From
their statistical analysis, there was a significant difference between
students who were admitted through UTME and Direct Entry into
the various departments in the Institute of Education during the
reviewed sessions. [5]

Lawal [6] reported in her work that both the UTME and Direct Entry
students from the five Science Education programmes studied
did not perform equally; the differences in their performance in
different programmes could be attributed to various factors other
than the mode of entry.

Olorunmaiye et al.,, [7] from their work reported that students
admitted through UTME performed better than those who were
admitted through remedial, for engineering students at the end of
their first year with dropout rates of 36% and 63% for UTME and
Remedial students, respectively.. Joe et al., [3] stated in their work,
that the students admitted through UTME performed significantly
better than those admitted through Preliminary programme in
the Faculty of Engineering.

Irtwange and Agbe, [8] in their work, reported that there was a
significant difference between the achievement of Remedial and
UTME students with the Remedial students performing better
than UTME students.

Most of the works done on investigating the influence of mode
entering on academic performance were carried out for degree
programmes faculty of Education [4, 5, 6]. Joe et al. [3] and Irtwange
and Agbe [8] who carried out such investigation for engineering
degree programmes considered only the two modes of entry
into the first year of engineering degree programmes; they did
not consider direct entry modes. Since they were interested in
studying the influence of mode of entry on academic performance
at the end of the first year, Olorunmaiye et al. [7] also considered
only the two modes of entry into the first year.

This work is an extension of the earlier work considering
engineering programmes and also the direct entry modes at the
second and third years, in addition to the two modes of entry in
the first year.

Therefore, the aim of this work is to study the effect of modes
of entry in the first, second and third years of the five- year
engineering degree programmes, on the academic performance
of engineering students at the time of graduation.

This study addresses the following questions:

What percentage of students that graduated came in through
each of the four modes of entry in the faculty?

ii.  What percentage of all the students in the faculty graduated
with first class, second class upper, second class lower and
third class degrees?

ii. What percentage of UTME, remedial, DE-200L and DE-300L
candidates graduated with first class and second class upper
degrees?

iv. s there significant difference in the academic performance of
students who came in by different modes of entry?

1. METHODOLOGY
A Data Collection

Copies of corrected spreadsheet of the results of the students
in faculty of engineering and technology, University of llorin,
who graduated in 2018/2019 session from the ten engineering
programmes were obtain from the faculty officer and two of the
heads of department, after the university senate had approved the
result. The name, matriculation number, mode of entry, cumulative
grade point average (CGPA) and class of degree are among the
pieces of information on the spreadsheet of each student.

B. Hypothesis

The null hypothesis to be tested is Ho: There is no significant
difference in the academic performance of students who came in
by different modes of entry.

C Statistical Analysis

Data on matriculation number of students, CGPA and class of
degree were entered into a Microsoft Excel 2010 worksheet
for each of the 10 departments. Statistical analyses on the data
provided information on the maximum, minimum, mean, and
standard deviation values of CGPA for each mode of entry for the
10 Departments. To test the null hypotheses, Chi-Square Test was
used to analyze the data. The computed values were compared
with the tabulated values at 5 % level of significance.

Il RESULTS AND DISCUSSION
Table 1 shows the total number of students in all the ten
departments in the faculty, maximum, minimum and mean CGPA

and standard deviation values for each mode of entry.

TABLE | Modes of Entry, Numbers of Students and CGPA Values and Standard
Deviations

Mode of | Number of Max Min Mean STD
Entry Students CGPA CGPA CGPA
UTME 377 4.87 2.30 3.58 0.57
Remedial | 66 4.73 2.37 3.27 0.55
DE-200L 26 437 2.82 3.60 0.42
DE-300L 2 3.56 3.47 3.52

The number of students that came in through UTME, Remedial, DE-
200L, and DE-300L were 377,66, 26, and 2, respectively. The highest
average CGPA was produced by DE-200L group followed by UTME,
DE-300L and Remedial with average CGPAs of 3.58, 3.52, and 3.27,
respectively. However, the result of the UTME group is considered
the best because they produced 22 first class candidates out of the
total of 24 first class students.

The percentages of first class, second class upper, second class
lower and third class candidates for each mode of entry, respectively
are: UTME—5.8, 51.5, 42.2,and 0.5; Remedial— 3.0, 30.3, 65.2, and
1.5; DE-200L—0.0, 65.4, 34.6, and 0,0; and DE-300L -0.0, 50,0, 50,0,
and 0,0. The better performance of UTME students over remedial
students observed at the point of graduation in this work is in
agreement with the better performance observed at the end of
first year of study by the same set of students reported earlier in
[7]. In the earlier work, it was found that the success rates of UTME
and remedial students were 64% and 37% respectively [7]. The
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better performance of UTME students over the remedial students
observed in this work is in agreement with the result obtained by
Joe et al. [3] in which they found that the CGPA of the 128 UTME
students who graduated in 2009/2010 and 2010/2011 academic
session was significantly difference (better than) from the result
of 45 students admitted through School of Science Laboratory
Technology (SSLT) program.

The DE-300L mode of entry was not considered in Table Il used for
computation of chi-square because there were only two students
in this category. The DE 300L candidates were few in this work
because the HND holders who could have applied to enter degree
programmes through this route had an alternative route in which
they could spend four semesters to obtain postgraduate diploma
in engineering which qualifies them for registration as engineers.
Council for the Regulation of Engineering in Nigeria (COREN) has
canceled this route. More recently, some universities introduced
another route called “top-up programme” for HND holders to
spend four semesters to obtain Bachelor's degree in Engineering.

Considering a 3 x 4 contingency table, the degrees of freedom (d.f.)
=B-)x@4-1)=2x3=6.

TABLE Il Summary of CGPA distribution among three modes of entry

Class of Degree
Mode of
Entry 3rd 2nd Class | 2nd Class 1st Total
Class Lower Upper Class

Remedial 1 43 20 2 66
UTME 2 159 194 22 377
DE-200L 0 9 17 0 26
Total 3 211 231 24 469

Note: 7st Class 4.50 < CGPA < 5.00, 2nd Class Upper 3.50 < CGPA < 4.49
2nd Class Lower 2.40 < CGPA < 3.49, 3rd Class 1.50 < CGPA < 2.39

Calculations were done to obtain the expected frequencies table
corresponding to Table I, following the procedure outlined in
reference [9], to obtain Table Il below.

The value of chi-square computed was 17.107. Since the calculated
value of x2 (17.107) is greater than the tabulated value &l for 6
degrees of freedom (12.59), the null hypothesis is rejected at
5% level of significance. Therefore, there is statistically significant
difference between the CGPAs of graduates who were admitted
through the three modes of entry in the faculty.

TABLE Il Corresponding expected frequencies

Class of Degree
Mode of
Entry 3rd 2nd Class | 2nd Class 1st Total
Class Lower Upper Class

Remedial 0.422 29.693 32.508 3.377 66
UTME 2412 169.610 185.687 19.292 377
DE-200L 0.166 11.697 12.806 1.331 26
Total 3 211 231 24 469

V. CONCLUSION

The students admitted through UTME are better than the other
students admitted through Remedial Programme and Direct Entry.
The academic performances of students admitted through different
modes of entry are significantly different. If the computation of the
percentages of students graduating with different classes of degree
for each mode of entry which was done in this work, is carried out
for many years, the average percentages can be used to predict the

GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

distribution of students over various classes of degrees at the point
of graduation even before the students get to their final year. The
sample size for this work can be extended by considering several
graduating sets of engineering students at University of llorin.
Another way to extend the sample size is to consider engineering
graduate of a particular session from several Nigerian Universities.
The admission quota of direct entry candidates should be increased
and UTME mode of entry should continue to have the highest
admission quota based on the results obtained in this work.

The students admitted through UTME are better than the other
students admitted through Remedial Programme and Direct Entry.
The academic performances of students admitted through different
modes of entry are significantly different. If the computation of the
percentages of students graduating with different classes of degree
for each mode of entry which was done in this work, is carried out
for many years, the average percentages can be used to predict the
distribution of students over various classes of degrees at the point
of graduation even before the students get to their final year. The
sample size for this work can be extended by considering several
graduating sets of engineering students at University of llorin.
Another way to extend the sample size is to consider engineering
graduate of a particular session from several Nigerian Universities.
The admission quota of direct entry candidates should be increased
and UTME mode of entry should continue to have the highest
admission quota based on the results obtained in this work.
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Abstract—Rational: Academic libraries are increasingly
offering online e-books because they provide convenient
access for students, cost savings, logistical advantages
and significant portability. Current research suggests
that this trend will continue in the future. In parallel with
the growth of the e-book market and the development
of e-book library collections, librarians and information
scientists have conducted a number of research studies to
investigate the impact of e-books on collection development:
specifically, relating to the challenges and questions of
e-book management and service. Consequently, researchers
have considered it pertinent to explore the behaviours and
strategies of e-book readers.

Scope: In January 2020, institutions around the globe faced
significant disruption due to COVID-19. Many universities
accelerated their adoption of online/e-learning approaches
in response to the COVID-19 epidemic. Though e-books were
at an early stage of adoption and the culture of using them
in academia was slowly growing, they suddenly became the
preferred option, if not the sole option because libraries
were closed. Accordingly, some of the popular publishers; for
example, Cambridge University Press, have offered online
higher education textbooks as free-to-access. Over 700
textbooks were available for more than 2 months, regardless
of whether those textbooks had previously been purchased.
Furthermore, MIT Press offered complimentary access to its
catalogue of e-books to support faculty and students who
were working and learning remotely.

Methodology: Despite increasing interest from librarians
and learning technologists, prior to 2020, there were few well
conducted studies investigating the habits of e-book users,
especially amongst engineering students. Notwithstanding
the challenges arising from the COVID-19 pandemic, an
opportunity has arisen to survey student attitudes regarding
the adoption of e-reading in an academic context. In this
paper, a case study is presented that investigates the impact
of the mandatory use of an e-book textbook in a final year
undergraduate engineering module at the University of
Nottingham Ningbo China. The paper investigates Science
and Engineering students’ usage and attitudes towards
e-books when using their available e-readers, which include
PCs or portable devices. A cross-sectional survey containing 5
nominal questions, 2 open questions and 17 Likert questions
was developed and deployed to final year students from
two programmes: Electrical and Electronic Engineering and
Mechatronics Engineering. These students were attending
the module titled Integrated Circuits and Systems.
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Findings: The results of this study highlight approaches
for improving support for e-reading in an academic
environment.

Of particular interest to librarians are student attitudes
after their adjustment to e-books, which have implications
for future purchasing decisions. Furthermore, student
strategies for adjusting their learning techniques as a result
of forced engagement with e-books illustrate preferences
that can inform educators.

In conclusion, the forced adoption of e-books has presented
the opportunity to investigate student acceptance and
strategies. This research provides evidence for purchasing
decisions and strategies for adopting e-books in wider Higher
Education syllabi.

Keywords— E-reading, E-book, Engineering education, Textbook,
E-learning

I INTRODUCTION

The coronavirus outbreak, later known as COVID-19, became a
serious issue in China during December 2019 [1]. By January
2020, the pandemic had raised considerable concern within
China. Strict measures were immediately implemented by
the Chinese government that included restriction on people's
migration, which led to an extension of the national holiday, and
winter vacation of all schools and universities. This placed major
challenges on both institutions and students, firstly in China, and
later internationally when COVID-19 was announced as a global
pandemic [2]. In order to face the challenge, the University
of Nottingham Ningbo China (UNNC) implemented remote
teaching after firstly extending the winter break by two weeks.

The university library helped students by providing e-books as
replacements of physical textbooks because no students were
allowed to return to campus during the majority of the spring
semester. Module convenors were also encouraged to offer
more reference choices to the library to expand the electronic
reading list. All e-books provided by the library were available
on the university library platform NUsearch, with an option to
integrate a specific reading list of a module into the learning
management platform, which is Mood/e [3].

In this paper, a survey was developed that was based on the
findings of a specific study to investigate UCLA undergraduates’
reading format preferences, and a more global study among
university students worldwide [4, 5].
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This paper is structured as follows: Section Il gives an overview
of the literature review. Section lll introduces the methodology.
Section IV presents the students’ survey and reflects on the
findings, and Section V concludes.

1. LITERATURE REVIEW

In recent years, e-reading has seen widespread adoption,
especially in consumer/leisure contexts with the introduction
of dedicated e-reading devices such as Amazon's Kindle' and
the Nook? by Barnes & Noble. It is expected that this trend of
adoption will continue in the coming years [6]. E-reading has a
number of advantages over traditional print media, including
cost, portability, instant availability of content, inline digital
notetaking, backlit reading, customizable font and layout,
accessibility features and the ability to easily copy or quote
materials [5-8]. Despite its numerous advantages and the
promise of widespread adoption, the enthusiasm for e- reading
in the education sector has been underwhelming, to date [9].
A number of studies have set out to investigate why students,
in general, tend to prefer traditional printed reading materials
over e-reading.

The context in which the reading occurs has been found to
affect student's preference of reading medium. Students
reported a preference for e-reading materials that are shorter,
and leisure focused [7, 10]. Numerous studies have reported a
preference amongst students, at all levels of study, for reading
lengthier, academic materials in printed form [5, 7]. Preference
for e-reading appears to be informed by level of study, with
Wang and Bai reporting that senior undergraduates were more
likely to utilise e-reading for academic pursuits relative to their
fellow junior peers [7].

Similarly, Lamothe reported doctorial students to be the biggest
user groups of electronic resources and most likely to utilize
them for academic purposes [8]. Awareness of the availability of
e-resources is another relevant factor for consideration in this
discussion, with research generally indicating that the majority
of students are aware of the availability of e-books through
their libraries. However, studies have indicated that faculty staff
might be less likely to advertise or promote the availability of
e-books for their courses [11, 12].

A number of usability studies have investigated e-reading
behaviours. Navigating e-books has been highlighted as
unsatisfactory by students with many citing the ability to quickly
“flick” or “skim” through material to identify relevant content
as being lacking in e-reading environments [9]. Navigation in
e-reading contexts remains an active area of research in the
human computer interaction (HCl) community to date [13].
Furthermore, human factors that include eyestrain, distractions
and familiarity with the relevant technologies are compounding
factors that detract from the e-reading experience [14]. Mizrachi
et al. performed a large (10,000+ students) worldwide survey of
student reading format preference [5]. The survey found that
there was little relationship between the student’s country of
origin and the stated preference of reading format. Mizrachi
et al. also contributed a multi-faceted survey to interrogate
reading preferences in an academic context, the basis for

1 Amazon Kindle - http://amazon.com/kindle

which we use in the work presented in this paper. To the
best of our knowledge, no existing studies have explored the
response and attitudes of students to a situation where they
are required to utilise e-reading resources, as was the situation
that resulted from the COVID-19 pandemic. The novelty and
contribution of the study presented here includes the impact
of circumstance on student attitudes to e-reading when volition
has been restricted.

1. METHODOLOGY

In this paper, a survey consisting of four dimensions was
given to final year engineering students attending an optional
module. The survey was developed based upon a specific study
that was used to investigate UCLA undergraduates’ reading
format preferences, and a more global study among university
students worldwide [4, 5]. A specific dimension of this study was
dedicated to investigating the impact of disruptive education
on the students' reading behaviours.

Students answered questions on four different themes,
including format preferences, learning engagement, language
influence on material format, and the impact of COVID-19 on
their reading behaviour. The survey consisted of 17 Likert
questions, 5 nominal questions and 2 open questions. The
questionnaire was given to all 23 students enrolled in the
module and it was completed by 16 participants. This reduction
is responses was considered to be due to normal questionnaire
attrition.

The survey was built and analysed using Qualtrics. The
invitation to participate in the survey was sent to all students
as an announcement on MS-Teams. A reminder was also
sent through the students’ class representative to encourage
greater participation. The responses were analysed using
simple statistics together with the student responses from the
open question fields to derive meaning from the results.

Iv. FINDINGS

The survey questionnaire responses are categorized according
to theme and will be described in the following paragraphs.

A Format Preference

The investigators were firstly interested to know if students
would prefer to read the teaching material in printed format and
whether this had subjectively affected their comprehension.
Using a Likert scale question, students were asked to respond
to the following statements (with 10 for highly likely and 1 for
least likely):

| prefer to have my course materials in print format.

It is more convenient to read my assigned readings
electronically than to read them in print.

| remember information from my course better when | read
them from printed pages.

2 Nook by Barnes & Noble - https://www.barnesandnoble.com/b/nook/_/N-1pbl

30



2020 IFEES WORLD ENGINEERING EDUCATION FORUM - GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

=
=]

. | prefer to have all my course materials in
printed format

It is more convenient to read my
assigned readings electronically than to read
them in print

| remember information from my course
readings better when | read them from
printed pages
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FIGURE 1 Course material reading preference

Figure 1 demonstrates that students felt that they remembered
more information when reading from printed pages; however,
students simultaneously appreciated the convenience of
e-readers. Against this juxtaposition, it was interesting to see that
students preferred to have printed course materials as opposed
to using the e-books.

In an intervention designed to investigate the influence of reading
length on the preferred reading format, the students were asked
for their responses to the following two statements:

If an assigned reading is 7 pages or more, | prefer to read it in
printed format.

If an assigned reading is less than 7 pages, | prefer to read it
electronically.

Figure 2 shows the response of the students. These responses
were consistent with previous studies showing the preference of
having electronic readings of shorter length [4, 15]. The preference
for reading texts of greater than 7 pages was inconclusive based
on this data.
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6 s or more, | prefer to read it in
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5 printed format
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FIGURE 2 Influence of document length on reading format

In a second intervention that attempted to generalise the
previous result and also to understand the effect on reading
comprehension, the students were asked to give their response
to the following statements:

| prefer electronic textbooks over printed/physical textbooks.
| can focus on the material better when | read it in print.

| prefer to read my course readings electronically.
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FIGURE 3 Preference of electronic readings over printed document

In Figure 3, it can be seen that some students indicate that they
can better focus on printed material as opposed to e- books;
however, they preferred to have both their course readings
and their textbooks available to them electronically. This could
possibly be because they prefer to store them electronically and
read them in print. It is interesting to note that there are few
discernible differences in the responses to the questions.

B. Learning Engagement

In order to investigate the influence of the reading format on
learning engagement, the students were asked the following Likert
scale questions:

I usually highlight and annotate my printed course readings.
I usually highlight and annotate my electronic readings.

The response is shown in Figure 4, which shows that students
are similarly motivated to annotate both. It was expected that the
search option of all electronic readers would reduce the annotation
on these devices, but it appears that the decision to annotate might
be due to the learning preferences of the student and not due to
the medium used to read.
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FIGURE 4 Annotation of readings

In order to investigate if having both the print and electronic
reading formats would subjectively improve learning efficacy, the
students were asked to provide their response to the following two
statements:

| prefer to print out my course readings rather than to read them
electronically.

I like to make digital copies of my printed course materials.
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The response is illustrated in Figure 5 in which the students
appear mildly more motivated to make digital copies of printed
course material than printing electronic materials. What cannot be
understood is why students make digital copies of printed media
and print digital media. In Section IV.A it as suggested that students
like to store course materials digitally for convenience and then
some like to print those materials for learning. However, this is
merely an assumption that warrants further investigation.
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8 copies of my printed
course materials
7
6 . | prefer to print out
g f— my course readings
rather than to read
4 them electronically
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7 ! Number of Students
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FIGURE 5 Students preference of having both of the in print and electronic
formats

C Language Influence

To investigate the effect of the reader’s language on the media
preference, the students were asked to give their responses to the
three following statements:

| prefer to read course readings which are in my native language in
electronic format rather than in printed format.

| prefer reading foreign language material in printed rather than
electronic format.

My preferred reading format, either electronic or printed,
depends on the language | am reading.

Figure 6 clearly shows that students strongly prefer e-reading of
their learning material when it's offered in their native language. On
the other hand, student preferences were divided on the choice of
media when reading foreign language material.
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5 L, in printed rather than electronic format
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b in my native language in electronic format
3 I = rather than in printed format
2
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Number of Students
0 2 4 6 8

FIGURE 6 Influence of language on the preferred reading format

D. Impact of COVID-19 on Reading Behaviour

To understand the changes in students’ reading behaviour due to
the COVID-19 outbreak, a fourth theme was included in this study
that posed five questions. The students were asked:
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On average, how often did you use an e-book this semester?

The response of students to this question is shown in Figure 7. It
was found that 56% of the students used their e-book daily, 27%
used e-books twice a week and 10% used them occasionally. It is
assumed that the high engagement with e- books was because of
the limited availability of a physical book.
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Never
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Number of Students
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FIGURE 7 Frequency of usage of e-books during the outbreak

To emphasise the change of reading behaviour during the
COVID-19 outbreak, the students were asked to give their
response to the following statement on a Likert scale:

The COVID-19 situation required that | change my reading
behaviour to be more e-reading centric.

The response to this statement is shown in Figure 8 in which,
73% of the students strongly agreed and ranked the statement
between 7 and 10, with more than 36% of the students responding
with a rank of 10.
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FIGURE 8 Transfer to e-reading due to COVID-19

In an open question designed to investigate how students
discovered e-books and how they accessed them, the students
were asked:

Please tell us what resources you would use to find an e- book?

According to their responses, students mainly preferred to use
Google, Baidu, or the university library search engine: NUsearch.
Some students would ask senior students, their friends or use
Moodle.
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To investigate if students intended to continue using e- books
after they returned to campus, despite the availability of physical
books in the library, the students were asked the following three
questions:

Have you returned to campus?

Have you continued to use e-books?

Do you intend to continue to use e-books when you return?

The response is shown on Table I.

TABLE | Usage of e-book after campus return

Survey Question Yes No
Have you returned to campus? 72.73% 27.27
Have you continued to use 100% 0%
e-books?
Do you intend to continue to use 66.67% 33.33%
e-books when you return?

It was found that all students who had returned to campus by
the time this survey was distributed had continued using e-
books despite physical books being available in the library. Table
| indicates that the majority of the students who were still offsite
said they would continue to use e-books; although, these results
cannot discover if a change in attitude had occurred.

Finally, the investigators were interested in discovering student
opinion for the purposes of informing future policy. To this end,
the students were asked:

If you were given an e-reading device (for example, a Kindle)
would you prefer to use that instead of using a physical textbook?

The response to this question is shown in Figure 9.

W If you were given an e-reading device (for
example, a Kindle) would you prefer to use
that instead of using a physical textbook?
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Number of Students
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FIGURE 9 Students’ view of e-books replacing physical textbooks

In this case, the majority of the students (~82%) would prefer to
use e-readers; however, this investigation had no pre- disruption
data hence it is not possible to predict how students might have
answered before COVID-19. It is not inconceivable that student
answers were swayed by the thought of receiving a free Kindle.
V. CONCLUSION

The paper has outlined the understanding that has come about
from a series of sudden changes brought about by unpredicted
circumstances. The students’ attitudes to electronic reading have
been investigated during a semester where their normal way of
study was interrupted and remote teaching became a necessity.

33

The findings have suggested that engineering students do not have
apreference for a specifictype of reading media. The results indicate
that the students appear to be evenly divided between those who
prefer e-books and those who prefer physical media. Hence, future
policy makers ought to make provision for both types of media in
libraries. It can also be seen that students are likely to digitise their
physical media and might print digital media for the purpose of
reading, depending on their preferences. This is understandable
if students are working from a frame of convenience. It is simple
to store course materials on a cloud, which improves accessibility
and possibly safety. Then, when necessary, those materials can be
printed. Few students indicated that they would not use a Kindle if
they were provided with one, but this remains an avenue of further
investigation without current conclusion.

One threat to validity is that students were sympathetic and
may have given high evaluations because of the abrupt change
difficult circumstances. However, the results indicate a subtle
shift in student attitudes towards electronic reading, which is a
phenomenon to be monitored in the post COVID-19 future.
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Abstract—Augmented Reality (AR) is technology that
combines videos, photos, texts, and location data of the
real world with computer-generated data. Recently, an
increased interest from both academia and industry has
grown to study and deploy AR technology. Current literature
shows that AR has been successfully integrated into many
fields of the industry, like navigation, tourism, engineering,
entertainment, and automotive. However, its deployment
in education and specifically in high education seems to be
limited as more research is required to find ways to overcome
the associated implementation barriers. This paper aims to
explore the potential use of AR in the engineering education
sector by highlighting its importance and evaluating the
factors that would enable augmented reality application and
identifying the associated challenges accordingly. To achieve
this, several previous research papers on the potential use of
AR applications within the engineering discipline, including
the challenges and barriers facing their integration in this
discipline were reviewed. This paper, therefore, reports on
the findings of this study, providing key foundations towards
establishing better-designed AR systems and applications
that will increase the acceptance and implementation
potential of AR technology in the education industry.

Keywords— Augmented Reality; Education, learning methods and
styles, factors and barriers, advantages.

I INTRODUCTION

Across the developing world, new technologies are introduced
regularly in which they are considered as a great resource for
education, connectivity, and health. Recently, technology adoption
in education is becoming a vibrant area of interest across global
education [1]. ICT has facilitated education by improving its
efficiency and effectiveness at all levels. Education is enhanced by
improving the student learning experience by altering classrooms
and teaching methods. One of the recent technological
advancements is Augmented Reality (AR) which combines the
real and virtual world, provide real-time interactivity and 3D
registration [2]. To elaborate, AR combines computer-generated
information with a physical real-world environment to enhance
the user's real experience. AR is different from Virtual Reality
(VR) in the sense that it superimposes digital data upon the real
world instead of totally immersing the user in virtual world. Both
AR and VR are part of the Reality - Virtuality Continuum, shown
in figure 1, which is a range of all technological classifications
starting from completely real environments that do not
encounter any technological enhancement towards completely
virtual environments that are solely generated by the computer.
Augmented Reality (AR) and Augmented Virtuality (AV) reside in
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between as they combine both real and virtual environments.
The main difference is that AR enhances the real world by adding
computer-generated information while AV performs the opposite
by merging real- world objects into virtual settings.

Mixed Reality (MR)

Augmented Virtual
Virtuality (AV) Environment

<€
Real Augmented
Environment Reality (AR)

FIGURE 1 Virtuality-reality continuum [3].

The AR has been adopted by various industrial fields like
navigation, tourism, entertainment, and engineering. Its main
importance resides in its capability of enabling many tasks to be
achieved efficiently. For example, in navigation & tourism, AR apps
were used to display real-time visual information and directions to
help tourists find their destination. This is easily achieved by using
a smartphone's GPS and camera. Another application is utilizing
image processing to identify historical landmark places and
virtually reconstructing their ancient ruins to display them as to
how they originally looked in the past [4]. AR was also used widely
in the entertainment industry as it provides a unique experience.
One example is “Nintendogs + Cats” game that utilizes a portable
device's camera to augment virtual pets onto an AR card.
Players can then communicate with their pets through verbal
commands and various controls [5]. In engineering applications,
AR was widely used in mechanical, civil, and architecture fields.
In mechanical engineering, AR was deployed to display 3D data
that identifies the heat distribution during a mechanical activity
and in supporting factory layout planning. In civil engineering, AR
was utilized to superimpose a simulated steel structure model
in an outdoor location. This enables the engineers to look up
the model from different angles where the CAD model of steel
structure was fixed as the engineer moves. In architecture, AR was
utilized to see 3D models of the existing architectural facility and
thus help engineers in developing an understanding of buildings
from a 3D perspective [6]. One of the biggest industries when it
comes to augmented reality is the auto industry. For example,
Jaguar, a well-known automobile company, is implementing this
technology to provide its clients with a driving experience using
the AR application. Moreover, the German motor brand (BMW) is
utilizing AR in technical applications such as maintenance, repair,
and it can be used further for development purposes [7].

In education. professionals and researchers have been developing
theories and ways to apply and migrate AR environment into
classrooms. AR is used to illustrate system mechanisms or
machinery functionality and other complicated theories. In
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(8], students utilized AR to examine 3D illustration of camshaft
arrangement along with a set of real engine components. Also,
AR technologies enable users to experience scientific phenomena
that are not possible in the real world, such as certain chemical
reactions, making inaccessible subject matter available to
students [9]. Another area where the implementation of AR
becomes very useful is in Physics. Dynamic representations of
velocity and acceleration using AR, where we have changes
over time, are now being assessed by researchers. Besides, AR
technology can be used in estimating experimental outcomes
which are adding great value to the learning objectives and
making physics more interesting for students. Furthermore, the
healthcare industry is one area that can utilize AR technology in
providing training for medical students. AR would enhance the
learning experience and can allow students to present the model
of the human body in 3-dimensions for a better understanding
of the anatomy and physiology of our bodies. The demonstration
of the human body will give the students the chance to practice
performing surgeries and create a similar environment to the real
one. Therefore, AR would provide the students with a wide range
of different scenarios that may be faced by medical students in
real life [10]. In [11], authors explored ways of integrating AR and
VR instruments into academic mining education. The European
funded project aims to apply this integration in the mining field
through developing mining manuals as a digital and electronic
standard. Such methodology can be applied during lectures using
several hardware instruments such as VR headsets, specialized
software, AR-compatible smartphones, and internet connection.
One more area where the AR concept can be applied is Welding.
In the welding field, AR can be used to provide the welding
operators with proper and efficient training. The training is based
on providing the operators with helmets that contain sensors that
will help in capturing the images of the instruments and devices
and transfer them to a simulator to create 3-dimensional pictures
of metal workpieces, weld arcs, and weld beads and integrate
them into a real-life setting. The AR environment created using
the helmets will be displayed for the operators on a panel which
allows them to work and use the welding gun. Also, with the help
of software, the operators will be able to practice and perform
welding exercises which will further develop their skills, and for
the trainer, he will be able to monitor the work of the operators
and evaluate their progress. Besides, AR is not only enhancing
the learning experience but saves a lot of resources since no real
materials are being consumed [12].

Accordingly, AR potential in education is recently being explored
and researchers are working with educators to explore the best
methods to apply AR in education. Research shows that AR
utilization would enhance the learning process as it simplifies
complex information and increases student's motivation and
engagement [2]. Therefore, institutions and schools need
to understand its significant potential and its effectiveness
compared with traditional methods. Consequently, we will review
previous research on AR advantages and highlight its importance
in education. Also, we will identify the required factors to be taken
into consideration while designing an AR system. Our work is
based on the following questions:

Why should AR be implemented in educational settings? What
are the challenges associated with the current educational
system? How AR will enhance education?

What are the important factors that need to be taken into
consideration in order to successfully implement AR solutions
in educational settings?

What are the associated barriers related to those factors?

Il IMPORTANCE OF AR IN EDUCATION

Multiple challenges have been associated with the present
educational system. Lack of application of theoretical knowledge
into practical work is one of the biggest challenges. AR with the
relevant software technologies can be used to supply the students
with a practical learning setting which can prepare the students
for practice in addition to the knowledge base. Also, planning field
visiting trips would be possible only to a limited extent and in small
groups and thus it is not very practical. AR provides solutions that
can substitute field visits and thus save time. Another challenge is
that static calculations can be simulated, but not actually tested.
With AR, students will be able to see the impact and test their
calculations [11].

Explaining why and how AR is an effective tool in education
is made by understanding how learning occurs according to
learning theories and styles. Kolb's experiential theory is one of
the most familiar learning theories [13]. It was stated by Kolb that
learning involves acquiring abstract concepts that can be flexibly
applied in a variety of situations. The principle of this theory is
characterized by a four-stage learning cycle. Those are: firstly,
concrete experience: a new experience or reinterpretation of
existing experience. Secondly, reflective observation of the
new experience. Thirdly, abstract conceptualization reflection:
construction of new abstract concepts or adjustment of existing
ones after analysis and formation of conclusions. Lastly, active
experimentation- the stage where ideas are applied to be
observed and tested. Successful learning is achieved when
someone passes the four-stage cycle respectively [14].

Kolb's learning theory identifies four learning styles, which are
based on the four-stage learning cycle [13]. It is important
that each student identify the best approach for processing,
learning, and retaining new information as this makes them
better leaners by using the respective strategy associated with
that learning style. It could be that students prefer one learning
style over the other or use a combination of them. Fleming
and Mills came up with one of the learning styles theories that
account for differences in individuals' learning preferences
known as VARK, which stands for Visual, Aural, Read/Write,
and Kinesthetic (hands-on) [15]. Visual learners learn best by
observing visual representation like diagrams, charts, graphs,
symbols, illustrated textbooks, videos, flipcharts and mind
maps, and other visualizations of information hierarchy.
A number of study strategies can be followed for visual
learners like highlighting key words, creating flashcards, using
technology for visual illustration, turning words and notes into
visual diagram or pictures, and color-code. Aural learners prefer
learning by verbal communication which could be through
verbal lessons, discussions, listening to others. They process
information through hearing and based on that the most
useful learning strategies are reading written notes out loud to
themselves, listening to recorded information or audio books,
work in groups or study partners, using mnemonic devices, and
repetition. Read/write learners prefer word-based input and
output. They learn best by writing down notes and materials,
providing handouts, arrange words into hierarchies and points,
online research, and PowerPoint slide presentations [16]. Lastly,
Kinesthetic learners are physical learners. That means they
learn best by being physically active in the learning process and
figuring out things by hand. The most useful learning strategies
are moving around while reading or studying, creating hands-
on learning experience when possible like simulating a practical
lesson, and performing lab experiments or projects [17].
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Augmented reality medium enhances the learning process since
it can be used as a teaching tool that supports and provides a
unique combination of all learning styles, visual, aural, read/write,
and kinesthetic. Considering the conventional learning system, it
has mostly relied on static visualization such as texts and diagrams.
Utilizing AR would provide interactive content instead. Static images
become animated, 2D representations can be illustrated in 3D
format and text can be converted to audio. It is also notable that the
current educational system does not support kinesthetic learners
as they easily get distracted by their desire to move and perform an
activity when they are required to stay still for long periods. All these
changes in teaching tools can be educationally effective because
they ease the process of grasping new information and makes
learning more appealing to different learners [13]. In [14], authors
conducted an experiment to test children’s learning performance
with three types of teaching materials, including a picture book,
physical interactions, and an AR graphic book. Results showed that
children preferred the AR graphic book over the other teaching
material as it provides a practical and hands-on learning experience.

Powerful teaching requires motivation in addition to experiential
learning. Keller represented the ARCS Model, which is a four-
dimensions model. Attention (curiosities and interests of the
people should be encouraged and upheld), Relevance (people must
believe that the discipline relates and connects to their goals and
objectives), Confidence, and Satisfaction. Based on Keller's concept,
people must successfully experience those four models in order to
be properly motivated [18].

Attention and satisfaction motivational factors were evaluated better
among the AR system than the traditional learning environment. A
usability study has presented acceptance of middle-school students
towards the AR technology although it is considered not mature
enough to be widely used in education. AR improves the students'
motivation through the application of the ARCS Model [19].

Since AR makes the learning experience more fun and enjoyable, it
increases student's engagement in classrooms and make students
more motivated towards learning. As was reported by several
studies on integrating AR in educational environment [20-23], it
was shown that AR improves the learning skills and abilities and
enhances student's memorization by enabling students to physically
enact the educational concepts. It also improves the cognition of
information-identification-recognition and understanding of things
since physical activity is linked to conceptual understanding of
educational content. Also, it makes courses easier to understand
and increases the brainpower and creativity of students. All these
advantages increase student motivation.

M. AR IMPLEMENTATION FACTORS AND BARRIERS TO
ADOPTION IN ENGINEERING EDUCATION

After identifying the importance and emphasizing the need to
implement AR technology in educational settings, we will investigate
the factors concerning AR implementations and the associated
barriers and how to overcome them. The factors are classified into
six categories which are AR applicability, stakeholders’ perception,
technology knowledge level, psychological, human and technical.

AR applicability can be measured by how much the technology is
suited for the context of its use. This is made by deciding on the
learning courses that is to be augmented and the learning material
or syllabus. AR applicability is important because otherwise the
technology is not worth the investment as it does not add any value.
To decide on which courses to augment, researchers decided to
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choose the most important course for that major of study. For
example, researchers in [19], chose engineering graphics course
since it represents the foundation for engineering profession, and
it is essential for almost every technical faculty at the private and
state universities in the country. In another study concerned with
implementing AR in computer science major, discrete mathematics
subject was chosen as it is the most important basic course in this
major since its concept are applied in many courses like algorithms,
data structure, and computer networks [23].

Additionally, the evaluation of AR applicability to each courses' topics
must be studied as well. the decision on which subjects to augment
in that chosen course depends on the students’ exams results in
previous years. By detecting the success rates of students by subject,
a priority is given to the subjects that students are less successful in.
Lastly, before implementing AR in any course or field, it is important
toidentify the learning objectives and goals that the educator is trying
to achieve, and then seek the best way to accomplish them through
AR applications. Accordingly, AR designers must communicate with
instructors to understand how to create experiences that integrate
into classroom pedagogy. Examples include designing AR contentin
a way it can be integrated into multiple points along the curriculum,
designing a multiplayer AR experiences to facilitate student's
collaboration, designing smart applications that monitor student
progress, and adapt accordingly. Doing so will help teachers achieve
their syllabus's learning objectives [21]. An example of achieving the
learning syllabus by using AR is elaborated in [2]. Authors depicted
an interactive and engaging user experience in chemistry related
application. Cards were used to represent different chemical
elements and AR was integrated to play audio files to pronounce
the names of the chemical elements upon detection, and augment
3D scenes on top of the physical card.

After the experience, students developed an understanding of
collision concepts that trigger the chemical reaction between
elements.

The Second factor is perception and opinions towards integrating
AR in classrooms. In [24], authors examined junior high school
student’s conception of learning science by AR through a survey.
Results showed that students mostly exhibited positive beliefs
towards learning science by AR as they think it will increase their
motivation to learn and improve their interaction with the learning
material. However, students also expressed some negative
conceptions in which they belief AR diminishes their imagination
about the scientific content in the paper book. Therefore, it is
necessary to incorporate active learning practices like scientific cues
or prompts instead of providing concrete augmented information.
This way, students’ negative conception regarding diminishing their
imagination will be reduced.

It is notable that students and faculty perception about AR is
based on their knowledge level of its concept, applications, and
technologies.

Therefore, determining their knowledge level is another factor that
needs to be taken into consideration. It is important to determine to
what extent student and faculty are familiar with it so that they will
be able to realize its importance in classrooms or the ways in which it
can be used. if their initial perception is negative, then making them
try it and explaining to them its concepts, devices, and applications,
would help in familiarizing them more and thus changing their
perception. A research study was made with the intent to explore
instructors' opinions about using AR in classrooms. Results showed
that candidates had good knowledge in technological devices like
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smartphones and laptop computers, but their knowledge about AR
technology was limited to the term only.

They did not know enough details about the technology and its
possible applications. The authors then examined the teachers'
opinions after using augmented reality material. Candidates were
very excited and stated that it is a promising technology with high
potential use in teaching and learning materials and they would like
to see AR technology in their lessons and learning environments.
In [25], the same study was performed on students to get their
perception on the use of augmented reality, which produced the
similar results.

People also might perceive AR as an ineffective tool and refuse to
update the current educational systems due to some psychological
factors. To elaborate, some people are connected to the old
way and have developed a fear of change. Also, they might be
misunderstanding and under- evaluating the need for change [16].
Another psychological factor is developed anxiety. That is, users
think AR will make learning difficult, causes boredom, and they will
find it difficult to use. So, a solution would be by providing training
and appropriate assistant when needed. Also, by providing previous
successful examples of AR implementation [26].

Human factors also play a vital role in designing an effective
computing system. Human factors are explored from different
perspectives with attempts to propose design guidelines. Cognitive
issues are identified as an important category of human factors
in AR. These issues are related to users' cognitive process for
understanding an AR environment when interacting with the
system. In [27], researchers identified and examined three primary
categories of cognitive issues in mobile AR interaction: information
presentation, physical interaction, and shared experience. Factors
like amount, placement of information determine the impact of
information presentation on cognitive functioning in mobile AR. It
is important to represent a considerable amount of information in
order to avoid cognitive overloading and technical problems that
would hinder the cognitive functioning. Presenting a large volume of
information can cause information interference in a single display.
Additionally, proper Information placement is required as it helps
users to connect the meaning of virtual information with the real-
world view and thus impact the understandability of information.
The second category is physical interaction, which is represented
by the physical actions engaged by users in mobile AR. Interaction
learning motivates users to perform self-exploratory activities and
enhance their spatial awareness of physical spaces. The increasing
level of physical participation can shape user experiences and affect
their understanding of the world.

Lastly, the technological factor also affects the success of AR
applications. The difficulties and obstacles of using AR technology
can be classified into physical obstacles and technical obstacles
[21]. Physical obstacles are related to AR platform in terms of
tools or devices used to deploy the AR application. Examples of
physical obstacles are data security, data storage, and scalability.
Technical obstacles are related to digital content, its appearance,
and its stability while interacting. Examples of technical obstacles
are response time of the application, contrast (correctly matching
the brightness of both virtual and real objects), Registration (the
proper alignment of the virtual and real objects in regard to their
interrelation and in regard to the surrounding environment) and
Occlusion (the overlapping of virtual and real objects in the AR
systems). By understanding the underlying technological factors
that augmented reality can leverage in educational experiences,
designers and educators can make use of the specific affordances of
the AR medium in order to construct effective learning experiences.
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V. CONCLUSION

Applying AR in education will improve the teaching process
and help students in understanding and analyzing engineering
concepts on a deeper level as well as enhance their skills. Its
importance was highlighted by explaining its benefits with
regard to learning theories. Kolb's, VARK and ARCS theories
were discussed where it shows that AR supports the concepts
of these theories and provides features to overcome challenges
associated with the current educational system. This was also
proved from previous research studies. To answer the second
research question, results showed that the main factors are
categorized as AR applicability, perception, knowledge level,
psychological, human, and technical factors. These factors
should be taken into consideration while proposing the design
guidelines to yield a successful implementation of AR system in
education.
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Abstract—The traditional pedagogical methods of delivering
content for Science, Technology, Engineering and Mathematics
(STEM) related subjects have been shaken to their core. Normal
delivery under ideal conditions was a face to face approach
with the tutor in front of the class. Practical subjects that
have laboratory exercises are carried out in the designated
laboratory areas with the assistance of technicians or
technologists. With the advent of coronavirus pandemic, where
isolation and social distancing has been implemented to stop
its spread and transmission, these modes of content delivery
are not feasible. To fill in the gap and ensure the much needed
STEM education continues despite the fear of coronavirus
pandemic spread, online delivery mode of various subjects
offered has been adopted. This is done using such platforms
as Learning Management System, Zoom Meeting and Google
Scholar. However, solving the problem of practical laboratory
exercises requires much more than online teaching. This paper
proposes the use of virtual reality, simulation and modeling
platforms as a substitute of face to face laboratory exercises
in training STEM related subjects, especially in institutions
of higher learning in developing countries. Pre- recorded
versions of practical experiments will be offered to students
and related assignments given for practice purposes. Short
webinars with details recorded will guide recipients in carrying
out experiments without the need for neither technicians nor
technologists. The students will then be able to attend the
laboratory session virtually and submit the required reports.
Several other types of content deliver exist and a combination
of them can also be used depending on the areas to be covered.
The exploitation of the suggested content delivery will resolve
change of the attitude in learning behavior, thereby ensuring
high quality and effective understanding of the subject area.

Keywords—STEM  Education, Content Delivery, Online Teaching,
Practical Exercise.

. INTRODUCTION

What are the effects of the novel Coronavirus pandemic on STEM
subjects in higher learning institutions? STEM subjects unlike
other subjects have an aspect of hands on requirements through
laboratory experiments. The students are graded based on the
combination of the theoretical work which is learnt in class and
practical work which is done through experiments designed to
verify the theoretical principles [1]. This approach makes the
student able to apply the knowledge gained in school in providing
optimal solutions for the societal problems.

The industrial revolutions have always led to a change in how things
are done. From the first one that brought steam engines to the
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scene to the looming fourth industrial revolution that is knowledge
and skill based [2]. This revolution comprises of technologies like
block chain, internet of Things, Artificial Intelligence, virtual reality/
augmented reality, additive manufacturing and more recently 5G,
an enabler and catalyst for the revolution. The main aim of the
fourth industrial revolution is to better lives of people in the society.

With the outbreak of coronavirus (Covid-19), social distancing has
been enforced as one of the ways of curbing the spreading of
the novel virus [3]. This means that having face to face classes is
highly discouraged by the World Health Organization (WHO). Thus,
for education to continue, nations have to find an alternative way
of delivering content to the learners. One of the major ways that
have been instrumental is through online platforms and e-learning.
Learners need only two things to access the platform, a computer/
mobile phone and an internet connection. These, however helpful,
are challenging when it comes to STEM courses. This is because of
the nature of practical exercises that STEM subjects have [1].

Countries have been locked down due to Covid-19 as a measure
of infection prevention. This has made their citizens to be indoors
and the only access they have to the outside world is the internet.
Governments have responded to this by increasing the internet
bandwidths supplied to their citizen as well as reducing the cost
of data. Some countries like Kenya are focusing in improving
connectivity by all means possible which includes using of internet
balloons [4]. All these efforts are enablers of online learning and
with the looming 5G technology, internet speeds will increase by
a very big factor and latency will be as low as one millisecond! This
will make concepts like virtual reality a real.

With virtual reality, practical exercises in STEM can now be taken
online and thus no need for face to face classes. Simulation and
modeling can now be done online with very small latencies using
cloud computing technology and ultra-reliable and low latency
network such as 5G. This means that learners will only need a
computer/mobile phone and an internet connection to attend
laboratory exercises.

This will change how STEM subjects are taught and even introduce
a possibility of having 100% online STEM degrees. Universities
could collaborate and invest on the infrastructure thus creating
a pool of resources for learners making all courses in a country
accredited since all resources are available. It will be easy to

collaborate in research and any other advancement too.
Il LITERATURE REVIEW
A Virtual Reality

Virtual reality (VR) is a technology that is part of the 4th industrial
revolution. It relies on the synthesis of computer graphics,
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human- machine interactions, artificial intelligence to produce
real vision, listen and smell. This lets human and virtual world to
interact [5]. The first virtual reality gadget was created in 1968 by
Ivan Sutherland [6]. Ever since, the technology has been evolving
at a very high speed. Big technology giants like Google, Intel and
Nvidia have all participated greatly in shaping the landscape of
virtual reality. Virtual reality involves setting the user into a virtual
world usually through visual, audio and touch senses [6]. With
the adoption of 5G, this technology will be cheaper and readily
available since 5G will provide the necessary bandwidth and
speeds for its utilization. [7] proposes an integrated environment
that can be coupled with virtual reality to assist learners of STEM.
[5] proposes the use of VR in training mining engineers.

B. Modelling and Simulation

Modelling is the process of representing a model which includes
its construction and working. The model is usually similar to
the real system. Simulation on the other hand is the operation
of the model in terms of space or time, which help analyze the
performance of a proposed/existing system [8]. Simulations
software help learners visualize a practical scenario. Some of the
common ones include SIMULINK from MATLAB and Proteus.

. METHODOLOGY

A survey was conducted among STEM students through an online
survey platform, using Google forms. Random sample was used
to identify participants of the survey. Users filled the form online
and submitted it back. The questions asked hid the user identity
and had only one aim of finding out the user experience with the
current online learning systems.

The survey was sent to STEM learners in Kenya. In the first phase,
the questions aimed at finding out the users experience with the
current online platforms and their experience with virtual reality
and simulation and modelling software.

In the second phase, some students were exposed to a 3D online
platform called PXLREALM where they attended a demonstration
session. Then students were able to move, maneuver and interact
in the online session. Later, a survey was taken on the sample that
was exposed to the platform. The aim of the survey was to find
out the reaction on that platform.

The second sample was aimed at students who had interacted
with virtual reality platforms. The aim of the survey was to find out
their experience and preferences in these platforms.

Iv. RESULTS AND DISCUSSION

After collecting survey from the sampled groups the following
results are discussed below

A Status quo

All the participants agreed that COVID-19 has interfered with
learning greatly and has made universities to resolve to online
learning. Some of them find it hard to adapt to this new reality.
When asked about what platforms they have access to for online
training, they responded as seen in Figure 1.

Zoom was the most preferred online learning platform. This was
because of its added features that makes it look and seem like a
face to face class.
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@ Zoom

@ Google Meet
® Teams

@ WebEx

FIGURE 1 Virtuality-reality continuum [3].
B. User satisfaction

Users were asked if the current experience on the online platform
was satisfactory. Majority of them mentioned that the main reason
they attend is because the university says that they have to. Most of
them feel like its not suitable in teaching STEM courses. They miss the
class experience of one on one interaction with the tutor. Some of
them gave concerns that solving and writing equations is somehow
not easy on current platforms. Below is an analysis of the data;

@ Yes
@® No
FIGURE 2 Responses on user satisfaction
C Conversant with the emerging technologies

The following analysis shows how conversant the users were to
emerging online technologies.

@ Virtual Reality
@ Simulations and modeliing
@ Holography

FIGURE 3 Responses on technology conversance

The majority of the users were conversantand had tried simulation
and modelling and preferred it to virtual reality and holography.
The majority felt like simulation and modelling was the best tool
for STEM learning. but this might be because most of them were
not exposed to virtual reality and holography. Also, simulation and
modelling takes less network bandwidth than the two. This might
be another reason.

The users were exposed to the PXLREALM platform and most of
them felt like that was the way to go in online training of STEM
programs. Below is a photo of users in the 3D learning platform.
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PICTURE 1 Users making a presentation in the online platform

PICTURE 2 The PXLREALM platform

PICTURE 3 The waiting area of the 3D platform.

V. CONCLUSION

The results of the study are presented. The learners from the
sampled group are exposed to two methods of online learning for
STEM subjects. The first one is the classical one and the second
one is the one proposed in this paper. Students in the new
proposed way of learning are able to interact with the tutor and
the lab experiments in a way that is very close to the real world.
The learners prefer this way to the classical online meetings that
current platforms provide.
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COVID-19 has provided us with an opportunity to innovate
around most aspects of our lives and the education sector has
really been challenged. This might be the new reality and this
paper proposes the integration of emerging technologies with
learner training to ensure better learning experience at the
lowest cost and highest convenience.
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Abstract—To date, there has been little written that explains
how engineering-related tuition can be rapidly and effectively
moved online. Furthermore, there is sparse literature written
that focuses on how students can adapt to such technologies
in a relatively short space of time. Finally, it is both necessary
and prudent to increase discourse on the effective online
teaching of technical design subjects. This paper evaluates the
effectiveness of online tools such as interactive live lectures,
slide annotation, and electronic whiteboard, for engaging
students in electrical and electronic engineering education.
The paper advances those debates by providing an evaluative
analysis from the perspective of students taking an Integrated
Circuits design module that was delivered during the 2020
COVID-19 crisis. The major research question is: to what extent
do electrical engineering students perceive online learning
tools to be useful in enhancing their sudden learning change?
Responses were collected using an online questionnaire that
was offered to 23 students who enrolled in the module, and a
70% completion rate was received. The findings showed that
students engaged well with the technologies, and they found
them easy to use and beneficial for their learning.

Keywords—Flexible engineering education, online learning, interactive
teaching.

l. INTRODUCTION

Inthis paper,acasestudyofanonlineapproachusedinengineering
education is presented in the context of a requirement for moving
rapidly from regular face-to-face teaching to online processes.

There has been little published on how the use of technology has
assisted the educational community during the sudden crises [1],
though some work has now been undertaken as the crisis has
deepened [2]. The aim of the research presented in this paper
is to add to this body of knowledge by investigating students'
engagement with - and perceptions of - the online tools used in
the delivery of an engineering module. The paper outlines what
was done, why, and gives some indications around students’
reactions to the actions taken.

It begins with an overview on the general e-learning approach
at the institutional level, discusses some enhancements to that
approach and then provides a case study of synchronous online
teaching of the integrated circuits and systems module. The
present work was undertaken in order to investigate students'
preferences around various interactive pedagogic tools used in
an online setting hence the paper presents findings into such
questions and concludes with some thoughts looking forward.
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1. UNIVERSITY GENERAL APPROACH IN RESPONSE TO

COVID-19

The Coronavirus outbreak, later known as COVID-19, became
a serious issue in China around the Chinese Spring Festival
in 2020 [3]. Strict measures were immediately implemented
by the Chinese government, leading to major challenges for
teaching institutions worldwide. International institutions in
China struggled to educate students both in China and overseas;
particularly, after international students were restricted from
returning to the mainland. Such restrictions were also applied
to international academic members of staff. [4]. This meant that
from January 2020, e- learning became a mandatory requirement
in many institutions [5-7].

As a result, significant achievements were made in e- learning,
despite the implementation challenges that have endured since
1990 [8-9]. In an attempt to overcome the challenges posed by
COVID-19, the university's general approach was to request that,
as a minimum, educators should upload some form of lecture
slides with audio commentary, either using Panopto or by adding
voice notes to existing materials such as PowerPoint (PPT) slides.
Thus, recorded lectures became the fundamental element of
an e-learning approach [10-14]. The recorded videos together
with the lecture notes were uploaded to the official Learning
Management System (Moodle).

Within the Faculty of Science and Engineering (FOSE) at
UNNC, there were two additional challenges for programmes:
1) the requirement for accreditation and 2) the nuanced nature
of engineering education, which typically requires interactive
learning [15-16]. This approach facilitated legitimate concerns
regarding student-faculty interaction (crucial for learning design
methods) and around student engagement; specifically, would
students refuse to engage with the materials in spite of the of
the advantages brought by a higher degree of flexibility and
autonomy?

The faculty response was to use additional learning facilities for
electronic teaching delivery at UNNC, as listed below:

Moodle, a learning management system (LMS), that enables
the distribution of lecture notes, online videos, fora, online
example sheets, amongst others.

MS-Teams together with Moodle for providing instant
interaction with students and allowing the integration of
additional MS-Office tools such as (SharePoint, Outlook and
Forms) as well as multiple applications including Zoom and
Panopto.



2020 IFEES WORLD ENGINEERING EDUCATION FORUM - GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

The online video meeting application, Zoom, to provide live
tutorials but not lectures. Features including screen sharing,
public and private chat, polls and breakout rooms, provide
opportunities for possibly increasing student interaction and
attention.
Panopto and MS-PowerPoint can be used together with Zoom
for the purposes of delivering and capturing lectures. Lecture
videos can be splitinto several MP4 files, each of a reasonable
size, to overcome variations in network speed and network
quality.
[l ONLINE TEACHING ADJUSTMENTS IN AN ENGINEERING
MODULE
A Module Details
The effectiveness of the described flexible approach to e-
learning, during Covid-19, can be examined through a final
year electrical and electronic engineering module, entitled
‘Integrated Circuits and Systems'. It was offered to students from
two different programmes within the EEE department, BEng in
Electrical Engineering and BEng in Mechatronics Engineering
and was taken by 23 students. The module contributed 20
credits out of a total of 120 credits students needed to obtain in
the final year.

This module was taught in the spring semester and included 3
components, one of which was ‘digital very large scale integrated
(VLSI) circuit design, and this was the major component of the
module, corresponding to 50% of the module content. The
module content included both theoretical and practical aspects,
and involved numerous equations and drawings; many of them
precise coloured layout drawings. One quarter of the module
assessment comprised of coursework, which required students
to analyse, design and simulate different levels of the circuits.

B. Standard Module Delivery

According to the module specifications, the VLSI module content
required a weekly lecture and seminar. In teaching the subject, the
instructor needed to explain the relationship between the circuits
at various levels, including architectural, transistor and layout -
and this requires interactive teaching illustrated by annotations.
To perform the coursework, the students have previously
used a freeware tool, which could be run on lab computers or
the students’ own PCs. Office hours would be announced to
students and would normally be conducted through a face-to-
face appointment. The timetable of the course is arranged and
announced before the semester starts.

C Module Delivery under Covid-19

Flexible methods of delivery were implemented within the VLSI
content, which covered a digital integrated circuit analysis and
design at the architectural, circuit and coloured layout levels. A
synchronous e-learning approach was used in order to improve
the effectiveness of the delivery [17-18]. This approach included
the annotation of teaching material, live lectures, and one-to-one
tutorials [19-21]. Three further items were added:

A tablet (MS-Surface) was used to deliver live webinars on
Zoom. Synchronous teaching was used when delivering both
lectures and seminars. Digital ink helped to use the digital
whiteboard smoothly and replaced the physical classroom
whiteboard.
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In planning for an interactive online teaching approach, the
module convenor decided to maintain the contact hours of
teaching sessions as per the original timetable, though online
rather than in a physical classroom.
Informal opportunities for students to discuss modular
issues (‘Office hours’) were arranged upon request, either
through chatting by text, or using audio/video short sessions
for further interactive discussion. Discussions between the
module convenor and students took place privately on MS-
Teams platform to enhance students’ engagement and as a
way of providing pastoral care.
D. Lecture preparation during the outbreak
Before the module teaching started, a page on Moodle was
created for uploading the teaching material. For this particular
semester, a Team specific to the module was created by the
module convenor on MS-Teams. All students were enrolled in
the team and the invitation was confirmed by email. All module
announcements were published through both Moodle and
MS-Teams, but there was more interaction on the MS- Teams
platform where it was observed that students would share the
announcements, comment on them and mention the module
convenor and each other.

An interactive approach was deemed to be the best approach in
teaching the VLSI subject. 26% of the students who attended the
module were international students from 5 countries and time-
zones other than that of Mainland China. Fortunately, these were
all Asian countries and the time difference was no more than
2 hours. The remaining students who enrolled in the module
were domestic students from across different provinces. In the
first teaching week, a student rep was nominated by students
to facilitate the communication among the students and the
convenor. PowerPoint lecture capture was used for lecture video
recording and it was found to be of a reasonable resolution
because the generated video file size was not excessively large
for online uploading and viewing when compared with other
lecture capture software. Each lecture was split into smaller sub-
files because the quality of the offsite network facilities might vary
where students were located, both domestically and abroad. Each
file was 10-15 minutes long and no larger than 30 MB.

The videos of each lecture together with the lecture notes were
uploaded to Moodle at least one week in advance to help students
prepare for the lecture. The students used their own devices and
internet connections to access the teaching material and engage
in the live classes. All students confirmed that they were able
to watch the uploaded videos smoothly. The virtual classroom
was booked on Zoom and the invitation was sent to all students
through announcements on both Moodle and MS-Teams, and a
meeting invitation was sent through the MS-Exchange calendar.
E. Online lecture delivery

The timetable that was announced before the COVID-19 outbreak
was followed when conducting all of the teaching sessions of the
spring semester. The weekly two hour lecture was maintained,
with the lecture time adjusted to start one hour later than
originally planned to accommodate students in all time zones.
The live lecture was conducted through Zoom, benefitting from
its various features such as, group and private chat, whiteboard,
polls, raising hands and other features. To mitigate some internet
speed issues experienced by students, the streaming was
deactivated from the students’ side while lecturing. Students
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were asked whether they had questions or comments after each
topic. They were also encouraged to interrupt the lecturer when
they had urgent questions. The lecture slides were annotated
during the lecture using electronic ink, thus replacing the physical
smartboard as shown in Figure 1. After the lecture, the annotated
slides were shared with the students to help them remember the
discussion during the class. The electronic whiteboard was used
in each session to further illustrate some of the design issues.
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Cell Layout

FIGURE 1 An example of slide annotation during the online live lecture

F. Tutorials and problem solving

The pre-planned timetable was also followed for delivering tutorial
sessions. In addition to the official group tutorial, one-to-one
tutorials were used when necessary and were deemed particularly
importantafterthe lecture sessions. Usually, few students requested
the private tutorial, which was not noticeably different from face-to-
face teaching. Synchronous sessions through Zoom were used for
conducting tutorials in @ manner similar to lectures, as opposed to
using the electronic whiteboard. The tutorials were focused upon
problem solving and answering questions from students. In order
to increase students’ engagement, problem sheets were issued as
weekly quizzes that followed each lecture. Students were asked to
submit the answer through MS-Teams, then during the tutorial the
whole set of problems were solved in detail. After each quiz, the
whiteboard view was saved and shared with students. A purposeful
space was left blank on the right to give students the freedom to
make their annotations, as shown in Figure 2.
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FIGURE 2 Problem solving through the electronic white board

One-to-one tutorials were also conducted through MS-Teams
and these were usually initiated by a request from students after
annotating the teaching material, or even double annotating the
annotated slides. Such close contact with the students seemed to
be a great way of growing students’ confidence because they used
the tutorial not simply to ask about topics they didn't understand,
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but on many occasions, to emphasise what they had learnt. An
example of a personal tutorial discussion topic is shown in Figure 3.
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FIGURE 3 Students’ annotation of teaching material during the online
one-to-one tutorial

V. METHODOLOGY

The current study is attempting to determine the extent to which
electrical engineering students perceive various online learning
tools to be useful in enhancing their sudden learning change. In this
study, a questionnaire was given to all 23 students who enrolled
in the module and it was completed by 16 participants. Students
answered questions regarding the helpfulness of the method of
teaching, the helpfulness of the teaching method and technology,
student engagement and student preferences.

The invitation to participate in the survey was sent to all students as
an announcement on MS-Teams, with a follow up reminder. Whilst
78% of the students who enrolled in the module responded to some
of the survey questions, 69% completed the full questionnaire. The
responses were analysed using simple statistics together with the
responses from the open question fields to derive meaning from
the results.

V. FINDINGS

The survey questionnaire responses are described in the following
paragraphs.

During an intervention such as this, the investigators were
interested to know if their intervention was successful. To this end
students were asked:

Did you find it easy to use the online technology?

Did the online, live lectures used in this subject help you learn
effectively?

The response to these questions are presented in Figure 4. Overall,
students felt that they found the technology easy to use and that
they perceived that the online live lectures were useful to them.
When asked whether they felt this module was better or worse
than other modules taken online, 8 out of the 9 gave praise for
the module and students recognised the effort their lecturers used
when teaching them.

This is commensurate with previous research demonstrating that
students show improved engagement when they realise that their
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teachers have an interest in their learning [22]. Furthermore, some
students offered some insight into how the method of delivery
motivated them; four cited the live lectures as the reason they
perceived that the current module was more effective than other
online modules and gave the following comments:

10
EAN ———
g [e— [l Didyou find it easy to use the
7 online technology?
Lttt}
6 — . Did the online, live lectures used
5 in this subject help you learn
P — . effectively?
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Number of Students
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FIGURE 4 Evaluation of the Success of Online Technology and Lectures

I think this module is the best as it is the only module that has live
online lectures.

Only this module has live lectures which motives [me to] studly.

It has better motivation compared with other video- recorded
modules.

This useful insight perhaps offers understanding on why students
become demotivated when attempting to engage with online
courses and MOOCs. It is clear that the students found the real-
time live lectures motivating and this is a potential avenue of
investigation in future research studies on the motivation of
students studying via online arrangements.

In an intervention where existing utilities were used to overcome
teaching challenges, it is also interesting to investigate student
perceptions of the technology that was used, so that future
educators will know which resources are best to draw upon when
adapting to unforeseen situations. To this end, students were asked
if the annotations and whiteboard were useful, alongside asking if
live lectures were better than pre-recorded lectures. The results
are presented in Figure 5, which demonstrates that the teacher
annotations were considered the most useful intervention in their
learning. This reinforces the previous point that students felt better
motivated and had improved engagement because of the live
lectures. Perhaps, this behavioural trait can be explained by other
work [23] which discusses the volitional nature of student learning.
It is understandable that students will engage with methods that
satisfy their needs and that they find useful. Furthermore, it is
interesting to see that the annotations were more highly rated
in this question than the comparison of live lectures with pre-
recorded lectures. This suggests that simply delivering webinars
will not yield the best motivational gains. It would appear that the
ability for educators to annotate their slides whilst delivering online
teaching is essential.

It can also be seen that students were appreciative of the
adjustments that they considered useful and they applauded the
online videos and the flexibility that those afforded them. This is
evidenced by the answers to the question ‘| recorded at least 1 live
lecture on my device’ which was indicated by 12 out of 16 students
and had been reviewed by 10 out of those 12. This is unusually
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high, but not commensurate with previous research indicating that
pre-recorded lectures typically have low viewing rates [24].
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advanced your understanding of
content?
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FIGURE 5 The Percieved Effectiveness of Technological Adjustments

Finally, students were asked if they would prefer to continue with
online lectures as opposed to classroom lectures and if they were
distracted when learning online. The responses to this question
are presented in Figure 6. It can be seen that whilst students were
divided on the issue of distraction, they were happy to replace face-
to-face lectures with online lectures.

In conclusion, it has been seen that students are capable of making
their own choices whilst learning and won't spend mental resources
on activities that they perceive as wasteful. They are receptive of
personalised efforts to teach them, but equally critical of one to
one sessions that they perceived as low efficacy. They are receptive
of efforts to increase the flexibility of their learning such as placing
webinars online, but equally critical if those webinars are used as
a replacement for real-time teaching. It is apparent that student
perception of their needs is a critical factor in teaching and this might
answer many questions concerning engagement in online education.
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FIGURE 6 Student Preferences and Distractions

VI. CONCLUSION

The paper has outlined the learning that has come about from a series
of sudden changes brought about by unpredicted circumstances.
A number of tools were implemented and then evaluated in order
to investigate how students have engaged with different learning
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situations, and the findings have suggested that students engaged
well with the technologies, finding them easy to use and beneficial
for their learning. In particular, slide annotations and recorded
lectures appeared to be powerful tools. It certainly seems that the
approach taken by the lecturers on this module has been effective
and received well by the students. The findings have suggested
that some technologies were more useful than others across the
sample, but also that there were some differences between students
regarding their preferences for the use of particular tools.

For the authors of this current work, the task of investigating why
some tools and pedagogies appear to work better than othersis a
task that will continue: some may believe that there is some novelty
value in such tools and that students’ appreciation of those tools
will decrease over time. Others may believe that students were
sympathetic and gave inaccurately high evaluations because of
the suddenness of the change and that perceptions may change
over the longer term.
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Abstract—Using technology in the classroom has in most
cases proven to enhance students’ learning experience. There
are several teaching methods a teacher may implement in
the classroom, namely (a) traditional face to face teaching,
(b) blended learning (face to face and incorporation of
technology), (c) technology. This study was conducted to
investigate if there is any link between students’ pass rate/
throughput and the use of technology and to determine the
mode of teaching preferred by the students. A survey, through
a questionnaire was distributed to the students who have
had experience with both face to face and blended mode of
teaching. One module was evaluated to compare the pass
rate and throughput between online and face-to-face model
of teaching. A total of 33 students participated in the survey.
From the responses received, it is evident that student did
not have positive response on the module that relies heavily
on online teaching and learning. Most of the students who
participated in the study still prefer the face to face method
of teaching and learning. The responses provided also shows
that a majority of students believe that through the face to
face method of teaching they believe their understanding of
the content, pass rate, communication with peers is enhanced.
The ANOVA analysis on the results also showed a significant
difference between the students’ responses for the two
methods of teaching. In relation to the use of technology and
the pass rate/throughput, there was no link deducted.

Keywords—blended learning, face-to-face instruction, online learning,
technology in the classroom

I INTRODUCTION

The implementation of online mode of teaching and learning has
increased significantly over the recent years. In the era of Fourth
Industrial Revolution, many institutions have adapted to online
instruction to enhance students' learning experience. The current
global pandemic has forced many Higher Learning Institutions to
implement online learning for teaching and learning to continue
and to avoid losing the academic year. With institutions forced
to go online, the greatest and most critical stakeholders in these
processes are the students. Their own perception on the mode
of teaching and learning and their adaption has a great impact
on their own learning experiences. To improve students learning
experiences and meet the diverse needs of students’ satisfaction
numerous technologies have emerged over the years [1]. Using
a computer network to conduct teaching and learning is referred
to an online instruction [2]. Blended learning is the incorporation
of both online and face-to-face instruction in the classroom. It is
also defined as “a thoughtful integration of classroom face-to-face
learning experiences with online experiences” [3]. According to
Rasheed et al. (2020), it has been proven that blending instructional
materials with online interventions is considered an upgrade
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to both fully online mode and face-to-face traditional mode of
instructions [4]. It has been reported that through blended learning,
interaction between students and teachers is increased and there
is a reduction on online transactional distance [5]. Ensuring value
interaction and enhancement of students' engagement and the
value to cater for different students are some elements associated
with blending learning [6, 7]. Ref. [4], argue that with blended
learning “students and teachers are automatically relocated to the
online (out of face- to face sessions) component, and are therefore
expected to proper self-regulate and manage their tasks using
technology, and at their own pace”. Four key challenges to designing
a blend for blended environment have been reported and; thus,
facilitation of interaction, incorporation of flexibility, fostering of
learning environment that is effective and facilitation of students’
learning experience and processes [8- 13].

There are several advantages associated with online instructions,
such as the opportunity to reach a wider community who may
not be able to attain education through the traditional based
environment. Through online instruction, constraints such as time,
place, and space for delivering on students learning are eliminated.
There are also disadvantages such as the inability to access the
online platforms due to connectivity challenges in some areas,
technological illiteracy, data cost, lack of knowledge to use online
tools and navigate through online learning platforms. With the
advantages of online instruction, several researchers are advocating
for online instruction to enriching institutions programs and
instructional effectiveness [14].

This study was conducted prior the current global pandemic,
to investigate the students' preferred mode of teaching. It is also
important to note that the student who participated in this study
are the students who were mostly taught through the traditional
classroom-based mode of teaching. Adaption and transformation
are some of the critical aspects that may also impact on platforms
and methods of teaching and learning that students prefer.

Il METHOD

A Survey

Third year students who were enrolled for BEng Tech participated
in the study. These were students who had experienced both
methods of teaching, namely blended learning and face-to-face
instruction. Most of the modules were conducted through face-to-
face instruction. Questionnaires with 18 questions were distributed
to the participants.

B. Sampling

The targeted population was the third year students, in their final
year and who have had experience with both blended and face-to-
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face mode of teaching. All students enrolled for the programme in
their last year, were invited to participate in the study.

C Data collection, quality control, reliability and analysis
Questionnaires were used to collect data through distribution
on Blackboard. Two months was allocated to collect data.
All the participants participated voluntarily. To ensure data
reliability, only reliable sources were consulted in the study
and only a targeted population was sent the questionnaires.
Two perspectives were employed to analyze respondent’s data,
inferential data analysis and descriptive data analysis. After data
was aggregated, categorical data was transformed to numerical
representation using. Descriptive statistics, correlation tables,
Excel and frequency tables, graphics were developed to describe
the data gathered. To evaluate emerged ‘theme’ answers, the
data gathered was then analyzed.

M. RESULTS AND DISCUSSION

The results obtained from the study with the theme answers are
presented in Figure 1 to Figure 18.

I have experience with online/blended teaching
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FIGURE 1 Online/blended teaching experience

Online teaching does not take more time than
classroom teaching
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I believe that face to face classroom teaching and
learning enhance my understanding of the module
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FIGURE 4 Students understanding using face-to-face instruction

Students have adequate access to participate effectively
in online teaching and learning
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FIGURE 5 Participation on online platforms

A classroom/face to face environment makes it easier
for me to communicate with my classmates
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FIGURE 6 Communication with peers in classroom based setup

The use of technology interferes with my ability to
accomplish the required coursework

FIGURE 2 Time consumption: online vs. face-to-face instruction
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FIGURE 3 Student understanding using online instruction

FIGURE 7 Utilization of technology and accomplishing classroom activities
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Face-to-face instruction would be abetter way for me
to learn the content/course material

An online environment makes it easier for me to
communicate with my instructor/lecturer
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Agree Agree —
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FIGURE 8 Learning of content through face-to face instruction

Face-to-face instruction would help me learn more

Neutral

FIGURE 12 Communication in the online teaching environment

Being in a class with face-to-face communication
would improve my ability to learn
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FIGURE 9 Students learning experience using face-to-face instruction FIGURE 13 Communication in the classroom based teaching environment

Through online teaching/learning I stand a better
chance to pass my module

Access to the Internet/email makes it easier to
communicate with my classmates
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FIGURE 10 Online tools for communication between students

The face-to-face learning environment would
contribute to my overall satisfaction of the course

FIGURE 14 Pass rate and online instruction

Face to face/ classroom teaching increases my
change of passing the module
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FIGURE 15 Pass rate and face-to-face instruction
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FIGURE 11 Satisfaction about face-to-face instruction
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I prefer to be taught in a traditional face to face
classroom set up
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FIGURE 16 Classroom based/face-to-face instruction

I prefer to be taught both in a traditional face to
face classroom set up or online model of teaching
and learning
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FIGURE 17 Blended mode instruction

I prefer to be taught with online model, with
100% teaching and learning
conducted online
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FIGURE 18 Online instruction

Q.1.

Q2.

Q3.

Q5.

| have experience with online/blended teaching: There
were 33 individuals who participated in the study. The
results obtained showed that a majority of students had
experience with online or blended teaching. 76% of the
participants were exposed to blended learning.

Online teaching does not take more time than classroom
teaching: Figure 2, in terms of the time taken between the
two methods of teaching 56%, agreed that online teaching
does not necessarily take more time.

| believe that online teaching/learning enhances my
understanding of the module and Q4. | believe that online
face to face classroom teaching and learning enhance my
understanding of the module: From Figures 3 and 4, 45%
of the participants indicated that they believed online/
blended learning instruction of teaching and learning
enhanced their understanding of the module vs 64% who
said the same for face to face method. For both methods,
there was however a significant number of participants who
were neutral 36%. 18% disagreed with the online method.
Comparing Figures 3 and 4, it is clear that according to the
participants, face to face method of teaching enhances
students’ understanding of the concept taught in the
classroom.

Students have adequate access to participate effectively
in online teaching and learning: In terms of the resources
required for the students to participate effectively in
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Qe.

Q7.

Q.8.

Q.9.

the environment where online/blended learning is
incorporated, 52% of the participants indicated that they
have adequate resources required to participate online,
Figure 5. 24% disagreed and 24% were neutral. 24% is a
significant number and factor to be taken into consideration
in the blended learning environment. This shows that 24%
of the students who participated feel that they might not
be prepared enough to participate in the online classroom
setup.

A classroom/face to face environment makes it easier
for me to communicate with my classmates: There was
a significant number of participants who agreed that
face to face method of teaching enhanced collaboration
between their peers. 70% of the participants agreed
that through the face to face method of teaching, it is
easier for them to communicate with their fellow peers,
Figure 6.

The use of technology interferes with my ability to
accomplish the required coursework: Whether online/
blended mode of teaching interferes with students to
accomplish the required course work, a majority of 39%
disagreed, with 30 % agreeing, Figure 7.

Face-to-face instruction would be a better way for me to
learn the content/course materials: 55% of the participants
agreed that face to face would be a better way for learning
the course content, Figure 8. With 52% agreeing that the
face to face method would help them learn more.
Face-to-face instruction would help me learn more: 52% of
the participants agreed that face to face learning will help
them learn more, while a significant 36% were neutral and
12% disagree.

Q. 10. Access to the Internet/email makes it easier to communicate

Q. 11

Q.12.

Q.13.

with my classmates: A majority of the participants, 81%,
agreed that access to the internet makes communication
easier amongst classmates.

An online environment makes it easier for me to
communicate with my instructor/lecturer: In terms of
communicating with a Lecturer or module facilitator, a
majority (48%) of the participants indicated that they
preferred an online environment for communication,
Figure 11.

The face-to-face learning environment would contribute
to my overall satisfaction with the course: From Figure 12,
64 % of the participants agreed that face to face method
of teaching contributes to the overall satisfaction of the
course.

Being in a class with face-to-face communication would
improve my ability to learn: A significant 66% preference
for the mode of teaching and learning is face to face, with
34% disagreeing and believe that face to face method of
teaching would improve their ability to learn.

Q14. Through online teaching/learning, | stand a better chance

Q.15.

Q.16.

to pass my module: 48% of the participants agreed that
they stand a better chance of passing a module with online
teaching. 9% disagreed and 36% were neutral..

Face to face/ classroom teaching increases my chance of
passing the module: 33% of the participants disagreed
that they preferred to be taught with the online method
of teaching. 21% agreed and a majority and a significant
number of 45% were neutral Figure 15.

| prefer to be taught in a traditional face to face classroom
set up: 61% of the participants indicated that through face
to face methods they are provided with the ability to learn
in the classroom. 15% disagreed and 24% were neutral
Figure 16.
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Q.17. | prefer to be taught both in a traditional face to face
classroom set up or online model of teaching and learning:
88% of the participants agreed that they prefer both face to
face and online methods of teaching. Only 12 % disagreed,
Figure 17.

| prefer to be taught with the online model, with 100%
teaching and learning conducted online: From Figure 18,
only 21% agreed that they preferred 100% online method
of teaching. 34% disagreed and a significant majority 47%
were neutral.

Q.18.

Applying statistical analysis of variance (ANOVA), the significant
difference on respondents’ answers based on students' preference
mode of teaching was studied. F value and critical F value in were
evaluated. The F value can be defined as a ratio of two variances
measuring the dispersion, or how far the data are scattered from
the mean [15]. It is calculated by: F value = variance of the group
means (Mean Square Between)/mean of the within group variances
(Mean Squared Error). This is conducted from computer generated
data comparing the value of variables investigated [15]. The F value
and critical F value obtained was 1.6079 and 7.7086, respectively.
The critical value greater than F value indicated that there was
a significant difference between respondents’ answers for the
preferred method of teaching.

Iv. CONCLUSIONS

Even though the participants in the study had experience with
both face to face instruction and blended learning, most of the
modules were delivered using face to face instruction. It is also
worth mentioning that the study was conducted before the global
pandemic and intensive online mode of instruction. The participants
who were enrolled were mainly familiar to the classroom-based
environment and the online learning tools were mostly used as a
form of distributing the study materials and announcements but not
for teaching and learning purposes. It is therefore evident that most
of the participants still prefer the face to face method of teaching
and learning. Many institutions have introduced blended learning
as a model of instruction, the lectures should adapt to. Most of the
students in the system are familiar with blended learning instruction
and often apply it. With the current global pandemic, where in South
Africa, 100 % online teaching was implemented in some of higher
learning institutions, since March 2020, it would be of great interest
to conduct a similar study to determine the students perception on
the current mode of teaching. Taking into consideration the status
in the higher learning sector, a similar study is underway, seeking
to answer the same questions under the corvid-19 pandemic. This
will also answer a question if adaption to new ways was one of the
barriers for the participants to indicate face to face instruction as
their preferred mode of teaching. The study underway will provide
the insight to higher learning institutions to know the systems
that will work to benefit students and enhance students learning
experience post corivid-19.

51

ACKNOWLEDGMENT

The author thanks the participants who participated in the study.
REFERENCES

[11 D.H. Lim, M.L. Morris, and V.W. Kupritz, “Online vs. blended
learning: Differences in instructional outcomes and learner
satisfaction,” ] Async Learn Network., 2007, pp.27-42.

G.A. Kearsley, “Guide to Online Education,” 1997. Online: http://
home.sprynet.com/~gkearsley/online.htm.

D.R. Garrison, and H. Kanuka, “Blended learning: Uncovering its
transformative potential in higher education,” Internet High Educ.,
2004, pp.95-105.

R.A. Rasheed, A. Kamsin, “Nor Aniza Abdullah, Challenges in the
online component of blended learning: A systematic review,”
Comput. Educ.,, 2020, 103701.

R. Graham, “Definition, current trends and future directions. local
designs: The handbook of blended learning: Global perspectives,
local design,” 2006, pp.3-21.

C. Dziuban, P. Moskal, and J. Hartman, “Higher education, blended
learning, and the generations: Knowledge is power: No more.

(5]

Elements of quality online education: Engaging communities,”.
Needham, MA: Sloan Center for Online Education,” 2005.

A. Heinze, and C. Procter, “Reflections on the use of blended
learning,” 2004.

L.R. Halverson, C.R. Graham, KJ. Spring, J.S. Drysdale, and C.R.
Henrie, “A thematic analysis of the most highly cited scholarship
in the first decade of blended learning research,” Internet. Higher.
Educ., 2014, pp.20-34..

C.R. Graham, W. Woodfield, and J.B. Harrison, “A framework for
institutional adoption and implementation of blended learning in
higher education,” Internet. Higher. Educ., 2013, pp.4-14.

W.W. Porter, and C.R. Graham, “Institutional drivers and barriers

"

[10]
to faculty adoption of blended learning in higher education,
British. J. Educ. Technol., 2016, pp.748-762.

W.W. Porter, C.R. Graham, R.G. Bodily, and D.S. Sandberg, “A
qualitative analysis of institutional drivers and barriers to blended

(1l

learning adoption in higher education,” Internet. Higher. Educ.,
2016, pp.17-27.

W.W. Porter, C.R. Graham, KA. Spring and K.R. Welch, “Blended
learning higher Institutional adoption and
implementation,” Comput. Educ, 2014, pp.185-195.

J. Morabito, I. Sack and A. Bhate, “Organization Modeling:
Innovative Architectures for the 271st Century”. Upper Saddle
River, NJ: Prentice Hall, 1999.

L. Bielawski, and D. Metcalf, “Blended Elearning: Integrating
Knowledge, Performance Support, and Online Learning’, Amherst,
MA: HRD Press, 2005.

T. Mashifana, F. Ntuli, and F. Okonta, “Leaching kinetics on
the removal of phosphorus from waste phosphogypsum by

[12]

in education:

[13]

[14]

[15]

application of shrinking core model,” S. African. J. Chem. Eng.,
27,2019, pp.1-6.



2020 IFEES WORLD ENGINEERING EDUCATION FORUM - GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

Technical Papers

An assessment of the students' attitudes toward engineering design and
build projects

Lagouge Tartibu
Department of Mechanical and Industrial Engineering Technology,
University of Johannesburg, South Africa
ltartibu@uj.ac.za

Abstract—Engineering design and build projects aims at
improving student ability to think and solve problem while
enhancing soft skills like communication skills and teamwork.
Assessing this outcome could be relatively complicated
because in some instances students are being exposed
to advanced engineering courses that will allow them to
perform complex calculations while completing their project.
Itis therefore necessary to instill into students the motivation
to study independently and integrate engineering concepts
into practice. Solving the design problem becomes the main
motivation behind self-learning that frame the context for
advanced engineering courses. This happens as a result of the
Problem-Based Learning approach which pushes students
to acquire engineering knowledge they don't possess. This
approach could raise several problem when assessing
quantitatively student outcome achievement and the overall
effectiveness of the course. This paper focuses on students’
attitudes rather than skills. Design thinking affinities such
as team work, problem solving and communication are
assessed as part on an ongoing improvement plan. A survey
has been developed to measure the course effectiveness.
The paper aims at measuring student attitude toward
engineering design. Though such instrument has been used
in existing engineering education literature, the diversity of
students’ attitudes justify this study. The study reveals that
problem-solving perception constitute the dimension that
require interventions. External motivation are proposed in
order to create good attitude.

Keywords—Design and build, student attitude, problem-solving,
project.

l. INTRODUCTION

Many studies suggest that the development of wide spectrum of
pedagogical models have not been integrated in design courses
in many engineering schools [1], [2], [3]. Various inductive
teaching methods were proposed by Prince and Felder [4]. This
approach consist of coaching students while they are exposed to
challenging or complex real world problems until the students
achieve self-learning. This is in contrast with traditional deductive
technique where exposure to theoretical knowledge precede
problems. The main limitation of this approach is the passivity of
learners resulting in low retention rate and possible disconnect
between theoretical knowledge and practical experiences.

To develop the necessary analytical and problem solving skills,
Litzinger et al. [5] propose the use of Problem-Based Learning
(PBL). In this approach, problem is used as starting point to build
new knowledge. Students are empowered to take responsibility
of their learning while the teacher facilitates the learning process.

978-1-7281-9756-2/20/$31.00 ©2020 IEEE
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The effectiveness of PBL is demonstrated by Khalaf et al. [6] studly.
This study shows that students’ attitudes toward problem solving
improves substantially by adopting PBL irrespective of the mode
of delivery categorised in three groups:

Synchronous problem based learning: Coaching (formal
teaching) is synchronised with the laboratory work;
Asynchronous — problem  based learning: Coaching
component is not synchronised with laboratory work;

Pure problem based learning: there are no formal teaching
taking place. The teacher facilitates learning and students
are responsible of their learning.

The third year design and build course offered in the department
of mechanical engineering at the University of Johannesburg
adopts the latter approach. The team project lasts six months
and students meet with each other. There are no didactic
lectures for students registered for the course. Formal meeting
are organised to facilitate experiential learning. The course is
evaluated based on prototype development and written/oral
presentations. Students are allowed to select team members and
arrange their own meeting. Project briefs are issued to students
in order to provide a short background about the problem from
clients. These problems are formulated as open-ended and
realistic problem that require designed solutions. Meetings with
supervisors/mentors have no predetermined frequency. They
are generally more frequent at the early stage of the design and
gradually become less frequent.

1. MOTIVATION

Students have different attitudes toward design and build projects.
As instructors, it is crucial to understand the differences to meet
the diversity. Attitude is a result of beliefs and it is closely linked
to student performance. Kierkegaard states that instructions truly
starts when instructors become aware of the different attitudes
of students toward learning and are capable to identify different
approaches to influence it [7]. On the other side, making students
aware of the strengths and weaknesses associated with their
attitudes would improve their learning experiences. In the context
of design and build project, the major outcome is to develop soft
skills such as teamwork and communication while enhancing their
problem solving skills. Therefore, the objective of this paper is to
measure student attitude toward engineering design. Though
such instrument has been used in existing engineering education
literature, the diversity of students’ attitudes justify this study.

Il METHODOLOGY

In this study, three core dimension describing student attitudes
toward engineering design namely (1) problem-solving perception,
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(2) opinion about teamwork and (3) general views about the
importance of communication were considered. This is achieved
by subjecting students to 20 questions, with student registering
their agreement or disagreement based on a 5-point Likert scale
strongly agree, agree, neutral, disagree and strongly disagree.
The survey was inspired by existing studies closely related to this
study [8], [9]. The selection of Items for the survey was based on
literature review, discussion with design experts and evidence
of survey’s test validity and reliability in studies consulted. Eight
statements were used to measure problem solving perception.
Student opinion about teamwork was also measured with eight
question while four questions serves to assess student's views
about communication. The questions were worded carefully
in order to be understandable even without any exposure to
engineering design concepts.

Survey questions related to problem-solving perception consist
of statement such as “Only very few specially qualified people are
capable of really understanding mechanical engineering design”
or "Mechanical engineering design is difficult to learn”. By agreeing
with such statement, the students imply that the subject consider
the subject as highly challenging and somewhat inaccessible.
Other statements are: “I cannot learn design if the lecturer/
supervisor does not explain things well in class/during meeting”
or “Achievement depends more on personal effort than on the
influence of lecturer/supervisor or textbook” Such statement
was meant to assess students’ level of inquisitiveness and self-
learning. Design projects are meant to instill into students the
ability to learn by themselves and to learn by doing. Agreeing
with the first statement imply that students are approaching the
subject with a high level of dependency while agreement with
the second statement means that students are embracing life-
long learning. The rest of the questions seek to assess students'
perception about personal skills, careers goals and perception
about design achievements.

Opinion about teamwork was assessed with questions such as “As
teammates, we are able to work through differences of opinion
without damaging relationships” or “Team members seek and give
each other constructive feedback”. These two statements were
meant to gage how students approach teammates within a group
set up. A favourable response indicate that students understand
the importance of teaming up in order to achieve a common goals
irrespective of differences. Other statement are: “I prefer studying/
working alone” or “To understand design projects, | discuss it with
friends and other students”. Using these statements, this study
intended to determine students’ initial attitude toward fellow
members. It should be noted that students are allowed to select
teammates for group project. Stating that it is preferable to work
alone would imply that the management of group dynamic and
project was going to be challenging. The rest of the questions
seek to find out students perception about group leader, views
on responsibility and management within a group.

Students’ views on communication was assessed with questions
suchas”lam confidentin my writing and speaking skills” or “In order
to be a good design engineer, | must have good communication
skills”. Assessing the students’ views about this soft-skill was
necessary since most of them are more inclined to problems
that involves mathematics, science of engineering knowledge. It is
important to establish the relevance of communication in design.
Hence, a favourable response was an indication of students’
consciousness about the relevance of communication.

In order to test the survey's validity with regards to the problem
solving attitudes, the degree to which the authors selection of

“favourable” or “unfavourable” responses were confronted with
professional responses reported by Khalaf et al. [9]. A strong
correlation between the responses was observed which indicate
that the aptitudes and attitudes behind the success of the
professionals in their respective workplace could be considered as
benchmark for students considered in this survey. Two different
groups of mechanical engineering students were considered.
The first group consist of second year students who have been
exposed to a mini group project. The second group consist of
third year students who have just completed their design and
build task. The responses of students were categorised in six
different groups:

Second year Problem Solving (PS);
Second year Teamwork (T);
Second year Communication (C);
Third year Problem solving (PS);
Third year Teamwork (T);

Third year Communication (C);

Iv. RESULTS AND DISCUSSIONS

The responses to the twenty survey statements in the problem
solving, teamwork and communication dimension was presented
on the same graph. The concept of “favourable/unfavourable)
plot was based on the Maryland Physics Expectations (MPEX)
survey [10]. Favourable score or percentage (%) corresponds to
statements where respondents have responded as the survey
creators would and vice versa. For instance, agreeing with a
statement such as “Only very few specially qualified people are
capable of really understanding mechanical engineering design”
was “unfavourable” because the survey creators believe that all
respondents are capable of understanding engineering design.
No score was allocated to instances where respondents have
selected neutral or have chosen not to respond. This explains
why the percentage doesn't add up to 100%. The responses were
distributed as illustrated in Figure 1 “Strongly agree” responses
were aggregated with “agree” responses while disagreeing
responses were combined for each statement.

Count of 3. Only very few specially qualified people are capable
of really understanding mechanical engineering design, [Sele...

Neural

()

Count of 3. Only very few specially qualified people are capable
of really understanding mechanical engineering design. [Sele...

(b)
FIGURE 1 First illustration of responses distribution (a) second year (b) third year

53



2020 IFEES WORLD ENGINEERING EDUCATION FORUM -

Figure 2 shows the Favourable vs. unfavourable plot of the
20-statement of the survey. The average of the three section of
the survey namely problem-solving, teamwork and communication
was calculated. The problem solving perception is represented
by a blue square (second year) and a yellow square (third year).
Teamwork opinion was captured with an orange triangle (second
year) and a star (third year). Communication responses is
summarised with a grey diamond (second year) and a green circle
(third year). Considering the 5-point Likert scale response, this
paper have considered that a “favourable” response is made of two
out of five possible responses for any statement. Hence, a binomial
distribution of responses with probability p = 2/5 = 0.4 has been
assumed. The standard deviation can be approximated as follows:

o = (p(1 - p)y/nja/sl (M
Where n represents the number of statement.

The standard errors in the mean were calculated as shown in
Table 1.

TABLE 1 Standard errors in the mean

Errors (@)
Number of Standard Second year | Third year
questions (n) deviation (o) class class
(N =23) (N =24)
8 0.173 0.036 0.035
4 0.245 0.051 0.05

o Second year class (PS) 4 Second year class (T) + Second year class (C)

= Third year class (PS)  xThird year class (T) ® Third year class (C)
100

9
80 - ’—@
70

60

» &3

40

% Favourable

30

20

10

0

0 20 40 60 80 100
% Unfavourable

FIGURE 2 Favorable vs. unfavorable plot for (8) problem solving (PS),
(8) teamwork (T), and (4) communication (C) questions of the survey(T), and
(4) communication (C) questions of the survey

V. GENERAL OBSERVATION ON THE RESPONSES

First, the scores of the two separate groups of students were
very close, practically within the error range as shown in
Figure 2 Respondents who have answered all survey questions as
the creator of the survey would are scored 100% favourable and 0%
unfavourable which correspond to data located in the upper left-
hand corner of Figure 2 Overall, considering the three dimensions
namely problem solving, teamwork and communication, both group
of respondents scored the most favourably for teamwork and
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communication (70% - 85%) as compared to problem solving (50%
to 60%). The results reported in Figure 2 doesn't provide any ground
to conclude the positive impact of the design and build course on
students in term of shaping up their beliefs about problem solving
practices as they progress from the second to the third year. The
results shows consistency between the two separate groups of
students.

In order to further analyze the findings, they have been two
statements that could be highlighted and further analyzed from the
responses obtained from the survey. The first statement is shown
in Figure 1 (Only very few specially qualified people are capable of
really understanding mechanical engineering design). The responses
distribution shows that 52.2% and 58.3% of students in the second
year and third year respectively agree with statement while 17.4% and
16.7% disagree. With this response, students imply that mechanical
engineering design requires to be highly “qualified”. It is necessary
to understand how this specific students’ attitude was formed and
if it could be changed. Oroujlou and Vahedi [11] point out that
because attitude is learned, it can be unlearned to raise proficiency
of efficiency of students. They suggest that instructors must find ways
to connect to the learners’ passion because successful learning is
linked to it. The second statement is illustrated in Figure 3 (I cannot
learn design if the lecturer/supervisor does not explain things well in
class/during meeting). The responses show that 52.1% and 33.4% of
students in the second year and third year respectively agree with the
statement while 39.1% and 29.2% disagree. It was interesting to note
that as students are progressing from the second to the third year,
they believe more in their ability to learn by themselves. This attitude
is should be expected as suggested the study conducted by Khalaf
et al. [9] which stipulated that design problems should become the
motivator for self-learning. However, the wording or the vocabulary
used in the statement might not have been clear enough. In addition,
the current mode of delivery of mechanical engineering design in the
second year rely heavily on lecture-based instructions. This might
explain the stance of the students' responses. The transition from this
mode of delivery to a pure problem-based-learning (PBL) improves
students’ attitudes toward design problem solving as suggested by
the responses of third year students who have completed the project.

Counl of 5. | cannot learn design if the leclurer/supervisor does
not explain things well in class/during meeting. [Select your a...

Neural

Count of 5. | cannot learn design if the lecturer/supervisor does
not explain things well in class/during meeting. [Select your a...

(b)

FIGURE 3 Second illustration of responses distribution (a) second year (b) third year
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A sensitivity analysis was performed to measure the influence of the
two questions mentioned in the previous section. Figure 4 shows
the Favorable vs. Unfavorable plot for the problem solving (PS)
questions. The designations second year class (PS) 2 and third year
class (PS) 2 refer to the responses corresponding to the analysis
with the survey questions made of six questions. This result shows
an improvement toward expert-like attitudes by overlooking the
two questions described in the previous section. The wording of
questions in future surveys would be refined accordingly.

Because students' poor attitude toward learning is not new, a
number of interventions could be implemented to change the
perception. A study conducted by Oroujlou and Vahedi [11] (2011)
proposes effective strategies that requires external motivation in
order to create good attitude which can be customized using two
short statement:

Build situations that promote students’ sense of
accomplishment: reinforcing sense of accomplishment
through positive feedback would improve students’ attitude
toward learning outcomes, enhance students’ competence,
self- esteem and self-confidence. This doesn't discard
necessary corrections that are meant to provide clear
explanations that appreciate good work and encourages;
Setting short term goals: design project are meant for
students to learn by doing. Irrespective of the goals students
set up for themselves, it is necessary to encourage them
to pursue them. These short term goals would increase
motivations and lead to higher level of competence;

¥ Second year class (PS) 2 » Third year class (PS) 2
o0 Second year class (PS) = Third year class (PS)

100

90

80

70

60

50

% Favourable

40

30 +

20

0 20 40 60 80 100
% Unfavourable

FIGURE 4 Favorable vs. unfavorable plot for the problem solving (PS) questions
VI. CONCLUSION

In this paper, three core dimension describing student attitudes
toward engineering design namely (1) problem- solving
perception, (2) opinion about teamwork and (3) general views
about the importance of communication have been analysed.
Two different groups of mechanical engineering students were
considered. The first group had not been exposed to design and

build project while the second group had. Overall, considering
the three dimensions, both groups of respondents scored the
most favourably for teamwork and communication (70% - 85%).
Problem solving scores were the poorest with 50% to 60%
favourable responses. Based on the finding resulting from the
survey conducted in this study, students’ attitude constitute one
of the factors that is affecting their performance with design and
build project. The study reveals that problem-solving perception
constitute the dimension that require interventions. As was
forward, it is necessary implement effective strategies that will
enhance learners’ external motivation and create good attitudes
toward engineering design. These interventions consist of building
situations that promote students’ sense of accomplishment and
setting short term goals that enhance competence.
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Abstract—Despite  the increasing awareness that
sustainability is an issue needing ongoing attention,
and many a times financial investments into it. Previous
research has found that university students primarily have
a unidimensional understanding of what sustainability
comprises in the clothing and textile sector. The current
paper sought to understand the depth of students’ as well as
industry professional’'s knowledge of sustainability and the
implications for inclusion within the university curriculum. A
sample of 93 participants from two different universities in
South Africa participated in the survey. The survey assessed
participant’s depth of knowledge and understanding of
sustainable practices. The findings highlight that both
students and professionals had a basic understanding
of sustainable practices and their responses will provide
the foundation for incorporating sustainability into the
curriculum. This study is a first attempt to investigate the
inclusion of sustainable clothing and textile practices into
the curriculum for implementation into South African
universities from NQF level 5 to NQF level 7.

Keywords—Sustainability, curriculum, clothing and textile, South
Africa, cleaner production practices

I INTRODUCTION

University students today were born in the fast fashion era, which
produces cheap, often poorly made, and trendy apparel. As a
result, many students may not readily understand components of
high-quality clothing or the type of textile it is made from (e.g. silk
lining, better cotton initiative, durable stitching, etc.). The availability
of clothing at different quality levels with similar appearances has
had interesting implications for the industry [1]. Understanding
the implications of fast fashion is vital for current and future
professionalswhoworkintheclothingandtextilesectors. Therefore,
the topic of sustainability is gaining global attention where it has
become a ubiquitous term in teaching and learning institutions.
Sustainability-focused curriculum concentrates on increasing
students’ knowledge of sustainable practices and engagement in
sustainable consumer behaviour. However, despite the growing
knowledge of sustainable initiatives on university campuses over
the last decade, a review of the research on this topic reveals that
student awareness has become somewhat stagnant [2]. What the
student perceives and learns in an institution of learning is what
they bring into the work environment as their learning hence,
it was also important to investigate what industry professionals
feel and know about sustainability. Therefore, the purpose of
this research is to understand how the current students at two
different universities in South Africa conceptualize sustainability
and how future educational initiatives need to be reframed to
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incorporate this into the curriculum design. This also alludes to
the United Nations Sustainable Development Goals of Quality
Education [3] and [12] Responsible consumption and production
on the African continent

1. LITERATURE

A Sustainability defined

A more specific definition of sustainability is a list of behaviour, that
encompass what it means to be sustainable, such as the use of
renewable energy sources, conservation, recycling, environmentally
friendly land development, efficient water management, a proper
waste disposal [4]. Awidely applied definition perceives sustainability
as the intersection or overlap of the triad of economic, social, and
environmental considerations [5, 6, 7, 8, 9].

B. Student’s sustainability knowledge

Despite the focus on and around sustainability amongst, students’
the core knowledge of sustainability appears to have evolved
little over time. Faculty researchers report “that even after having
coursework that covered the topic sustainability, responses
from students were not even close to the ideal understanding
of sustainability”. Hiller and Kozae [10] mention that students’
knowledge of social and environmental issues did improve after
taking a course on globalization and understanding the clothing
and textile industry. Furthermore, Emanuel and Adams [4] found
that one-third indicated that they do not know much about
sustainability. In addition, Savageau [11] reports that the majority
of students, when confronted with issues of sustainability, find
them distant, impersonal or overwhelming and therefore, gave
very little thought to it. These findings from various universities,
mentioned above, highlight that students need to be aware of
what sustainability means or how to lead sustainable lives.

C Sustainability in the engineering education research

Studies focusing on the sustainability content of the engineering
programmes that have emerged in the literature. Beringer [12]
assessed the status of sustainability efforts in Higher Education
Institutions. The research examined the level of sustainability
integration covering curriculum amongst others that found few
deficiencies. Watson [13] carried similar research in an engineering
curriculum and found a disproportionate spread of sustainability
in the curriculum [14, 15, 16, 17, and 18]. Seeking answers to
the questions around competencies, pedagogy and curriculum
in relation to sustainability in engineering education, Coral [19]
conducted research in some of the European higher education
institutions. Coral study analysed educational processes to attain
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sustainability learning amongst engineering graduates [19].
Nonetheless, the study found strong evidence of sustainability in
the European engineering curriculum.

In the African context, research and studies on sustainability
content within the engineering curriculum is very scant [20,
21,17]1. Manteaw argues that notwithstanding the UN-backed
Mainstreaming Environmental Sustainability in African Universities,
there is not much visible sustainability education programmes.
The studies that have considered sustainability have generally
reported a low sustainability presence in the curriculum [22, 23,
24]. In contrast, initiatives on sustainability, in South Africa, has
permeated the teaching and learning, curriculum and in academic
research. However, the concept and application of sustainability is
multifaceted and that sustainability issues has to be incorporated
into the curriculum in academia in South Africa [25, 26]. On
identifying the gaps and the limited reported research conducted
in the clothing and textile discipline, the authors of this paper,
further validated and confirmed the need for sustainability within
the curriculum, focusing on both the students and the industry
professional's perspective, as the industry is the future employer
of students entering the workplace.

Il METHODOLOGY

The sampling for this study included a combination of engineering
students and professionals from the industry. The age group of
the students ranged from 18 to 23 years and the industry 30 to 65
years old. The sample of students were from two universities based
in Cape Town and Johannesburg respectively. The professionals
were predominantly based in Cape Town. There were a total of 93
participants that completed the questionnaire. The questionnaire
consisted of 11 questions, including a combination of qualitative
and quantitative paradigms. It consisted of closed, open-ended
and descriptive type questions which included five point rating
scales from 1 (strongly disagree) to 5 (strongly disagree), standard
demographic  measures, sustainable apparel purchasing
behaviour, etc. Student responses were collected in a time-span
of three to four weeks across both the universities and industry
personnel. To facilitate the documentation of individual student
responses and behaviour, the students were asked to mention
the level of the qualification they were registered in. However, the
anonymity of the student responses were maintained at all times,
where they were not expected to share their names or any other
personal details.

Iv. FINDINGS

The sample cohort consisted of 12 male and 81 female South
Africans of which 45 were African, 17 Coloured, 7 Indian and
26 White. 23.5% were married, 74.2% single and 2.3% did not
indicate their marital status. The sample was further sorted into
the two categories of students enrolled into the undergraduate
qualification from 1st to 3rd year (60.3%) and participants from
the industry sector (39.7%). The study asked participants various
aspects of their understanding of sustainability in the clothing and
textile sector within the engineering curriculum. This to obtain
feedback from students and the industry participants on how they
view sustainability and the need to include it into the development
of a teaching module on sustainably within the clothing and textile
disciplines in engineering.

The responses were analysed using descriptive statistics and
presented into four broad categories of (A) Understanding
of Sustainability, (B) Purchasing Behaviour, (C) Roles and
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Responsibilities (D) Sustainability Post COVID-19 and (E) Concepts
to consider in the coursework development.

A Understanding of sustainability

The participants responses to the “Understanding of
“sustainability” when applied to clothing or fabric or material”
show that there were no two responses that were worded alike
however the general words such as, 16 responded with the words
“environment”, whilst 2 responded with the word “re- use”, 13
responded with words “sustainable production”, 4 responded with
word “recycle”, 3 responded with “eco- friendly” 1 responded with
“pollution”, 2 responded with “human”, 2 responded with “waste”
life-long", “benefits the society” and the balance of the responses
support the general themes of sustainability. The responses show
that the participants are aware of and understand the key words/
concepts in the narrative that define “sustainability” both within
the student cohort and by the industry.

B. Purchasing Behaviour

The respondent were asked two questions under the theme. 30
students answered “Yes” to the questions “When you purchase
clothing in retail stores, do you look to see if either the garment has
a label on it that states that it is produced using organic cotton or
wool, and if it has an eco-label attached to it?” whilst, 16 students
answered “No” and 14 responded ‘Maybe.” For those that
answered “Yes” the common response used words such as the
“not environmentally harmful”, and “Maybe” “if it is reasonably
priced” and “eco-friendly garments are more expensive”, whilst
24 of the industry participants answered “Yes” and 8 “Maybe” The
responses show that the participants are not only aware but are
also conscious buyers who choose sustainable products wisely.

16 students responded “No” to the question “If the garment has
an eco-label attached to it and it is more expensive than a similar
garment, which garment would you buy and why although they
mentioned of being aware of the stores such as Woolworths,
Timberland, and H &M, whilst 14 reported “maybe” and 30
mentioned “Yes”. Those that answered “maybe” mentioned
that they are aware of the stores such as Woolworths, Cotton-
on, Truworths, Pep, Mr Price, Cape Union Mart and H&M and
those that that answered Yes, mentioned Woolworths, Zara,
H&M, Foschini and Edgars. The industry respondents chose the
same retailers as the students. This then indicates that these are
possibly the only stores that report sustainable initiatives or at
least awareness of sustainable initiatives in the form of marketing
or advertising in South Africa.

C Roles and Responsibilities

The students and industry participants were provided with
options. 58.9% chose the national governmental, whilst 19.2%
chose all of the above, i.e. companies, producer associations, the
customer, and non-governmental organisations when responding
to the question on “Who is responsible for ensuring that eco-friendly
production methods are implemented into the clothing and textile
industries?” Therefore it means that the participants expect the
government to consider sustainable initiatives within clothing and
textiles and implement more awareness among people.

In response to the question on “Choose one concept listed below that
best describes what you understand by sustainable production in the
product stage within the clothing and textile sector.”20 % of the student
choice either (a. Reducing environmental, health or safety impacts
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along the product life cycle. b. Ensuring more eco- and cost efficient
design, raw material extraction, manufacturing, use and disposal.
¢. Not sure) or (a) and (c). The majority 45% chose (b) and 14% (a),
whilst 3.3% were unsure. The industry participants (72.8%) chose
(a), whilst 21.2% chose (c) and 6.1% (a). This shows the students
understand along with industry professionals understand the role
of sustainable manufacturing.

In this section the respondents answered four questions:

C.1 “In the product stage, choose an option listed below of which
section is responsible for this activity mentioned above.

45% chose “ensuring more eco-friendly and cost efficient
design and use of raw material. The students and the
industry participants i.e. 57% and 42.4% respectively,
chose “the Manufacturers”, 27% of the students and 45.5%
industry participants choose “the retailers”, whilst 15% of
the student and 12.1% chose “the designers” whilst the
balance 1T % of the students “did not know”. This says that
the students need a better understanding of sustainability
in clothing and textiles and the key role players involved.
“In the product stage, choose an option listed below, of which
section is responsible for this activity mentioned”.

6.7% of the students thought that the Designers,
Manufacturers and the Retailers are all responsible for
implementing sustainable production at the product
stage, whilst 13.3% responded the Manufacturer. The
industry responded that the Retailers (45.5%) followed by
the Manufacturers (42.4%) and the Designers (12.1%) are
responsible for implementing sustainable production at
the product stage.

“Choose one concept listed below that best describes what you
understand about cleaner production in the services stage.”
Therespondents were provided with three option to choose
from. 73.3% of the student chose all the options whilst
18.3% chose “incorporating a preventive environmental
strategy into the design of services” whilst 8.3% chose
“incorporating a preventive environmental strategy into the
delivery of services. The industry respondents thought that
delivery of services ranked higher than that of the students.
“In your own words, list some of the benefits of applying
sustainable product principles in the processing, production,
and services to you, i.e. the customer.”

The majority of the student and industry respondents
used the word “environment” such as “Longevity of the
products, a sustainable environment and a customer who
will recycle rather than disposing old garments.” and “Safe
environment for the customer and safe to wear products”,
second most used word is “sustainable” such as “I think if
the demand for sustainable items grow, it would definitely
become more accessible and affordable for customers”
and “Reduces carbon emissions, creates a market for more
companies to be sustainable, reduces waste.” Therefore,
one can summarize that students related sustainability
with safe environment, waste management, etc.

C2

C3

c4

D. Sustainability Post COVID-19

Responses to the question “In your opinion, how do you think that
the corona (COVID 19) virus will affect the sustainability of clothing
and textile industry in the future?”is listed below.

“As it has forced us to work from home, it assisted the push
towards virtual which would have slightly less of an impact on
the environment, however wrt production it caused delays on full
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production, full working capacities and costs are shooting up;”
“There will be more focus on staying afloat than on sustainability;”
“Don't know;" “Hopefully more thought will go into producing
clothing, from the farming, designing and the whole chain
involved;” “Due to the lockdown, many companies have closed
already as demand decreases;” “People are unsure of the future,
new clothing is not a priority;” Manufacturers and retailers will
suffer huge losses;” and “Consumers will be cash strapped and
will look for better value over eco product, sales volumes could
reduce resulting in reduced purchasing power and factory and
mill closure and retrenchments.”

Therefore, overall the respondents are aware and had an
indication of the impact of the pandemic on the clothing and
textile industry. Hence,the curriculum should also focus on eco-
products, upcycling and reuse as the way forward.

E. Concepts to consider in the coursework development

The following were a set of the responses from the students
and industry participants in response to the question “Any other
information or comments that you would like the researchers to

consider during the development of the coursework for sustainability
in the clothing/textile sector.”

“Ways in which they can make people understand about
sustainability because where | stay | can say 90% of people
especially the youth they are not aware about it

“They need to come up with ways of prohibiting companies
from dumping their waste in landfills that is contaminating
under-ground water, ways to purify water tarnished by dyes
from dye houses.”

“Nothing.”

“Laws that force suppliers to adhere to ethical sourcing and
pipeline traceability.”

“South Africa should learn to have their own textile companies
so that they don't have to worry about future pandemics.”

Therefore, in conclusion, the students and industry felt there
needs for sustainability education and in waste management not
just to bring it into daily use but also to be at par in the global
market both in terms of knowledge and product development.

V. CONCLUSION

This study forms the foundation of providing key skills to the
sustainability module development for the Clothing and Textile
industry. The responses show that the participants are aware
of and understand the fundamentals and the key words/
concepts in the narrative that define “sustainability” both within
the student cohort and by the industry participants. From the
responses to the questions, it is apparent that the knowledge
gaps and understanding of sustainability between the students
and the industry participants are analogous. Even though there
are a number of definitions to sustainability in the literature it
however, is industry-specific. The curriculum development should
reflect this as the industry participants are the current “drivers”
of sustainable initiatives in the industry. The sustainable lifestyle
choices of the current generation are not limited to environmental
protection but also towards a social, environmental and economic
aspect.
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This analysis may not be at the level of a longitudinal study.
The authors believe that the results of this study when placed
in the context of prior research findings, indicates a larger
issue surrounding students’ understanding and adoption of
sustainability. The multidimensional approach of sustainability
practices requires an approach that raises the student’s
awareness of the pertinent issues that they need to know and
apply. Issues such as the manufacturing processes, conserving
raw material, water and energy, eliminating toxic raw materials,
reducing the quantity of all emissions and waste at the source. In
textile and clothing products to reduce the environmental impact
throughout the entire life-cycle of the product that will involve
both product and process engineering and in the upcycling and
reuse of apparel items. Unless communication is initiated amongst
students, and between students and educators and the industry
sector on a regular basis, it will be difficult to educate the future
citizens of the world who will be the caretakers of society, the goal
of a sustainable planet will never be achieved, more especially in
the clothing and textile sector if it is not driven collaboratively by
academia and the industry.

VL. RECOMMENDATIONS FOR FUTURE RESEARCH

Studying a broader sample across different universities in South
Africa could further assess the changes in students’ knowledge
and purchasing behaviors. Additional research should continue
to examine these variables, utilizing samples representing males
and females, as well as diverse disciplines and institutions.
Future research should explore assessment of environmental
knowledge. and additional research on the methods for
encouraging greater sustainable apparel- purchasing behavior
such as peer pressure may motivate the students to act more
sustainably.
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Abstract—The outbreak of COVID-19 has forced universities
across the USA to close their campuses and quickly transition
their classes to an online format. The pandemic caused
many students to lose income, health care access and
connection to their friends. This paper analyses the role
that non-academic factors played on students experience in
an aerospace engineering department at a public, Hispanic
serving institution during the initial outbreak of the COVID-19
pandemic. The results show that the pandemic is impacting
vulnerable groups of students the most, therefore worsening
an already existing equity gap.
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l. INTRODUCTION

The fast spread of the COVID-19 pandemic has created a national
emergency in the U.S., with most higher education institutions
canceling in-person classes and moving to online- only instruction
in March 2020 for the remainder of the Spring 2020 semester [1].
In the author’s university, the transition to online-only instruction
was very rapid, and students and faculties were given a week
notice about the change. This requirement meant that faculty
changed their teaching practices from in person to online very
quickly, and students had to rapidly adapt to the situation mid-
semester. Many students were required to leave in-campus
housing, and moved back with their family.

Before the coronavirus pandemic of 2020, research has shown
that non-academic factors play a substantial role in post-
secondary students’ retention and performance [7]. The major
factors that affect students' retention and performance are:
level of commitment to obtaining a degree, level of academic
self- confidence, academic skills such as time management skills,
study skills, study habits, level of academic and social integration
into the institution, socioeconomic status and social involvement.
Lotkowski et al. [7] indicate that different factors affect retention
and performance differently; students' retention is mostly affected
by academic-related skills, academic self-confidence, and academic
goals; institutional commitment, social support, the contextual
influences of institutional selectivity and financial support, and
social involvement had a moderate effect. Students' performance
is mostly affected by academic self-confidence and achievement
motivation, and moderately affected by contextual influence of
financial support, academic goals, academic-related skills, social
involverment, institutional commitment, and social support.

This paper represents an effort to participate to the discussion
on the role that non-academic factors that students' experienced
during the COVID-19 outbreak. Current literature on the effect
of COVID-19 on higher education mostly focuses on teaching
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strategies and effective delivery of instructional material in an
online environment to improve learning [5], [6], but few studies
focus on the role of non-academic factors during the pandemic.
The outbreak of coronavirus resulted in significant changes to
college life with students losing access to in-campus resources
related to housing, food and educational material. This lack of
resources has impacted vulnerable students the most, and has
exacerbated existing equity gaps between wealthier students and
students from less privileged backgrounds, and may have had a
lifelong impact on students’ success, as well as their emotional
well-being [2], [3].

This time provides a unique, one-time opportunity for ground-
breaking research to study how non-academic factors affected
higher education students during the COVID-19 pandemic.
Specifically, the research questions that the author would like
to answer is how students responded to the rapid transition
to online instructions, and how non-academic factors affected
students’ experience and well-being at the beginning of the
COVID-19 pandemic. In addition, the author would like to
investigate whether the pandemic has deepened the equity gaps
in engineering education, by comparing the survey results with
Daniels et al. [8], which analyzed the early results of a survey
sent to students at multiple elite-institutions about the impact of
COVID on their experiences. Many respondents reported feeling
“worse” or “much worse” than before COVID 19, and that they
felt that their ability to pursue their academic goals was “worse”
or “much worse” than before the coronavirus outbreak [8]. The
authors also discuss how worse mental health could arise from
general feelings of anxiety due to the uncertainty and stress of
the pandemic, as well as from specific changes to the students’
own situation [8]. The data presented in this paper is collected at
a public Hispanic Serving Institution, with the intention of showing
how a vulnerable student population has been affected.

1. DESCRIPTION OF SURVEY

The survey has been distributed to all students in the department
of aerospace engineering, which offers a 4-year BS degree
and a MS degree. In order to capture how the switch to online
modality affected students' learning in aerospace engineering
classes in Spring 2020, an in-depth survey was distributed to all
aerospace engineering students in June 2020 after the end of the
spring semester. The author feels that this analysis is crucial in
understanding how students are coping to this unprecedented
crisis, and to define support strategies for the student body.
The author's university will offer classes primarily online for Fall
2020 and Spring 2021, and this data has proven to be helpful in
planning for the new semester.

The questions contained in the survey explore the following aspects:
(1) changes in living condition, (2) psychological well- being, (3) access
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to technology. These aspects are directly related to non-academic
factors linked to students' retention and performance during regular
times. In addition to the quantitative data collected through the
questions in the survey, the author allows for free-form comments to
provide more in-depth representation of the students' experiences.
The questions contained in the survey are listed in Table 1.

TABLE 1 List of questions in survey

Question

What is your work environment?

- Iwork fulltime in a job outside of campus

- lworked fulltime in a job outside of campus but | lost my
position or my hours were cut

- Iwork part-time in a job outside of campus

- Iworked part-time in a job outside of campus but | lost my
position or my hours were cut

- I'worked on campus before the COVID 19 pandemic and still
work at a distance

- | worked on campus before the COVID 19 pandemic but lost my
position

- I did not work during Spring 2020

- Other

Are you currently living or staying with anyone over the age of
65, or with anyone over the age of 60 who also has one of the
following risk factors? (heart conditions, diabetes, hypertension
and/or obesity)

Are you or anyone living or staying in your household currently in a
medically imposed quarantine?

Do you currently have to care for children or elderly while under
quarantine?

After the shelter-in-place order in March 2020, what was your living
situation? - Selected Choice

Relative to your life before and after COVID

19, how would you rank your current (Much worse than before/

Worse than before/ Same as before/ Better than before/ Much

better than before):

- Health care access

- Time management

- Ability to socialize with my fellow students

- Ability to socialize with my friends

- Overall psychological wellbeing, including feelings of anxiety
and/or depression

Overall, how much stress are you feeling about the consequences
of COVID 19?

- Alittle or no stress

- A moderate amount of stress

- Agreat deal of stress

Relative to your life before and after COVID

19, is there any change in the following for you this semester in
(Decreased/ About the same/ Increased):

- Expenses

- Income

- Financial Aid

- Debt

- Having a safe place to sleep each night

- Having enough to eat each day

Do you have access to the following resources to support your
remote learning?

- Computer, laptop or tablet

- Enough Internet Access for doing your classwork online

- Physical space for studying and doing assignments

- Library resources (including books, articles, etc)

- Scanner

- Webcam

- Printer
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Question

Please reflect on the following aspects

regarding your learning experience during the online transition

(Strongly disagree/ Disagree/ Somewhat disagree/ Neither agree

nor disagree/Somewhat agree/ Agree/ Strongly agree)

- I need to share the computer | use to attend classes

- I'have an online learning community

- I have witnessed an increase in academic dishonesty due to
exams offered online

Given the unexpected changes in course instruction after the

spread of COVID 19, how often do you worry about the following

(Never/ Sometimes/ About half the time/ Most of the time/ Always)

- Doing well in your classes now that all of them have moved
online

- Accessing and using the technology required for your online
classes

- Your ability to do internships, field studies or projects as an
undergraduate

- Your progress to obtaining an undergraduate degree

Il ANALYSIS OF RESULTS

Atotal of 35 aerospace engineering students agreed to respond to
the survey, distributed as 86% male, 11% female, 3% other, which
is in line with the major composition. Responses represented
all levels in the major, with 17% freshman, 6% sophomore, 34%
junior, 26% senior and 17% graduate student respondents. The
majority of the students (63%) took 4 or more classes in Spring
2020; 74% of the respondents have a GPA higher than 3.0/4.0.

The ethnicity of the respondents is divided as 26% Asian-
American, 14% Hispanic or Latinx, 37% White, 6% international
students, 17% other ethnicity, thus representing a good mix of
ethnical background. In addition, 31% of the respondents are first
generation students.

A Changes in living conditions

Students have been affected by changes in their living condition,
and 21% of the students reported difficulties due to these
changes. Many of the respondents worked part-time and full-time
outside the university or in campus before the pandemic (69%).
Among the students that were working before the pandemic, 52%
either lost their position or had their hours cut due to COVID-19
closures. This job loss affects mostly upper division students,
with 33% of junior, 44% of seniors and 66% of graduate students
that experienced cut of hours or loss of position. It also affects
students from different backgrounds unequally: of the students
that were working before the pandemic, all of the Hispanic or
Latinx respondents lost their job/had their hours cut, 80% of the
Asian-American students, while only 44% White students found
themselves facing the same challenges. No international students
experienced job loss.

About 12% of the students “always” need to care for children or
elderly during shelter in place, and 15% “sometimes”. This need
fell mostly on the shoulders of Hispanic-Latinx students (40% -
“always” and “sometimes” responses combined) and International
Students (50% - “always”), while 22% of Asian- American students
("always” and “sometimes” responses combined) and 8% of White
students (“sometimes”). Female students also reported to have
responsibilities in the family, with 33% of the female students that
need to “always” care for family members, versus 10% of male
students that “always” have to care for dependents, and 17%
“sometimes”.
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Health care access has also changed due to COVID-19: 42% of
the students report their ability to access health care “worse
than before”, and the remainder 58% reported as “same as
before”. This decrease in health access affected male students
only, and affected 25% of students identifying themselves as
Asian-American, 60% of Hispanic, 30% of White students, 67%
of students from two or more ethnicities, 50% of International
students.

Many students (42%) reported a decrease in their expenses due
to the coronavirus outbreak, but 55% of the students experienced
a decrease in their income as well. The loss of income especially
affected Hispanic-Latinx students, with 80% reporting a loss
of income, see Figure 1. Some students reported a decrease in
financial aid (8%), with Hispanic-Latinx and International students
mostly affected by the change, as well as an increase in debt
(27%). Selected free-form responses highlight stories behind the
financial challenges exacerbated by the COVID-19 outbreak:

Student 1: “Family income is from a family owned small business,
zero-very little business due to shelter in place closure and
COVID-19. Personally lost my position at my place of work for the
foreseeable future. Currently threatened by landlord with eviction
with no understanding on their part about not being able to pay
rent properly, but others have it the same or much worse.”

Student 2: “My father is a high risk to covid so | decided not to
g0 home after the spring semester ended. | am paying rent, car
insurance, phone bills, groceries, you name it, all while trying to
save up money for higher living expenses in the fall.”

Student 3: “Before the government stimulus check and
unemployment checks, it was very hard in mid-March to Early
April to have enough to eat or travel due to financial constraints.”

B. Socialization and psychological wellbeing

Students report a deterioration in their overall mental health.
To the question: “Relative to your life before and after COVID 19,
how would you rank your current overall psychological wellbeing,
including feelings of anxiety and/or depression”, 19% of the
students responded that they feel "Much worse than before”
and 50% “Worse than before”. Hispanic-Latinx students’ mental
health was hit the hardest, with 100% reporting “Much worse
than before” or “Worse than before”, 91% of White students, 50%
International Students, 37% Asian- American, 33% Two or more
ethnicities. As a consequence, 28% of the students reported to
have experienced a little or no stress 28%, a moderate amount of
stress 47%, a great deal 25%.

Financial challenges

50

40

19

0 I I
; N |

. |

Aslan- American Twa or mare

ethnicities

Intetnational
student

Hizpanie Lating White Other athnicity

B Decroased Expenses [A] @ Loss of income [%] @ Reduction in financal axd %] Bincrease indebt [X)

FIGURE 1 Percentage of students affected by financial challenges in percentage
for different ethnicities
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FIGURE 2 Overall psychological wellbeing as a result of COVID-19

Only upper division students (junior, senior, graduate) reported a
“great deal” of stress.

Students’ well-being has been greatly affected by the lack of
socialization during shelter in place restrictions: 85% of the
students report a “much worse” or “worse than before” ability to
socialize with fellow students, and 78% with their friends. Most of
the students feel less connected to their peers (85%).

As the survey asked students to reflect on the statement “I have
an online learning community”, 50% express a negative response,
with 12% “strongly disagree”, 25% “disagree” and 13% “somewhat
disagree”, and 9% “neither agree nor disagree”. Please reflect on
the following aspects regarding your learning experience during
the online transition

Selected free-form responses highlight stories behind the
worsening of students’ well-being as well as loss of social life due
to COVID-19:

Student 1: “One of my parents might lose their jobs in the future.
This has caused a lot of stress as it would cause me to lose access
to health care.”

Student 2: “Lack of regularly available gyms has put a lot of stress
on me”

Student 3:“| have anxiety which flares when | am at the store getting
groceries or other essentials and | hear someone cough, or when
people are standing close to me. This had effected my interaction
with people which resulted in me going out less and less.”

Student 4: “Mental health and physical health is definitely the
issue. There is no motivation to do anything especially school
work. [..] Humans are social animals and not being able to see
your friends for an extended period of time really messes with
your mental state. To top it all off, since you're home all day, you're
not really moving much unless you make an effort to do so.”

Student 5: “l got depressed living at home and it greatly impacted
my grades”

Student 6: “The stress of remaining isolated at home is wearing
my mental health to a very unhealthy state.”

C Access to technology
Access to technology represented a challenge for many

students. Most of the students (97%) had access to a computer,
laptop or tablet, and 84% had always access to internet for doing
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online classwork. The remaining 16% of the students defined
their ability to access the internet as “sometimes”. Hispanic-
Latinx students are mostly affected by this occasional internet
access, with 60% of them having access “sometimes”. More
students reported a lack of physical space for studying and
doing assignments: 9% of the students did not have an available
space, and 25% only “sometimes”. Hispanic-Latinx students
are more affected by the lack of physical space, with only 20%
of them reporting consistent availability of a space to study. It
also affected upper division students more than freshman and
sophomore students.

Students also reported a lack of library resources (19%
reported a consistent lack, and 25% an occasional lack of library
resources), of scanners (25% reported a consistent lack, and
12% an occasional lack of scanners), of webcams (16% reported
a consistent lack, and 16% an occasional lack of webcams) and
printers (22% reported a consistent lack, and 17% an occasional
lack of printers). As a consequence, only 26% of the students
reported that they “never” worry about accessing and using the
technology required for their online classes.

Selected free-form responses highlight the technological needs
of the students during COVID-19:

Student 1: “Scanner and Printer would help immensely when
submitting assignments.”

Student 2: ‘| needed a printer.”

D. Overall perception

Given the unexpected changes in course instruction after the
spread of COVID 19, many students often you worry about their
ability to do well in their classes (73% worry at least “about half
the time to do internships and field studies (73% worry at least
“about half the time”").

Students worry about their ability to do well in their classes
in Spring 2020: overall, 77% of the students in aerospace
engineering worry at least “half of the times: 100% of Hispanic-
Latinx and International students worry at least “half of the
times”, 67% of Asian-American and 60% of White students.

As a consequence, more than half of the students (52%) worry
about their ability to progress to obtaining an undergraduate
degree at least “about half the time” 66% Hispanic-Latinx
students worry “about half the time”, 43% of the Asian-American
students, and 40% of the White students. Only 8% of the
students report that they never worry about their degree as a
result of COVID-19.

IV. DISCUSSION

Students well-being has deteriorated due to COVID-19, due to
changes in their financial situation, ability to work and access
health care and in their social connections. The overall results of
this survey are in line with the initial results presented in Daniels
et al. [8], as can be seen in Table 1. However, students in the
author's department experienced a more widespread loss of
income. However, these results differ largely when Hispanic-
Latinx students are considered: 100% of these students
experienced a deterioration in psychological well-being, a loss
of income and a negative feeling about being able to pursue
their long-term goals.
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TABLE 2 Comparison of results between current survey and Reference
(8]

Source
Factor Overall H|sp‘?n|c- Reference
student Latinx [8]
respondents students
Psychological well-
being: “worse” or 85% 100% 79%
“much worse”
Loss of income 55% 100% 30%
Access to
healthcare: 42% 60% 40%
worse” or “much
worse”
Ability to pursue
long term/
academic goals: 45% 100% 78%
“worse” or "much
worse”
Worry about
ability to obtain 550 66% N/A
degree at least
half of the times

Itis also important to compare how the analyzed non- academic
factors related to students' retention and performance before
the pandemic. Half of the respondents to the survey declare
that they are worried about their ability to obtain their degree
at least half of the times, and they worry about their ability to
pursue their academic goals. Both these statements can be
summarized as lack of academic self-confidence and academic
goals, which have been shown to be strongly correlated to
students’ retention and performance by Lotkowski et al.
[7]. Many students in their answers describe a lack of social
involvement and financial support, which has also shown to
have an effect on students’ retention and performance [7].

V. CONCLUSION

Students have been strongly affected by the pandemic,
and non-academic factors such as challenges in their living
conditions and financial status, and access to technology. In
particular, students belonging to vulnerable groups such as
Hispanic-Latinx have been deeply affected by the COVID-19
outbreak, resulting in an increase of existing equity gaps in
their education.

Itisyetto see how these students will progress in their academic
career, and whether the anxiety of this new reality will have
long term effects. As the coronavirus pandemic progresses,
and online instruction and social limitations become the new
norm in most of the United States, universities are defining
new strategies to support their students during these difficult
times. It will be possible to understand whether the difficulties
of Spring 2020 will progress into the following semesters and
affect the academic progress of our students indefinitely only in
the months and years to come.
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Abstract—While the automatic generation of test problems
has been considered in the past, the importance of also gen-
erating solutions is largely unconsidered. Additionally, current
approaches to automatically generating test problems are nor-
mally limited to multiple-choice questions (MCQs) and often only
consider language-based problems. The generation of problems
and solutions that are based on graphical processes is explored
in an attempt to address these limitations. Rapidly generating
questions and their solutions helps educators set better
questions by allowing more iterations than manual processes,
and allows students to be provided with worked examples.
These and other considerations are illustrated by considering a
number of examples, and suitable software tools are suggested.

Keywords—Automatic —question generation, automatic — solution
generation, engineering education, education technology.

I INTRODUCTION

Setting test papers is a notoriously difficult, time-consuming task,
with chapters on assessment in books on teaching having titles like
“The Challenge of Assessment” [1] and “Walking the Assessment
Tightrope” [2]. This challenge arises from the many conflicting
requirements placed on tests, including time limits, adequate
coverage of course material, relevant difficulty level, testing a range
of skills, etc.

As a result of the tremendous burden that setting tests places
on educators, systems capable of automatically generating test
and examination question papers have been developed since at
least 1990 [3]. Generating suitable test papers from a database
of existing problem is a complex problem [4] and such systems
are tremendously useful. However, they suffer from the fact that
questions will inevitably be reused over time.

As noted by a number of researchers, the way students study is
strongly influenced by the way they are examined [2], [5]. It is thus
likely that students will focus their efforts on studying the solutions
to questions that were posed in previous database-derived tests
rather than on understanding the underlying concepts. Given that
research has found that tests set by faculty tend to emphasise
recall too strongly [5], the additional reliance on databases is likely
to exacerbate this over-emphasis of recall in tests.

As a result, there is currently interest in the automatic generation
of test questions with a recent review paper having over 160
references and noting a significant increase in the number of such
papers in the last decade [6]. However, the vast majority of the
approaches considered deal with lan- guage questions, possibly
as a result of the tremendous recent strides in natural language
processing (NLP). Additionally, most work on automatic question
generation has focused on multiple-choice questions (MCQs) and
fill-in-the-blank questions, though with some notable exceptions

(e.g [7] 18]
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While systems that automatically generate test questions
normally also produce answers as well, the intention of these
answers is to enable automatic marking. However, feedback
to students is so important that it has been referred to as
the "lifeblood of learning” [1], [2]. So as important as setting
test papers and questions is, providing solutions that explain
how the answers are obtained is arguably more important.
However, this aspect of setting tests does not appear to have
been adequately investigated.

The automatic generation of test questions and their so-
lutions for engineering courses is considered below. Unlike
the majority of similar work, the questions considered are
not based on MCQs and language, but rather on algorithms
that require diagrams both for the problem description and
solution. Such problems tend to be unusually time-consuming
to set because the full solution is required to determine
the suitability of a problem. As a result there is a strong
temptation to reuse problems from previous tests with the
associated negative effects noted above, or to be satisfied
with a problem that is not ideal. The ability to rapidly generate
and evaluate a large number of problems overcomes both
of these difficulties. The exposition will start by considering
some software tools that can be used to generate questions,
and more importantly, their solutions, along with the types of
question most suitable for this approach. The discussion will
then move to a consid- eration of a number of examples to
show how the automatic generation of problems and their
solutions can assist educators and students, followed by a
brief conclusion.

1. TOOLS

The issue of tools suitable for developing test questions and
answers is considered below in two parts, the tools to generate
the question and solution, and the tools to create the required
text and graphics in documents.

A Question and Solution Generation

The selection of software tools depends strongly on the type
of problem being considered. Additionally, it is necessary that
the tool used be capable of generating high-quality documents,
which may require suitable libraries.

Examples of tools that could be considered for generating
test questions and solutions are R, which has been specif-
ically developed for statistics, GNU Octave or Maxima for
mathematical problems, and C/C++ or Java for programming
problems. While specialised tools are normally preferable, the
use of a general-purpose tool may be preferred if a single stan-
dardis to be adopted throughout an organisation, for example.
Python [9] is a good choice under these circumstances as it is
a general-purpose programming language that has libraries
supporting a wide range of specialised requirements.
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FIGURE 1 An A* search example with (a) the map and (b) the resulting search
tree. The nodes are denoted by letters with the search starting at node A and
seeking to reach node Z. The distances between nodes are provided between
the relevant nodes in (a), with estimated distances to the goal node being
provided in brackets after the node labels. The numbers above each node in
(b) indicate the order in which nodes are expanded, the numbers on the left
and right provide the distance to the node and the estimated total distance
to the goal, respectively. The number below a crossed-out node indicates the
step (number above a node) when that node was pruned.

The tool used will significantly influence the type of prob- lem that
can be considered. For example, some mathematical tools can
process symbolic equations (e.g. Maxima), while others perform
numerical computations (e.g. GNU Octave). More importantly,
the tools noted above are most suitable for implementing
algorithms. This constrains the types of problem that can be
considered to those where algorithms are applied. However,
this limitation is primarily a result of the tools considered here,
so it is likely that other tools will be capable of addressing more
complex problems. Despite this limitation, the application of an
algorithm to a problem requires a higher level of cognition than
merely recalling the algorithm steps.

Another important consideration is that it is necessary to
generate high-quality documents. This can be achieved by using
libraries to interface with specific tools, but at the very least,
the tool should be capable of processing text files. Fortunately,
most tools that are relevant here can process text files, so this is
unlikely to be a significant issue.
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FIGURE 2 The (a) generated and (b) edited state-transition diagram for the
trellis

B. Text, Mathematics, and Graphics Generation
Asnotedabove, libraries existto generatedocumentsinarange
of software systems ranging from word processors diagrams in
Figure 3. The bits corresponding to each state are shown
inside the circles, and the data bit and the bits that are
transmitted are shown on the arrows indicating transitions
between states.

to learning-management systems (LMSs). However, such li-
braries may only be available for certain tools, and the inability
to use certain tools can restrict the types of problem that can
be considered. The approach proposed here is thus based on
tools that use text files as input because of the ubiquity text-
file support in software tools.

The LATEX document-preparation tool takes text files as input
and produces high-quality documents in a range of formats
including PDF [10]. For example, this entire document was
generated using LATEX to produce a PDF file. The fact
that LATEX was developed with technical documents in mind
means that it has excellent support for mathematics and
technical diagrams. Useful LATEX libraries include TikZ for
drawings [11], and fforest for trees [12]. However, it is worth
noting that a variety of other software tools are also based on
text files, including the widely-used SVG image format.
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FIGURE 3 The Viterbi decoder trellis obtaining using the state-transition diagram in Figure 2 for received bit streams (a) 070 000 000 100 and (b) 070 070 000 100
that differ by one bit. The retained and pruned paths are indicated by solid and dashed lines, respectively. The correct path through the trellis is indicated by nodes

with grey backgrounds, and the path selected by the Viterbi a

Igorithm is highlighted by thicker lines. The number in each node is the total errors of the best path to

that node, and each transition is labelled by the number of errors above the data and transmitted bits corresponding to that transmission. The states are indicated
on the far left of the diagram, and the top line indicates the actual states in the circles, the bits that were received and the errors for that transition on the top line of a

transition, above the data and transmitted bits on the line below.

Il EXAMPLES

Examples that are similar to questions the author has used in
third-year engineering courses are provided to illustrate the
concepts outlined above. The examples will inevitably reflect
the courses the author teaches in artificial intelligence (Al)
and telecommunications, but it is believed that the principles
illustrated are generally relevant.

The examples that will be considered are briefly summarised below
along with a brief indication of their significance.

Figure 1 shows a question that requires use of the A*
search algorithm. This is an important algorithm that is able
to efficiently solve mapping problems where an estimate of
the distance to the goal exists.

Figure 3 shows the application of a Viterbi decoder to
the received data bits 010 000 000 100 when using the
convolutional encoder described by the state-transition
diagram in Figure 2. This type of question deals with how
error-correction using convolutional codes works.
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Figure 4 shows a game tree where the score of a number
of potential game states has been evaluated, and
Figure 5 shows how an alpha-beta search reduces the
number of game states that need to be considered to
determine the best move. Figure 6 provides an extract
from the text description of how Figure 5 was obtained. The
alpha-beta search is significant in game-playing algorithms.

The most important aspect of the examples is that the generation
of solutions that clearly outline how the problems are solved is
automated along with question generation. Apart from allowing
the rapid evaluation of questions noted above, this also means that
students can be provided with solutions that enable them to gain
insight into how the problem is solved. Additionally, the fact that the
full solutions are available at the same time as the question itself
means that solutions can be provided to students immediately on
completion of the test. This immediacy can increase the value of
feedback [2] because the problem and the way it was solved during
a test are still fresh in the students' memories.
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FIGURE 4 The tree for an alpha-beta search problem.

A significant observation about the examples provided is
that the solutions are far more complicated and extensive
than the problems themselves, and this characteristic is
true of many problems. One of the consequences of this
solution complexity is that the number of sample problems,
and especially, worked examples provided by textbooks
and other sources is quite limited due to the time required
to generate them. Using an automated tool allows a far
larger number of carefully-crafted worked examples to
be provided to students. Additionally, the questions from
previous tests and their solutions can also be provided as
worked examples leading to an ever-expanding library of
sample problems.
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FIGURE 5 The resulting alpha-beta search tree for the game tree shown in Figure 4. Considered and pruned nodes have solid and dashed lines, respectively,
with the selected move behind highlighted with thicker lines. The node labels are the numbers inside the triangles and below the squares. The letters “S,” “V,” “a,”
and “B” in the tables show the step numbers, values, and the alpha and beta values for each node as the search progresses.

An extract from the text description of how the alpha-beta search
tree in Figure 5 was obtained is provided in Figure 6. As can be
seen, the description is repetitive and extremely long, but it does
contain information that is not provided in Figure 5. That said, the
question of whether text descriptions are required in addition to
diagrams would benefit from further study as students have not
requested such descriptions for any of the algorithms for which
the author has not provided them.

Another important consideration is that all the examples have
clear diagrams, which is an important consideration as any lack of
clarity or ambiguity can lead to unnecessary difficulty for students
taking a test [13]. This was achieved by using relatively thick lines
to ensure that they are correctly reproduced when copied and
on low-resolution screens. Fur- thermore, the diagrams are
made large to allow bigger fonts to be used and clear separation
between the various elements to be achieved. Finally, labels
are positioned so that there is no ambiguity about which part
of a diagram they are associated with. Automatically generating
these diagrams means that there is consistency in aspects such
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as these, thereby avoiding the inevitable changes that will occur
when such diagrams are manually generated over an extended
period.

As noted previously, the solutions to the problems consid- ered
here change dramatically with even small changes to the questions.
For example, Figure 3(b) shows the effect of changing a single bit
of the received data to be 010 010 000 100 instead of 010 000
000 100 as in Figure 3(a). The majority of error values (the values
in the circles) and which paths between nodes are retained (the
solid lines) change, to the point that the selected solution (the thick
lines) differs from the transmitted data (the filled circles). The ability
to generate new solutions without having to manually determine
solutions such as those in Figure 3 thus allows the evaluation of
a number of different questions until the appropriate balance
between difficulty, coverage, time required, and other factors is
achieved.

The following examples of issues that were specifically considered
when developing the examples are provided:
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The A* search in Figure 1(b) has the goal node Z twice with it
only being selected the second time it appears. Additionally,
node o appears in the search tree in Figure 1(b) even though
itis clear from the map in Figure 1(a) that node o will not be
part of the solution.

The best path in the Viterbi trellis diagram in Figure 3(a) only
has the lowest total errors on the final step to test whether
students understand that only the final total error should be
considered.

The alpha-beta search tree in Figure 5 prunes both at the
lowest level in steps 7 and 17, and the level above this in
step 22. While nodes 18 and 27 at the lowest level of the
alpha-beta search tree in Figure 5 are pruned, node 24 is not
pruned to show that not all lower-level nodes are pruned.

Expand node 1 (Max)
1. Consider child 1 of node 1 (node 2)
11. Consider child 2 of node 1 (node 3)

18. Consider child 3 of node 1 (node 4)
Expand node 4 (Min)
Initial value:=
Initial a: 7
Initial B: ==
19. Considerchild 1 of node 4 (node 11)
Expand node 11 (Max)
Initial value:—e=
Initial a: 7
Initial B: o=
20. Consider child 1 of node 11 (node 32)
Child value is 6
Update node value to 6(6 > —==)
aisunchanged at7 (6 < 7)
21. Consider child 2 of node 11 (node 33)
Child value is 5
Node is unchanged at6 (5 < 6)
Child valueis 6
Update node value to 6(6 < o)
Update Bto 6 (6 < o)
22. a =f (7 = 6),s0 prune
Child value is 6
Nodeisunchanged at? (6= 7)
The bestmove has a value of 7, which is found from the
final value of the root node. The best move is found by
traversing down the tree and selecting the first node which
has a final value equal to that of its parent at each step.

FIGURE 6 An extract from the text description of how the alpha-beta

search tree in Figure 5 is obtained from the game tree in Figure 4. The node
numbers correspond to those in Figure 5, and the step numbers correspond
to the values labelled “S” in the tables in Figure 5.

Finally, pruning is performed when alpha and beta are equal in step 7
in Figure 5 to illustrate that pruning should take place in such cases.

In each case, these characteristics of the question are necessary
to determine whether students have correctly understood the
relevant material. In fact, many of these considerations are mo-
tivated by the author’'s experience of issues students struggle with,
thereby ensuring that these issues are both evaluated in tests and
illustrated in examples provided.

The discussion above is solely from the perspective of an educator,
so the question naturally arises of what the students’ perspective on
automatically-generated questions and solutions is. This question
has not yet been investigated, so no conclusions can be provided at
this time. However, the author has noted an ever-increasing number
of students using the same notation as that in the automatically-
generated solutions when completing tests. This notation differs
from that used in other sources (as more information is provided
here), so students would not have learnt this notation somewhere
else. This use of this unique notation is thus believed to suggest that
students are making use of the automatically-generated questions
and solutions provided to them.
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As a final observation, it is noted that the tools the author
developed and used to generate these examples still have room for
improvement. For example, the tool could be adapted to ensure
that the desired problem characteristics are present in all solutions
generated, as the process presently entails a significant manual
component. Additionally, the formatting sometimes requires some
fine-tuning before suitably clear diagrams are obtained, with Figure
2(a) showing the initially- generated form of Figure 2(b). Similarly,
a number of the arrow labels in Figure 3 needed to be moved to
avoid overlap. Fortu- nately, the nature of LATEX and its libraries
means that these changes were normally as simple as changing
the instruction “bend right” to “bend left” or “pos=0.5" to “pos=0.3,"
for example.

Iv. CONCLUSION

The automatic generation of test questions is by no means a new
concept, but the emphasis of previous work has been on reducing
educator workload. However, the feedback provided on tests can
play a vital role in education, and the quality of many questions
can only be fully evaluated on the basis of the full solution. This
suggests that the solutions to automatically- generated questions
are at least as important as the questions themselves.

The use of software tools to generate both questions and
their solutions, and to render these as high-quality documents
was considered. This approach ensures that the formatting of
questions and solutions is of a consistently high quality, allowing
these to be provided to students. The ability to rapidly produce
and modify questions allows an educator to ensure that the
question adequately addresses the many conflicting requirements
of tests. Finally, the ability to automatically generate questions and
solutions is beneficial in providing students with worked examples
for problem types where such examples are rare due to the effort
required to set them and their solutions up.
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Abstract—This study explores the influence of assessment
on student approaches to learning through the voice of the
student. Focus groups were conducted with four groups
of students with varying academic performance in their
second, third and fourth year of their engineering studies.
The study reveals the importance of constructive alignment
in assessment design. Specific findings relate to tutorials,
assignments and group work.
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l. INTRODUCTION

Constraints in higher education like increasing student numbers
and decreasing teaching capacity can result in compromises in
pedagogical alignment that can negatively affect student learning
and drive assessment practices away from a learning-oriented
paradigm [1].

As more students fail, the impact of capacity constraints
becomes more significant, and assessment practices can move
in a direction that does not enhance learning and leads to a
deterioration of student performance over time [1]. A thorough
understanding of the role of assessment in learning is required
to break this vicious cycle and improve assessment practices
and the quality of students’ approaches to learning. This study
is motivated by this need and is therefore an exploratory study
that aims to gain broad insights, through the voice of the student,
into an engineering school's assessment practices and how these
shape student learning. As a result, the research question for this
study is: What are students’ current learning practices and how
are these shaped by assessment practices in the School?

Il LITERATURE

This section introduces literature that informed the theoretical
framing of this study. The study adopts a theoretical lens based
on assessment for learning [2] and learning-oriented assessment
[3] paradigms. Traditional thinking claims that formative and
summative assessment are quite distinct, implying that formative
assessment supports student learning (assessment for or as
learning) and summative assessment does not (assessment
of learning). However, it has been argued that in some cases
formative and summative assessment can be indistinguishable
[2] and that informal tasks (traditionally seen as formative) can
be summated to provide input into final (summative) results and
that results from a summative assessment task can be formative
by providing feedback on learning [4]. This perspective shakes up
the traditional view implying that both summative and formative
assessments can be used of and for learning. Assessment
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thinking has therefore evolved and considers perspectives that
view assessment more holistically, focusing on the influence
that assessment can have on student learning. As a result,
assessment literature is becoming more learning-oriented [3],
focusing on assessment tasks that encourage high levels of
cognitive engagement over an extended period, stimulating
deeper approaches to learning [3]. There is also an emphasis
on the need for strong constructive alignment [5] between
learning outcomes, teaching and learning activities and
assessment tasks. Learning-oriented assessment also shifts
agency towards the student, moving from a lecture-driven
learning environment to one where the students themselves
play an active role and take responsibility for their own learning
[6]. Often, students are more focused on the time they need
to allocate to assessment tasks [7] and are preoccupied with
marks and passing an assessment over learning [8]. It is
these types of challenges that student or learning-oriented
assessment needs to address so that assessment practices
not only encourage student engagement and learning but
more importantly that they do not drive approaches that do
not lead to learning.

1. RESEARCH METHODOLOGY

A Study Context

This study takes place at an engineering school (The School)
in a South African university. Most courses in the degree use
a traditional, lecture-centred format and in-class activities
are limited due to the large class sizes which can exceed 250
students. Some courses also use formal, scheduled tutorial
sessions where students work through problems, individually or
in smaller groups with assistance provided by tutors. Attendance
at lectures and tutorial sessions is not compulsory although
students are sometimes ‘encouraged to attend tutorials
through the use of spot tests. Practical laboratories take place in
dedicated courses. Assignments (or projects), tests and exams
are the primary means of assessing student performance.
Exams typically contribute 50-70% towards a course mark, tests
20-30% and assignments up to 20% except in design and lab
courses where these can contribute significantly to the course
mark.
B. Research approach

The study presented in this paper forms part of a larger
triangulated case study that also made use of student surveys
[9] and lecturer interviews [10]. This study focuses and reports
on student focus groups that were conducted to gain a richer
picture of student experiences and their response to the
assessment environment in the School.
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C Method

A question guide, consisting of 13 questions, centred the discussion
around the issues that emerged from literature, the student
surveys and the lecturer interviews conducted previously [9,10].
Questions encouraged students to reflect on both their own feelings
and, where necessary, comment on what other students might
experience or do [11]. The questions probed a number of issues
including: students’ overall approach to their studies in respect
to different assessment tasks; how they know what is expected
from them in assessments; an example of a situation where they
were disappointed by an assessment and how they reflected on
this experience; forms of received feedback and their response to
feedback. The focus group ended with questions that aimed to elicit
a degree of self-reflection in students, questioning whether they
believed that assessments supported their learning and requiring
them to make recommendations of how they, and the School, could
change practices to facilitate and support improved learning. For
selected questions, students were asked to reflect individually by
writing their thoughts down before the group discussion. This eased
students into a reflective mood using “writing as thinking” [12] and
allowed students to formulate their thoughts before being influenced
by others. The focus groups were facilitated by a researcher and
observed by a research assistant. Notes were taken by both and
the sessions were recorded and later transcribed. After each focus
group, a reflective essay was written by the researcher, to capture
observations, the mood, social interaction and initial thoughts [11].

D. Data Collection and Sampling

The focus groups sampled all students in the School from the
second, third and final years of study where failure rates are still
high even though students have already passed their first year of
study. This suggests that the transition from school to university
is not the core reason for the lack of student success and that
interventions and support in the first year are not necessarily long-
term or create sustainable changes in students which extend into
their higher years. The study is also not focused on any particular
course or module as it is believed that student experiences and
associated responses to assessment manifest at a holistic level.
Four separate groups of students were chosen for the focus
groups using maximum variation sampling [13]-ahigh-performing
group, a low-performing group, a mid-performing group and
a group of students categorised as turnaround students. The
turnaround students were students who performed exceptionally
poorly in one year followed by a year when they performed
particularly well. The reason for choosing the groups in this way
was twofold. Firstly, due to the wide performance range in the
original data set, it was anticipated that some students might not
be comfortable speaking out in a group where their performance
was significantly different to others in the group. Secondly, it was
hoped that further insight could be gathered on how students
experience assessment differently. This could prove useful in
understanding the relationship between different approaches,
experiences and assessment performance. To categorise
students, academic records were obtained, and all students were
ranked based on the total number of subjects that they had failed
in their second year of study (results were extracted as of July
2018). The population of students, therefore, included second,
third and fourth-year students although the number of subjects
failed by these students corresponded to every student's second
year of study. Emails were then sent to students from all groups
inviting them to be part of the focus group on a specified day.
The number of emails sent out was increased until 5-10 students
[11,14] consented to be part of each focus group.

1

A total of 22 students participated in the focus groups. Details
of the focus group participants are included in Table I. The
performance characteristics for the group (aggregate and
number of subjects failed) corresponds to their second year of
study. The current year of study is also shown for each group.
The high-performing group does not include any second-year
students since no current (2018) second-year student had
completed their second year when the data was collected.
For this group, high-performing students currently in their
second year of study were identified (based on the mid-year
results) and invited, but no students agreed to participate.
The turnaround students were chosen by analysing their
marks for two subsequent years of study. The characteristics
of the emailed students, the number of students emailed and
responses received are included in Table II.

TABLE | Participant details for the mid, high and low - performing groups

- PERFORMING STUDENTS HIGH MID LOW
No. of students mvited via email: 50 66 34
No. of students who participated: 5 7 7
% of invited students who agreed to participate 10% 11% 26%
No. of subject fails in second year: 0 2-3 8-12
Aggregate percentage in second year - Range: 80-90% 42-63% 37-54%
Aggregate percentage in second year - Average: 82.3% 53.5% 44.5%
Distribution of students per current year of study:
2nd year 0 2 4
3rd year 4 4 1
4th year 1 1 2
TABLE Il Participant details for the turnaround group
TURNAROUND STUDENTS
No. of students invited via email: 4
No. of students who participated: 3
Average No. of fails in second year - First attempt 7.7
Average aggregate in second year - First attempt 56%
Average No. of fails in second year - Second attempt 0.7
Average aggregate in second year - Second attempt 66.9%
Average number of distinctions (over 75%) - Second
attempt 2
Average rank in class - Second attempt Top 15 %

E. Data Analysis

The analysis incorporated both the individual voice and the
collective voice [15]. The voice of the individual within this research
enables the researcher to explore differences between students
as well as determine to what extent individuals can be summarised
as a collective voice [16]. The analysis, therefore, considered three
core aspects: the individual, the group and group interactions [17].

Each focus group was initially analysed individually by reading
through the transcript in conjunction with the notes and reflective
essay identifying emerging codes, key supporting quotes (or
evidence) and making personal notes where appropriate. This
provided a rich overview of the focus group, considering the
process, individual ideas and the group interactions. This process
was repeated for each focus group, comparing and adding
codes when required. The identified codes and evidence were
then captured into a case study database [18]. To organise
the data for analysis purposes, it was clustered into topical
categories [11]. Once data from all four focus groups had been
captured a comparative analysis was carried out across the
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four focus groups for each category capturing similarities and
differences. The identified codes under each category were
then summarised, compared and, where possible, reduced until
a final set of preliminary themes into which all codes could be
grouped was obtained. These themes were arranged in a mind
map to sequence the data and create relationships to facilitate the
process of discussing the data logically. To address the credibility
of findings, rich descriptions and evidence were used to support
claims and efforts were made to avoid being selective or distorting
data when presenting findings. Surprising or ‘outlying’ evidence
was investigated, and rival explanations were considered when
interpreting data by constantly referring to literature [13]. Peer
review was used at several key points to challenge interpretations
and raise further alternative views [11].

F. Introduction to the Findings

Reflecting on the process observations made during the focus
groups, it was noted that all participants contributed to the
discussions. While participants often agreed or reinforced the ideas
of others, there were situations where participants openly disagreed
with each other suggesting that participants felt free to participate
and did not feel pressured to have a particular opinion by either the
facilitators or fellow participants. It was easy to tell when there was
consensus around any participant's response, with laughter being
the most common way for students to indicate that they could relate
to and agree with what someone was saying. Other ways of telling
how the group was responding to any participant were through the
nodding of or shaking of heads. Many students were particularly
honest during the focus groups often sharing very personal and
emotional experiences.

Selected, emergent themes are presented in the following section.
Quotations are used to provide evidence referenced back to the
corresponding focus group as follows: FG1- mid- performing
students, FG2- high- performing students, FG3- low-performing
students and FG4- turnaround students.

Iv. FINDINGS

A Planning, prioritisation and studying for passing
Participants described how they approached their studies on a
week-by-week basis during the term. The dominant discussion
for all groups centred around the planning and prioritising of
work. The degree to which planning takes place and the time
horizon seems to be a significant difference between the groups,
reinforced by the turnaround students who indicated that one of
the critical shifts in their weekly studying routines was towards
a more planned approach. Participants elaborated that work
was typically prioritised based on the marks or course weighting
for the assessment task. Another factor that plays a role in the
prioritisation of work is the perceived “value” that tasks have for
students. It emerged from the interviews that students sometimes
struggle to connect the purpose of assignments with the purpose
of the tests and exams and due to prioritisation, they are hesitant
to spend time on work for an assignment if they do not feel that
they will “need” it in the exam. The following quotation reveals
several interesting ideas:

“Some courses are structured such that the assignments that they
give you are stuff that they cant test in a written test, and usually in
those particular situations the stuff that you do for the assignments
you won't need for the exam. ...those types of assignments usually
get sent to the back of my list because they're not part of the core

T2

material of the course and they won't help me with the test and the
exam. Whereas with some assignments, ...the assignment is linked
to what you're given in the test and linked to what you'll get in the
exams, so doing the assignment is actually helping you prepare for
the test and the exam as well. So | tend to like to focus on those.”
(FG3)

Students therefore appear to dedicate more time and effort to
assignments that are seen to support the learning process of
preparing for exams. Despite valuing assessment geared for
exams, participants also described how these assessments tend to
compromise understanding, resulting in a series of behaviours that
revolve around trying to replicate answers to problems without
an in-depth understanding. Students said that they dedicated
many hours to practising problems, rote learning approaches to
solve standard problem types that are likely to come up in tests or
exams rather than trying to gain a deeper understanding of core
material. These “practising” behaviours resonate with procedural
approaches to learning [19] where students have a clear intention
to merely reproduce knowledge and procedures [20].

“..and if you get hold of the answers, you just look at the common
thread throughout the answers, and then you try and formulate
your answers based on that.” (FG1)

“If | don’t understand something... | normally divert to just doing
problems then at least even if | don't understand it but if I'm given
an equation then | might be able to solve it.” (FG3)

These procedural approaches, across focus groups, spill over to
other facets of the teaching and learning process with participants
adopting more strategic approaches to learning, lectures and the
purpose of worked examples. Attention becomes more about
the method that needs to be replicated than the concept that
is illustrated in a particular application. This participant describes
the value of worked examples used in class:

“..because that’s where they actually show us like what method
we're supposed to use.” (FG2)

Atheme that emerged was the notion that students were studying
for passing rather than studying for learning. This was prevalent in
all groups, with the act of studying for passing approach selected
as a conscious tactic for the high and mid-performing students
and being used more as a survival tactic for the low-performing
students.

Participants start to shift their entire perspective of a deeper
approach to studying and learning. The focus becomes what needs
to be known to pass a particular assessment rather than a holistic
view that incorporates and synthesizes the skills and knowledge
needed to address problem-solving tasks in the profession.

Participants struggle with this shift as they compromise their
desire for meaningful engagement in order to ‘get through’ all the
material that they need to.

“In second year, | wanted to know, but | ended up knowing more
than I had to know. But | ended up being like confused as to what
| had to know.” (FG1)

“I remember talking to people who had been here, | remember
this guy. So he once told me that, whatever you need to know,
just know. But some of the things that you know you don't have
to understand. Just do it because you have to.... Okay, you don't
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know how this thing, why you solved it this way, dont go into
knowing why, just do it that way and get the answers.” (FG1)

Despite this shift in perspective towards a studying for passing
mindset, many participants acknowledged discomfort with
this approach suggesting that they would prefer to grasp the
material and build their understanding but feel constrained by
the environment in which they find themselves.

“I wouldn’t spend time on a subject that doesn’t have an exam
or an assignment over one where | need to pass. Ja, it's not who |
am but because of time and pressure, | sort of gravitate towards
and end up doing that just because | have to pass.” (FGT)

Furthermore, the general performance of students in
assessments School suggests that these approaches to
studying do not enable students to master concepts and do
well in tests and exams. A participant described this process
as follows:

preparing for a test, “..we did all the question papers they gave
us, we did all the question papers and then we were so confident
only to go to the test and it was so hectic. So it was really a
dramatic end...” (FG1)

B. Assignments, the real world and group work

Participants generally indicated a preference for extended

assignments as they are perceived to be less stressful as the

time available to work on them is longer. Participants explained
that as a result, they gained a better understanding of concepts.

“I think assignments are valuable because there’s usually like
a lot of time, or enough time allocated so...you have...well, I've
found that | have...it's easier for me to learn concepts and put
them into practice in an assignment as opposed to...in another
setting...because, | don't know, I feel like | learn better when I'm
not under pressure. So with assignments | feel like they just work
better for me because | have had enough time to read up on
stuff and, you know, and discuss things with my classmates.”
(FG3)

Participants also really value the practical work-based nature of
assignments that give them a better sense of relevance to the
real world and the engineering profession.

“I think they expose you and then like encourage you to also
be able to try to find out some things even those you are not
studying what they are... so | think it's exposure.” (FG3)

“I think assignments are better because they help you apply and
you get to see, okay, how does what we're learning apply to the
everyday world.” (FG2)

“You're getting more like practical approaches to whatever you're
being taught.” (FG4)

An aspect of assignments that students struggle with is group
work. Many assignments are group projects, and this has an
impact on how students view and are able to learn from these
assignments. Group assignments involve several individuals,
and as a result, this affects the control that students have
over time management and scheduling. This was raised by
participants as one of the features of group assignments that
they found most difficult to manage.
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“We had a lot of group assignments this year and time management
has been an issue always.” (FG3)

“I' think assignments are a bit tough because if it's a group project
then you can try and schedule it, but sometimes you don't stick to
it because there’s other people’s schedules.” (FG4)

More importantly, however, many participants expressed the view
that they struggle to work productively in groups. This was more
prevalent in the lower-performing groups who articulated that
although they see the development of these skills as essential,
that they battle with the learning process. There appears to be
a insufficient scaffolding to provide students with the necessary
skills and facilitate the process of working in teams.

“I think a valuable skill is learning how to work with people,
learning how to get information from people and | think that
in the university setting, you know, the best way to learn that is
through group work. And | think that is, in that sense, assignments
are really good in forcing...in giving the students that skill...for a
lot of students it's overwhelming....you don't know how to deal
with all these different kinds of personalities, and everything is just
happening all at once. So | think that it's something that should be
like introduced gradually from first year.” (FG3)

Some participants described negative experiences with group
work that also appears to affect their overall self- confidence and
motivation.

C Tutorials, marks and getting help

Participants’ experiences of tutorials are complex with some
groups indicating that tutorials are one of their most valued
assessment methods while other groups revealed that these are
their least favourite. Although there are students who said that
they would not attend tutorials if they did not count for marks,
introducing marks adds stress to the learning environment of
a tutorial and hinders the learning process of those who need
to and want to attend. Most participants suggested that tutorial
sessions are the most useful means of assessment as tutorial
sessions facilitate significant conversations between students and
lecturers or tutors.

“Some tutorials are more useful, when they are not for marks and
actually reinforce the material...and you can get help, it's like a
consultation because there is an opportunity if there is something
that you don't understand.” (FG1)

For participants who find it challenging to approach lecturers,
the tutorial environment seems to break down some of these
barriers, making it easier for students to approach lecturers with
questions.

“I haven't always been one to consult one-on-one with the lecturer
but I've found that in a tutorial environment it's very relaxed. It's
easier for me to ask questions from the tutors...even from the
lecturers, | don’t know why but it's just...l just feel like it's a lot less
intense. (FG3)

There are affordances in assigning marks for tutorials as it
breaks down the process for students who are not able to ask
for assistance or work through problems in smaller groups. There
are some participants, mainly from focus group three, the low-
performing group, who seem to lack the self- regulation to keep
up with work and the tutorial sessions become a form of “guided
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homework” that structures their studying and “forces” them to
keep up with the material.

“If tutorials are weighted then like you are forced to work, like to
always prepare for it. So staying up to date with the course content
it's easier that way.” (FG3)

Although it is important to ensure that students keep up to date,
it appears as if some participants become reliant on the “forced”
tutorial environments, and might struggle in higher years where
students are expected to exercise more independent learning
skills. There appears to be a lack of agency and the development of
lifelong learning skills in some participants. As a result, the tutorials
“for marks” in lower years reinforce this tendency especially since
there is no scaffolding that gradually diminishes support and
structure for enabling self-directed learning. independence.

V. CONCLUSIONS

The findings of this study on student perceptions of assessment
practices confirm that assessment plays a critical role in
determining the planning and prioritisation of study processes
and student learning strategies in this engineering context. The
intention of students when choosing learning strategies is strongly
influenced by their perceptions of the assessment environment
and can lead to the adoption of surface approaches to learning.
This, in turn, can undermine the development of lifelong and
sustainable learning skills [6]. Excessive workloads, increasingly
large undergraduate classes and inadequate teaching resources
in higher education can further amplify unproductive approaches
to learning. The authenticity and relevance of assessment tasks
also influence student engagement and motivation.

Participants in the study emphasised how they saw real value in
written assignments and preferred them to other assessment
methods because of their flexibility and potential to facilitate learning.
Participants also felt that assignments were more authenticand gave
them better access to developing skills needed for the real world.
There appears to be insufficient scaffolding for the development
of group skills needed for these assignments. It emerged from the
interviews that this could lead to experiences that affects the self-
confidence and motivation of many students, particularly those
who are already struggling. The issues around group work hinder
students’ ability to develop effective teamwork and communication
skills This has implications for the design of assignments, especially
if the development of group skills is a valuable competence that is
facilitated through learning - oriented methods of assessment [5].

Tutorials are one of the few formative assessment practices
that the School has established and have the potential to create
collaborative spaces that facilitate interaction between students
and lecturers [4]. Tutorial sessions are being used by students to
approach lecturers and obtain feedback as a result of reduced
barriers in these more informal settings. Forcing attendance at
tutorials by creating a testing-oriented environment destroys this
possibility and closes down alternative learning possibilities. Most
importantly, it removes one of the few learning spaces that assist
many students in the School, particularly those who struggle with
the pace and workload. Although tutorials are often seen as a very
useful formative assessment process, the current purpose and
structure of tutorials is not meeting diverse student needs and is
therefore not supporting learning consistently.

Although participants find themselves adopting studying-for-
passing behaviours, there is evidence that they have a strong
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desire to move towards practices that develop deeper levels of
understanding,.

This study shows that the selection and design of assessment
strategies and tasks has a significant impact on student learning
and that there needs to be constructive alignment [5] between
assessment, the curriculum and teaching design if a shift in
learning is to occur. This study provides valuable insights that can
be used to transform assessment practices and address the divide
between formative and summative assessments. The recognition
of student experiences of assessment through such studies will
provide a better structure for student access, engagement and
success in engineering and higher education contexts.
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Abstract—Under-preparedness of engineering students
to solve ill-defined problems in industry is a significant
shortfall in Higher Education (HE). The root cause of under-
preparedness is, ‘problems’ that need to be resolved in
workplace settings in the real world are notably different
to traditional textbook problems presented in class. Thus,
a transformation in pedagogical approach is needed in
HE as industry problems are often more complex and
are commonly poorly defined. Against this backdrop, a
redesigned assessment strategy in an Applied Statistics class
for final year students at a University of Technology (UoT)
presented an opportunity to re-think traditional assessment
methods.

An assessment strategy was designed as an intervention
which included a series of online self- and peer-assessments
(formative online assessments under guidance of the
lecturer) which culminated in development of a final industry
style report with a potential solution to the problem. The aim
of the teaching intervention was to promote metacognition
and thereby improve students’ problem-solving skills. Prior
to the commencement of this study, ethical clearance was
requested and obtained through institutional channels.

The results of this study demonstrate that the ‘assessment as
learning’ (AaL) teaching intervention enjoyed a certain degree
of success, as the findings were Aal facilitated metacognition
in students which is vital to solve ill-defined problems. This
research also confirmed the importance of feedback during
an AalL project and foregrounded the critical role of the
educator in an AaL project. It is proposed that this research
serves as a pilot study since the findings of this research
are capable of providing a foundation for an improved AalL
teaching intervention. The paper concludes with implications
and limitations of the study and recommendations for future
research.

Keywords—Assessment, Metacognition, Feedback, Graduate attributes
l. INTRODUCTION

‘Assessment as learning’ (Aal) is defined by Jones [1] and
Manitoba [2] as the use of ongoing self- and peer-assessment
by students in order to monitor their own learning. This process
is characterized by students reflecting on their own learning as
part of an assessment and making adjustments so that they
achieve deeper understanding. Aurah, Koloi- Keaikitse, Isaacs,
and Finch [3] refer to this as ‘metacognition’ and explain that that
metacognition is an important dimension of problem-solving. It
entails having an awareness of one’s own heuristic techniques
which is, thinking, monitoring and regulation of self-cognitive
processes. They assert that metacognition is a good predictor of
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problem solving ability. Underpinned by this, metacognition which
occurs during AalL is believed to be the fundamental exercise that
takes place in students, that equips and assists them during the
process of finding solutions to ill-defined problems, and thereby
makes them more valuable and sought after by industry.

Thus, this paper is aimed at evaluating the effectiveness of AaL
from a student perspective, and describes the pedagogical
context, methodological approach and the results of a teaching
intervention in an engineering department at a UoT where an Aal
strategy was used prepare engineering students to adequately
manage and solve ill-defined problems in industry.

Il THEORETICAL FRAMEWORK

The foregoing commentary draws attention to the concepts that
need to be defined in the context of this study. These concepts
are ‘ill-defined problems’, ‘metacognition during Aal’, ‘the impact
of feedback on Aal’ and ‘the educator’s role to facilitate Aal'. Thus,
a theoretical discussion on these concepts which are regarded as
influential, as well as important contextual variables to this study,
follows below.

A Ill-defined problems

It is commonly accepted that problems of the ‘real world" are ill-
defined [4], [5], [6][71[8] and the resolution of these problems
require skills that go beyond discipline specific (engineering) skills,
such as: identification and acquisition of contextual information,
recording of relevant information, dialog with problem owners
and team members in a problem- solving team, which may have to
be multidisciplinary, and the analysis of the problem constraints
and barriers. Moreover, Reisfield [4] argues that when comparing
the procedural steps of solving a well-defined text book type
engineering problem, to that of a poorly-defined problem such as
one would encounter in industry, a glaring omission is the checking
and verification of results in the former procedure. By implication,
if the initial solution devised is not suitable, this would signify the
start of additional problem-solving process. Significantly, he adds
that several iterations may be required.

Reisfield [4] and Pan, Strobel and Cardella [6] claim that due to
this, there is a shortfall in the training of engineering students
as consequently, they are only trained to solve only textbook
problems. In terms of pedagogy, it is not sufficient to rely on a
‘transmission of knowledge’ approach, which relies heavily on
regurgitation of facts and concepts and the solution of routine
problems or exercises. The authors advance that this type of
approach targets only lower-order cognitive skills, however ill-
defined problems have, among other things, conflicting goals,
various solutions, and different types of constraints that require
which require more specialized training.
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This is aligned with the view of Arifin, Zulkardi, Putri, Hartono and
Susanti [9] who reported five capabilities (attributes) which newly
graduated attributes must have in order for them to add value to
an employer. These are communication skills, the ability to reason,
organize, define and understand a problem, the ability to connect,
gather analyze and interpret data, the ability to document and
present results and the ability to be able to project-manage the
overall problem-solving process.

With specific reference to ‘teaching students how to resolve ill-
defined problems’, Mendonca et al. (2009) assert that educators
need to employ a combination of strategies that are different to
traditional teaching strategies to successfully achieve this. These
authors propose that students use a framework which includes
five sequential steps. These steps are ‘exploratory reading,
‘interpretation’, ‘information acquisition’, ‘analysis’ and ‘organization’.

Step one, ‘exploratory reading’ involves the comprehension of
language and the identification of specific terms that specify the
problem. During step one, information that is important and
relevant must be extracted. All ambiguities and contradictions
in the problems statement and background are identified and
information that is lacking is noted. Mendonca, de Oliveira,
Guerroro and Costa [7] explain that step two, ‘interpretation’
involves the contextualization of relations between relevant
information of the problem. In this step the client (problem
owner) must be identified and the client's needs clarified to be
able to solve the problem.

According to Mendonca, de Oliveira, Guerroro and Costa [7], step
three, ‘information acquisition’ consists primarily of observation,
an information search and dialog with the client. Step four,
‘analysis’ explores and attempts to delineate the constraints and
boundaries of the problem. This includes the investigation of
possible errors that may occur and, in this step, inferences are
also made. Finally, in step five, which is referred to as ‘organization’,
information is organized and registered and the problem
statement is updated to clarify the client's needs. Although
more commonly used in the information technology discipline,
Mendonca, de Oliveira, Guerroro and Costa [7] opine that the use
of this framework can assist students in any discipline, by enabling
them to systematically recognize ambiguities and thereby clarify
an ill-defined problem rather than make assumptions. This
approach encourages students to explicitly ask questions about
ambiguous issues, critically reflect and work together as a team
when used by a group.

The above-mentioned steps is consistent with an assertion by
Reisfield [4] who eleven year later proposed similar steps for
solving poorly-defined problems, which are ‘define the problem,
list the possible solutions’, ‘evaluate and rank the possible
solutions’, 'develop a detailed plan for the most attractive
solution(s), re-evaluate the plan to check desirability’, ‘implement
the plan’and importantly, ‘check the results'.

Significantly, Cardella and Tolbert [10] and Aurah, Koloi- Keaikitse,
Isaacs, and Finch [3] advance that ‘reflection’ is the key to the
holistic professional development of students. They advocate
the use of several reflective stages in student academic projects
to teach students to solve problems. Aurah, Koloi-Keaikitse,
Isaacs, and Finch [3] specifically concluded that “students with
high metacognitive ability are good at solving problems”. This
foregrounds the importance of developing teaching strategies
which facilitate metacognition to adequately prepare students to
solve ill-defined problems.
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B. Metacognition during ‘assessment as learning’

When assessment is designed with purpose (such as the above-
mentioned) in mind, learning for all students can improve [2].
Engineering educators have traditionally relied on assessment
that compares students with more successful peers as a means
to motivate students to learn. This traditional approach has
been described by Jones [1] as ‘assessment of learning(Aol),
where students are only summatively assessed after content
has been covered in class. Recent studies suggest however that
students will likely be motivated and confident learners when
they experience progress and achievement during Aal, rather
than the failure and defeat associated with being compared to
more successful peers in AoL. For this reason, an AalL project
(rather than Aol) may be designed to promote critical thinking
and learning in engineering students during an iterative formative
project process. As opposed to Aol, Aal helps students to take
more responsibility for their own learning and monitoring future
directions as depicted in Figure 1.

L 5
Assess
‘What is the task?
14 \ What do I already know?

\. J/

' I

Evaluate
Self-assess What do I need to learn?
How did I meet What skills can T use and develop?
the ) \_ J
goal/expectation? - ~
‘What should T Plan
adju?j[ f(n;next How will I approach the problem?
e How do I manage my resources?
AN J/
4 N
Monitor
What is working?
‘What 1s not working? v
AN vy

FIGURE 1 Self-regulated learning cycle [11]

Siegesmund [11] asserts that metacognition is an integral part
of self-assessment. Self-assessment is a reflective process where
students use criteria to critically evaluate their performance and
determine how to improve. The author proposes a selection
of assessment strategies that may be used to facilitate this
in students, and while she does not mention specifically peer
assessment, a review of her research indicates that both self- and
peer-assessment may be used to provide a learning environment
where students feel empowered and safe to explore their
strengths and weaknesses.

Heick [12] argues that an educator's decision to use AaL as
opposed to Aol in a classroom environment is tantamount to
purpose. Her view is aligned to that of the Directorate of Learning
and Assessment Programmes [13] who affirm that through
the process of Aal students not only gain discipline specific
knowledge, but they also learn how to take more responsibility
for their own learning as they discover how to monitor their
future directions. From this perspective it may be considered that
AalL is not only a tool to enable learning and the transmission
of knowledge, but also an effective tool for the development of
graduate attributes (soft skills) that are equally important to help
students solve ill-defined problems in industry.
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C The impact of feedback in ‘assessment as learning’

Dann [14] advances that a key feature of AalL is feedback, wherein
educators explicitly teach students to become effective self-
assessors. Through this process they become empowered to take
charge of their own learning, which is a necessary skill for lifelong
learning.

This is consistent with the opinion of Directorate for Learning
and Assessment Programmes [13] who explain that feedback
from educators as well as peer feedback may be regarded
as fundamental in the AalL process. For most students, it's
recommended that peer assessment precedes self- assessment,
though some students may be able to engage in the two processes
simultaneously. As with peer assessment, self-assessment takes
time and practice and educators need to explicitly teach and
model how to self-assess before students are expected to use
self-assessment effectively.

Further research by Dann [14] suggests that it is advisable for
educators consider how students interpret and understand
feedback obtained from AaL, from the students’ self- regulatory
and self-productive perspective, and how vocabularies for
assessment can be more collaboratively shared in learning
contexts. Essentially, she illuminates that student feedback
requires educators to give as much attention to the interpretation
by pupils, knowing that students will first have to make complex
decisions about how they are to use the feedback and then only
engage with the learning priorities of the classroom.

D. The educator’s role in ‘assessment as learning’

The preceding discussion underscores the importance of the
educator’s role in AaL. Careful consideration of the feedback
required during AaL is however only one aspect of the role that
educators fulfill during the process of AaL.

Directorate for Learning and Assessment Programmes [13] and
Manitoba [2] believe that it is the duty of educators to guide
students in developing monitoring mechanisms for the internal
reflection practices. By doing so, educators become instrumental
by assisting students with the validation of their self-reflections.
This allows students to question their own thinking in a safe
environment, where the implications of being unsuccessful is
not as severe as in industry. This teaches them to become
comfortable with ambiguity and uncertainty - something which is
inevitable when learning anything new, while allowing students to
build simultaneously confidence. A deduction that is made from
the review of this literature is that students’ being comfortable to
operate in such a position is valuable training for being able to
solve ill-defined problems, such as those which need resolution
in industry.

. METHODOLOGICAL APPROACH

This research took place from July 2019 until March 2020 when
students in a final year applied statistics class were divided into
projectteams and given two differentill-defined problems. The first
problem was solved in the first problem- solving stage, which took
place over a period of four weeks through a scaffolded process.
Each week students were given some contextual information;
however, some information was deliberately withheld, prompting
students to ask relevant questions and search for appropriate
information which would enable them to solve the problem. All
students gave each other peer-feedback after each submission,

but students were also given both individual feedback and group
feedback from the lecturer. Working in groups, the students
needed to try to identify the root cause of the problem and
thereafter identify and use appropriate statistical tools to solve
the problem, before performing a risk assessment as a final step
to ensure that the problem does not recur. No grades were
allocated for the first problem-solving stage, as the purpose of
this stage was formative assessment. Following the completion
of the first problem solving stage (and resolution of the first ill-
defined problem), the students were given a more complex ill-
defined problem in a second problem-solving stage. The same
procedure to resolve the problem was followed in the second
problem-solving stage, however the second problem-solving
stage lasted eight weeks.

Following this teaching intervention, a mixed method approach
was used to collect data in the form of student perceptions
on the impact of the intervention. Quantitative data collection
commenced in November 2019 with an online survey (n=31)
and consisted of 17 survey questions including six Likert scale
questions and three open-ended questions to obtain a deeper
richer understanding of students’ perceptions on the experience.
Alpha Cronbach’s coefficient was used to ensure internal validity
of the Likert scale questions. Thereafter, survey data was analyzed
using SPSS and was examined to explore three constructs
associated with AaL namely, 1) student metacognition; 2) the role
of feedback in assessment ‘as’ learning and 3) educator role in
assessment ‘as’ learning. Responses to the three open-ended
survey questions were examined to detect recurring themes.

The findings of quantitative data analysis provided the basis for
the development of the qualitative data collection instrument,
thus a focus group interview (n=6) took place in February 2020.
Qualitative data analysis took place in March 2020. To eliminate
bias and ensure validity and reliability of results the interview and
transcription was done by a colleague who was not part of this
research project. Qualitative data was coded and thematically
analyzed. The codes and code families for the thematic analysis
were derived from the objectives of this study. The design of
this cross-sectional study was geared towards gauging student
perception as preliminary research for a further longitudinal
study, which has been planned to evaluate industry perception
of the outcome of this teaching intervention. Ethical clearance
for this study was received prior to data collection, through
institutional channels.

IV. RESULTS AND DISCUSSION
A Student metacognition

The results of quantitative data analysis highlights that only
35% of the students believed that this teaching intervention
was successful. When this was qualitatively probed, it became
apparent that this intervention was plagued by several
technological challenges which detracted from the original project
objectives. This was articulated by Student A who said “..But a lot
of the students got caught up in the technological challenges - so
how to use Blackboard, or when to update stuff and how to update
stuff, so they lost the focus of actually solving the problem of the
practical test and spend most of their time trying to challenge the
technology and get that right”.

Allthe students who partook in the focus group interview however
agreed that that ‘trial run’ first problem-solving stage was very
important for the success of this intervention as Student B
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described this as “ideal preparation”. Significantly approximately
half (48%) of students reported not being able to see the value
of peer-assessments which were part of this intervention,
however 67% of the students said that self- assessment aided
their own development and promoted metacognition. Student C
stated “The self-review helped me to reflect and also express
thoroughly my line of thought, why | made certain decisions and
my understanding of the task. Working in groups is challenging but
it helped me with personal development goals, soft skills part of
personal development”.

For the group work component of this intervention, 45% of the
students said that they reflected on the solutions to the various
stages of the ill-defined project and 41% reported reflecting
on the procedure that was followed by the group to derive the
solutions. This was notably different to individual component of
the intention as 78% of students said that they reflected on their
individual solutions and 56% of the students reported reflecting
on the process that they followed as individuals to derive the
solution to the ill-defined project.

This finding is consistent with the claim by Siegesmund [11] which
is that metacognition is an integral part of self- assessment, which
is the reflective process where students use criteria to critically
evaluate their performance and determine how to improve. Thus,
a deduction made from the results of data analysis was that
student engaged in deeper metacognition when preforming a
self-assessment, rather than when working in groups. This was
confirmed by the focus group interview by Student C who said
“On my side, | was more critical towards myself. According to my
experience with the project that we were doing, we learnt to work
in groups or teams where everyone has to come up with his or her
own ideas, so this was also giving us some experience with coming
up with ideas, trying not to reject other person’s ideas.

It is worth noting that 87% of the students reported that if they
were not instructed to perform self-assessments as part of the
teaching intervention, they would not have critically reflected on
their own work. With respect to metacognition, the students in
the focus group confirmed that it facilitates solving ill-defined
problems as it “trains us to looks [at] all perspectives” (Student
A) and “bring in new ideas and see the problem from a different
angle... ...It allows you to think out of the box and as a consultant”
(Student D). Ultimately, a finding of this study is that using AalL
promotes student perception of metacognition. Literature
suggests that metacognition is a key ingredient to be able to solve
ill- defined problems such as those which are expected will be
encountered by students when working in industry and therefore
another finding of this study is that steps be included in the
teaching and learning process that elevates student awareness
of metacognition.

B. Impact of feedback on ‘assessment as learning’

The results of both the quantitative and qualitative data analysis
highlight the importance of feedback to the Aal process.
Survey results were that 31% of the students who took part in
the teaching intervention wanted more feedback (peer and
lecturer feedback) than what they were given. In addition, some
responses to an open-ended question in the survey which asked
students about what they valued about the intervention were
“Brainstorming with group members” and “I had an idea in my
mind on how the outcome should be, but different ideas from
certain group members expanded my view”. While these were
not direct references to feedback, this study deduced that these
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forms of indirect feedback were also regarded as valuable to the
students.

In the focus group interview some students expressed frustration
at getting too little feedback from their peers. For example, Student
E said “l was not happy that students who reviewed my work gave a
mark for the work, but they did not give me any comments”. Student
C and Student F agreed with this. Student C commented “The mark
was not so important because it was not a final mark, but it doesn't
help if you cannot see where you went wrong or how to fix it".

The results of this data analysis on the impact of feedback on AaL
are consistent with the view of Dann [14] which was previously
discussed. Complex skills, such as monitoring and self-regulation
which are required to solve ill-defined problems, become routine
only when there is constant feedback and practice using the
skills. Effective feedback challenges ideas, introduces additional
information, offers alternative interpretations, and creates
conditions for self- reflection and review of ideas.

Essentially, feedback in AaL encourages students to focus their
attention on the task, rather than on getting the answer right.
It provides students with ideas for adjusting, rethinking, and
articulating their understanding, which will lead to another round
of feedback, and another extension of learning.

C Educator’s role in ‘assessment as learning’

Shifting the research lens to the role of the educator in this
teaching intervention, 43% of the students indicated that they
experience this teaching intervention as a complicated task. One
response to an open-ended question in the survey which asked
students to reflect on the educator role was “The project was
in my opinion too tedious and one never could fully grasp what
was really expected. Instructions were vague, not explicit, and did
not give enough information to lead you to the critical outcomes
that were expected with each task”. While this student did not
specifically mention the educator role, this study deduces that this
student wanted more guidance from the lecturer. Interestingly,
one student expressly articulate unhappiness at the piecemeal
design of the teaching intervention, stating “The method of
questioning to acquire solution to the problem, that is bits and
pieces of information which could have been requested on one go”.

Analysis of data obtained from students confirmed that the success
of this intervention heavily relies on educator engagement and
support due to the complex nature of this type of AaL intervention.
This corresponds with the opinions of Directorate for Learning and
Assessment Programmes [13] and Manitoba [2] claim that it is duty of
educators to guide students in developing monitoring mechanisms
for theinternal reflection practices during Aal, and equally important,
also create a safe space for them in which to do that.

V. RECOMMENDATIONS FOR FUTURE RESEARCH

This research study was aimed at the examination of ‘assessment’
as a form of learning, and also as a mechanism to teach students to
solve ill-defined problems while simultaneously developing graduate
attributes such as communication skills, relational skills and global
vision. While this project enjoyed a certain degree of success,
as the findings were Aal facilitated metacognition in students,
which literature indicates is vital to solve ill-defined problems, it is
proposed that this project serve as a pilot study as the findings of
this research is capable of setting the foundation for an improved
AaL teaching intervention. Another finding of this research is that
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steps be included in the teaching and learning process that promote
student awareness of metacognition. This research also confirmed
the importance of feedback during an AalL project and foregrounded
the role of the educator in an AalL project.

Aside from the research findings which are mentioned above,
it is unknown to what extent students will be able to use the
skills which they developed during the course of this project, in
industry. Therefore, a proposed recommendation of this study is
that that be explored. This study has also illuminated important
consideration around the role of the educators who facilitate an
Aal project and highlighted certain questions such as “what else
can be done to more adequately prepare final year engineering
students to take partin an Aal teaching intervention such as this,
to ensure maximum success and the development of desired
graduate attributes in them?” and “what be done to control or
to simplify the e-learning technology used during the project,
which hindered student progress in this intervention?” It is also
important to note that this small case study was conducted at one
department in a faculty at a UoT, and thus these findings cannot
be generalised to all situations at different universities.

VL. CONCLUSION

The ability of industry-based engineers to demonstrate
independence and initiative in problem-solving and develop
practical and innovative solutions is a critical factor to the success
of organizations in the fast-changing global economy [6], [9],
and this research has showcased an Aal teaching intervention
which is enjoyed some success in preparing final year engineering
students to solve ill-defined problems in industry. The results of
this study form the basis for further recommended research.
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Abstract—As a result of the pandemic lockdown, most
Faculty, Staff, and students in Nigerian universities were
unable to learn online because of irregular power and
internet unavailability. As a major concern to the Nigerian
Deans of Engineering, a study was commissioned by the
Deans to identify the extent of the problem with a view
to identifying the research and development areas and
proffer an indigenous solution to the problems identified.
This paper discusses the results of an online survey
administered during the lockdown to a stratified sample
size from the over 80,000 engineering students’ population
in Nigeria. The initial results showed that there is need to
develop some form of a cost- effective but modular and
mobile integrated boosted internet- ready power system
suitable for teaching, learning and research which is always-
on both day and night for learning.

Keywords—Virtual learning, Internet, Power Supply, Pandemic,
Lockdown, Engineering students

l. INTRODUCTION

Globally, the COVID-19 pandemic disrupted the educational
system, as most countries around the world temporarily closed
all their educational institutions to contain the spread of the
disease. As a result, education delivery changed dramatically,
with the distinctive rise of e-learning, whereby teaching is
undertaken remotely and on digital platforms. However,
developing countries including Nigeria are faced with the
challenge of shifting from the traditional teaching method to
e-learning during the pandemic. The challenges arise as a result
of the varying degree of preparedness of the institutions, lack
of infrastructure, paucity of funds and policies issues in the
Nigeria education sector. Beyond these challenges and despite
the immense benefits of the e-learning platforms available for
students, including access to coursework from anywhere at
any time, there are several other problems that may hinder
participation of students during organised virtual learning
programme. This phenomenon is not peculiar to Nigeria or
Africa but worldwide. Several studies have been carried out
corroborating the problems and importance of virtual learning
especially during the Pandemic lockdown.
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The impact of the lockdown enforcement was discussed by
Favale et al. [1] on the Politecnico di Torino campus network
in Italy as social distancing and lockdown measures modified
people’s habits, and the internet gained a major role in
supporting remote working, e-teaching, online collaboration,
gaming, video streaming. Profound effects on healthcare
system including medical training and education in India
were observed by Upadhyaya et al. [2] as a large number
had problems in completing their dissertations and 96% had
concerns about mental health. Similarly, Kapasia [3], using online
survey assessed the impact of lockdown amidst COVID-19 on
undergraduate and postgraduate learners of various colleges
and universities of West Bengal. They found out that around
70% of learners were involved in e-learning. Most of the learners
used android mobile phones for attending e-learning and
students faced various problems related to depression, anxiety,
poor internet connectivity, and unfavorable study environment
at home. Also in India, Malhotra et al. [4] reported the conduct
of a “zero-patient contact virtual practical exit examination” for
orthopaedic residents with clinical cases prepared in a digital
presentation format. The impact of the COVID-19 pandemic
was observed by Caruana et al. [5] on the well-being, practice,
and progression of all trainees in cardiothoracic surgery in the
United Kingdom and they found that the deviation may require
an extension in their planned training time. Also, Rajhans et al.
[6] reported how COVID-19 pandemic lockdown impacted
training in India.

It was noted by Croxton [7] that the use of virtual learning
is an emerging topic in the theory of education and practice
and some of the benefits of virtual learning include flexible
participation and convenience [8]. Also, Obringer [9] affirmed
that learning experience could be enhanced if technology is
effectively used. The use of virtual learning can improve the
achievement of a student, provide access to learning, increase
efficiencies of learning, and reduce costs. It will also enhance
ability to learn and provide opportunity to prepare them for a
globally competitive workforce as observed by Weller [10].

While these studies identified some challenges and benefits,
they did not address the peculiarities in Nigeria and many
African countries as it affects power and internet facilities.
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The objective of this study was to identify the problems
encountered by students in participating in organised virtual
learning programmes using engineering students as a case
study with a view to recommending a cost-effective way to
solve these problems leading to effective use of sustainable
virtual learning platform. The choice of engineering students as
a case study was motivated by the complexity of engineering
programmes. Many engineering courses require the use of
laptops which requires energy to power them. For example,
computer-aided  design,  computer-aided  engineering,
laboratory practical, simulation and modelling, computational
fluid dynamics, artificial intelligence, and web development
cannot be effectively done on smartphones. These problems
need to be solved to reduce disruptions in academic calendar.
This research will answer the following research questions:

1. What are the virtual learning challenges faced by students
during the COVID-19 pandemic?

2. What is the indigenous engineering solution that is cost-
effective to overcome the virtual learning challenges?

3. Will the indigenous engineering solution be affordable to
the students?

4. How will such indigenous solution impact engineering
education in Nigeria and Africa at large?

METHODOLOGY

To provide answers to the research questions, an online survey
was created and grouped into relevant sections, as follows:

To identify the virtual learning challenges faced by students
during the COVID-19 pandemic, data of the participating
universities and the student profile such year of study,
location of online studies and gender were collected. Also,
respondents were required to enumerate the challenges
as well as proffer their solution.

The cost-effectiveness of the indigenous engineering
solution was evaluated based on responses relating to
the computing device, alternative source for charging,
preferred internet service provider, packaging and
transportation preference.

To identify the affordability of the solution, the research
profiled the student's financial capacity exemplified by
their financial support through scholarship and sponsors
as well as disposable income

As regards to the impact of the indigenous solution on
engineering education in Nigeria and Africa at large, the
questionnaire sought the opinion of the students on
how power and internet connectivity challenges could be
solved in the location of their study and the impact on
their education.

TABLE | Participating students by year of study

GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

A Sampling Plan

The population data used in this study is based on the report of
NUC [11] on students’ enrollment and the Committee of Deans
of Engineering and Technology of Nigerian Universities (CODET)
statistics. There was a total of 1,727,782 students enrolled in
Nigerian Universities in 2017, out of which 960,417 were males
and 750,717 females. Today, there are 171 universities in
Nigeria out of which 65 offer engineering programmes. CODET
[12] estimates that there are about 80,000 engineering students
in these 65 universities.

The sampling plan used in this study was a hybrid of clustering
by geography and stratified by students’ year of study.
However, because of the COVID-19 lockdown some elements of
convenience sampling were adopted. The participating Deans
were requested to create 5 strata based on students’ year of
study, namely, Year 1, Year 2, Year 3, Year 4 and Year 5. An
online survey was carried out to identify the virtual learning
challenges faced by students during the lockdown from April
to August 2020. The bulk of the responses were received when
there was a total national lockdown between April and June
2020 in Nigeria.

B. Survey Analysis

A survey instrument consisting of 17 items was developed with
a stratified sample size by level of study and administered to
the students online. A total of 5,166 students responded largely
during the national total lockdown. The survey data as reported
by CODET [13] were analysed using Minitab®19.2020.1 and
Microsoft PivotTable®

1. RESULTS AND DISCUSSIONS

A Profile of Respondents and Participating Universities

A total of 44 of the 65 engineering universities participated
in the survey with the largest number of respondents from
the South-West Zone followed by the South-East and North-
Western zones as shown in Table I. The 3rd year students
topped the groups that responded followed by the 2nd year
and interestingly the 5th year (final year) students in that order..
Table | shows the respondents by the year of study.

Zones Year 1 Year 2 Year 3 Year 4 Year 5 Others Total
North-Central 141 59 75 50 62 27 314
North-East 66 180 188 181 82 31 728
North-West 59 53 147 136 216 213 824
South-East 99 174 240 122 213 46 894
South-South 86 93 177 103 117 6 582
South-West 210 518 418 297 324 57 1824
TOTAL 561 1077 1245 889 1014 380 5166

81



2020 IFEES WORLD ENGINEERING EDUCATION FORUM

Engineering programmes in Nigerian universities are
dominated by the males and this is reflected in the gender
ratio of the respondents with the Males to Females ratio being
4:1 as shown in Figure 1. It is noted, as depicted in Table I,
that the computing devices used by engineering students
include laptops since smartphones alone cannot meet the
requirements for many engineering courses such as computer-
aided design and computer-aided engineering. The use of
smartphones is still limited to web-based virtual learning.
Power requirement therefore for engineering students must
include its use for charging laptops. Table Il shows that laptops
make up about one-quarter of the computing devices owned
by engineering students.

TABLE Il Computing devices of respondents

- GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

FIGURE 1 Respondents by Gender

Zones PC Laptop None Smart Phone Total % Total
North-Central 1 135 7 152 295 5.7 314
North-East 2 92 17 518 629 12.2 728
North-West 1 250 4 582 837 16.2 824
South-East 3 204 9 749 965 18.7 894
South-South 60 14 487 561 10.8 582
South-West 8 589 20 1262 1879 364 1824
Grand Total 15 1330 71 3750 5166 100 5166
Percentage 0.3 25.7 1.3 72.7 100
B. Challenges Faced by Students TABLE IV Computing device recharging alternatives
Virtual learning challenges faced by students in Nigeria were Zones Generator | Friends | Public | School Total
largely power supply such as: irregular power supply, poor
quality power supply and poor internet connectivity. These ?s:tgl 96 103 67 29 295
are shown in Table Ill. Power related challenges dominated
the challenges. A power solution for students will go a long North-East 9 188 278 84 629
way to address virtual learning challenges. Table IV shows North-West 120 243 338 136 837
that students resorted to the assistance of friends, use of South-East 169 376 351 69 965
generators, wait for the startup of public places such as Hotels, South-
Schools, Churches, and Mosques to charge their computing | south 92 283 146 35 561
devices. South-West | 568 714 | 421 176 | 1879
For internet, the service providers are dominated by three %i‘ar;d 1124 1912 1601 579 5166
providers, namely, MTN, Glo and Airtel as shown in Figure 2.
The MTN tops the three followed by Airtel and Glo. Therefore,
a solution that has the capability to access these three internet
sources will improve the probability of getting connected to the
internet by more than 90% as no service Provider can meet the
national demand of students. :g:’;
TABLE 11l Challenges faced by respondents : :;:el
obile
Zone Internet Other Power Total ® Neel
North-Central 7 13 275 295 : :pme"c;trane!
North-East 11 19 599 629 @ Spectranet
North-West 14 13 810 837
South-East 14 17 934 965 18V
South-South 11 8 542 561
South-West 46 85 1748 1879
Grand Total 103 155 4908 5166 FIGURE 2. Preferred Internet Service Provider
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C Financial Capability of Student

The ability of students to purchase a given solution is a source of
concern. Only 10% of the students receive some form of financial
assistance for their study as depicted in Figure 3. The 3rd year
students appear to be more financially stable and the 1st year
students are worse-off as shown in Table V. The sponsors of their
education are largely civil servants, traders and the middle-class
professionals as shown in Table VI. The disposable income for
many the students' populations is quite low; barely enough for
subsistence signifying the low disposable income of the students.

® Yes
@® no

FIGURE 3 Students on some form of fnancial assistance

TABLE V Scholarships by level of study

Study Level No Yes
Tst Year 92.69 7.31
2nd Year 88.49 11.51
3rd Year 87.39 12.61
4th Year 92.46 7.54
5th Year 90.24 9.76
Postgraduate 90.26 9.74
TABLE VI Occupation of sponsors
Occupation of Sponsors Percentage
Civil Servants 22.87%
Businesspersons 13.94%
Traders 12.62%
Engineers 12.45%
Retired 8.76%
Teacher/Lecturers 7.36%
Farmers 6.75%
Public Servants 3.33%
Pastors 2.80%
Doctors 2.10%
Accountants 1.58%
Lawyers 1.05%
Bankers 0.88%
Others 3.51%
TOTAL 100.00%

Figure 4 shows the monthly data usage and Figure 5 shows the
monthly upkeep allowance of students. Depending on the Service
Provider data plan, more than one-third of the students use about
$5 monthly translating to between 4.5GB to 9.5GB of data if they
only spend their upkeep allowance on data. The data on upkeep

83

allowance in Figure 5 seems to corroborate this projection.
Given that 40-50% of the upkeep allowance is used for data, the
students cannot maintain the level of data consumption.

@ Less than 2,000
@ 2.001-4,000

@ 4.001-6,000

@ 6.001-8,000

@ 8.001-10,000
@® 10.001-20.000
@ Above 20,000
@ Above 10,000

FIGURE 4 Data usage by respondents

o

FIGURE 5 Students upkeep allowance per month

@ Less than 2,000
@ 2,001-5,000

@ 5.001-10.000
@ Above 10,000
@ Above 5,000

The research attempted to find out from the students the value
they will place on a solution to the virtual learning challenges they
are facing and how much they will be willing to pay for the solution.
From the responses shown in Figure 6, most of the students,
87.4%, can afford to pay about $50. The rest of the students will
be willing to pay between $50 and $125 for the solution. About 2%
will be willing to pay beyond $125. The interesting thing about the
students’ answer is that they placed a great value to the solution
to their challenges to as high as half of their disposable income.

@ 20,000
@ 30,000
@ 40.000
@ 50.000
@ above 50,000

(==X

FIGURE 6 Perceived ability to pay for a solution

D. Student Solution and Packaging

One of the objectives of this study was to collate the views of the
students on the type of solution they will require. It was clear
that students would like to resolve the problem of power and
internet in one solution. Students recommended a solution that
will combine the power solution and the internet facility in one
piece. Figure 7 shows that over 80% of the respondents will like
the power and internet solution to be combined and the rest will
want to have the power and internet solution separate.
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With regards to packaging, it should be small enough to be carried
in their school bag. Figure 8 shows the opinion of the students.
Most students subscribe to a mobile solution as against fixed
location solution. They were as follows:

In the School Bag 51%
Fixed in study location 38%
Create a special container 9%

@ Power supply separate

@ Intemet supply separate

@ Power and Intemnet combined

@ Indefinite

@ Power separate and internet separate..
@ | don't understand what you mean

@ | don't understand what's meant by thi..
@ | don't understand

13V
FIGURE 7 Packaging of solution

@ In my school bag

@ In a special cantainer

@ Fixed in the study location
@ Everywhere

@ Any place | found myself
@ None

@ I don'tno

@ In a router

1789
Figure 8. Transportation of solution

The solution to these virtual learning problems will have far reaching
impact on engineering education in Nigeria and Africa. Some of
these impacts are:

i. Capacity to teach weak students thereby reducing dropouts due
to flexible participation and convenience,

ii. Laboratory exercises can be performed anytime thus increasing
laboratory availability especially where laboratory facilities are
scarce,

iii. Regional industry collaboration will be enhanced,

iv. Inter-university collaboration among students across universities
in Nigeria and Africa will also be enhanced.

v. Enabling online examination which will reduce academic calendar
disruptions,

vi. Industry experts teaching agreed topics in Faculty/College of

engineering programmes to leverage their industry experience

will be much easier to implement,

Mentorship by industry experts to support engineering education

in Faculty/College of Engineering through membership of both

the Departmental and Faculty/College Academic Boards will be
enhanced,

viii. Development of training videos and clips with Nigerian industry
content can be used in the classrooms to illustrate science and
engineering theories, principles, and practice and

ix. Opportunities for the development of software for online
connection to laboratory equipment, machines etc. will increase.

Vii.

CONCLUSION AND RECOMMENDATIONS

This study revealed that students’ virtual learning challenges were
two-fold, irregular and poor-quality power supply on one hand and
on the other hand, poor quality and expensive internet data. It is

also clear that despite the low disposable income of students they
place a high value to the solution to these challenges. The students
are also eager to be a part of the solution but must be affordable at
below $100. The solution to these virtual learning problems will have
far reaching impact on engineering education in Nigeria and Africa

It is therefore recommended that the engineering family in Africa
should constitute themselves to solve these problems working
with industry. The solution must be cost-effective, modular, mobile
integrated, with boosted internet-ready uninterrupted power system
suitable for teaching, learning and research.
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Abstract—This study explores engineering student
experiences of the emergency, remote online teaching
and learning environment initiated due to the COVID-19
pandemic. The study uses a Likert scale survey based on
the Community of Inquiry model evaluating Social, Teacher,
Learner, and Cognitive presence in the online environment.
Insights are provided relating to the design of the teaching
and learning environment, student behaviours, assessment,
social learning and how students cope in this mode. The
results from this study can be used to better understand how
students experience this environment, informing design and
integration in similar interventions in the future.

Keywords—online learning, community of inquiry, learning presence,
teacher presence, social presence

. INTRODUCTION

New technologies provide increasing opportunities to chal-
lenge traditional teaching and learning in Higher Education [1].
Online learning environments, in particular, have the potential to
broaden access to higher education [2]-[4] and to align university
teaching with the lifelong learning of contemporary professionals
[5]. Many would argue that the shift to online teaching and
learning environments is not only inevitable but an imperative
to align graduate competencies with evolving workplaces [6], to
ensure that higher education is sustainable into the future and
facilitates collaboration between institutions, [7]. Online learning
environments, how- ever, need to be designed differently and
cannot merely be a replication of traditional learning environments
in an online space [1]. There is also still uncertainty regarding how
easily students can adapt to these changes and whether online
environments can adequately facilitate the development and
attainment of the intended outcomes and graduate attributes.

For many higher education institutions in South Africa and across
the world, the COVID-19 pandemic has resulted in a sudden move
from traditional teaching and learning

to the online environment. For the university used in this study,
teaching and learning changed from a blended learning approach
incorporating face-to-face and online elements to a fully online-
dependent and remote model. This study was mo- tivated by
these circumstances which provided an opportunity to explore
student’s experiences of this process and their learning behaviours
as they interact with this emergency, remote, online [8] learning
environment. There is currently limited literature that specifically
explores how students experience this unique circumstance and
Jeffery & Bauer [9] have shown how understanding the student
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experience can provide insights for all teaching and learning
environments. As a consequence, the research question for this
study was: How do students experience teaching and learning in
an emergency, remote, online learning environment?

The aim of this study is that the findings can provide insights
for the design of online teaching and learning environments in
general and can inform similar, future interventions. Furthermore,
although the circumstances around the abrupt introduction
of online learning is likely to influence results, valuable data
can be gained regarding online learning more broadly. Current
thinking suggests that the move to online learning as a result
of the COVID-19 pandemic will forever change teaching and
learning environments and that the future of higher education
is likely to see a more rapid introduction of hybrid, online and
remote experiences. The findings can therefore also be used to
highlight challenges experienced by students and the intended
and unintended consequences of online and remote learning
environments.

Il LITERATURE REVIEW

Higher-order thinking is a requirement for any learning in a
higher education context. Garrison et al. [10] state that a critical
community of inquiry is essential to facilitate and encourage
this higher-order thinking through a collaborative and reflective
learning experience. This experience needsto create opportunities
for students to critically analyse subject material by questioning
and challenging what is presented and then using this process to
re(construct) knowledge by relating the material to experiences.
The Community of Inquiry (COI) model [10] recognises three
essential elements for a successful online learning experience:
the cognitive, social, and teaching presence. Cognitive presence
relates to thinking and involves the ability of students to construct
meaning through reflection and communication. Social presence
involves the personal and emotional connection to the group and
the ability of students to project themselves as “real people” [10].
Teaching presence represents the course facilitator, who directs
the cognitive and social processes and provides feedback to
students.

Shea & Bidjerano [11] have identified a fourth presence that
they believe completes the Community of Inquiry model. This
additional presence, the learning presence, refers to the self-
direction skills that are required to identify and operate in the
learning context. They propose that online learning environments
rely more heavily on self-directed learning skills than face-to-
face learning environments. Students often lack important self-
regulating skills, particularly when exposed to online learning for
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the first time. Pool et al. [12] have found that if the self-regulation
skills of students are under-developed, this affects teacher
presence as additional guidance, scaffolding and support needs
to be provided as students navigate the new territory.

Several studies have explored how students experience online
learning environments. It has been found that many challenges
and opportunities exist and that understanding these can result
in improved design and use that can sustain and even enhance
student learning. Many of the challenges of online learning stem
from practices and expectations developed in traditional learning
contexts. These include lack of pacing and direction facilitated by
weekly class schedules and lecturer-centred teaching approaches
[1]. Bourne et al. [7] however, argue that it is the underlying
pedagogy and design of the teaching and learning environment
that determine these factors and that online learning can involve
high levels of communication and instructor engagement resulting
in a people-oriented learning solution. Online environments
do however, initiate a change in the skills required by students.
Students need to be more adept at using technology [13], which
can alienate students who are apprehensive or have an aversion
to using it [14]. Engaging in these environments, depending on
their design, can also require students to be more proficient in
written communication [13].

The impact of an online environment on students should be
understood by teachers so that they can provide opportunities
for students to expand and develop their skills and engage
more meaningfully [7]. This includes self-directed learning skills
[1]1, which are linked to independent learning competencies
(@ graduate attribute required by accrediting bodies) and the
creation of engineering entrepreneurs and innovators [15]. A
key feature of the online learning environment is the learning
community that is created. Communities are relatively informal,
flexible, and collaborative spaces that form around a common
objective through a series of interactions and exchanges [16].
Online communities have the potential to create more equal
and accessible spaces and can increase the ability of students
to personalise their learning experiences [1], enhancing
independence and agency and improving students’ attitudes
towards their learning [13].

. METHOD

A Study context

This study took place in the Faculty of Engineering at the North-
West University in South Africa. This Faculty consists of several
engineering disciplines located in four Schools. The Engineering
Council of South Africa (ECSA), the ac- crediting body, plays
an influential role in degree outcomes and internal processes
development to ensure that students meet these outcomes. In
general, teaching and learning in the Faculty is facilitated through
a combination of face-to- face and online components. Class sizes
vary depending on the year of study and the chosen discipline.
Some modules are also shared across disciplines resulting in larger
class sizes and opportunities for multi-disciplinary interaction. The
University makes uses of a customised Learning Management
System (LMS) that incorporates functionality for teaching material
and content, formative assessment and collaboration and
interaction between students and lecturers and between students
in the class. Adoption of the LMS to enhance teaching and learning
varies significantly between modules with some modules making
little to no use of the LMS and other modules making extensive
use of a wide variety of tools in a blended learning environment.
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All students and staff have access to support for the LMS through
several avenues. The face-to-face component of teaching
and learning includes lectures from faculty staff and industry
experts, tutorials, laboratory activities and experiential learning
through interaction with industry and the broader community.
Assessments for many modules are traditional sit-down tests and
exams but can include a variety of project and portfolio work. As a
result of the COVID-19 pandemic, the Faculty developed a strategy
to continue the first semester of teaching and learning in an
emergency, remote online learning mode. Interventions aimed to
give as many students as possible access to devices and data and
the LMS and other associated software portals were given zero-
data ratings so that students could interact on these platforms
without any additional costs. Lecturers were required to place all
learning material on the LMS and were encouraged to make use
of the tools in the LMS to get students to engage with the material,
classmates and the lecturers. Formal, end-of-semester exams
were replaced with continuous online assessment throughout
the semester. A decision was made to favour the asynchronous
teaching and learning mode to reduce pressure on students who
had limited access. The implementation of the Faculty's strategy
for the emergency, remote online mode was not entirely smooth
and many issues were encountered by staff and students along
the way.

B. Research instrument design and data collection

An online student survey was developed for this study, using the
Community of Inquiry Model[10],[11]astheunderlying framework.
The surveyincluded a total of 44 questions and statements, divided
into three main sections. The first section included demographic
questions related to the year and discipline of study, quality of
internet access, and the physical study environment. The second
section explored student experiences, addressed through the
four presences of the theoretical framework. A section also
considered student experiences of assessment. The statements
in this second section were collated and randomised and were
not categorised according to the presences or assessment and
used a four- point Likert scale. including the categories of strongly
agree (1), agree (2), disagree (3) and strongly disagree (4). The
third section provided an opportunity for students to discuss
their experiences and challenges in their own words by answering
three open-ended questions. Ethics clearance was obtained for
the study, and ethical principles were adhered to throughout
the study. Using SurveyMonkey, online questionnaires were
distributed to all undergraduate students (n= 1447 students) in
the Faculty in late July 2020. This sampling period coincided with
the end of the first teaching semester for the students.

C Analysis

The data from the Likert scale section of the survey were analysed
using simple descriptive statistics [17] including percentage
strongly agree/agree, loading factor, the mean () and standard
deviation (o) for any statement. An exploratory fac- tor analysis
using principal component analysis was also per- formed on the
student responses to identify emergent themes and consistency
between responses [18]. Negative loading factors, identified
during execution of the factor analysis, were sign-reversed to align
positively and negatively phrased statements. These statistics
were interpreted by comparing the results to the literature
that supports the theoretical concepts for this study. Internal
consistency between statements within a factor was measured
using Cronbach’'s Alpha and mean inter-term correlations as
appropriate. The qualitative data revealed rich findings that will
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be presented in another paper; however findings are used to
support the overall argument for this paper where appropriate.

Iv. RESULTS

A Demographic considerations

Respondent profile: Responses were received from 558
studentswith adistribution between Schools that corresponds
with the enrolled students per School. The percentage split
across years of study was: 26% in first year, 25% in second
year, 29% in third year and 20% in fourth year.

Quality of internet access: Of primary importance for internet
teaching and learning is access through the internet and a
suitable device. Respondents indicated that 91.0% had access
to a computer (7.0% to a shared computer) and 85.1% had
access to a mobile device (3.4% to a shared mobile device).
The combined access to a computer and mobile device is
important as students often had to use a mobile phone to set
up a hotspot if they wanted to make use of zero- rated data.
The responses regarding access to data are shown in Table I.
The students could choose more than one option therefore,
the total is greater than 100%. For students who did not have
sufficient available data, 8.8% indicated that the zero-rating of
data provided a solution while 5.4% indicated that it did not.

TABLE | Access to data

Statement %

I had unlimited (uncapped) data available 453
I had sufficient (capped) data available 34.8
I had to purchase data but had sufficient funds 134

For online teaching and learning to be successful, in addition to
access to the internet, it is also important to explore the stability
and speed of the internet connection. Responses to selected
statements regarding internet access quality are shown in Table I1.
The Cronbach Alpha for this group was 0.874, indicating high
internal consistency between the statements. In general,
respondents indicated that they did not have serious internet
problems. However, almost a third of the respondents indicated
that their internet connection was unreliable and unstable,
and 15% of respondents felt that they were hampered by their
inability to access the internet. This suggests that it is necessary
to make provision for interruptions in internet access and that
synchronous, online modes may present problems for a significant
number of students. Students may also experience problems with
submitting tests and assignments within narrow time frames, a
theme that also emerged in the open-ended responses.

TABLE Il Internet access and quality

Strongly

Statement Agree (%) M o
The mltemet connection was 329 273 0813
unre-liable and unstable
The internet was often
unavailable when | had to 29.4 2.86 0.789
submit assessments
My |Anlternet connection was 741 215 0734
sufficiently fast
My ability to study was
hampered by my inability to 14.8 3.19 0.730
access the internet
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3)  Physical environment: For effective learning, students should
also have a conducive physical environment; selected
responses are shown in Table lll. The Cronbach Alpha for this
group was 0.84, indicating high internal consistency between
the statements. In general, respondents agreed that they
had a physical environment conducive to learning. While
54.3% of respondents indicated that they were distracted
while studying. This phenomenon may not be specific to the
emergency, remote online circumstances and could also be
prevalent during an ordinary academic year. The difference is
that under ordinary circumstances, students are more likely
to have alternative options.

TABLE Il Physical environment

Strongly
Statement Agree (%) T} (o)

My physical environment was 850 183 0735
conductve

My study area was quiet 69.8 212 0.840
| was pften distracted while 543 )37 0.844
studying

B. Student’s experience of the online teaching and learning

environment

An analysis of the statements pertaining to the COI model and
assessment used five factors that resulted in minimal cross-
loading and in factors that were consistent with our expectations
based on literature. The Kaiser-Meyer-Olkin Measure of sampling
adequacy was 0.932, above the recommended value of 0.8 [18].
The five factors that emerged related to teaching and learning
design, learning behaviours, social interaction, challenges, and
assessment. The first three factors relate to teaching, learning,
and social presences in the COI model. While statements were
formulated to measure the cognitive presence, this did not
emerge as a separate factor in the analysis.

1) Teaching and learning design factor: The factor that emerged
with the highest number of statements relates to the design of
the teaching and learning environment. The results are shown in
Table IV with a corresponding Cronbach Alpha for this factor of
0.9, indicating a very high level of internal consistency.

The factor average of 2.08 suggests that the respondents
agreed that the design of the teaching and learning environment
supported their learning experience with many of these
statements correlating strongly with teacher presence. The
statements that received the lowest strongly agree/agree
percentages correspond to the perceived support received
from lecturers through guidance, feedback, and approachability.
The mode of providing support is very different in an online
environment compared to a face-to-face environment and this
suggests that a change in approach may be necessary. This was
confirmed in the qualitative data where many students indicated
that accessibility to lecturers was a challenge. How- ever, several
students in the open-ended questions explained how they found
lecturers to be “more present” in the online mode. Interestingly,
the question with the highest strongly agree/agree response rate
relates to the cognitive presence where 89% of respondents
indicated that assessments chal- lenged them to reflect critically
on the material that was provided. It is also worth noting that this
question loaded into this factor and not the assessment factor,
perhaps suggesting the important role that assessment plays in
overall teaching and learning design.
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2) Learning behaviour factor: Six statements loaded into a factor
that concerns the ability of students to display effective learning
behaviours in the online environment. These are included in Table
V with a Cronbach Alpha of 0.773 indicating a high level of internal
consistency.

These statements correlate strongly with learning presence in
the COI model. The factor average of 1.9 indicates that most
respondents felt that they were able to function suc- cessfully
in the online environment suggesting appropriately developed
self-directed learning skills. Interestingly, 37.4% of respondents
indicated that they did not like working alone, linking to the
importance of social interaction in the learning process.

3) Social interaction factor: Social presence is a charac- teristic
of good online teaching - the perception of students that they
are “real persons” in the online environment. Three statements,
shown in Table VI, loaded into this factor, which resembled the
concept of social presence with a Cronbach Alpha of 0.636.

For factors with few statements, it may be better to use the mean
inter-term correlation (MITC) to indicate internal consistency [19].
For this factor, the MITC is 0.37, which falls within the range of
0.15to 0.5 and is an indication of good internal consistency. The
factor average of 2.3 seems to indicate that the social presence
was not strong. The individual statements seem to indicate that
respondents were willing to ask classmates for help, perhaps
students they considered friends, but that there was not a strong
feeling of being part of a group.

TABLE IV Factor: teaching and learning design
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4) Challenges factor: Many of the survey statements loaded into a
factor that we have referred to as challenges. The results are shown
in Table VII, with a Cronbach Alpha of 0.816. The average loading
for this factor requires the consideration of individual statements.
Although the minority, a significant percentage of students indicated
that they did not cope with the workload and what was expected
from them. The last three statements also show that many students
missed the support, most probably provided by peers, staff and
the academic environment. These statements allude to a sense of
becoming emotionally overwhelmed in these circumstances.

5) Assessment factor: Four statements loaded into the Assessment
factor (see Table VIII) with a Cronbach Alpha of 0.643 and a
MITC of 0.31, which is an indication of good internal consistency.
Respondents appeared to have a positive perception of the use
of continuous assessment with 81.8% of respondents indicating
that they preferred continuous assessments and 80.6% indicating
that these continuous assessments gave a true reflection of
their knowledge. However, somewhat in contradiction to these
responses, 48.8% of respondents indicated that sit-down exams
were a better way of assessing their learning. It also emerged that
many respondents felt that cheating had an impact on the quality
of the assessment process. The preliminary qualitative analysis
revealed similar findings with a contrast between the types of
assessments that students preferred. Although the change from
sit-down exams to continuous assessment occurred as a result of
this emergency, remote mode, this type of shift in assessment is
a fundamental change to assessment and learning and it may be
that students and lecturers have not adequately adjusted.

Strongl Factor
Statement Agree%‘yil) loading H o
I was satisfied with the support and guidance | received from lecturers 63.7 0.836 2.33 | 0.860
| received enough feedback from the lecturer to know if | am making adequate progress 57.9 0.829 2.41 0.863
Clear learning outcomes enabled me to understand what is expected of me 76.5 0.662 2.07 | 0.726
Most of the material provided was suitable for online learning 81.9 0.625 2.01 0.727
All the study material was made available online 80.4 0.568 1.95 | 0.766
I was encouraged to challenge or critique different ideas 74.7 0.566 2.13 | 0.708
| felt comfortable to approach lecturers with questions 65.9 0.538 223 | 0.883
The learning activities supported me to gain a deeper understanding of the content 76.8 0.467 2.06 | 0.729
Assessments challenged me to reflect critically on the material that was provided 89.0 0.427 1.88 | 0.612
| feel that | have gained skills that are valuable for my future career 87.3 0.408 1.86 | 0.701
Factor 2.08 | 0.527
TABLE V Factor: learning behaviour
Strongl Factor
Statement Agree%‘%) loading H o
When | was stuck | searched for different ways to understand the work 94.8 0.688 1.68 | 0.608
| set goals for myself when | studied 87.6 0.625 1.82 | 0.650
| have successfully adapted to the online environment 82.9 0.547 1.97 0.753
| could plan my study activities during online learning 84.0 0.506 193 | 0.727
| liked working alone in the online environment 62.6 0.493 225 | 0928
I am confident that | can apply what | have learned 86.5 0.445 1.87 | 0.689
Factor 1.9 0.505
TABLE VI Factor: social interaction
Strongl Factor
Statement Agree%"/):) loading H o
I am part of a group who help each other to master module content 60.1 0.848 2.73 0.863
| felt comfortable to ask classmates for help 75.9 0.795 2.04 0.0.817
I did not feel part of the class group in the online environment 44.7 -0.351 2.51 0.913
Factor 2.30 0.505
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TABLE VII Factor: coping

Strongl Factor

Statement Agree%"/):) loading H ¢
| felt overwhelmed by the amount of work when in the online mode 45.6 0.825 248 0.842
| feel that there were too many assessments that | had to do 35.3 0.734 2.61 0.762
The lecturer expected too much of us during this time 34.5 0.682 2.65 0.804
| felt that there was less pressure with the continuous assessment approach 69.3 -0.546 211 0.910
I was distracted by other things during online learning 55.0 0.472 2.37 0.844
I had to struggle on my own to figure things out 67.1 0.429 211 0.822
| found it difficult to stay motivated during online learning 55.6 0.375 2.33 0.936
Factor 2.49 0.582

TABLE VIII Factor: assessment
Strongl Factor
Statement Agree%"/il) loading H N

| feel that sit down exams are a better way of assessing my learning 48.8 0.789 2.49 0.944
Students cheated during online assessments 44 4 0.696 2.56 0.822
| prefer continuous assessments to semester tests and exams 81.8 -0.514 1.83 0.809
Continuous assessments gave a true reflection of my knowledge 80.6 -0.320 1.97 0.761
Factor 2.81 0.585

V. DISCUSSION

Although respondents generally agreed that their internet
quality, the physical environment, and the teaching and learn- ing
environment design was adequate; many still found the experience
to be overwhelming. This correlates with the Jef- fery & Bauer [9]
study that describes the experience of many students as feeling lost
or hopeless. This finding suggests that understanding the emotional
response of students to a remote online learning environment is
important. And although for many factors, the average response
may be positive, it is important to consider all responses to ensure
that "no student is left behind".

Educators should also take into account that the online learning
environment should be designed to foster student engagement,
not only with the content but also with other students and
lecturers, thereby facilitating the development of an online learning
community. Many students raised ac- cessibility of lecturers and
interaction with other students as a concern during this period.
While many students indicated that they formed part of a group and
were comfortable to ask classmates for help, a significant number
of students did not feel part of the class group, and most students
indicated that they needed to struggle on their own. Teaching and
learning is by nature a social activity, and educators should consider
techniques to establish a strong social presence through two- way
communication, group cohesion, and effective expression [20].
The development of a strong community also has the potential to
enhance independence, agency, and motivation [13].

Furthermore, self-directed learning skills are also a requirement
for online learning [11] and interventions to develop these skills
could mitigate some of the challenges raised by respondents and
opportunities should be considered to assist students with this [12].

VI. CONCLUSIONS

The findings reveal some gaps in the presences from the Community
of Inquiry model [10] and suggest how these influence the student
experience and learning. It is however encouraging to see that many
students believe that the gained skills that were valuable for their
future careers and that they were challenged to reflect critically on
the material which infers the development of higher-order thinking
skills [10].

This study has provided useful insights that can be used by
educators in similar interventions in the future and the design
of online learning environments more broadly. This study also
provokes thinking around teaching and learning spaces and how
these influence student learning.
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Abstract—As a result of a worldwide pandemic, academics
were guided to take their courses online. Making the Vector
Calculus course fully online whilst limited to low tech options,
all students can access, the aim was to create an engaging
and inclusive environment for students to learn mathematics.
Acknowledging the important role that mathematics plays in
engineering there was an imperative for the online engineering
mathematics provision to include in addition to basic knowledge
the fostering of skills such as problem solving, critical thinking,
collaboration and communication, all arguably important for
the development and expertise of future engineers.

Discussion forums have long been used in education enabling
students to easily and asynchronously access and respond
to what their peers, tutors and lecturers have posted and in
so doing creating an interactive online classroom. Although
much is written about the use of online discussion forums
in higher education, few studies refer to its use and how
effective these online interactions are to the teaching and
learning dynamic especially in Mathematics courses.

This research study rooted in constructivist theories of
learning employed a conceptual framework to assess the
quality of students’ participation in this community of
learning. The three-pronged framework assesses content,
interaction quality and objective measures.

The findings demonstrate the benefits of discussion forums
in creating an interactive community of learning in a Vector
Calculus course and the lessons learnt could inform future
design and best practice for online discussion forum use in
higher education mathematics classrooms.

Calculus,

Keywords—Discussion — Forums, Mathematics, — Vector

Engineering students, Higher Education
l. INTRODUCTION

Online discussion forums have gained much popularity in blended
and fully online contexts in higher education. An online discussion
forum is defined as a “virtual platform for people to exchange
information on given topics in a hierarchical or threaded structure”
[1]. Discussion forums have the potential to create an active learning
community for high quality learning to take place where students
have time to reflect on and research topics before they respond,
their posts remain online for others to access anytime and students
can interact with the posts of their lecturers, tutors and peers.

Much research has been done on discussion forums and this
and the foregoing reasons made it a useful technology-based
pedagogy in the fully online remote context we found ourselves in
due to the global covid 19 pandemic.

978-1-7281-9756-2/20/$31.00 ©2020 IEEE
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Mathematics is fundamental to the study of engineering courses
and has an important bearing on the success of engineering
students. Research suggests that Vector Calculus is one of the
important and difficult courses in undergraduate mathematics
studies, challenging for many students. Therefore, it was
imperative to provide support for students’ learning and success
and a need to shift to a more personalised, social, open and
dynamic “student pull model of learning” [2]. In our context that
shift was the implementation of discussion forums providing
a much- needed online tool to maintain the communication
of participants in the course, encourage engagement with
course content, offer support to students and facilitate student
learning.

At the core of online discussion forums in education is student
interactions. Not only is interaction an important factor influencing
learning in face to face contexts, it is found to be equally so in
online contexts [3] yet students’ interaction with each other is
an aspect underestimated in the teaching and learning dynamic
[4]. Interaction in a discussion forum is defined as “a voluntary
presence in an internet -mediated discussion including mandatory
presence under a course requirement” [1]. Student interaction is
considered an important factor for a successful online educational
experience [5] and a high amount of interactions signifies a higher
level of effective learning [6].

In a fully online learning context, an awareness of what
contributes to successful discussion and constitutes effective
learning is important. Quality online learning environments
are characterised by constructivism and knowledge building,
reflective and collaborative learning and supported by scaffolding
[7]. To make sure these important notions are well represented it
is important to assess the quality of the discussion forums.

Although much is written on discussion forums, little research is
undertaken on discussion forums in Mathematics and on how
to assess the quality of the interactions therein. This research
was undertaken to explore this technology- based pedagogy to
maximise the benefits for mathematics students and to ensure
effective teaching, learning and assessment in Mathematics
courses.

This research was carried out in a support program for
engineering students at a South African university. As students
had different levels of access to technology, the internet and Wi-Fi
connectivity, low tech and low data options had to be considered
in the instructional design of the course. The discussion
forums were asynchronous allowing students over a period to
participate at their own pace and convenience. Research shows
that asynchronous discussions tend to be more structured and
cohesive than synchronous discussions. To encourage students
to participate the discussion forums were attached to a course
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grade as research on measurement of participation in discussion
forum cites the connection to grades as the most influential factor
impacting participation [8].

Research recognises the benefits of face to face discussions
yet not much is written on the benefits of online asynchronous
discussion forums[9]. To maximise the benefits to student learning
the quality of online discussion forum threads is important. “The
dedication to analyse the content of forum participation has
overshadowed detail into how quality can be evaluated and how
toincrease productive student participation” [10]. Upon reflection
on the instructional design of a fully online remote Vector Calculus
course there was a need to whilst encouraging engagement with
the course content to determine the quality of student learning.
We were conscious of the fact that this was for many students
their first experience with discussion forums and more so in
mathematics courses. This paper is a reflection on the quality of
interactions of students in discussion forums in a Vector Calculus
course. This was done to inform the design of future iterations of
discussion forum use in the Vector Calculus course and to provide
a guide to student participation therein.

Il. THEORETICAL FRAMEWORK

The theoretical lens for this research study is framed by social
constructivism, the community of inquiry model and a conceptual
framework for assessing quality of interactions.

A Social Constructivism

Constructivism’s central ideais thathuman learning is constructed.
It encourages, acknowledges and accepts that students are
independent, constructing new understanding based on their
existing knowledge and that their learning is active rather than
passive [11]. The forgoing notions are important in the light of
the 2020 Vector Calculus course where students had to take
responsibility and regulate their own learning in a fully online
remote context.

A partnership between constructivism and technology s
advantageous to instructional course design and ensures the
building of “more intimate supportive environments” [12]. The
Vector Calculus online course design from a constructivist
perspective provided opportunities such as discussion forums
enabling students to discover and collaboratively construct
meanings, respected that students were individuals, supported
them through the learning process and encouraged dialogue
between all participants.

B. Community of Inquiry Model

From an educational perspective, a community is composed of
facilitators, tutors and students facilitating, constructing, and
validating understanding, and developing capabilities leading
to further learning [13]. The community of inquiry framework
proposed by [14] is based on two ideas- community and inquiry
where community distinguishes the social nature of education
and the function that ‘interaction, collaboration and discourse
play in constructing knowledge' while inquiry reveals the ‘process
of constructing meaning through personal responsibility and
choice’. A community of inquiry as ‘a cohesive and interactive
community whose purpose is to critically analyse, construct,
and confirm knowledge’ [15]. The three core elements of the
community of inquiry are social presence, cognitive presence and
teaching presence.
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Social Presence values that the creation of trust amongst students
will lead to open and meaningful communication creating
camaraderie and fostering a sense of belonging to the group. It
supports interaction, and encourages questioning, interaction
with peers and small group discussions.

Cognitive presence is “the process of collaboratively constructing
meaning and confirming understanding in a sustainable
community ofinquiry” [15]. Itis fundamental to the inquiry process
since inquiry is the integration of reflective and interactive process
the cognitive presence plots the cyclical pattern of learning from
experience through reflection and conceptualisation to action
and then to further experience.

Teaching presence is defined as the design, facilitation, and
direction of cognitive and social processes for the purpose of
realizing personally meaningful and educational worthwhile
learning outcomes[15]. Teaching presence has three components:
1) instructional design and organization; 2) facilitating discourse,
and 3) direct instruction. Instructional design and organisation
establishes the curriculum, approaches and methods. Facilitating
discourse is the means by which students are engaged in
interacting about and building upon the information provided
in the course instructional materials. Direct instruction is viewed
as the instructors’ provision of academic leadership through the
sharing of their subject matter knowledge with the students.

In this research the discussion forum guidelines are rooted within
the community of inquiry framework. Although [15] use this
framework as a map for the integration of face to face and online
learning activities, this research study adapted this framework
to focus on a fully online remote course. The emphasis in this
iteration of discussion forum use was on the cognitive presence.
C Conceptual Framework for assessing quality of interaction
A conceptual framework for assessing the quality of interactions
in online discussion forums categorises criteria for quality into
three broad categories: (1) Content relates to what extent students
postings indicate their mastery of the course topics, (2) Interaction
quality defines how students interact in a constructive manner
when discussing course content and (3) Objective measures notes
the frequency and consistency of students participation [16] . The
framework relates to student participation in discussion forums and
consists of 12 criteria under the three categories. The framework
used in this research to assess the quality of students’ interaction
in discussion forums provides subcategories and indicate poor,
satisfactory, good or excellent performance against the criteria.

M. METHODOLOGY

In this section the research question and research design are
presented.

A Research Question

The research is guided by the question: “What is the quality of
students’ interactions in online discussion forums in Vector
Calculus?".

B. Research Design
Theparticipantsofthisresearchstudywere eighty-nineengineering
students enrolled for a one semester Vector Calculus course at
a South African university in 2020. The course covers functions
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of several variables, partial derivatives, multiple integrals, vector
functions and vector calculus and is taught over a 12-week period
with mainly face to face activities including daily lectures, daily
problem- solving sessions and weekly tutorials. Online activities
included online assessment and access to online resources. Five
weeks into the semester universities in South Africa closed, and
teaching and learning moved remotely fully online. The dilemma
for the teaching corps was how to maintain the communication
and interaction in a fully online space and ensure that learning
was authentic and effective. This was exacerbated by students’
lack of devices, Wi-Fi connectivity and internet access.

Free student access to the university learning platform promised
options such as the asynchronous online discussion forums to
be used to maintain interaction with participants and provide an
alternative to the face to face in class discussions. The lecturer
provided the rubric for participation, set up the structure of the
discussion forum and in some instances initiated discussion forums
by posting interesting questions, videos, challenging students to
productively and effectively engage with the course content [17].
Students responded by posting solutions, asking and answering
questions and suggesting methods of interpreting in attempting
questions.

Four tutors, the main facilitators in discussion forums supported
students scanning the discussion forums for student threads,
raising issues, commenting on and directing the discussions in a
relevant direction. Besides the limited and irregular internet usage
students experienced, the rationale for adopting an asynchronous
format of the discussion forums was that students might derive
maximum benefit from a well thought through rapport with
suggestions, references and answers to their questions and
therefore contributing to their effective learning[18].

Ethics approval was obtained for this study and students consented
to be surveyed and their information used. Data was collected
via learning platform analytics, end of semester student surveys,
and students’ discussion forum threads. Discussion threads were
analysed using qualitative data analysis by coding of threads
according to the assessment of quality conceptual framework to
see what trends emerged that would inform future design.

TABLE | Students response to statements on cognitive presence

Iv. FINDINGS AND DISCUSSION

The findings and discussion of this research study are framed with
students’ initial perceptions of discussion forums. In an online
check-in to gauge how students were coping with this sudden
move to remote online learning they were asked what difficulties
they experienced and suggestions for enabling a supportive
online learning situation. Seventy-seven students responded and
many raised the issue of discussion forum participation. Although
some comments on discussion forums were positive many were
not. Those students who embraced this new way of interacting
made comments such as “getting familiar with classmates as we
work as a team” to “helps me engage with my peers and tutors”.
The negative perceptions focussed on their difficulty adjusting to
a new way of participating, experiencing difficulties keeping up,
experiencing stress, finding discussion forums not helpful, feeling
uncomfortable using their names, having difficulty expressing
questions and answers, not in favour of the lag time in response
to questions, and was summed up by

“It's hectic and the fact that this online thing is all new to us, it affects
how we study. | know that the aim is to engage everyone and get help
where possible but for me | feel it creates a lot of pressure.”

In addition, student responses in the end of course survey relating
to participation suggested that only 36 percent felt comfortable
participating in discussion forums, 28 percent felt comfortable
interacting with other course participants and 24 percent felt
comfortable disagreeing with others. It is very likely that for many
students this was the first experience with discussion forums.
In the sudden pivot to remote online learning students were
challenged to change their learning styles and it is possible that
not all students embraced this 'new normal’ taking them away
from their comfort zones.

A Survey

Sixty-four students responded to an online Community of Inquiry
survey administered at the end of the course. The findings refer
to the Cognitive Presence in the community of inquiry model may
have a bearing on the quality of discussion forum threads are
reflected in Table 1.

Cognitive Presence
Agree and

Statement strongly

agree
The mathematics problems in the discussion forums increased my interest in the mathematics topics covered in the course. 42%
The discussion forums increased my curiosity. 41%
I was motivated to explore content and related questions. 52%
I used a variety of information sources to explore mathematics problems in this course. 80%
| felt that brainstorming and finding relevant materials helped resolve content related issues. 62%
| felt that discussion forums were valuable in helping appreciate different perspectives. 48%
Combining new information from discussion forums helped answer assessment questions. 53%
Discussion forums helped construct explanations and solutions. 57%
Reflecting on course content and discussions helped me understand concepts taught in this course. 60%
| can describe ways to test and apply knowledge created here to other courses. 59%
I'have developed solutions to course problems which can be used in practice 53%
I can apply the knowledge created in this course to other non course related activities. 56%
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The survey results suggest that little more that 40 percent felt
that discussion forums increased their interest or curiosity in
mathematics, between 50 and 60 percent responded positively
to statements relating to exploring more content and questions,
using information from discussion forums to help construct
explanations and solutions to answer assessment questions,
although 80 percent used a variety of information sources to
explore mathematics concepts.

B. Learning Platform Analytics

Participation on the various learning platform tools is shown in
figure 1, and it can be seen that discussion forums recorded the
highest participation. In future research we should consider to
what extent this low positive response in the community of inquiry
survey can be explained by the survey takers low participation
rate both by the number of threads authored and the number of
posts read.

Lessons 35.8% ml

|Resources 29.9% (60 I-—

orums 3& 3% (69)

FIGURE 1 Student activity on various tools on course Site.

Participation, although initially slow increased as the semester
progressed as can be seenin figure 2. The discussion forum analytics
show this is the case both in the number of participants as well as
the number of interactions in the discussion forums increasing. The
possible reasons for this could be that more students recognised
the benefits of discussion forums, or they participated to satisfy the
grade requirements of the course.
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FIGURE 2 The number of visits to the forum tool on the course site since the site
creation in mid April to the course end in mid July.

Research says that there are three levels of participation in

discussion forums:

1) "Lurkers” [19] who just read the threads not interacting with
others. They may learn by reading the posts and applying
their understanding and ideas into their assessments.

2)  Students who simply post their own threads and have limited
interaction with others’ posts.
3)  Participation is interactive and used to its maximum potential.

During the 9-week course approximately a third of the class authored
less than 5 posts with 10 students not authoring any posts. Twenty
five percent authored the required 16 posts or more, with 2 students
authoring more than 50 posts. Four students did not read any posts,
overathirdreadlessthan 10 percent of the posts, afifth read between
11 and 20 percent, a sixth read between 21 and 30 percent with 9
students reading more than 50 percent of the posts. Three students
read over 90 percent of the posts. There were many “lurkers” as the
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participation in reading was by far higher than authoring posts, but
it is positive to note many who posted threads were interactive with
other posts. Some of this lack of participation can be explained by
issues with devices and internet connectivity, however this resolved
itself in most cases a few weeks into the course.

C Discussion Threads

Qualitative data analysis was undertaken, and discussion will be
presented under the constructs of Nandi's framework for assessing
the quality of online discussion forums: content, interaction quality
and objective measures [16].

1) Content: The majority of the content of the discussion
forums revolved around students asking and answering Vector
Calculus questions they encountered in homework assignments,
assessments, course and other resources in their studying of the
concepts in the course. The guestions were an indication that
students were engaged in studying the concepts and this was
further confirmed by the way in which they immersed themselves
in discussion, making it easy to deduce their ability. Their questions
and answers were largely well presented and clearly articulated both
in terms of language and mathematics. Some students presented
diagrams and graphs or attached screenshots and pdfs to put forth
their arguments as seen in figure 3.

FIGURE 3 Students’ use of graphs and drawings in explanations during
discussions.

i. Clarifications were present in that students contributions were
very clear, well thought through and showed good understanding of
the concepts, some in the way of correcting others such as shown in
figure 4, some in the presentations of ‘this is what | have learnt’ and
others detecting and alerting others to errors in resources.

This is almost correct however its the square distance from the origin you talking about:
d=x?+y2+2?

therefor, d = v x2 +y? + 22

FIGURE 4 Student correction of posts by others.

In some cases the answers wer arrived at after much engagement
in discussions. In most cases justifications were visible in the
provision of proofs, diagrams and theorems stated. As is the nature
of mathematics the interpretation was clearly visible in many of
the responses with students drawing conclusions and making
proposals based on their previously studied mathematical content
as can be seen by the well presented interpretation of the polar and
rectangular bounds of a double integral in figure 5. The following
student response is an indication of application of knowledge
regarding limitations:
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“In the usual applications of polar coordinates where the region
is circular (or an ellipse), | would advise to use the formula for
the integral as given in the text. Remember that 0<6<2m, but we
can only find inverses for cos and sin on intervals of length 1.
When the limits of integration are functions, they must be well-
defined and it is natural to define r as a function of 6. Let me
know if this helps.”

Discussion focused on key issues an indication that students were
able to prioritise and understand the fundamental theories in the
study of Vector Calculus concepts. Many of the discussions brought
to the fore new insights, alternative solutions presented and new
ways of thinking of the old problems. Many students exhibited their
breadth of mathematical knowledge in attaining this level of
discussion by posing and answering relevant questions.

2) Interaction: Students interacted with each other in constructive
ways asking and answering questions and in collaboratively
contributing to discussions. Students showed critical discussion of
contributions of theirs and of others as is seen by this comment
“My attempt is similar but unnecessarily explicit” where a student
whilst showing appreciation for another response is critical of his
own contribution. They worked together, some using new ideas
they may have encountered in additional resources, debating to
arrive at solutions they acknowledged and accepted. Sharing of
knowledge took the form of previous experiences, their way of
solution and information they would have regarding a particular
topic. Social cues were used to engage others in asking for help;:
“| am struggling to understand...”, making an assertion about a
concept or complementing one another in ..." very well thought
out, thanks”. It is important to note that many of the students who
participated in the discussion forums did so not only for their own
benefit but were instrumental in creating a community of learning in
Vector Calculus, challenging and supporting.

FIGURE 5 Student post displaying interpretation.
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3) Objective Measures: Those students who participated did so
regularly and consistently.

V. CONCLUSION

This research was done to gauge a reasonable rate of participation
and expectation for posts and quality that would optimally inform

the design of the discussion forum in the vector calculus course
going forward and impact student success in the course.

Although it is difficult to address the learning preferences of all
students, and could not enlist the participation of all, discussion
forums nonetheless implemented a valuable strategy for teaching
and learning and engaged a wide population of students.
Discussion forums in the absence of face to face contact between
participants as was the case in our context provided a human
interaction in the teaching and learning space. It encouraged
a community of learning and presented support for student
learning in Vector Calculus.

The limitations of this research are that its focus is a single cohort,
however the findings provide important insights that will impact
future practice in this course. The discussion forum structure
described in this research was an initial iteration and will be
adapted in the next iteration of this course. Many factors will
need to be considered to promote consistent and active student-
student and student-facilitator interactions in the learning
process.

The pivotal role of the instructor in carefully crafting the discussion
requirement to align with the purpose for the discussion
forums, to maintain good participation of students, to establish
a structure for the discussion forums, provide a kickstart and to
ensure a presence but not to dominate the discussion forum is
an important consideration [20]. Tutors acted as facilitators and
it is important to stress that tutor training should be included in
the setting up of effective discussion forums. Not only should the
facilitator be a content specialist they should also have pedagogical
expertise. A content specialist will enhance the level of discussion
forums by directing discussions appropriately and will be well
positioned to provide well informed feedback, referring to theory
and relevant resources, spotting misconceptions and scaffolding
learning. In addition, the pedagogical expert will carefully craft and
appropriately provide the support and scaffolding necessary for
student learning,.

Communication skills in online discussion forums are assumed
and not made explicit [9]. It will be important in future iterations
of discussion forums to acknowledge that not all students would
have encountered this interaction and may be experiencing
discussion forums for the first time and therefore they will need
to be initiated into this new pedagogy by a period of preparation
factored into the course at the beginning. Evidence from this
research suggests the guidelines and rubric for participation
presented to students spurred their participation in the discussion
forums and that they appreciated that the structure of the forums
was provided for this participation to take place. The point to note
also is that the connection to the grade was the most important
factor driving participation. In addition, in conceptually difficult
courses like Vector calculus students who do not understand
basic concepts may not participate and hence there should be
some provision for scaffolding their learning.

Participation increased as time progressed and a community of
learning was developed with students not simply asking questions
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of each other but supporting each other’s learning, encouraging,
praising and building confidence. Future iteration should
include an introduction component which may influence early
participation by inculcating trust and familiarity from the outset
[211.

Whilst the limiting factors for participation in online discussion
forums are well documented, the advantage is that it can
transcend many factors allowing students who in a face to face
context may not have interacted to interact with each other [22].
The increased engagement increases their access to learning in
the course and can hence make the course more accessible to
them. This accessibility was further enhanced by the discussion
forums staying open for the duration of the semester allowing
students to ask, answer and read questions and content.

Students developed many skills evidenced by their postings.
This included writing, communication, social and mathematical
skills. These were exhibited by the logical mathematical structure
of solutions presented, referencing correct theorems, using
diagrams and graphs to make a point, and in the use of MathType.

If we strive for more engagement in Mathematics that result in
conceptual understanding in mathematics, then this research
offers preliminary evidence that discussion forums support that
goal. Itisimperative that discussion forums be assessed to ensure
quality discussion and engagement is taking place. Since empirical
research over a large sample of students supports the notion that
students who engaged interactively performed better than those
who studied individually [23].

Future research should investigate students’ perceptions and
performances on discussion forums and the relationship to
course outcomes and grades.
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Abstract—While the adoption of blended or onlinelearning has
been spreading across the world, it is not always implemented
in a way that transforms teaching and learning. More often
than not, technology is used to support traditional ways of
teaching and learning. At our institution we have adopted
a blended learning definition, that rather focusing on tools
and technologies, highlights the importance of pedagogical
considerations. Following Gilly Salmon’s Carpe Diem design
process we encourage lecturers to carefully think about
learning design, emphasizing learner needs and disciplinary
and institutional context. This study follows six lecturers in
the Faculty of Engineering and the Built Environment, who
are known as so-called ‘e-learning champions'. e-learning
champions are “individuals who emerge to take creative
ideas (which they may or may not have generated) and
bring them to life. They make decisive contributions to the
innovation process by actively and enthusiastically promoting
the innovation, building support, overcoming resistance, and
ensuring that the innovation is implemented” [1]. We are
interested in the role these e-learning champions played when
supporting their departments before and after COVID-19 with
moving teaching and learning online. At the beginning, novice
lecturers saw online teaching as simply transferring their face
to face teaching strategies online. How to design for interactive
online content, student engagement and appropriate online
assessment was an unfamiliar territory. The findings are in
it's initial stage however many themes emerged here like role
of e-learning champion and their contribution towards peer
learning. It also speaks about the complexity involved and
support from the institution, etc. The paper will conclude with
recommendations about future research.

Keywords—E-learning ~ champions, — online
academic staff development

teaching,  pandemic,

I INTRODUCTION

The Internet has become a common medium for interaction,
communication and collaboration within which learners and
lecturers engage. Increase in the number of online course
offerings are changing the role of the lecturers and the nature of
teaching with more staff support required for online teaching [2].
The online environment changes the fundamental nature of the
interaction between the teacher, student, and content, requiring
a re-examination of the roles lecturers take in enhancing students'
learning. Researchers have identified various reasons for the
limited understanding in nurturing higher-order thinking in the
online classroom. One of the critical reasons is the tendency of
carrying over the traditional educational practices into the online
environment [3]. Lecturers often rely on traditional pedagogical
approaches that they develop in emulation of colleagues or Profs
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they consider as effective teachers. Support and development
programs are critical in helping teachers engage in the process of
pedagogical inquiry and problem solving as they reflect upon the
interactions between content, online technologies, and pedagogical
methods within their unique teaching contexts. Lecturers are
expected to adopt more facilitative approaches in creating learner-
centered online classrooms [4][5]. While it is seen that there is still
a strong focus on the responsibilities of lecturers in online courses,
the lecturer moves from being at the center of an interaction or
from being the source of information to the 'guide’, which implies
that lecturers design, organize, and schedule the activities and
the learners assume greater responsibility for their learning by
coordinating and regulating their learning activities [6][7].

The global pandemic, ‘COVID-19" has hit South Africa particularly
hard. South African Higher Education (HE) has already been
facing disruptions over the last few years. The student protests
in the past years have highlighted the inequality that persists in
the country's HE system and pointed towards the need to rethink
approaches when it comes to teaching and learning. In particular,
the protests have drawn attention to the need to not only widening
access for previously disadvantaged students, but also create
epistemic access for diverse communities of students. During
these difficult times e-learning champions have a crucial role
in supporting colleagues in their respective departments in the
form of motivation, support, assistance, etc. This study is part of
a larger study exploring e-learning champions’ roles at supporting
innovation in teaching and learning in their departments. The-
Learning champions as ‘academics known in their departments to
use technology innovatively and they serve an important function
of connecting to the Centre for Innovative Educational Technology
with departments and faculties’ [8]. This paper will focus on
e-learning champions in the Faculty of Engineering and the Built
Environment and present initial findings on the contributing factors
to adoption of innovation among colleagues.

Il LITERATURE

Online learning has grown dramatically over the past 20 years in
higher education settings. Research has found that teaching online
requires different competencies, and skilled face-to-face lecturers
do not necessarily make quality online teachers [9][10]. This means
there is a need for academic staff (lecturers) development to create
a meaningful impact on faculty members’ ability to design and teach
online courses. In order to provide professional development,
universities must first identify the knowledge and skills required
to teach online. Many researchers have developed and written
about the types of knowledge required to teach online courses
e.g. context, content taught, student background, level taught, etc.
one way to change instructors' attitude towards online teaching
and learning is to engage them in online professional development
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experiences that effectively model the benefits and possibilities
available in the online learning environment [11].

Few researchers have echoed that through social cognitive theory,
instructors can learn new behaviours by observing someone
else perform those behaviours and then imitating them. The
effectiveness of social models in both observations and social
interactions [12]. They also provide secure space to explore
the technology and experience satisfaction with its affordances,
while observing best practices by the instructor [13]. Therefore,
a combination of observation and active process of doing is an
important component when preparing lecturers for online courses
[12]. Peer modelling is thereby seen to impact others’ motivation
and behaviors. As a result, professional development that facilitates
learner-learner interactions, i.e. peer learning among colleagues,
may be particularly effective at changing participants’ attitudes and
perceptions of online learning [14]. However, only a few existing
studies relied on modeling best practices for online teaching and
learning through the delivery of online professional development
through colleagues. While it might take some instructors longer
to adopt online teaching [e.g., 15], the aforementioned studies
reported that online professional development increased
knowledge and improved faculty perceptions. As online learning
technology continues to develop, little information exists on
the effectiveness and preference of an online format to foster
interactive professional development for instructors preparing
to teach online [11] [16] [17]. While the topic of preparing faculty
for online teaching is popular in the literature, many studies focus
on what to teach rather than how to teach it. Faculty professional
development can occur in both synchronous and asynchronous
modes that establish online learning communities or focus more
on independent and flexible learning.

This paper discusses the role of certain colleagues in the supporting
the adoption of blended learning in departments, whom we call
‘e-learning champions'. To define these academics, we use Beath's
[1]1 seminal definition of technology champions. According to Beath,
champions are “individuals who emerge to take creative ideas
(which they may or may not have generated) and bring them to
life. They make decisive contributions to the innovation process
by actively and enthusiastically promoting the innovation, building
support, overcoming resistance, and ensuring that the innovation
is implemented”. In previous studies we found out that these
e-learning champions share a common mindset, that mirrors a
design thinking mindset, such as demonstrating a strong empathy
for their learners, a preference for collaboration, experimentation
and resilience [12]. During the student protests (2015, 2016 &
2017), the institutional shut down for various months, which
meant for e-learning champions an opportunity to explore the
use of online learning to keep engaging with their students. These
experiences proved helpful when COVID-19 hit the institution.
Being a large institution, the student population comes from
diverse backgrounds, but also from both urban and rural contexts.
Many of our students rely on resources offered on campus and in
residences, and therefore it could not be assumed that students
would have the kind of access to devices, data, and a conducive
study environment necessary for continuing the academic project
online under lockdown.

The Minister of HE announced in April 2020 that South African
universities would need to move to ‘multi-modal remote learning
systems including digital, analogue and physical delivery of learning
materials in order to provide a reasonable level of academic support
to all our students at all institutions in order to save the academic
year'[18]. This gave lecturers some time to prepare their multimodal
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teaching and learning strategy, offering not only online learning, but
also print-based materials, for students without access to digital
technology, data and network connectivity. However, it also meant
uncertainty over many weeks and months as the way forward seemed
bleak. This is when e-learning champions' roles along with support
from the central support units such as the Centre for Innovative
Educational Technology (CIET) came to the fore in terms of advising
and supporting departments. While CIET offered institution-wide
support in the form of webinars, e-learning champions translated
this knowledge and these skills into their own context.

1. METHODOLOGY

In this paper, we explore the impact exhibited by innovative HE
practitioners i.e. e-Learning champions, within their department in
supporting their colleagues during the move to remote teaching and
learning during COVID-19. Participants i.e. e-Learning champions,
in the project, were selected on the basis of their reputation as
innovators, such as winning teaching excellence awards either at
the departmental, faculty or institutional level within the Faculty of
Engineering and the Built Environment. Interviews of 30- 60 min
were facilitated by the members of the research team. Questions
in this interview focused on how e-learning champions responded
to COVID-19 in order to prepare for remote teaching and learning
both in their own teaching practice, but also how they supported
their departments in the move to remote teaching and learning.
For this paper we define e-learning champions as academics known
in their departments to use technology innovatively and who serve
important functions of connecting central service units such as
the Centre for Innovative Educational Technology within their
departments and faculties. It is important to clarify that these are
not teaching and learning or technology experts, but academics,
who have been using technology for a while and in innovative ways.

Interview questions were designed to gather insights and
perspectives on departmental buy-in, particularly on the impact of
formal and informal academic staff development, and departments’
adoption of e-Learning tools and platforms. Following this phase,
interviews were transcribed and later analysed independently
by the authors. As a flexible method interviews can provide the
researcher with a rich and nuanced account of complex data. .
Data was analysed in a deductive way, using literature on learning
design and design thinking was an analytical framework. Ethical
clearance was sought through appropriate institutional channels.
For purposes of confidentiality, participant details are anonymized.

V. FINDINGS

From an initital analysis of the interview data, initial themes emerged
which are described below.

A Being an eLearning champion is a balancing act

In their responses elLearning champions share an understanding
of the difficult position they are placed in. This finding sort of
aligns with Beath [1] in terms of what she says about elLearning
champions. Although they are known as being innovators, and
‘go-to-persons’ in their departments, when it comes to questions
related to e-learning, they need to negotiate this space carefully,
when bringing their colleagues on board. If e-learning champions
are positioned too far ahead of their colleagues, it becomes difficult
to motivate them to catch up and change and innovation is placed
in their sphere of responsibility, rather than being shared. This
means sometimes ‘underplaying’ their roles, stepping back and
letting others lead in order to bring in more colleagues.
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B. The importance of peer learning

From their responses we could also gather that it helps if there is
a team of e-learning champions in a department. Participating as
colleagues in a course or co-designing courses and sharing projects,
helps gathering support for more innovative teaching and learning
approaches. This is inline with what Borup and Evmenova [14]
echoed, which is peer learning and it's effectiveness in changing
attitudes and perceptions of peers (colleagues in this case).

C Reducing complexity

E-learning champions share a specific mindset as mentioned before.
They like uncertainty and the messiness of unknown situations,
such as the lockdown. However, it is also clear that not all their
colleagues share a similar approach to innovation. While they strive
in these ‘liminal spaces' [19], others might feel lost or alienated. In
their responses e-learning champions reflected on the importance
of reducing complexity for their colleagues and that's where they
saw much of their work - in selecting tools to engage with, creating
supporting documents and resources, such as course outlines or
other structures colleagues could follow.

D. Institutional support

Theyalso allagreed that support by their HOD was crucial in ensuring
departmental buy-in. While e-learning champions might thrive
in in-between spaces or move easily beyond their departmental,
faculty or even institutional boundaries, if they encounter pushback
or lack of support within their own departments, the support of
management is essential for adoption of innovation.

E. Finding your tribe

Finally, they reiterated the importance of creating platforms across
the institution to find like-minded individuals, share strategies and
successful practices, but also to offer emotional support and a
space where they could be their authentic selves, without having to
constantly consider strategic moves in engaging with their colleagues.

V. CONCLUSION

This paper set out to explore the role of eLearning champions in
supporting their departments in moving towards remote teaching
and learning during COVID-19. Initial findings show the important
role that these elearning champions can play in modelling and
scaffolding context-sensitive solutions for their department, when
they are aware and reflective of the very specific role they are
playing. By translating/adapting generic academic staff development
strategies to their specific departmental needs, they can play
an important supportive role in departmental buy in into online /
blended learning.

A. Recommendations for future research

This study included a small set of participants; thus, while insightful,
the findings cannot be generalized and should be considered
within the context of this research carried out. Future studies might
incorporate some observations that show how much knowledge that
lecturers have acquired is actually transferred to their departments.
Even studying long-term effects on professional development
can be considered. Finally, this study only considered lecturers or
instructors therefore future research may benefit from including
student voices to see if any changes are happening in the lecturers’
knowledge, skills, attitudes, perceptions and are ultimately resulting
in improved student outcomes. Seeing these benefits it might
interest the lecturers to shift their focus and seek opportunities for
high-quality professional development.
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Abstract—The thrust of the Fourth Industrial Revolution and
the pressure of industry stakeholders require employers
to develop and implement new workforce strategies. In the
engineering field, current requirements must address the
additional challenges related to planned obsolescence in
technology. This phenomenon has represented in recent years
atriggeringrisk for other labor obsolescences, with devastating
effects for many companies and educational institutions that
were unprepared for these cataclysmic changes. The current
panorama is frantic and especially damaging for educational
institutions in Latin America, to the point that the worst facet of
technology obsolescence, known as systematic, causes a kind
of “mirror” obsolescence in academic programs in engineering
institutions. The objectives of this Work-in-Progress study
are to: (i) identify problems related to technological change
skewed by skills in the technology sector labor markets and
(ii) assess different initiatives that educational institutions in
engineering have addressed, including Higher Education and
Continuing Education. This document also briefly presents a
statement of the implications for educational practice with
focus on actions, possible frameworks of teaching and learning
techniques, and a summary of the research preliminary
results and findings.

Keywords— educational innovation, education 4.0, higher education,
Job obsolescence, lifelong learning.

l. INTRODUCTION

Skills obsolescence is an integral part of technological progress
that has become more troubling as jobs in the tech sector have
grown increasingly demanding and complex. As technology evolves
exponentially in the Fourth Industrial Revolution, this trend is
expected to accelerate in coming years. While there are several
mathematical models on the effects of technological change,
training, and learning at work and its effects on competitiveness and
job stability, the matter of skills obsolescence has worsened and
transformed in unexpected ways during the COVID-19 pandemic,
which continues to impact the labor market unpredictably and
require employers and employees to almostimmediately implement
global digital transformation in the form of online work and remote
education [1,2]. A challenging problem that arose in recent months
is the need to define new models of obsolescence in education
in the framework of the Fourth Industrial Revolution and the
management of different forms of labor obsolescence that, in times
of COVID-19, have surfaced abruptly. In this historical moment,
which some have called The Great Reset, the authors believe it is
essential to rethink the validity of existing dynamic models, in which
the obsolescence of skills and lifelong learning reinforce each other,
driven by technological change in the workplace [3].

Gabriela Sirkis
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gsirkis@ucema.edu.ar

Marc Correa
ESADE Business and Law School,
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Extensive literature has over time developed on labor
obsolescence in the technological field, but a number of questions
regarding the current panorama of education in Latin America
remain to be addressed: firstly, to identify the dynamic models
that best explain global risks that technological changes can lead
skills obsolescence; and secondly, how the redesign and flexibility
of higher education and lifelong learning programs in engineering
can mitigate these effects and help stimulate economic recovery
in the technology sector [4].

This Work-in-Progress study seeks to expose the difficulties of the
circular economy to retrain the workforce in the post-COVID-19
era and describe the potential roles of different stakeholders. This
research study presents a proposal to analyze the obsolescence
processes, determine the variables involved, and propose a
methodology to establish how engineering education can help
develop the necessary skills to decrease staff obsolescence in the
workforce.

Il LITERATURE REVIEW
A Skills Obsolescence and Workforce

In the 1970s, Kaufman had already defined skill obsolescence
as the “degree to which professionals lack the up-to-date
knowledge or skills necessary to maintain effective performance
in their current or future job roles” [5]. In that era of incremental
technological advances, Physical skill obsolescence or organizational
forgetting were the types that received the most attention [6]. In
our current era of disruptive technological advances, greater
attention should be given to the Economic skill obsolescence (skills
previously demanded are no longer required or have declining
in importance) or even to Perspective’'s obsolescence (obsolete
opinions and beliefs about work and the work environment). The
concept of obsolescence also included workers such as human
resources and the skills and competencies of human capital
that market forces left obsolete unpredictably and unplanned.
Currently, the incorporation of new technologies in the framework
of the Fourth Industrial Revolution is causing unexpected domino
effects on the socioeconomic and technological drivers of change,
the shortening of product life cycles, the increase in environmental
costs, and finally the imperative to develop circular economy
strategies. As jobs have become more demanding and complex,
skills obsolescence is an integral part of technological progress that
has become more worrying. This trend is expected to accelerate
in coming years as technology advances exponentially in the
Fourth Industrial Revolution [7].

The risk of skills obsolescence is especially high in industries that
deploy rapidly changing technologies. One of the most feared
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consequences is that skills obsolescence will lead to greater job
insecurity throughout life, which will make it difficult for older
workers to maintain an adequate level of participation in the
labor market. It is evident that skills obsolescence and knowledge
obsolescence will determine the strategies needed to reskill the
workforce: because technological change induces skill & knowledge
obsolescence, this will greatly condition lifelong learning initiatives.

Low-skilled workers and workers who lack opportunities to
develop their skills throughout their careers are at the greatest
risk of obsolescence. Even highly skilled (white collar) workers

are not immune. For example, the qualification levels of the
European workforce have increased to 2020 with more than 47%
of the workforce possessing university qualifications or high-level
equivalent. The European challenge for the next decade is to
preventhigh-level skills wastage, and maintain the competitiveness
ofits labor market. On the other side of the globe, in Latin American
labor markets, the picture is very different: an estimated average
percentage of around 20% of the workforce is white collar, so the
expectations of maintaining global competitiveness will depend
on reskilling and upskilling strategies that are jointly implemented
between stakeholders in each country, as shown in Table 1.

TABLE 1 Comparative workforce Indexes for some countries in Latin America and Europe

LATIN AMERICA Tota;ql/l!;figlgzr:e (in Percegiz?”geediiHighly EUROPE TOtaln\?iﬁ;f;Zvce (in Percerswiai”geediiHighly
Argentina 20.77 24.3% Austria 4.61 40.8%
Chile 9.58 25.6% Denmark 3.03 45.9%
Colombia 26.79 18.9% Ireland 242 40.1%
Costa Rica 2.47 22.5% Netherlands 9.27 47.9%
Guatemala 6.85 9.8% Norway 2.82 51.5%
Mexico 57.14 18.9% Serbia 3.22 29.5%
Nicaragua 3.05 18.2% Sweden 5.47 50.3%
Panama 2.07 25.8% Switzerland 4.98 52.5%
Uruguay 1.76 21.8% United Kingdom 34.53 48.2%

Average percen.tage of Highly Skilled in 19.91% Average percentage of Highly Skilled in 47.03%

Latin America Europe
Total workforce hi'ghly's'kmed in Latin America 26.11 Total workforc¢ hig'h'ly skilled in Europe 36.47
(in millions) (in millions)

Sources: *World Bank Open Data (2019) [8] **ManPowerGroup Total Workforce Index (2017) [9]

B. Education 4.0: Global Framework versus Global Risks

As rapid technological advances continue to transform the world of
work, education systems play a critical role in preparing the global
workforce of the future. Today, with the emergence of unpredictable
global risks, such as the COVID- 19 crisis, the educational models
of higher education and continuing education institutions must be
flexibly adapted to equip workers with the necessary tools to mitigate
skills obsolescence and identify viable models of quality education.
Education in the Fourth Industrial Revolution can be identified with
the following four skills and four learning characteristics of high-
quality learning as Education 4.0 Framework [10]:

Global citizenship skills

Skills Innovation and creativity skills
Technology skills
Interpersonal skills

Learning Personalized and self-paced learning

Characteristics  Accessible and inclusive learning
Collaborative learning

Student-driven learning

It is of interest in this study to know what are the internal forces of
these systems, who are the relevant stakeholders and finally, what
weight some of the characteristics in the Education 4.0 framework
have, in these conceptual models. The 21st Century featured
irreversible transformations that generated substantial changes

in workforce development. International organizations including
the Organization for Economic Co-operation and Development
(OECD), and World Economic Forum (WEF), in their pre-2020
reports, presented the situation as a global challenge: meeting new
demands requires focusing on the nature of future work and on the
skills of the workforce to perform adequately those works [4,11].

Thomas Friedman in his famous work showed that 2007 was a
year of a great disruption in technology: the iPhone hit shelves,
Twitter reached global scale and Airbnb was created in a San
Francisco apartment [12]. While technology changed the business
environment, were those changes similar in all industries? WEF
introduces their survey results of the expected impact of the
drivers of change and show how senior executives estimated
how those drivers of change would influence different industries
[13]. WEF found two kinds of drivers: the demographic &
socioeconomic and the technological, shown in Table 2. The first
are led by “changing nature of work, flexible work” in a 44%. What
is remarkable about the WEF report is the perception about the
different impact that those drivers have in the diverse industries.
What do these differences mean? The obsolescence of some skills
is not universal across all the industries. In observance of the
average of the different technological drivers, the industry that
will change most is Information and Communication Technology
and the industry where technology is expected to change less
is Consumer. In Latin America, different stages of technology
coexist in industries. While COVID-19 may have changed some
of that data due to the forced digital transformation mentioned
above, technological adaptation over different industry sectors
will inevitably continue.
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TABLE 2 Drivers of change

Demographic and Socio-Economic

Changing nature of work, flexible work 44%
Middle class in emerging markets
Climate change, natural resources
Geopolitical volatility
Consumer ethics, privacy issues
Longevity, ageing societies

Young demographics in emerging...
Women's economic power, aspiratios

Rapid urbanization

Technological

Mobile internet, cloud technology 34%
Processing power, Big Data

New energy supplies and tecnologies
Internet of things

Sharing economy, crowdsourcing
Robotics, autonomous transport
Artificial Intelligence

Adv. Materials, biotechnology

Adv. manufacturing, 3D printing

There are big sectors with high tech equipment and advanced
levels of digital transformation and others that continue with old
technologies. For that reason, what WEF shows about the different
needs of reskilling in Latin America is more evident. Workers
whose skills development has stagnated or deteriorated are more
likely to worry about losing their jobs, have a temporary contract
or be less likely to progress in their career. Different surveys show
similar results that confirm the pressure workers feel [6]:

- An average of 16% of workers believe their skills have
become obsolete in the last two years due to technological
developments or structural reorganization.

- Around 18 to 20% of workers indicated an inability to handle
cognitive aspects related to the knowledge of their work, as
they did two years ago.

- 34% of workers who did not receive training in the previous year
are affected by the obsolescence of the skills, and even 22% of
those who had participated in the training feel affected by it.

We believe it is essential to understand how to calculate a
reasonable lifespan for educational products (such as courses
and workshops), why and how workers accept that such trainings
have an increasingly ephemeral validity in their lifelong learning,
and in parallel to better understand the underlying causes driving
the increase in the generation of continuing education products
and providers [14]. As the WEF report mentions, Professional
Services in Engineering is the second industry affected by the
new technologies. These workers are highly skilled and they work
globally. This is why many professionals with undergraduate
degrees, masters or even PhDs, require education in new
technologies. Some schools offer online and offline courses in
their executive education. Established platforms like Coursera
or EdX already offer such courses; during the pandemic, new
companies joined their ranks. As professionals in various jobs
sought to adapted to remote work, webinars are winners in the

current telework era. Harvard Business School Online organized
webinars to teach Profs how to use their case studies online [15].

While a few years ago, during the Knowledge Economy, Latin
American countries had the highest risk of skills obsolescence in
their workforce; today, driven by the Fourth Industrial Revolution,
the risks of skills obsolescence are global and particularly
deleterious in two sectors where the workforce is highly qualified:
(i) industries heavily dependent on technological changes; and
(ii) institutions offering engineering programs, including those
from higher education and continuing education. Some research
questions were introduced and investigated in the study:

To what extent technology change and obsolescence induce risk of
skills obsolescence in highly skilled workers?

To what extent can the introduction, application, and/or
implementation in higher education of some of the learning
characteristics of the Education 4.0 Framework reduce this risk?

How should be incorporated some of the skills of the Education
4.0 Framework into continuing education programs to meet the
workforce post-pandemic demands of reskilling and upskilling?

1. METHODOLOGY

Methodological design. The design chosen for the study was
mixed (qualitative/quantitative) experimental based on a 4- group
Solomon model [16]. With this type of design interaction effects
can be controlled by adding to the PreTest- PostTest control
group design two more groups that do not experience the PreTest
measures. The group criteria were the following:

EG-PreT: Experimental Group with PreTest and Treatment
EG-T: Experimental Group without PreTest, only Treatment
CG-PreT: Control Group with PreTest

CG: Control Group without PreTest

Farticipants. A total of 135 participants are still involved over six
semesters(S1toS6), fromAugust2018toJune2021. Ofthem,90are
undergraduate: 47 students enrolled in Sustainable Development
Engineering, SDE program, and 43 enrolled in Mechatronics
Engineering, MET program. All the students who participated in the
study worked as interns in technology companies with contracts of
less than 25 hours a week. Additionally, 45 junior engineers from
masters' programs are participating since August 2020 and will
finish the study in February 2021, as shown in Table 3.

TABLE 3 Methodological data used in this study

Group Total Students per Program & Semester
Type sample course ID
12 SDE - S1 (Aug'18)
EG-PreT 35 15 MET - S2 (Feb"19)
8 SDE - S4 (Feb'20)
CG-PreT 16 16 SDE - S3 (Aug'19)
11 SDE - S1 (Aug'18)
12 MET - S3 (Aug'19)
EG-T 56
8 MET - S4 (Feb'20)
25 Master - S5 (Aug'20)
8 MET - ST (Aug'18)
CG 28
20 Master - S6 (Feb’21)
135

Instrumentation. Different types of instruments were considered
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for the study. Some PreTests and PostTests for data collection and
research were: questionnaires, interviews, surveys, observation
lists, rubrics and other tools to handle parametric data statistically
as shown in Figure 1.

In the preliminary stages of the study, two possible conceptual

Pre-Test — Treatment Post-Test
¥ ¥ A
measures activities measures
1] ¥
Skills Training Questionnaires
Obsolescence | | (pskilling & ReSkilling Interviews
Rubrics Surveys

'—i Statistical Comparison I—f

FIGURE 1 Procedure design

models were considered: The Static Model and the Dynamic
Model [1].

STATIC MODEL. Training participation and on-the-job learning are
exogenous; therefore, the organizational setting drives training
and has direct implication on employees’ psychological and
behavioral consequences.

DYNAMIC MODEL. Skill obsolescence and continuing education
mutually reinforce each other, driven by technological change
that takes place in the workplace; therefore, the employee sets
the endogenous driver and impacts workplace performance.

We have observed in our preliminary studies that workers’ skill
levels are not static, and that both the decision to train and the
decision to organize work to promote learning-by-doing do not
appear to be independent of technological change. We have also
verified that the static model cannot explain how technological
changes cause skill mismatches that lead to innovative learning
situations. Considering the aforementioned arguments, we
decided to use the Dynamic Model, since it could predict what
happens whenworkers experience the obsolescence of skills more
or less continuously in their work. This would lead to a beneficial
dynamic effect, in which technological change allows workers to:
(i) become actively involved in their own learning process; (i) feel
truly encouraged and committed to adequate training; and finally
(i) become aware of increased productivity at work.

Regarding the PreTests, these were designed to evaluate the level
of development of eight competences in engineering students in
the last year before graduation: Creativity, Interpersonal skill, Self-
awareness, Emerging Technology handling, Criticality, Cultural
Framework, Broad Perspective, and the predisposition of Taking
Risks. The initial research was conducted to establish correlation
between different experimental variables:

changes in the emerging technology landscape that can
contribute to reduce costs, improve efficiency, and be more
competitive

variety of offer for training, upskilling and reskilling in the so
called “soft skills” (Criticality and Self-awareness)

three ofthe critical characteristics of Education 4.0 framework
presented in Sub-Section II.B (Creativity, Interpersonal skills
and Teamwork).

The events unleashed by the COVID-19 crisis, led to the inclusion
of PostTest different from those initially considered, to evaluate
the influence of global risks drivers as an unexpected risk factor

for job obsolescence. These were conducted through interviews,
questionnaires in focus groups and Specific Interest Groups, SIGs,
invideoconference sessions during the months of April toJuly 2020.

Iv. PRELIMINARY FINDINGS AND FUTURE WORK

In the study, obsolescence processes were analyzed, the variables
involved were determined, and it was raised how continuing
education can help develop the skills that make workers less likely
to become obsolete in the workforce. To verify that the students
began the study with similar conditions for the development of
competencies, we compared the PreTest results in both groups,
as shown in Figure 2.

The initial comparison between 57 students (35 EG- PreT and 16

PreTest Skills Assessment

e 51 (AUgUSE'18) =====S2 (February'19)

s 53 (AUgUST'19) =S4 (February'20)

Creativity
100

Taking Risks Interpersonal

Broad Self-
Perspective awareness
Cultural ' Emerging
Framework Technology

Criticality

FIGURE 2 Pretest skills levels measured in semesters S1-54

of CG-PreT) revealed that there were no significant differences
between both groups. The results also show that the students
presented the highest level of development in a skill associated
with technical aspects, such as Emerging Technology Handling; but
the lowest level of performance in a soft competition, Criticality.
On the one hand, the strongest correlation, calculated by means
of the Pearson coefficient, could be verified between the reskilling
and upskilling of Creativity and Interpersonal Relations and, the
Efficiency at work and greater Competitiveness. On the other
hand, the characteristics of Education 4.0 that most correlate
with job stability were the ability to Take Risks and the attitude of
Student-driven Learning.

Preliminary results among engineering students connect well with
the idea that workers in changing organizations are likely to be
exposed to a wider variety of experiences, allowing them to learn
new skills informally. We have also observed that employers can
enable companies to respond quickly to changes in technology
by offering more incentives for recently graduated employees to
participate in continuous training programs.

The PostTests on the ability to face a learning process alone,
the commitment with training and the awareness of one's own
productivity, using VALUE Rubrics (Valid Assessment on Learning
Undergraduate Students), showed that the experimental group
attained 41% improvement in comparison with the students
of the control group in the upper “Capstone” level and a 38%
decrement in the number of students who remained at the
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lowest “Benchmark” level of the rubric. These results are shown in
Table 4.

TABLE 4 Value rubrics distribution for EG and CG
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Abstract—Relative shortage of engineering practitioners in
Sub-Saharan Africa has been a big concern for many studies
on industrial and technological development. However,
the region that suffers from this shortage simultaneously
has a significant number of existing engineering graduates
who find it difficult to land employment in engineering
fields. While that situation reflects inability to have enough
human capital in industrial processes, two scenarios partly
explain the situation: a relative deficit (real or perceived)
in the competency of local engineering graduates in ever-
advancing areas of science, technology, engineering and
mathematics (STEM), and/or scarcity in opportunities to hone
and demonstrate competency of local engineering graduates
in the labour market. Consequently, local engineering
graduates have inadequate hands-on experience needed in
industries as well as for establishing start-up engineering
firms/businesses. To address this situation, it was postulated
that promoting engineering student industrial secondment
(SIS) programs can be a suitable approach to strengthening
the linkages between engineering study, practice and
employability. Since completing academic engineering
majors is apparently not enough by itself to bridge the skill
gap and prepare most engineers to enter their countries’
engineering practice fields, and the currently existing
student placements seem to have some serious flaws, the
present study was launched with the aim of exploring best
practices, for evidence-based policy learning in establishing
and running robust engineering SIS programs coordinated
between universities and industries - and perhaps with
support from the public sector - to serve both industries and
students. Using innovation systems and systems thinking
as conceptual and theoretical framework approaches, the
study included surveying in Tanzania, Kenya, Uganda and
Rwanda in addition action research by piloting four SIS
placements in Tanzania and Rwanda; the main objective
being to observe closely, try potential modules, and learn
and synthesize effective experiences of SIS program from
developing countries.

Keywords—East Africa, employability, engineering education, student
industrial secondments

I INTRODUCTION
Engineering fields play a crucial role in developing solutions
to the world's technical issues; they bring ideas into reality and

particularly contribute to strengthening the capacity of the
industrial sectors (SDG 9) which is critical for sustained economic
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growth (SDG 8). In addition, improving the status of engineering
is linked to achieving SDG 4 on knowledge and skills acquisition
that would address both qualitative and quantitative knowledge
deficits in science, technology, engineering and mathematics
(STEM), which stimulates efforts to revitalize interest in paying
more attention to engineering in developing countries [1]; [2];
[3] and view engineering as catalyst of technological change. On
the other hand, technological change is essential for economic
growth and human development. Engineering in this sense is the
process of digesting and combining knowledge, resources and
arts to create and operationalise technology [4].

Historically, engineering education in East Africa (EA) began
later than many other disciplines, such as the social sciences.
With the ambition to increase high-output labour (i.e. high-skill
labour) in order to push economic growth forward, engineering
education at post-secondary levels was established to increase
local engineering practitioners. The formation of the East African
Community (EAC) in 1967, shortly after independence, helped
unify the education system across the countries in the region,
especially that higher education institutes were not many [5];
[6]. At the time, engineering students from Tanzania and Uganda
used to study at the University of Nairobi, Kenya, as the nearest
engineering school in the region.

Things evolved from there and the number of engineering schools
and graduates increased as well, however, not in concert with the
increasing needs for qualified engineering practitioners in EA [7].
Structural adjustment programs, promoted by in the 1980s by the
World Bank and International Monetary Fund (IMF), affected the
education sector in African countries in visible ways. “The back on
full state funding saw cost-sharing introduced across most levels
of the [education] system; the gains in expansion particularly of
schooling stagnated and even reversed in the economic decline
of the 1990s” [8]. Tanzania, for example, received a significant
blow to university-level education quality, and sought to mitigate
it by increasing classroom size, introducing measures of cost-
sharing with student families, and even cutting budgets on items
and services such as maintenance of laboratories and updating
curricula; Kenya was not a very different case as well [8]. The
picture in EA, however, is not different from the average situation
in the continent. A global report by UNESCO, published 2010,
emphasized that Africa was struggling with a serious shortage
of engineers and technicians - i.e. engineering practitioners -
compared to the needs of development, and estimated that, for
example, 2.5 million more engineering practitioners are needed
to meet the millennium development goals (MDGs) for water and
sanitation alone [2]. Later on, surveys from academia and industry
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indicate both numbers and competencies of local engineering
practitioners in the continent require improvement [10]; [11].

Nevertheless, where EA and SSA overall experience such a
relative shortage of engineers, there are also plenty of graduate
engineers who do not land employment in their fields. It is also
common that foreign agencies involved in engineering-related
activities in the region (as private companies, transnational
corporations, NGOs or international agencies) resolve to hiring
expatriate engineers and technicians before hiring a satisfying
quota of local engineering practitioners, citing limited competency
and knowledge of industry's standards among local engineers
(particularly young and early-career ones) as reasons for doing so.
At country levels, the status of engineering in EA shows varieties of
differences between demand and existing opportunities.

Alogical question arises from the two realities (of relative shortage
of engineers and inability of many existing engineering graduates
to land engineering employment): if significant numbers of the
existing engineering graduates find it difficult to find employment
in engineering fields, how can it be concluded that African
economies require more engineering graduates? There must be
a gap that is responsible for this dissonance.

Some studies point towards a possible explanation that, for
engineering education to produce favourable results in bridging
theory and practice, practical training has to be integrated in a
number of co-curricular activities such as industrial training/
attachment, internships with industries after graduation, voluntary
activities related to field of study, and joint clubs or organizations
[12]. Literature in North America and Europe has widely shown
the importance of co- ops -what we call student industrial
secondments (SIS) - and industrial attachment programs in
increasing capacities of students in solving real-world problems.

Studies indicate that such co-curricular activities particularly
enhance leadership skills and ethical development [12], enable
satisfaction of both students and employers [13]; [14], increase
chances of employability shortly after graduation [15]; [14], and
reduce companies’ training costs for newly hired graduates due
to hiring better prepared graduates [14, p.6]. Other pedagogical
approaches, particularly in Europe and Africa, that complement
co-curricular activities in order to produce competent, work-ready
engineering graduates include the context-based curriculum
design [8] and problem-based learning (PBL) [16].

The context-based curriculum approach takes into account the
level of technological capabilities, as well as needs and priorities
in the country/region so that they reflect on such context and
help graduate students that are familiar with it and can positively
influence it. PBL, on the other hand, has shown relevance and
utility in addressing development challenges at both local and
global scales, whereby students are engaged in projects taken
from real- world cases (past or on-going) to work on. The projects
need to be exemplary, that is “learning outcomes achieved during
concrete project work are transferable to similar situations
encountered by students in their professional careers.” [16]
Engineering education programs in EA and Africa at large have
experience with implementing co-curricular activities and practical
training programs.

In some countries such as Uganda most local engineering
graduates find employment within one year of graduation

[22] while other countries report a significant number of local
engineering graduates finding it difficult to land jobs within their

fields [11]; [23]. Studies have therefore called for investigation of
the competence of engineering graduates as the findings have
revealed deficiencies whereby in Uganda at 63% of graduates
lack job market skills, while in Tanzania, 61% were found to be
ill prepared. In Burundi, and Rwanda 55% and 52% respectively
were perceived to be incompetent, and 51% of graduates in
Kenya were believed to unfit for jobs [7]. Other sources [24]
similarly report weak linkages between foreign investments,
local skills and capabilities were partly explained by limited
technological capabilities of local labour and firms in the Tanzania
manufacturing, agriculture and mining sectors. Other studies
[11] report existence of very little exposure to engineering
practice in industries and public works, and described the
teaching as dominated by “chalk and talk” as opposed to PBL and
more practical/engaging style of learning.

One way of approaching these challenges in engineering
educationin EAis to look at it within “engineering ecosystems”. The
notion of ‘ecosystem’ implies many things, such as multiple actors
with interdependency between them, and the important role
of aspects of systems, such communication channels, feedback
loops, timeframes (short- term, medium-term and long-term),
unintended consequences, and so on. It is a promising approach
because it admits complexity and seeks to navigate ways of
dealing with it, instead of reducing it into separate components
(often referred to as 'analysis’) to identify problems located in
components separately, while such problems are likely located in
how components interact in a complex system than located in
one particular component [3]; [9].

A critical question is therefore “what are the opportunities and
challenges to enhancing students’ employability?” The discussion
around the best practices is an important aspect of responding
to the question..

In this study, we take the critical question above as our research
question, and we examine the best practices, and the findings are
relevant for evidence-based policy learning in establishing and
running robust engineering SIS programs coordinated between
universities and industries - and perhaps with support from the
public sector - to serve both industries and students. The study
aims at contributing toward measures with which EA policies
(national and regional) could explore the approach of enhancing
SIS programs.

1. METHODOLOGY

This study used innovation systems (IS) (as a conceptual
framework) and systems thinking (as a theoretical framework)
to gain knowledge and understanding of the potential of tertiary
student industrial secondment (SIS) programs in strengthening
engineering ecosystems in East Africa. IS is important in
organizing the productive forces and structures, and the flow of
information and skills in order to increase the output of innovative
solutions to development constraints [27]. It involves a careful
investment in education systems, enterprise support and labour
markets [28]. Systems thinking, on the other hand, overlaps
with such understanding of IS, and views various phenomena as
“systems”, i.e. sets “of things - people, people, cells, molecules,
[machines, procedures, etc.] - interconnected in such a way that
they produce their own pattern of behavior over time [29]. The
use of these approaches was meant to strengthen the linkage
between engineering study, practice and employability through
understanding leverage points in engineering ecosystems, as the
study postulate that promoting engineering SIS programs can be
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a suitable approach to strengthening these linkages. The study
mainly aimed at observing closely, trying potential models and
learning and synthesizing effective experiences of SIS programs
from East African countries.

Methodologically, the study used a qualitative approach - historical
case study strategy - and employed both primary and secondary
data through survey and review of different reports that synthesize
effective experiences of SIS programs in EA and from other parts
of the world. The survey exercise was conducted in the four (4)
EA countries of Tanzania, Kenya, Uganda and Rwanda in terms of
previous and current experiences of engineering, undergraduate
SIS programs and their indicators of effectiveness (qualitative and
quantitative).

In Tanzania, we conducted key-informantinterviews with university
faculty, state officials in research councils and engineering boards,
and industries and industry bodies that were involved in and
familiar with engineering students’ practical training programs.
A similar process — on a smaller scale - took place in Kenya. In
Rwanda and Uganda we had general meetings with engineering
university faculty and public officials in research councils who were
able to provide us with lists of public sources of information and
comprehensive studies (i.e. secondary data) that were relevant to
our research questions.

The secondary data were collected from the public documents
in relation to the study objectives. Generally, data focused the
history of the practices in EA and on the best practices among the
reviewed programs (within EA) as well as best practices known
in other countries with comparable industrial conditions to EA,
to recognize gaps in the status quo. These activities were meant
to produce critical findings on ways to design and implement
engineering SIS programs in EA.

The study is currently half-way through and as of now has
completed phase | (survey activities), which is treated in this
respect as stand-alone. Phase Il (pilot - action research) is
ongoing, after which synthesis and learning from both phases will
be combined to produce policy lessons.

. PRELIMINARY FINDINGS AND DISCUSSION

Preliminary findings indicate several similar experiences

with student industrial training programs and initiatives in terms
of models, challenges, feedback loops and perspectives of
stakeholders. SIS models are the same and have been so since
engineering departments were established in most of the East
Africa region.

A, Arrangement between academia and industry in involving
engineering students

The arrangement between academia and industry in major EA
engineering programs, in universities and institutes of technology,
that involve engineering students or fresh graduates shows that
the period for practical training program has been designed in
a way to build engineering experience from artisans/hands-on
to higher levels of engineering practices. Engineering schools
prepare first year students as artisans, second year as technicians
and third year students as engineers. In Tanzania, for example,
on average, 2500 students from the Dar Es Salaam Institute of
Technology (DIT) and 1800 students from the University of Dar Es
Salaam (UDSM) go for practical training every year. The capacity
to accommodate the students is also limited as on average it was

estimated around 120 industries per year host the students. All
the engineering schools and students compete for placements in
the limited existing industries. In Rwanda, industrial attachments
take 10 weeks in organizations of students’ specialty just after
the completion of the third year. In Kenya, students in industrial
attachments have logbooks on which they are expected to record
daily assignments, and universities ensure that students report to
their respective attachment places through an assessment form.

B.  Engineering education and employability: numbers and trends

Tanzania leads in terms of registered engineers in the region. 63%
oftheregistered engineersinthe EACarefromTanzania[22,p.41].
However, benchmarking in the Southern African Development
Community (SADC) shows that Tanzania has about 60 engineers
practitioners per 100,000 persons, which is actually low in the
region [25]. In Uganda, a tracer study conducted between 2008
and 2012 on “Ugandan engineering graduates” shows that
civil engineering graduates lead in proportion (25.7%), followed
by telecommunication (17.6%), mechanical (17.2%), electrical
(14.1%) and agricultural (5.4%) engineering. Despite having a
good record of employment shortly after graduation, according to
the tracer study, the majority of Ugandan engineering graduates
(91.7%) were not formally registered due to, among many other
reasons, lack of minimum requirements for registration. Like
Tanzania, Uganda has a small per capita ratio of engineers per
population (one engineer per 53,000 people versus a desired
global average of 1:770. In Rwanda, although no aggregated data
were provided, the 2014 tracer study of graduates from higher
learning institutions (HLIs) revealed that engineering graduates
lead compared to other disciplines. Between 1996 and 2013, the
report shows that 6180 students graduated with engineering
degree as compared to 2286 from medicine and 3739 from
ICT. According to the World Economic Forum Executive opinion
survey, Rwanda ranked 74th (out of 148) in the world in terms
of availability of scientists and engineers, and 125th in objective
measurements of enrollment in tertiary education [21]. The
UNESCO Go- Spin report on Rwanda concludes that the fields
of medicine, ICT and engineering experience critical skills gaps.
In addition, Rwanda has a 15% unemployment rate, which is
explained by challenges in synergy and partnerships between
public and private employers with HLIs. A 2017 UNCTAD report
on Rwanda says that “each year, 1400 engineering students
successfully graduate. In the last promotion [2016], 300 had
found a job in government structures and 200 in the private
sector, while the others are searching for a job, and this in spite
of an unresolved skills gap.” [20, p21]

C.  Main policies and institutions that Influence the engineering
ecosystem

EAC member states have in place institutions and policy framework
that play an important role in influencing the engineering ecosystem
in the region. Academic institutions are mostly at the centre of the
system, and the synergy among the actors is influenced by the nature
and quality of the policy and institutions in place. For example, the
EAC treaty (article 104) allows free movement of persons, labour,
services and right of establishment and residence. The Mutual
Recognition Agreement (MRA) for engineering professionals signed
on the 7th of December 2012 enables recognition of professionals
(registered) of one member state in other member states [22, p.41].
Engineering Registration Boards (ERB) exists in each country with a
similar mandate: to make sure that licensed engineers are competent
enough to lead projects and missions of engineering nature and that
they are capable and aware of safety and quality standards.
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At the national level, for example, in Rwanda, the achievements
observed in engineering education in terms of enrollment and
the level of performance as revealed by different reports indicate
serious trends toward change in the national policy of workplace
learning [26]. Although the existing policy is designed for technical
and vocational training, rather than tertiary, it reflects a general
approach toward bridging skill gaps in STEM by using workplace
training (internships) and industrial secondments.

In Tanzania, on the other hand, the Higher Education Students'
Loans Boards (HELSB) is a funding mechanism that offering
loans to students and plays an important role in the engineering
ecosystem through having a say in terms of access to education
and time the students are required to finish their studies and pay
back loans. In addition, there exists the Structural Engineering
Apprenticeship Program (SEAP) - a program established under ERB
that funds engagement of fresh engineering graduates to qualify
for registration as professional engineers.

Kenya has in place a new body called the National Industrial
Training Authority (NITA) that engages in sponsoring students’
placements in industries. In addition, organizations such as
Linking Industries with Academia (LIWA) provide training and
linkages between industries and academia through, for example,
facilitating students’ placements at industries.

D.  Observation and Potentials relevant to Engineering Ecosystem

General observations and potentials relevant to engineering
ecosystem in the region show the existence of functioning
frameworks. In Tanzania for example, frameworks have mostly
built upon early establishments from the post-independence
period, and they seem to work at the minimum capacity level
since few changes take place or divert from what is established,
calling for political will to take advantage of the stability to move
gears to adjust or transform the enabling environment.

Uganda has many cases of engineering expatriates who come
with foreign companies contracting projects in the country. Also,
certified engineers from other countries in EA come and work
in Uganda, while few Ugandan engineering practitioners are
licensed/registered engineers. Under such conditions there is
little 'know-how transfer’ between foreign and local engineering
practitioners, a situation that begs to be addressed.

In Rwanda, taking advantage of the smallness of the country,
national policies go with strong coordination, and plans are
enforced once approved. In fact, such a situation may sound
good or bad depending on the type of policies and implementing
institutions. Sound policies - evidence- based or strategy-
informed - trigger real opportunities of improvement, while
unsound policies bring unintended consequences.

The experience with linkages in Kenya between academia and
industry is manifested through the students’ assessment forms
designed by universities and filled in by industries. Universities
rely on those forms to understand students’ performance.

Furthermore, the study recorded similar challenges across
countries, voiced by student, faculties and industries alike. For
example, all four countries reported insufficiency of supervision,
placement and financing for students in industrial attachments
or practical training programs. The insufficiency in the level of
supervision was explained by the number of engineering students
that keeps increasing compared to the number of industries in
operation in each country.

Iv. PRELIMINARY DISCUSSIONS

Weak documentation of the history and present of SIS programs
(or industrial training/attachment programs) was one major
challenge faced by the study team. Most stakeholders that the
study team met could not offer more than verbal information,
although the team requested that any relevant documentation
be shared. The unavailability of, or weak access to, such records
makes it a challenge to have a rigorous investigation —for this
study team or for universities and industries in general - to make
informed decisions that could improve the status quo.

However, the systems approach that was chosen for the study
still came in handy. Engineering ecosystems are broad and
interlinked. Elements (nodes) and connections (relations) are
diverse and influence each other in various ways. Considerable
evidence exists for the existing of systems phenomena, such as:

reinforcing feedback loops (e.g. less competent engineers
graduate, less employed, less new students join engineering
schools, less pressure to improve engineering curricula);
system delays (changes in curricula, or training of instructors
inPBL, can only show outcome inyears afterimplementation);
and

possible leverage points (e.g. changes in structure and
financing mechanisms of SIS programs). This particular part
is the main focus of this study, and it will require clearer
documentation and investigation of data (analysis and
synthesis)todrawan abstract, broad picture of the engineering
ecosystem. Diagram 1 provides a preliminary visualization
of the main elements and connections of the engineering
ecosystem if new engineers (i.e. senior undergraduates or
recent graduates) are taken as the center of attention.

More information also is needed- through the pilot phase
(currently ongoing) and second round of stakeholder consultation,
after more information and conceptual/theoretical framework
(or system mapping) is constructed - to either concretize or
challenge the preliminary findings and theoretical argumentation.

Diagram 1: preliminary visualization of engineering ecosystems

(with new engineers as focus)

Policymakers

New engineers
(senior

undergraduates
of recent grads)

Financeffunding mechanisms

Legend:

A from-to inputs

---- inter-influence (various relations)

&3 indirect influence (through policy or relation)

FIGURE 1 Preliminary visualization of engineering ecosystems (with new
engineers as focus).
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V. CONCLUSIONS

From Phase | of the study, general characteristics and patterns
already appear. The four East African countries share many
similarities, in history and current challenges and interlinkages,
making them a good example of a regional ‘engineering ecosystem'’
that exists along national ecosystems as well.

A system's approach points towards a need for recognizing
feedback loops and delays in the engineering ecosystems as
they respond to a twofold problem: the relative shortage of
engineering practitioners and the limitations to employability for
the existing practitioners. Pedagogical approaches that aim for
strong academia- industry linking, such as SIS and PBL, have the
potential of resolving such dissonance (i.e. they could be leverage
points in the ecosystems). They deserve a chance.
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Abstract—Proficient engineering problem-solving skills are
indispensable for engineers, but the limited engineering
practice experience provided by universities cannot meet the
future work requirements and career development needs of
engineering graduates. To give full play to the role of university
external resources in training engineering talents, China
has proposed and implemented a multi-party collaborative
education(MPCE) model in which universities, enterprises,
scientific research institutions, industry organizations, and
governments have cooperated in-depth. Different from
previous engineering education reform policies, MPCE is
the first important engineering education reform made by
China from the level of national development planning since
entering the 21st century. This model aims to carry out the
cooperation with various stakeholders outside the university
in a larger scope and deeper degree, to train all kinds of
engineering talents to better match industry requirements
and adapt to the current and future development of
economic society. To provide some inputs and rationales
to engineering education policymakers in other national
contexts, this paper systematically sets out China's MPCE
model, and analyzes the MPCE conceptual framework and
the roles of universities, enterprises, research institutes,
governments, and industry organizations in MPCE. It is
concluded that the systematicness, synergy, and integrity of
policies are crucial to the formation and development of the
university-industry interaction.

Keywords—industry-university cooperation, multi-party collaborative
education, internship problem-solving skills training, engineering
education

I INTRODUCTION

Talent is the core resource of current economic and social
development and innovation activities, so the effectiveness of
talent training has been widely concerned. The new stage in
China's economic and social development of talent demand and
the trend of the future new technology revolution puts forward
new requirements to the talent training, namely economic growth
must shift from relying on a large number of lower-level technical
persons to relying on high-quality innovative talents. The practice is
the essence of engineering and the foundation of innovation, and
the engineering practice education system is the basic platform
for the cultivation of innovation ability of outstanding engineering
science and technology talents.[1] Having students with ‘work-
based’ skills is a means of guaranteeing economic development
in a new technology revolution round. [2] Developing students’
skills to move into industrial roles is now viewed as fundamental
for graduate readiness to work and is linked to engineering
problem-solving skills.[3] In order to equip undergraduates
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with job-oriented job skills, engineering education must extend
beyond the classroom to the industrial sector[4]. The new trend
of economic development is gradually blurring the boundaries
of higher education system. It has gradually become a reality
for governments at all levels, industrial enterprises, research
institutes, and industrial organizations to participate in personnel
training. The participation of all parties outside the university in
the personnel training has been gradually strengthened, and the
personnel training system has been expanded and endowed with
richer connotations.

Actually, increasing interaction of university, industry, government,
and other parties outside the higher education system is always
a crucial research topic. Etzkowitz and Leydesdorff built the
‘triple helix" (government-industry- university) theory to explain
and enhance the interaction between university and industry.[5]
However, The ‘triple helix’ theory stresses innovation, instead of
engineering talents training. Even though the ‘triple helix' theory
had a heavy influence on China's government-industry-university
collaboration of R&D, the industry participation of engineering
education still lacks dynamics. To give full play to the role of
university external resources in training engineering talents, China
has proposed multi-party collaborative education(MPCE) model
in which universities, enterprises, research institutes, industry
organizations, and governments have cooperated in-depth. The
MPCE is a new initiative that advocates multi-party participation
and focuses on engineering talent training, which different from
former initiatives. Chinese State Council issued the document
of Several Opinions of the General Office of the State Council on
Deepening Integration of Industries into Education on December
19, 2017, and on July 24, 2019, the ninth meeting of the Central
Committee for Deepening Overall Reform reviewed and adopted
A Plan on Promoting A National Pilot Program for the Integration
Between Industry and Education, which issued on September 25,
2019, by the National Development and Reform Commission,
the Ministry of Education, Ministry of Industry and Information
Technology, Ministry of Finance, the Ministry of Human Resources
and Social Security, and State-owned Assets Supervision and
Administration Commission. MPCE has risen to the level of the
national development plan, which reflects the great significance
of the integration of industry and engineering education for the
future economic and social development.

The paper focuses on the conceptual framework of MPCE and
what actions China has taken to reinforce the collaboration among
university, industry, government, and industry organization to
cultivate engineering talents. Especially, the paper addresses the
mechanism for MPCE and explains the different initiatives and
actions which China has taken. The main difference China has done
is that the MPCE becomes a national plan and action. Moreover,
China stresses on the integrity of the MPCE parties and makes the
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industry organization play the role of bridging the gaps among
governments, universities, enterprises, research institutes, and
other parties.

. METHODOLOGY

The article builds on a series of policy documents that were
published during the recent five years. The policy documents
describe institutional approaches and policy measures that are
related to MPCE in China. The paper constructs a conceptual
analysis framework based on Text Mining, and then uses the
conceptual framework to analyze how the policies were initiated
and developed, and the mechanism for implementation.

The policy documents are from the website of the Ministry of
Education of the People’s Republic of China. Following completion
the policy documents were synthesized by the author. The analytic
process was done manually to assure that they can be considered
comparable and refer to the same overarching theme. The analysis
compares the qualitative studies with the aim to depict common
features and approaches in the respective thematic field.

[l CONCEPTUAL FRAMEWORK OF MPCE
A Connotation and extension of MPCE

MPCE is a kind of talent training mode, which refers to multiple
participants such as universities or colleges, governments,
enterprises, and scientific research institutes, according to the
principles of resource sharing and complementary advantages,
and based on their own interest claims, while satisfying each
other 's interest claims to form a collaborative system in which
all stakeholders participate together to achieve synergistic effects
and jointly cultivate a talent training model with practical and
innovative capabilities. MPCE promotes the in-depth cooperation
among governments, universities or colleges, enterprises, scientific
research institutes, industry associations, and international
higher education institutions through a collaborative mechanism
to achieve effective integration of scientific research and teaching
resources, to form different types of personnel training vehicles,
and improve the quality of talent training, the technical level and
core competitiveness of enterprises, and the scientific research
capabilities of universities and institutes.[6]

As the importance of MPCE for improving the quality of engineering
talent cultivation has been highlighted, it has triggered the
transformation of the entire education system and the development
of the entire industry system with a focus on engineering education,
which has become a national industrial structure transformation
and upgrading, educational reform and talent development of
an organic part of the overall system design. In the continuous
evolution, MPCE has been given multiple historical missions:
it is not only a new mode of promoting engineering education
innovation to lead economic development but also a new mode of
realizing “demographic dividend” to “engineer dividend” in China’s
economic development. Furthermore, it is also a key force for
China to reserve talents to cope with future global competition, the
new round of scientific and technological revolution and industrial
transformation MPCE has gone from the early stage of school-
enterprise cooperation and collaborative education to the stage of
transformation, upgrading and deepening of the implementation
of action, and then to achieve its mission.

B. Roles of joining parties in MPCE

The main participants of MPCE include universities or colleges,
enterprises, governments, research institutes, and industry

organizations. The main goal of MPCE is talent training, but talent
training is not the only goal. The goals of MPCE also includes all
subjects collaboration in the cultivation of innovative talents,
scientific research, technology research and development, the
transformation of scientific research achievements, innovation
and entrepreneurship, and industry incubation. The participants
and functions of MPCE are shown in Figure 1.

FIGURE 1 Participants and functions of MPCE

Participants in MPCE need to play their own roles and take into
account each other's needs to achieve win-win cooperation.
Universities or colleges mainly provide students, faculties,
resources, and environment, which possess all kinds of innovative
talents, multi-disciplinary scientific research teams, and excellent
educationandresearchenvironmentstohelpindustrialenterprises
to develop and win the market competition, governments at all
levels to achieve development goals and implement policies and
measures, and scientific research institutes to obtain innovative
results.

The important role of industry or enterprise in the training of
engineering talents mainly lies in the following conditions that
the university or college does not have: 1) accurately grasp the
social demand for engineering talents; 2) has the most advanced
production equipment and manufacturing technology; 3) has a
group of experienced engineering and technical personnel; 4)
provides real engineering practice and innovation environments;
5) owns a learning atmosphere with a complete advanced
corporate culture. The cooperation between universities or
colleges and industries or enterprises in cooperative education is
precisely to take these advantages of enterprises.

The government mainly provides systems and policies support for
MPCE. The central government and local governments influence
the national and local industrial development layout, direction,
structure, speed, and scale through policies. Therefore, the
systems and policies made by the government play important
roles in all parties’ cooperation. Besides, the government can
provide information and build platforms for the collaboration.
There are two ways for universities and governments to promote
the MPCE: the first one is to support the implementation of
government industrial policies and measures by cultivating
engineering talents that industry needed to promote the
development of the industry; the second one is to influence the
formulation of industrial policies and measures of the government
through the construction of engineering disciplines and the
direction of industrial development in the future [7].
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China has a large number of research institutes, which mainly
engaged in frontier basic research and applied research. The
research content is closely related to current or future industrial
development and corporate needs. And it aims to promote the
progress and development of the entire industry by technology as
scientific research. Research institutes can provide cutting-edge
technical support for MPCE, including advanced experimental
conditions and high- level technical guidance.

Industry organizations also play a vital role in MPCE, mainly as a
bridge of coordination and communication between stakeholders to
promote the realization of MPCE goals. Firstly, industry associations
can deepen mutual understanding and complementary advantages
between enterprises and universities through information
communication and exchange, and deepen sustainable and in-
depth cooperation between the two parties. Secondly, industry
organizations can coordinate the relationship between the
government and the market, which is conducive to giving full play
to enterprises. The role of market regulation and government
guidance in the development process to promote the development
of enterprises and increase the enthusiasm and initiative of
participating in multi-party collaborative education. Thirdly, industry
organizations can provide the current and future information and
necessary technical guidance for all parties involved.

V. THE IMPLEMENTATION PATH OF MPCE

The fact that China's higher education system is dominated by
public universities and colleges determines that the reform of
higher education model must be led by the government. The
government plays a crucial role in this reform, and the central
governmentand its ministries, local governments and departments
in charge of education administration are participating in this
important reform.

A Overall designing the national industry-education system
integration mechanism

The policy called Several Opinions of the General Office of
the State Council on Deepening Integration of Industries into
Education, which issued by the Chinese State Council in 2017,
systematically planned the future integrated development of
industry system and engineering education system. In 2019,
the national development and reform commission, the Ministry
of Education, and other ministries and commissions jointly
issued the document of promoting a national pilot program for
the integration between industry and education. Subsequently, the
national development and reform commission and the ministry of
education jointly issued the document of implementation measures
for the integration of industry and education enterprises (trial) in
2019. All of these policies emphasize the top institution design
of MPCE and build a quaternity structure by giving full play to the
role of supply and demand in coordinating government planning,
important enterprises, the reform of talent training in colleges
and universities, and social organizations. MPCE extends the
integration of industry and education from vocational education
to the whole education system with the focus on vocational
education and higher education, and promotes the integration
of industry and education from the development concept to the
system supply.

To strengthen the integration between the engineering education
system and the industrial system, the Chinese government
coordinates the integration of the entire education system and
the industrial system from the level of the national development

plan, so as to form an integrated technology research and
development transformation mechanism and MPCE mechanism,
integrate the advantages of academic training in higher education
with the practical skills training in the industry, and promote the
concept of MPCE into the operational phase. As MPCE can not be
completed by the Ministry of Education alone, to further break
the boundary between the industrial system and the education
system, multiple departments of the State Council work together
to promote the integration process of the industrial system and
the education system. This changed the model that was mainly
promoted by the education sector in the past and assisted by
a few other departments in the past. Instead, the new model is
jointly promoted by relevant departments including the Ministry of
Education, the National Development and Reform Commission, the
Ministry of Industry and Information Technology and the Ministry
of Finance, and the provincial government. The State Council will
make an overall arrangement for relevant sectors to participate to
ensure the horizontal coordination of departments. At the level of
specific operating mechanisms, the government leads or guides,
taking universities and enterprises as the main body, organically
combining various government sectors, industries, enterprises,
research institutes, financial institutes, universities or colleges,
and other institutes to form an integrated innovation of industrial
system including real economy, science and technology innovation,
modern finance, human resource elements.

B. Promoting MPCE by gradient

To form an atmosphere of deep integration of the industrial
system and the engineering education system in the whole
society, the government is committed to building regions to a
cluster, cities to carry, industries to aggregate and enterprises to
domain with deep integration of industry and education. A new
path and mechanism of reform focusing on the center, cities as
nodes, industries as the fulcrum, and enterprises as the focus.

It is an important content to realize regional integration and an
important force to accelerate regional integration to promote the
integration of the regional industrial system and education system
and cultivate high-quality talents. Therefore, the government plans
to choose some cities with near geographical locations and close
connections to carry out MPCE and build distinctive MPCE areas.

Cities are important carriers for deepening the industry- education
integration, and are the main nodes for the implementation
of reform policies. The goal of sinking various reform tasks
into cities is to solve the problem of the ‘last one mile' of policy
implementation, and to build a city that integrates industry and
education.

At least 3-5 industries will be selected in industry- education
integration cities and the provinces to carry out pilot projects.
Provincial governments, on the basis of promoting the
comprehensive deepening of industry-education integration
reform in pilot cities, rely on regionally dominant leading industries
or characteristic industry clusters, promote key industries and
key areas to deepen industry-education integration, carry out
MPCE, and form industry-specific MPCE mode. At the same time,
industry administration sectors and organizations play the role of
coordination and public service in MPCE reform, so as to create a
number of benchmark industries leading the reform.

Enterprise is the main part of MPCE, so the government is actively
constructing a number of industry-education integrity enterprises
that play important roles in participating in MPCE, universities or

112



2020 IFEES WORLD ENGINEERING EDUCATION FORUM - GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

colleges reform, and promoting entrepreneurship and innovation
skills talent training. The government plans to build and cultivate
about 100 enterprises integrating industry and education in each
pilot city carrying out MPCE, and encourage the construction and
cultivation of more than 5,000 enterprises in other areas.

C Upgrading the higher education personnel training system
to support MPCE

To improve students’ ability to innovate and solve complex
engineering problems based on practical ability, the higher
education system will establish a classified cultivation system for
academic talents and applied talents, and increase the proportion
of applied talents. At the same time, the government will promote
high-level universities to strengthen the cultivation of innovative
and entrepreneurial talents, provide students with diversified
growth paths, give universities more autonomy, support the
construction of applied undergraduates and industry-specific
universities, and closely focus on industry needs and strengthen
practical teaching to improve the training system focusing on
applied talents. The government will reform the professional
graduate training mode that combines enterprise and university
to enhance the ability to cultivate interdisciplinary talents. As is
known to all, evaluation orientation plays an important role in
urging the enthusiasm and initiative of colleges and universities
to participate in MPCE. The government is actively exploring the
establishment of an education evaluation system embodying the
MPCE orientation to better stimulate the enthusiasm of various
types of universities to participate in MPCE.

D. MPCE platform construction

MPCE needs to achieve a comprehensive and substantial
integration of resources, people, technology, management,
culture, and other aspects, which requires the establishment
and optimization of several platform carrier support in physical
space. Universities and colleges, governments and enterprises
will jointly build MPCE platforms that carry out the cultivation of
technical talents, scientific and technological innovation and the
construction of disciplines and specialties, and this situation will
open up the chain of basic research, application development,
achievement transfer and industrialization. In 2018, the
National Development and Reform Commission, the Ministry of
Education, Human Resources and Social Security Ministry, and
the National Development Bank jointly issued the document of
on strengthening the implementation plan of investment and
financing support for the construction of training base, which
put forward the construction of three kinds of MPCE training
base: dominated by colleges and universities, enterprises, and
governments. The MPCE training base dominated by colleges and
universities mainly serves for students’ professional and technical
practice and provides various forms of continuing education to the
whole society. The MPCE training base dominated by enterprise
mainly serves for its own staff training, as well as the productive
practice and specialized training of students in vocational schools
and universities or colleges. The MPCE training base dominated by
the government provides all kinds of workers, vocational schools,
vocational training institutions, enterprises and universities or
colleges with skills training, skills competition, skills identification,
business incubation, teacher training, curriculum research and
development, and other public vocational skills training. Besides
MPCE training bases, the government also supports universities,
local governments, and enterprises to build innovative industry-
education integrity platforms. Since the 13th five-year plan, the
National Development and Reform Commission has allocated

17.705 billion yuan from the central budget to support the
construction of 743 industry-education training bases. The
central government budget invests in supporting pilot cities to
independently build MPCE training and innovation platforms.
The investment further promotes the cross-penetration and
mutual integration of innovation factors in higher education and
industrial development.

E. Encourage and support enterprises to participate in MPCE
measures

MPCE is a kind of market economy behavior, and enterprises
are the most vital part. Therefore, it is particularly important
to reasonably divide the boundaries of Administrative
intervention and market. The promotion of MPCE does not
rely on administrative imperative, but gives full play to the role
of the market and uses market rules to allocate resources. The
government's policy measures focus on the use of market rules,
mobilize the enthusiasm of all parties to participate.

Encourage and attract enterprises to participate in the reform of
MPCE measures as following: first, the government is focusing on
implementing incentive policies such as portfolio investment and
financing. Through various channels, the government will support
the construction of major MPCE projects. Pilot enterprises can
set up a qualified investment in vocational education, 30% of the
investment can be used to offset the additional education fees
and local additional education fees payable in the current year.
All provinces fully implement the preferential policies applicable
to education organized by social forces, and make a list of them
available to the whole society. For enterprises that have been
selected and certified as industry-education integrated enterprises,
a combined incentive of “finance + banking + estate + credit” will be
given. Second, strengthen the traction of industrial and educational
policies.

Encouraging manufacturing enterprises to build training facilities
for new production capacity and technical upgrading projects,
and supporting qualified enterprises, schools, and enterprises
to recruit and jointly train graduate students with professional
degrees. Third, support the integration of enterprise demand
into talent cultivation, from the “supply-demand” one-way chain
of talents to the “supply-demand-supply” closed-loop feedback,
and promote the all-round integration of enterprise demand and
education supply factors. Carrying out the reform of introducing
enterprises into education, improving the system for students to
practice in enterprises, and encouraging enterprises to participate
in running schools in various forms.

F. New ways for universities to participate in MPCE

Universities will be gradually guided by the governmentto establish
a talent cultivation model to satisfy the needs of industries.
First, gradually increase the degree of participation of industrial
enterprises in running schools, improve the diversified running
system, comprehensively implement multi-party collaborative
education, and solve the major structural contradiction between
the supply of talent education and industrial demand, to enhance
the contribution of higher education to economic development
and industrial upgrading. Second, the faculty is the basic
guarantee for the quality of engineering education reform, so
the university needs to strengthen faculty team construction.
Accelerating the mobility of college or university and enterprise,
supporting enterprise technology and management talents
to teach in university or college, encourage qualified places to
explore special job plans for industrial teachers(tutors).
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V. DISCUSSIONS

The ‘optimal’ shape of the university-industry collaboration is likely
to vary across countries, regions, and institutions but this article
has identified some common principles for national policies,
higher education, and institutions. Some of these will also apply to
other countries, regions, and institutions. MPCE is a new initiative
that China is working on, and its system design is a complex and
systematic project. This new model will have a significant influence
on engineering education, especially to the undergraduates'
work-based ability, because more enterprises will provide more
practice opportunities in the MPCE model. From the MPCE model
in China, some common principles that can be concluded.

Designing a comprehensive and systematic mechanism for
university-industry  collaborative education is an essential
condition to make the mechanism effective. As the model of MPCE
involves the national development planning, the coordination of
administrative forces and the role of the market in the formation
process, it will be very difficult to complete this difficult reform
task without a comprehensive and systematic mechanism design.
The design of the system is affected by the supporting systems,
and the systems should be coupled with each other. Otherwise,
frictions and conflicts between various systems can be easily
caused, thereby damaging the overall efficiency of the system.

Attaching importance to the synergy of university- industry
collaborative policies must be considered in policymaking, and the
policy design should be consistent with the principles of incentive
compatibility and harmony. In other words, policies should be
coupled with each other to avoid policy weaknesses, conflicts,
distortions, andimbalances. Now many MPCE policies and measures
have been promulgated on multi-party collaborative education in
China. However, these policies are currently fragmented, lacking
integration and even the policy objectives inconsistent with policy
tools. That indicates some policies do not consider the pre-policy
during the formulation process and the impact of policies on the
subsequent policies, which leads to the insufficient policy synergy.

Providing incentives for institutions and funding for researchers to
engage in MPCE; using appropriate metrics to measure engineering
education interactions between university and industry. It is
necessary to establish different types of incentive policies as
MPCE education policies and project-based financial incentives to
encourage universities to change their development strategies and
build discipline and professional clusters that are closely connected
to the industrial and engineering education chains.

Still many governments, universities, and research institutes are
lagging behind in implementation due to internal leadership and
management gaps or conflicting policy signals and incentives.
university-industry engineering education collaboration will only be
productive if it is embedded in a well-functioning entrepreneurial
ecosystem. This means that multi-level governance arrangements
between ministries, universities or colleges, local and regional
governments must define the respective roles of stakeholders
while enabling them to be held accountable. Finally, effective
governance for the university-industry engineering education
collaboration necessitates the input of regional business leaders
with a long term commitment to the region.

VL. CONCLUSIONS AND FUTURE RESEARCH

This study analyzes the background of MPCE in China, and
then explains its connotation and extension, and the role of
each participant in MPCE. Besides it also analyzes a variety of
measures taken by the government to promote the MPCE
overall mechanism design by gradients and categories, to
attract enterprises to participate in by various preferential
measures, build a practice platform, and put forward policy
recommendations. China aims to promote the in-depth
integration of the industrial system and the education system to
enhance MPCE to the level of the national development plan. If
the plan can be successfully implemented, it is foreseeable that
this model will significantly improve the quality of engineering
personnel training.

The article studies the MPCE model from the perspective of policy.
Future research into the actual physical institute or platform of
MPCE would be helpful. That is, although we know that China
is actively promoting the implementation of the MPCE and the
main actions that governments are taking, we lack systematic
knowledge about how MPCE generates physical institute of
the platform to provide practice opportunity for engineering
undergraduates, how university, government, research institute,
and industry collaborate and what specific role they play in a
specific physical institute or platform. This would be a worthwhile
research direction.
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Abstract—Since the dawn of democracy in South Africa in
1994, numerous changes have occurred at tertiary institutions
to enable greater access for people of all backgrounds and
increased graduate throughput to fulfil the needs of the
labor market for engineers. Widespread changes in the size
and composition of successive undergraduate engineering
cohorts have occurred. Simultaneously, the needs of industry
have undergone significant changes due to the information
age, globalization, the rapid increase in technological
advances and access. This study attempted to assess
the alignment between the expectations of engineering
graduates, the expectations of engineering employers and
reality. A mixed methods research was developed. The study
firstly surveyed engineering graduates at a South African
University using a questionnaire developed for quantitative
analysis. Convenience sampling and a positivist approach
were used. Graduates’ needs, study approaches, employment
and workplace expectations were determined, analyzed and
interpreted through the lens of two frameworks, namely
Biggs’ study motives and strategies and Bloom’s taxonomy.
Secondly, the study conducted semi-structured interviews
with all engineering discipline academic leaders at the
University, within an interpretivist paradigm using deductive
thematic semantic analysis. Academic leaders were used as
a proxy for industry opinion and questioned on a number
of themes including graduate and employer expectations,
positive or negative trends, graduate training programs,
further training and postgraduate study, exit- level outcomes
(ELOs) and graduate attributes, the reality of mis- alignment
and what the University can do to limit it. Responses were
collated and compared quantitatively and qualitatively
where appropriate. A number of issues and mis-alignments
were identified together with their causes. Mis-alignment
was identified in salary, growth and guidance expectations,
confidence, software and niche proficiencies and innovation
expectations. Key causes included language barriers, lack
of engineering hobbyist backgrounds, workload and study
strategies, assessment changes and personal responsibility.
Findings were discussed within the theoretical frameworks
mentioned above and summarized in light of the objectives of
this study. Recommendations for the University in mitigating
many of the issues and mis-alignment were provided, along
with recommendations for any possible future research in
this area.

Keywords—Engineering education, graduates, employers, South Africa
I INTRODUCTION

Poor scholarly habits, a high drop-out rate and a high failure rate
in certain core modules have resulted in sustained low student
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performance in many South African University Engineering
Programmes credited by the Engineering Council of South Africa
(ECSA). The increasing number of students repeating modules
often require five years or more to complete the four- year
BSc.Eng. degree. The average time for an engineering student
to complete a four-year programme is now approximately 5.5
years with an average throughput rate of 60% of engineering
graduates[1].

Local companies in Durban, South Africa, have also expressed
deep concern regarding graduate readiness for the workplace,
graduate awareness and sense of responsibility, graduate
confidence, and independent learning ability [2].

Mis-alignments between new graduate expectations, employer
expectations and reality have various potentially negative
implications for corporations and the economy in general.
These include misguided delegation of duties, workplace tension
between new recruits and managers, workplace dissatisfaction
among graduates and managers, decline in new recruit interest
and productivity, high corporate investments in unproductive
operations such as employee training with no guarantee ofareturn
and ultimately the decline in innovation and competitiveness of
organizations[3,4].

Employers of engineers have sought to mitigate any shortcomings
of new graduates in their employ by facilitating mentorships and
engineer-in-training (EIT) programmes to develop skills that are
often specific to the tasks required by the firm. Programmes
are often time-consuming and costly to the company with no
guaranteed return on investment [3].

This study thus focused on assessing the alignment of the
expectations of new engineering graduates regarding the
workplace and that of employers’ expectations regarding newly-
employed engineering graduates. Key research questions
include: What are the employment and daily-work expectations of
engineering graduates?; What expectations and hopes do current
engineering employers have for today's engineering graduates?;
Are there any trends, positive or negative, that have occurred
in engineering graduates as observed by employers?; and How
can the university assist in bridging the gap between graduate
and employer expectations to ensure enhanced productivity?
An assessment of this alignment may contribute to updating
curricula and improving teaching and learning in order to better
align graduate perceptions to what's required in the workplace.

1. REVIEW OF LITERATURE

Engineering ranks among the most difficult of careers to pursue.
Key attributes to the success of an engineer is an enquiring mind,
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creativity, innovativeness, self-motivation and an overall drive for
excellence [5]. One of the legacies of Apartheid in South Africa
was the denial of certain race groups from raising a cohort in the
fields of science, engineering, medicine. The advent of democracy
allowed access for all race groups to pursue engineering as a
career. However, many candidates from previously disadvantaged
race groups pursued the career with a lack of family social capital
who could provide good practical career advice to current
hopefuls [6].

Although candidates may have the technical abilities required
of engineers and graduate with an engineering degree at
university, many graduates find great difficulty coping, growing
and succeeding in an engineering career. Large industries have
stepped in by providing two-year EIT programmes for their
new graduate employees [7,8]. These EIT programmes are
often specific to the industry in which an engineer works and
costly, requiring much investment on the part of companies.
Substandard performance in EIT programmes typically threatens
candidates’ job security [8].

This study utilized two theoretical frameworks. In order to
analyse the pedagogy of engineering education, it is important
that concepts of learning ability and educational goals be clearly
defined. A thorough classification was conducted by Bloom,
Engelhart, Furst, Hill and Krathwohl (1956) [9], which came to be
known as “Bloom’s taxonomy”. Educational goals are classified
into six categories listed from the simplest to the most complex,
including Knowledge, Comprehension, Application, Analysis,
Synthesis and Evaluation. The framework has been adapted and
modified in a variety of ways to categorise various education
goals [9]. While Bloom's taxonomy is sufficient in categorising
the various goals and tiers of education, it does not provide
an indication of how the tiers of education are affected by the
relationship between students and teachers and the personal
motives of students.

Biggs (1987) [10] developed a novel Study Process Questionnaire
(SPQ) containing 42 questions which categorize students’ motives
and strategies for study into Surface, Deep and Achieving. Extent of
depth in approaches were categorized as moderate to exclusive.
Motives such as gainful employment, the need to simply pass
assessments, obtain a degree and general short-term planning
were categorized as Surface motives. Associated with Surface
motives, Surface strategies for learning included rote learning,
lack of questioning and sticking only to necessary material. Deep
motives were defined as inherent motives to gain an excellent and
deep understanding of the pursued career with an intention to
add value to the career. Deep strategies include a high degree
of questioning, a good pursuit of study material outside of what
educators stipulate and strong independent learning. Motives
associated with seeking a degree for the prestige of the degree
and doing well for the pride of obtaining good grades were
considered to be achieving motives. Achieving strategies included
excessive studying of past papers, student competitiveness and
opposition to group effort. [11]

The Biggs framework is not perfect. Previous studies [12] found
that Biggs' (1987) original set of questions was too long and
cumbersome. Participants became impatient and eager to finish
the questionnaire and often ended up answering flippantly rather
than honestly. The categorization process was also too detailed,
undermining meaningful categorization. It is also challenging to
survey students over an entire degree, since students’ motives
and strategies can change based on the type of module they are

studying. Some modules are energy intensive and encourage
rote learning especially in a pressured environment, while other
modules require report writing and practical assessments that
encourage deep approaches. This study utilizes the condensed
version of the questionnaire [11].

Minimal research has been conducted on graduate readiness and
employer expectations of engineering students. Respondents
of a survey [2] indicated that employers maintain confidence
in engineering degrees that are accredited by ECSA. However,
despite this, it was revealed that the unemployment of engineers
in South Africa was a structural issue with relatively few companies
prepared to take on new graduates, while there exists a high
demand for experienced engineers with five or more years'
experience and preferably registered as professional engineers
with ECSA [12]. Expensive EIT programmes and short courses
have been normalised in that many employers accept graduate
shortcomings as a norm and accept the responsibility of training
graduates further [4].

1. RESEARCH METHODOLOGY

Bearing in mind the two different types of audiences (engineering
graduates and academic leaders), it was determined that a mixed
methods approach was appropriate. Assessing graduate opinions
and expectations required the participation of a high number
of graduates in order for the findings to be credible. Graduate
biographical information, general opinions, and motives for
pursuing an engineering career and graduate learning strategies
were collated using a positivist approach.

The aim was to survey 120 graduates out of a population of 393
graduates present at the 3rd April 2019 Engineering Graduation
Ceremony [13]. The method of sampling these 120 graduates was
one of stratified probability sampling, with the aim of surveying at
least 20 graduates from each engineering discipline as a subset to
get a representative sample of all types of engineering graduates
at the university [14]. However, when considering the 20
questionnaires handed out to each discipline, random probability
sampling was observed.

Section A of the questionnaire formed a biographical section and
contained 13 multiple-choice questions pertaining to graduates'
backgrounds. Questions concerning their age group, race,
gender, home and second language and field of engineering
were asked. Questions concerning whether graduates worked
and ran their own household while studying, graduates’ current
employment status, as well as the most and least relevant factors
that contribute to them accepting a job offer were asked.

Section A of the questionnaire aimed to ascertain any background
factors which might account for how the graduate approached
studying towards their career. Section B of the questionnaire
contained a set of 23 questions, 20 of which are from the
condensed version of the Biggs (1987) questionnaire [11].

The questions attempted to cross-examine graduate's motives
and strategies for studying their engineering degree. The extent
of deep or surface learning was gauged, as well as the extent of
deep or surface strategies. The final section, Section C, contained
a written component where graduates were asked open-ended
questions about aspects such as what the best parts of their
degree were, why they chose a degree in engineering, short and
long term career goals, employment prospects and options and
general attitude towards entering the workplace.
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Regarding surveying of academic leaders, the sample was
highly specific. Academic leaders in charge of each engineering
discipline were interviewed due to their close relationship with
industry partners, thereby providing a credible proxy for industry
insight. While there are seven disciplines of engineering at the
particular university of study, there were only four academic
leaders since some oversaw multiple disciplines. In addition to
better efficiency, the surveying ofacademicleaders gave the study
access to the insights of at least thirty-two different employers,
and were thus more representative of a collated, validated and
well-rounded industry opinion, since actual responses from
individual companies often provide recommendations that suit
their niche enterprise. Academic leader insights thus provided
a highly credible proxy for overall industry insight. The interview
schedule consisted of 17 questions developed to probe
respondents on the themes of graduate expectations of the
workplace, employer expectations of graduates, trends in new
graduate employees, mentorships and EIT programmes, ECSA
exit-level outcomes (ELOs), the extent of industry participation
in academia, external workshops and courses for continuous
professional development. The interviews were semi-structured,
including follow-up questions depending on respondents’
responses and taking redundancy into account.

Secondary data in the form of the University Quality Promotion
and Assurance (QPA) Graduate Opinion Survey, conducted
annually during all graduation ceremonies, was also utilized in
this study for comparison and triangulation of information [13].
This is a standard survey including questions related mainly to the
quality of the campus facilities, lecturer ability and other aspects
relating to the university experience. A few background and future
prospect questions are also posed to graduates. It was developed
and is administered wholly by QPA.

Analysis of results obtained from the questionnaire developed in
this study was conducted using MS Excel, with QPA results being
used merely for comparison and further discussion. Interviews
were recorded and transcribed using Amberscript software and
MS Word. Academic leader interview responses were qualitative
in nature and analyzed thematically.

A gatekeeper letter was obtained and ethical clearance approval
granted by the University Research Office. Informed consent
forms were issued, assuring participants of confidentiality and
anonymity. Procedures relating to validity, reliability, credibility
and trustworthiness were adhered to.

Iv. RESULTS AND DISCUSSION

The graduate survey achieved a response rate of 42%. Likely
reasons for the low response rate may be the length of the
questionnaire, as well as the concurrent running of the QPA survey
[13]. Moreover, as the respondents were graduates attending
their own graduation, it is possible that participation in the written
segment was seen as time consuming as graduates were excited
and keen to be attentive to the actual event and not be distracted
with providing lengthy answers. Despite the above concerns, the
response rate was not abnormally low for this particular survey
setting. By comparison, the University QPA questionnaire [13]
achieved a response rate of 56.2%. This convenience sampling
method offered the advantage of surveying graduates from all
engineering disciplines at one sitting, thereby achieving stratified
probabilistic sampling. The academic leader survey had a
response rate of 100% and proved to serve as beneficial proxies
for industry opinion.

Interviewees revealed that there is an industry perception that
most graduates simply expect or want to have a job and be
employed. Under the Biggs framework, this attitude translates
into a surface motive. The graduate survey on the other hand
indicated 68% of graduates had moderately to exclusively deep
approaches to their engineering career. Sixty-four percent wanted
growth opportunities in the company they are employed in as first
or second priority. Sixty-one percent of respondents indicated
intrinsic interest in science. It is possible that employers are
underestimating the mature and prudent drive of new graduates
to grow in their career and these assumptions may negatively
impact on how new graduates are treated, thereby stifling
innovation and new ideas. Interview respondents expressed that
employers prefer graduates with broad necessary skills in order
to condition them into their particular enterprise which is often
a maintenance-driven, and this conflict between employer and
graduate aspirations may impact negatively on their long-term
drive, innovativeness and productivity.

Twenty seven percent of graduates indicated that they desired
strong alignment to their field of study. Low interest (6%) in
universally applicable modules was expressed, 19% were
interested in very specific modules and 23% of respondents had
very specific job goals. This finding agreed with literature [4].
Academic leader responses however, have suggested that this
has become an increasingly unrealistic desire for graduates of a
Bachelor of Science in engineering due to the versatility required
by growing companies inthe 4th industrial revolution. Interviewees
pointed to the large number of engineers who find employment
in banks and insurance companies. In the graduate survey itself,
of those who have indicated that they are already employed, 16%
indicated that they are not doing engineering work.

On the positive side, graduates implicitly displayed a spark of
interest. For 68% of respondents, it was either‘always' or ‘frequently
true’ that any topic could be interesting once they get into it. This
is a highly positive indication as it reveals that graduates were not
simply interested in a few topics of their degree while shunning
the rest, but rather possessed an appreciation for all aspects
of their degree in general. However, only 44% of respondents
spent significant time trying to find out more on relevant topics.
While interest was clearly indicated, fewer respondents put effort
into pursuing such interests. Numerous graduate responses to
Section B of the questionnaire substantiated a recurring theme
of expression of interest, yet lack of action towards that interest.

The Graduate Opinion Survey [13] found that only 53% of
engineering graduates felt that there was sufficient time to
understand content and only 54.5% indicated that the workload
was manageable, the lowest statistics in the entire college.
While deep motivations were present, the sheer workload
of undergraduate engineering degrees often resulted in an
embrace of surface strategies, where students were studying the
bare minimum to keep afloat and pass their modules. There is
little room to nurture deep motives into deep action and it has
impacted their capacity as graduates for mature expectations
of the workplace. When probed concerning graduates'
expectations of the workplace, the question was interpreted by
44% of respondents to concern workloads. Nineteen percent
of respondents expect a lower workload and less stress at the
workplace. Collectively 25% expected the opposite. A further 19%
expected less guidance and stricter deadlines.

According to academic leader responses, workloads and stress
will increase in many companies. They indicated that some
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companies can require outputs as often as once a week and
smaller firms typically have higher expectations than larger firms.
The expectation of some graduates of less workload and stress
can unfortunately be an invalid one. The Graduate Opinion
survey [13] survey also revealed polarised opinion regarding the
manageability of the workload. Literature indicates that workload
considerations also resultin certain technical modules being more
emphasised while others concerning soft skills are neglected,
at least in undergraduates’ minds, to their own detriment [15].
The survey also revealed that 39% of graduates worked hard
only around exam time. Lack of planning and consistency risks
graduates entering the workplace without such habits, impacting
workplace success.

Nineteen percent of respondents expected less emphasis on
theory and more application in the workplace, in agreement
with literature [16]. This is concerning as it is not the case with
many companies, according to academic leader responses. Many
companies expect their employees to tackle new and unique
problems by starting from first principles and formulating a
solution. Significant time re-learning relevant theory associated
with one’s work, leads to workplace inefficiency and possibly
necessitate wasteful investment in further basic training.

Sixty-one percent of respondents indicated they expect guidance
and training from their employer, towards their goal of registering
as professional engineers (Pr.Eng.) with ECSA. This guidance
is expected to include a structured EIT programme for new
graduates. While not necessary for initial employment, a Pr.Eng.
certification is a highly coveted title among engineers, as it is often
required for promotion into high-level positions and dramatically
increases an engineer's employment attractiveness, thereby
commanding considerably higher salaries.

Unfortunately, as revealed by academic leaders, the presence of
a structured EIT programme prevails in only a handful of large
industrial companies. These companies are also declining in
their intake of new graduates as economic conditions worsen
and it is increasingly smaller firms that many new graduates
find employment in. There is thus possibly a high mis-
alignment between what new engineering graduates expect
and what employers offer in this regard. This issue seems to be
compounded by ignorance over ECSA policy and guidelines [17].
Only one interviewee indicated awareness of ECSA guidelines for
EIT and mentorship programmes which were followed by large
engineering employers.

Graduates indicated high salary expectations for their new
employment, in agreement with literature that many degrees
are chosen or avoided based on the perception of the salary
they command [16]. Discussions with academic leaders revealed
a general feeling that new graduate salary expectations are too
high, especially considering that most new posts are offered by
smaller companies. Numerous other reasons have been given
for graduates' pursuit of an engineering degree. Collectively, 61%
possessed a high interest in science, which is an encouraging
find. There is some mis-alignment with industry expectations
as interviewees indicated that many companies perceived their
university programme to overemphasise mathematics. However,
interviewees expressed that this overemphasis was beneficial in
giving graduates necessary skills to thrive in industries such as
banking and insurance.

While Section B of the graduate questionnaire revealed deep
motives in respondents in their pursuit of their engineering

degree, the written section indicates that these deep motives are
still often inward for many respondents, possibly self-serving and
devoid of a sense of citizenry and social responsibility. Interviewees
confirmed that socio-economic and environmental awareness
have to be more emphasized in new graduates. Literature has
corroborated this finding [18, 19]. Another consideration however
is South Africa’'s current economic climate. Twenty-four percent
of graduate respondents needed to work and/or run their
own household while studying. Even for those who have been
fortunate enough to make it to the level of attending tertiary
education, life is a daily struggle and the aim of overcoming one’s
own personal poverty and increasing one's own quality of life
often takes precedence.

Sixteen percent of respondents indicated their desire to have
a stable income, something which interviewees indicated may
be more common. Literature indicates that technical modules
were concentrated on by undergraduates who simply had that
aim of getting a good starting salary, while soft skills were under-
emphasised. Graduates with higher aspirations and mature
plans left nothing underemphasised and possessed the soft skills
required to excel in the workplace [15]. Interviewees indicated
that a key complaint from industry was related to poor technical
report writing skill, with smaller firms being much more vocal and
less forgiving about this issue since they are focused on growth
and efficiency. Report writing also serves as evidence of built-up
engineering experience over years, which may be used towards
Pr.Eng. application and registration.

While postgraduate enrolments in engineering at the University
are low, 27.6% of respondents of the Graduate Opinion
Survey[13] indicated interest to study further at some point in
the future. Interviewees indicated that remuneration for full-time
engineering postgraduate research is comparatively much lower
than what a job in industry offers, and also does not guarantee
higher pay. Of primary recognition in industry is the possession
of Pr.Eng. registration, indicating high engineering experience.
The absence of tangible encouragement of research from
industry ultimately reduces interest in postgraduate enrolment
and risks market stagnation in innovation [19]. Low interest in
postgraduate study is accompanied by a low interest in business
creation. Interviewees indicated that low interest in postgraduate
studies and low stimulation from non-innovative firms could paint
a bleak picture for engineering innovation and entrepreneurship
in South Africa.

Twenty-two percent of graduates in the study did not speak
English as their first language and the Graduate Opinion Survey
[13] revealed that 63% of the universities graduates were English
second-language speakers. Academic leaders attested to the
effects of this at the workplace, with poor report-writing skills and
communication barriers between engineers and other workmen.
Smaller firms also expect graduates to have more knowledge of
their niche industry. Large employers have however accepted that
their new intakes lack experience and accept the responsibility of
training them further.

Graduate confidence in tackling unfamiliar problems, planning of
work and sourcing and using quality information was reportedly
high, according to the majority of the graduate respondents
surveyed. Forty-five percent of respondents also wrote that they
are generally excited and confident to join the workforce. This
confidence at graduation is not reflected by industry. Academic
leaders, have declared that industry often reports a lack of
confidence in new recruits.
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This mis-alignment and complete contrast could be symptomatic
of unrealistic expectations imposed on new employees by their
employers. As academic leaders have mentioned, there are a few
companies who have unrealistic expectations that their graduates
should be highly suited to their particular enterprise. Interviewees
reported niche subject matter demands that certain employers
want but there is no way to accommodate them in the curriculum.
While many of these unreasonable expectations are dismissed by
academic leaders, it is possible that new graduate employees bear
the brunt of these demands and find themselves lacking in certain
proficiencies, thereby reducing their confidence.

The key theme identified by the interviewees to resolve the
gap between graduate and employer expectations centred on
undergraduate participation and vacation work in industry. Some
advised a more standardized approach to facilitating and monitoring
industrial advisory board participation. Others recommended closer
links between university staff and industry partners to achieve a high
overlap and structured availability of industrial vocational training.
These efforts will greatly assist in improving graduate readiness,
providing graduates with a realistic view of the workplace and also
provide industry with realistic expectations of graduate capabilities.

In light of the frameworks used in this work, academic leader
interview responses indicated that at the very least, employers
require new graduates to be competent or proficient in at least the
first three of Bloom'’s categories of education, namely: knowledge/
remembering; comprehension/ understanding; and application.
Other categories may be developed as their career progresses
and learning occurs. Under the Biggs framework [11], the study
found significant deep thinking present in graduates, while their
strategies actions resembled more surface approaches, due to
the inherently high workload of engineering curricula and other
personal challenges outside of tertiary study.

V. CONCLUSIONS AND RECOMMENDATIONS

This research examined the alignment of expectations of new
engineering graduates regarding the workplace and that of
employers’ expectations. Academic leaders were used as proxies for
industry insight due to time constraints. Employment and daily work
expectations of engineering graduates and employers have been
ascertained. The main misalignments concern differing emphasis
on soft skills, theory, reporting and presentation between graduates
and employers. Misalignments in graduate expectations with reality
stemmed from surface strategies in coping with the high workload
in engineering degrees, while misalignments in employers often
stemmed from a natural desire for graduates to be more educated
to suite their particular niche industry. The reality of maintenance-
driven industries misaligning with graduate expectations of design
and growth was identified as a key factor stifling innovation and
entrepreneurship in new engineering graduates.

The main recommendations derived from the study was closer
and more structured ties between the university and industry
to promote guidance, opportunities for vacation work, and
industry-driven postgraduate projects to encourage innovation
and entrepreneurship in early-career engineers. Future in-depth
research may pursue employer insight directly for increased
certainty in results.
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Abstract—A plethora of literature have existed on
disruptive technologies revealing its relevance in academia
and application in the field of engineering education. The
directions of possible problems of the application in the field
of engineering education however are still obscured despite
the abundant available literature with different opinions
and inconsistent results which necessitates a review to
harmonize the challenges and prospects to ensure continuity
of study during this COVID-19 health crisis in emerging
economies. In this work, disruptive engineering education in
emerging economies is thus investigated and reviewed, and
the challenges and prospects are examined and presented.
The work also presents the emerging trends in disruptive
engineering, proposes some solutions to overcome the
key challenges by giving some novel recommendations on
technical requirements and potential enablers.

Keywords—Disruptive  technologies,  engineering  education,
challenges and prospects, COVID-19, emerging economies, economic
development, Industry 4.0

I INTRODUCTION

Engineering education plays a key role in the social and economic
development of a country. All over the world, science and
engineering education is viewed as the foundation of technological
innovation and economic growth. With the recent pace of
disruption of the existing status quo by emerging technologies
in the field of engineering such as Internet of Things (IoT), 5G, 3D
printing, artificial intelligence (Al) etc. amidst global challenges such
as COVID-19 pandemic, the significance of disruptive engineering
education which is becoming increasingly relevant cannot be
over emphasized as it captures the idea of the confluence of
new technologies and their cumulative impacts on our world. The
sudden outbreak of a deadly disease called Covid-19 caused by a
Corona Virus (SARS-CoV-2) shook the entire world. This situation
has challenged the education system and has forced educators
across the world to call for the use of disruptive technologies for
online mode of teaching [1].

The term disruptive technology as coined by Clayton Christensen
[2]isanew technology that disrupts the existing technology. Usage
may start with few number of users and then grow overtime to
replace the traditional practices or prominent technology [3]. The
disruptive technologies have the tendency to transform social,
economic and political systems penetrating every aspect of life
such as education, health, security etc. It has been suggested that
the traditional education models need change because students
get bored in the traditional classrooms and sometimes cannot
understand the lectures especially when the content being
taught is out of context. Thus, implementation of such stimuli in
the classroom with the help of disruptive technologies can help
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in improving student engagement, motivation and retention
of knowledge [4]. As such, developing countries and emerging
economies need to strategically position themselves for the
profound impacts.

However, meeting this need presents some challenges to
engineering faculties and colleges at universities in developing
countries as well as for policy makers and other stakeholders.
Nonetheless, it also comes with prospects.

Whatis the current trend of disruptive technologies in engineering
education? What are prospects of disruptive technologies
in engineering education? What are challenges to the use of
disruptive technology in engineering education? These questions
are thus addressed in this study. The study aims to review the
prospects and challenges faced by developing countries in
applying some commonly used disruptive innovation practices in
engineering education context.

The methodological approach for conducting the study involves
reviewing previously published and contemporary articles
related to disruptive technologies in engineering education with
respect to its prospects and challenges in emerging economies.
These articles were searched using keywords such as “disruptive
technology”, “emerging economies and prospect of disruptive
technologies”, "“emerging economies and prospect of disruptive
technologies” in databases such as Science Direct, IEEE Xplore,
Scopus, and Google search. The searched articles were evaluated
to establish their relevance to the study. Of the total articles
reviewed, those containing related components found to be
critical to our review were selected, while obsolete articles were
further removed.

While Section One introduces the topic titled Disruptive
Engineering and Education in Emerging Economies: Challenges
and Prospects, Section Two discusses disruption in engineering
education. In Section Three, the prospects of disruption in
engineering education are presented. The challenges of
emerging economies to disruption in technology are given in
Section Four and conclusion is drawn in Section Five with some
recommendations.

11, DISRUPTIONS IN ENGINEERING EDUCATION
A Introduction

Several waves of emerging technological changes hit engineering
institutions across the world whereby engineering education
schools have to disrupt the traditional process. The institutions
have to be innovative in exploring the prospective advantages
and benefits of the emerging technologies [5]. Industry 4.0 also
known as fourth industrial revolution (4IR) is a new industrial
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stage with several emerging or disruptive technologies. Two of
such disruptions are Engineering Education 4.0 and Education
4.0 which are most relevant to the field of engineering education
[6]. Some of the convergence technologies of Engineering
Education 4.0 and Education 4.0 include: The Internet of Things,
Artificial Intelligence, Big Data, 3D printing, Cloud computing and
5G. However, this list of disruptive technologies is by no means
exhaustive or complete but rather the area of focus in this paper.

B. Engineering Education 4.0

The conflicting demand of engineering industry using Industry 4.0
for engineers and the drive to increase teaching quality for excellent
teaching and learning in engineering science education students is at
the center of developing newtechnology called Engineering Education
4.0. Few of the disruptive engineering education technologies have
been developed and experimented to have great impact in higher
engineering education learning. They include Augmented Reality (AR)
and Virtual Reality (VR) technologies. VR is an interactive computer
simulationwhichtransferssensoryinformationtoauserwhoperceives
it as substituted while AR is a system that combines real content
(observed through IP cameras and displays) and virtual computer-
generated content, adequately superimposed on the real content [7].
These emerging technologies are novel tools to help promote the
way students are educated in the field of engineering education
[7-8].

C Education 4.0

Education 4.0 is an advanced creativity-focused technology of
education in the age of Industry 4.0. It as a networked ecosystem
capable of developing skills and building competences for the
new era of engineering education. Some of the proven effects is
to improve students’ independence, activeness, innovation and
self-directed learning style. Primary roles for teachers and Profs
are to monitor and observe learning. Teachers and Profs sourcing
for content through technology-based dynamic and 3D materials.
Roles in institutional arrangement are creativity, skillful innovative
and dynamic activities. Technology use as e-learning, high-speed
internet, mobile technology, social media platforms, virtual reality
etc. Location of institution include globally networked human
body; anytime, anywhere, any device and any platform [8].

D. The Internet of Thing (loT)

The Internet of Things has opened up a whole new world of
possibilities in higher education. The increased connectivity
between devices and “everyday things” means better data tracking
and analytics, and improved communication between student, Prof,
and institution, often without ever saying a word. 0T is making it
easier for students to learn when, how, and where they want, while
providing Profs support to create a more flexible and connected
learning environment. With the help of loT technologies, predictive
analytics can provide additional insight into how students are doing
and performing both in the classroom and on campus. With the
right infrastructure in place, universities will be able to respond to
early indicators of an “at-risk” student at the critical moment before
that student's performance begins to suffer [9-10].

E. Artificial Intelligence (Al)

Artificial Intelligence (Al) technology can be used in engineering
education to design curriculum and defining the expected
outcome of education program as required to meet the specified

role [11].

F. Big Data

GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

Big data is high-volume, velocity, and variety information assets
that demand cost-effective, innovative forms of information
processing for enhanced insight and decision making [12].
Big Data has penetrated the education industry today and is a
dominant driving force behind the success of education sector
in developed countries. Leveraging and application of Big Data is
disrupting in education and can contribute to improve students
result, reduce dropout, customize programs and targeted
international recruiting [13].

G. 3D Printing

3D printing, or additive manufacturing is the construction of a
three-dimensional object from a CAD model or a digital 3D model.
The term “3D printing” can refer to a variety of processes in
which material is deposited, joined or solidified under computer
control to create a three-dimensional object, with material being
added together (such as liquid molecules or powder grains being
fused together), typically layer by layer. Studies have shown that
application of 3D printing in schools, universities, libraries and
special education settings have been supportive in teaching
technology, production of artefacts that aid learning, and creating
assistive technologies [14].

H. Cloud Computing

Cloud computing is a model for enabling ubiquitous, convenient,
on-demand network access to a shared pool of configurable
computing resources that can be rapidly provisioned and
released with minimal management effort or service provider
interaction [15]. The advantages of cloud services for education
are: reduced costs for hardware and software, payment for actual
consumption and provision of many free services. Among the
most popular cloud services that are successfully implemented
in education are cloud- based office suites and storage services
(cloud storage) [15].

l. 5G

The 5th generation technology is a high resolution and bi-
directional large bandwidth shaping that offers a wide range of
features, which are beneficial for all group of people including
students, professionals (doctors, engineers, teachers, governing
bodies, administrative bodies, etc.) and even for a common man.
Beyond just wireless, 5G incorporates computing and cloud
technologies to make everything smart and connected.

M. PROSPECTS OF ENGINEERING
EDUCATION

DISRUPTION IN

The sudden outbreak of a deadly disease called COVID- 19 and the
spread of the pandemicis no longer a news all over the world. Part
of the strategies to curtail the spread by several countries include
temporary closure of tertiary institutions. For these institutions to
continue a smooth education program, education sector needs
disruptive innovation. This study hence argues that disruption of
technologies should be the most sought after in education as it
offers a lot of advantages to help reduce the spread of diseases
and smooth running of education curriculum. Deployment of
disruptive technologies for online learning, Remote Working, and
e-collaborations etc. for example can have a profound impact on
the education sector during this outbreak of Corona Virus crisis
[16].
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emerging economies therefore need to grab the opportunity of
disruptive technologies by making their lecturers, teachers and
Profs teach and students learn. The low income countries in
particular need to leverage on the use of disruptive technologies
as it offers low procurement and maintenance costs for effective
facilitation of educational processes in difficult times like this
COVID-19 pandemic era.

The use of disruptive technologies will enable teachers and
students to frequently engage in the meaningful use of gadgets
for teaching and learning. It will offer teachers better access to
relevant articles and teaching and learning materials [17]. The
arrival of 5G is expected to provide high internet connectivity
thereby providing Smart Learning and efficient use of disruptive
technologies in engineering education. 5G will hopefully enter
the classroom and bring new ways of learning to students. For
instance, Augmented Reality, Virtual Reality and Virtual Presence
will mean that students will be immersed in a more visual and
interactive learning experience where students and teachers may
not necessarily be in the same location [18].

Spedcifically, disruptive technologies if connected by 5G network
will provide:

Availability and access - Expected increased availability
and access to learning and teaching materials due to high-
quality, affordable internet options that enable distance
learning and providing equal opportunity to education [19].
Distance learning - Evolution of distance learning will
enabling a more immersive experience for educators and
students in disparate locations [1].

Absence reduction - Virtual presence technology combined
with robotics could allow students away from class (e.g., sick
students, those with household obligations) to continue to
attend classes. Improved access to high-speed, low-latency
broadband at home may expand educational opportunities
for students and potential students that were previously
unable to access education, such as in less-developed
countries, less-affluent communities, and individuals—
often women and girls—with household obligations that
prevented regular attendance at school [4, 20].

Increased safety - May expand access to high-quality
education and expert educators (e.g., distance-learning
offerings from universities, native language speakers,
and subject matter experts), including both academic
and workplace education scenarios. Day-to-day safety
may be enhanced by broadband-enabled first responder
communications, as well as new and improved tools to
provide first responders with the data or support needed
to address situations most effectively (e.g., patient data in
ambulances, aerial footage from drones).

Disaster protection - Disruptive technology may enable
enhanced disaster responses, including communications
in situations without adequate network infrastructure and
use of remote devices to assist with rescue or emergency
situations that are otherwise too difficult or dangerous

V. CHALLENGES OF EMERGING
DISRUPTION IN TECHNOLOGY

ECONOMIES TO

Many universities and colleges of education in developing
countries are likely not to disrupt their traditional processes in
engineering education for innovative technologies even after
the ease of COVID-19 in universities reopening. Some of their
challenges may include:

Disruptive technologies though are cheaper but the advent
of the novel Coronavirus pandemic in Africa and other
developing countries has induced recession resulting to loss
of jobs and income of students’ parents and guidance from
where they mainly sourced for money to purchase innovative
solutions through products and services. On the part of the
government, there is inappropriate policy for education
and in the present case of COVID-19, funding are mostly in
favour of health care sector and palliative programs at the
expense of other important sectors such as education [21].
There exists little or no infrastructure backbone in most
universitiesto disrupt. Relatively poor technology infrastructure
is the fundamental problems for developing countries. One of
the worst cases is the supply of electricity [21-24].

Many institutions offering engineering programs have
tried to implement disruptions but fail because of lack
of understanding about disruption and the associated
processes, the required finances, human resources and
more importantly the innovation capabilities. Some have
no innovation in teaching-learning for decades and in the
process are not in a position to achieve any disruption that
augurs desired changes [25].

Most education systemsin low-and middle-income countries
were grossly underfinanced even before the coronavirus
crisis. A report has estimated that spending on education
in low- and middle-income countries must be more than
double between 2015 and 2030, from approximately $1.25
trillion per year to nearly $3 trillion [25].

Another problem is corruption. The misuse of government
funds which could have been used to develop the education
sector like the new technology in education is channeled to
other directions i.e. few people benefit from those funds
through siphoning into personal bank accounts. This kind
of scenario is very common in developing countries where
corruption has found a remarkably safe space to proliferate.
According to Dhawan [1] some of the challenges facing
developing countries to adapt to disruptive technologies in
higher institution are unequal distribution of Information
and Communication Technology (ICT) infrastructure, quality
of education, digital illiteracy, digital divide, technology
cost and obsolescence. Dhawan added that point of
weakness of developing countries are technical difficulties,
learner’s capability and confidence level, time management,
distractions, frustration, anxiety and confusion, lack of
personal and physical attention.

V. SUMMARY, CONCLUSION AND RECOMMENDATIONS

Disruptive technologies are growing at a very fast pace in the
field of engineering education. The critical trending disruption of
technologies are The Internet of Things (IoT), Artificial Intelligence
(Al), Big Data, 3D printing (3DP), Cloud Computing and 5G. The
technologies bring substantial benefits to the field engineering
education in emerging economies as its offers low procurement
and maintenance costs for effective facilitation of educational
processes, smooth running of education curriculum, reduce
the spread of diseases, better access to relevant articles and
teaching/learning materials, enhance distance learning and
reduce students’ absenteeism. As the disruptive technologies
continues to gain popularity in engineering education, emerging
economies are faced with barriers such as lack of infrastructure,
lack of understanding about disruption and corruption among
others.
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improve the educational system and to ensure continuity of
courses including engineering education during this COVID- 19
health crisis but developing countries are far from making use
of the opportunities because of barriers. Infrastructure deficits
of equipment expected to be used in the education industry are
some of the difficult challenges identified. We find, in this work,
potentials for global competitiveness, industrial development,
and solutions to complex problems - such as diseases,
unemployment and climate change - besetting most emerging
economies as exciting prospects of disruptive engineering and
its education.

The coronavirus crisis is a deep and sudden shock, but itis unlikely
to be the last. Hence governments in developing countries
should find ways through policy framework to strengthen
engineering education such as creating new engineering schools
and strengthening the existing ones through hands-on oriented
training activities and provision of cutting-edge equipment.
Governments should not lose sight of the existing problems of
education sector before the COVID- 19 health crisis and ensure
engineering school systems are adequately financed, make smart
use of technologies while both the students and teachers are in
good health.
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Abstract—The impact of Industry 4.0 (14.0) on the
manufacturing industry’s systems and processes extends to
employees’ competency requirements. This consequently
requires a response in the preparation of graduates who
will be rseady to practice engineering with professional level
technical know-how and soft skills in 14.0. The study focused
on developing a conceptual 14.0 competency maturity model
(14.0CMM) and illustrating it using industrial engineering
capability functions. Using the systematic mapping
review approach, a gap analysis was conducted of design
requirements for 14.0 competency models and frameworks
in the literature as measured against predefined design
requirements of an 14.0CMM. A total of 303 relevant research
papers from Scopus, Web of Science online databases, and
grey literature were retrieved. Twenty-five papers and
documents were included in the study. The results of the
review indicated that the predefined design requirements
for an 14.0CMM were not all satisfied in literature. Thus, a
conceptual 14.0CMM that is aligned to industrial engineering
capability functions was developed and is illustrated. The
14.0CMM could be a solution in providing a comprehensive
competency assessment framework for industrial
engineering practice and education.

Keywords—Industry 4.0, competency, maturity model, systematic
mapping review, industrial engineering

. BACKGROUND TO THE STUDY

Workforce competencies significantly influence the successful
adoption of Industry 4.0 (14.0) in organizations [1]. The background
of 14.0 and its application in the manufacturing industry [2, 3]
require that engineers considerably drive its successful adoption.
Accordingly, the engineering education role of “preparing the
graduates to practice engineering with competent technical know-
how and soft skills at professional level” [4] becomes particularly
important.

Industry 4.0 demands higher competency levels and requires
employees with substantial skills and qualifications [1, 5, 6]. Thus,
the alignment of engineering education in producing graduate
attributes that meet 14.0 competency requirements cannot be
avoided [5].

A study by Acerbi et al. [7] pointed out that there was a lack of
comprehensive 14.0 competency assessment models and tools in
literature. To assess this gap in literature, design requirements for
a conceptual Industry 4.0 competency maturity model (14.0CCM)
were generated while guided by literature [8, 9]. This was followed
by a systematic mapping review to identify 14.0 competency models
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and frameworks existing in literature. A design requirements gap
analysis measured against the predefined design requirements for
an 14.0CMM was then conducted.

A conceptual 14.0CMM that aligns with the industrial engineering
domain was developed and is presented in this paper. As 14.0 has
the potential to significantly impact on the knowledge and skills
of industrial engineers [10], the conceptual 14.0CMM is illustrated
using industrial engineering capability functions.

Il STUDY PURPOSE
The purpose of this study was to develop a conceptual 14.0CMM

and illustrate it by using industrial engineering capability functions.
The study was guided by three research questions:

—

) Which 14.0 competency models and frameworks exist in
literature?
2) Do the existing 14.0 competency models and frameworks satisfy
all the predefined design requirements for an 14.0CMM?
3)  What are the domains and dimensions that could be used to
formulate the conceptual 14.0CMM?

1. INDUSTRY 4.0 COMPETENCY MATURITY MODEL
(14.0CMM) DESIGN REQUIREMENTS

The People Capability Maturity Model (PCMM) [11, 12] was
developed to assist organizations in enhancing their workforce
capabilities. Application of PCMM enables organizations to mature
their “capability for attracting, developing, and retaining the talent”
[11] needed.

Management of employees’ competencies from graduate level to
professional level is crucial for organizations’ success [13]. Thus,
continuous alignment of employees’ competencies with “business
objectives, performance and changing needs”

[11]is essential for business success.

Maturity models can serve a descriptive purpose if they are applied
for assessing the “as-is” capability by comparing the “capabilities of
the entity under investigation with respect to given criteria” [8, 9,
14]. On the other hand, maturity models can serve a prescriptive
purpose when it is used to show how to find a desirable maturity
level and stipulate guidelines to achieve a better state [8, 9, 14].

The design requirements for an 14.0CMM were generated based
on serving both descriptive and prescriptive purposes. Table |
presents 14.0CMM design requirements which were generated
guided by the maturity model design principles framework of
Poppelbuld and Roglinger [8] and as applied by Van Dyk [9].
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TABLE | 14.0CMM conceptual design requirements

Category

Design requirements (DR)

Application domain

DR1: The 14.0CMM must outline engineering profession competency requirements for the
manufacturing industry that must also be adaptable to other engineering industries.

professional development.
Purpose of use

DR2: The 14.0CMM must provide a set of knowledge, technical and soft skills required to perform
specific engineering capability functions.
DR3: The 14.0CMM must support and guide engineering professionals’ practice and continuous

DR4: The 14.0CMM must provide competence reference standards for engineering education and
quality assessment of engineering processionals along the career continuum.

DR5: The 14.0CMM must be useful to assess employees’ competency measured against the
industrial revolutions and future requirements.

Target group

DR6: The 14.0CMM must be easily understood and useful for researchers, academics in
engineering education, manufacturing professionals, and human resources practitioners.

Class of entities under investigation

DR7: The 14.0CMM must be adaptive and flexible in identifying skills for the future and must not
only be confined to 14.0 applications and technologies.

Maturity and dimensions of maturity

DR8: The 14.0CMM must include a competency domain, a capability functions domain, and a
distinct maturity levels domain.

DR9: The 14.0CMM competency statements must be clearly defined and easy to interpret.

Maturity levels and maturation paths

DR10: The competency statements must clearly differentiate between maturity levels.

\'A METHODOLOGY

According to Grant and Booth [15], systematic mapping review is
among the fourteen reviews that have been used in a significant
number of studies to identify research gaps in existing literature [16-
22]. Peters and Wood [16] attest that systematic mapping review is
“a review method of choice when a focused area of inquiry is in early
scientific development” [16].

To accomplish the purpose of this study, both peer reviewed
research papers and grey literature [23] were considered in the
systematic mapping review [18].

The systematic mapping review was defined and accomplished
in three steps [16, 17]: gathering data using a predefined search
procedure, selecting the relevant data using predefined inclusion
and exclusion procedures, and extracting relevant information from
the literature.

A Search Procedure

A predefined search strategy was developed to minimize bias
during the search for relevant literature to be used in this study.
The study used three key search terms: 14.0, competencies, and
model. The systematic mapping research method utilized a Boolean
search string [24] with the following alternative search words: fourth
industrial revolution, skills, and framework. The literature search was
conducted on Scopus and Web of Science online databases and
included searching grey literature on key consulting organization
websites and expanding the data source by a dedicated search of
reference lists [18].

B. Inclusion and Exclusion Criteria

[terative inclusion and exclusion criteria [18, 24] were used to select
relevant studies published between 2011 and 2020. Thiswas because
the 14.0 concept was coined in 2011 [2]. Studies that focused on 14.0
competency models or frameworks were included. Five iterative
steps for excluding studies were followed: exclusion by duplication;
exclusion by language compatibility; exclusion by full paper text not
accessible; exclusion by paper using the terms competencies and
skills loosely in relation to 14.0 competency models; and exclusion by
inadequate evidence of a model or framework.

C Data Analysis

The data analysis focused on identifying design requirement gaps
in the included systematic mapping review literature as measured
against the predefined design requirements for an 14.0CMM
presented in Table I.

V. RESULTS

This section presents the systematic mapping review results and the
gap analysis results.

A Systematic Mapping Review Results
Twenty-five papers were included in the systematic mapping review

(Figure 1). A significant number of papers used the search terms
casually and hence were excluded from further analysis.

Papers identified from online
websites (n =283)
Scopus = 203, Web of Science = 80

Grey literature papers
{n=20)

Total papers (n = 303)

Papers excluded by duplication
(n=34)

Mumber of papers screened by
title
n = 269}

Papers excluded (n = 57)
(exclusion by language = 16,
exclusion by full text not
accessible = 41)

Number of full papers assessed
for eligibility
(n=212)

Papers excluded by casual use of
the search terms (n = 187)
(exclusion by using the term

skills loosely = 82, exclusion by
= using the term competencies
loosely = 19, exclusion by
inadequate evidence of a model
or framework = 86)

y

Papers included in data
extraction
(n = 25)

2

FIGURE 1 Systematic mapping review results
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B. Gap Analysis Results

Table Il maps the gaps between design requirements for the
14.0 competency models and frameworks in literature and the
predefined design requirements for an 14.0CMM. The analysis
revealed that 14.0 competency models and frameworks in
literature satisfied some but not all of the predefined design
requirements for an 14.0CMM.

DR1, DR3 and DR4 were fully satisfied by a significant number of
studies which provided sufficient information on 14.0 skills and
knowledge that could guide the engineering profession’s skills
development and practice.

Some studies partially satisfied DR2, for example Sakuneka et al.
[25] focused on the skills and knowledge of a control engineer. Only

TABLE Il gap analysis results

Accenture Consulting [26] fully satisfied DR2 by presenting a set of
skills and knowledge required for various engineering roles in 14.0.

None of the reviewed studies satisfied DR5, DR7 and DR8 in
any way. All studies were confined to 14.0 competency with no
flexibility in looking beyond 14.0 requirements.

DR9 was partially satisfied by a few studies, such as the study of
Acerbi et al. [7] that provided general competency statements
for different maturity levels. Only Accenture Consulting [26] fully
satisfied DRI by presenting capability statements for various skills
in different engineering roles.

The work of Acerbi et al. [7] satisfied DR10 by suggesting five
distinct competency maturity levels: basic level, aware level,
practiced level, competent level, and proficient level.

No | Paper Title and Reference DR1 | DR2 | DR3 | DR4 | DR5 | DR6 | DR7 | DR8 | DR9 | DR10

. é;nethodo\ogy to assess the skills for an Industry 4.0 factory v « v » y v y y y v

5 Estimating Industry 4.0 impact on job profiles and skills using » » » v o v o o y y
text mining [27]

3 Emerging learning environments in engineering education [28] v X v X X v X X X X

4 Skills in European higher education mobility programs: « o v v » v y y y «
Outlining a conceptual framework [29]

5 A summary of adapting Industry 4.0 vision into engineering v « « « » v y y o y
education in Azerbaijan [30]
An investigation of Industry 4.0 skills requirements [24] v X v v X v X X X X
Industry 4.0 competencies for a control systems engineer [25] v X v v X v X x X X
Smart Education in the context of Industry 4.0 [31] X X v v X v X X X X
Challenges and requirements for employee qualification inthe | v

K context of human-robot-collaboration [32] * v v * * h * *
Smart industry and the pathways to HRM 4.0: Implications for

10 SCM [33] v X X v X v X X X X

1 Conceptual framework for the development of 4IR skills for v « v v y v y » o »
engineering graduates [34]
Analyzing Workforce 4.0 in the Fourth Industrial Revolution

12 | and proposing a road map from operations management v X v v X 4 X X X X
perspective with fuzzy DEMATEL [35]
Model of competency management in the network of v v v v

3 production enterprises in Industry 4.0: Assumptions [36] : “ “ * * *
Toward a data driven competency management platform for v v

14 1 Industry 4.0 [37] M RO 5 < |
Tangible Industry 4.0: A scenario-based approach to learning

15 for the future of production [38] v * v v * v * * x x

16 Conceptual key competency model for smart factories in v y v v » v o o o o
production processes [39]

17 | Text mining of Industry 4.0 job advertisements [40] v X v v X v X X X X

18 | Makerspace for skills development in the Industry 4.0 era [41] v X 4 v X v X X X X

19 | The Industry 4.0 induced agility and new skills in clusters [42] v X X v X v X X X X

20 Integration of 3D printing and Industry 4.0 into engineering v y « v « v « « « »
teaching [43]

21 | Skill development for Industry 4.0 [44] v X v v X v X X X X

22 | A competency model for “Industrie 4.0" employees [45] v x v v x v x X X X
Preparing tomorrow's workforce for the Fourth Industrial

23 Revolution for business: A framework for action [46] v . v v * v * x x x

24 | Preparing for Industry 4.0: Will digital skills be enough? [47] v X v v X v X X X X

25 | Manning the mission for Advanced Manufacturing [26] v 4 4 v X v X X v X

Key:

v - Fully satisfied the relevant design requirement

x - Did not satisfy the relevant design requirement or only partially satisfied it
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VI. DISCUSSION

A significant number of 14.0 competency models and frameworks
reviewed in this study focused on skills requirements in 14.0. There
is a lack of comprehensive 14.0 competency assessment tools
that address the skills and knowledge requirements for specific
capability functions in engineering.

The reviewed models seldomly provided a comparative scale to
gauge employees’ competency with reference to the industrial
revolutions. A model that could assist in assessing employees'
current competency levels and point out higher level requirements
could be of significance to decision makers.

There is a noticeable shortage of studies that predicted skills
requirements beyond 14.0. Development of an 14.0 competency
assessment tool that presents competency requirements for
specific capability functions in engineering is therefore necessary.

VII. ACONCEPTUAL INDUSTRY 4.0 COMPETENCY MATURITY MODEL

A 14.0CMM structure

The conceptual 14.0CMM is illustrated in Figure 2 using the industrial
engineering domain. The proposed 14.0CMM conceptual model
comprises three domains: a competency domain, a capability functions
domain, and a maturity levels domain.The competency domain has two
dimensions: skills (technical and soft) and knowledge requirements.

The capability functions domain has ten dimensions related to
industrial engineering [10, 48]. Though these are not exhaustive,
the capability functions that were adopted are aligned with
industrial engineering roles’ requirements. The proposed 14.0CMM
conceptual model assumes the five maturity levels to be in line with
industrial revolutions: level 1 (1st industrial revolution), level 2 (2nd
industrial revolution), level 3 (3rd industrial revolution), level 4 (4th
industrial revolution), and level 5 (Future requirements).

Competency specific
maturity indicators

[Competency capability area

| Operations management
‘Supply chain management

Systems improvement

Business infelligence

Machine leaming

._-_H___I /

Capability Functions
Domain

Specific industrial

Competency capability statements
describing the compelencies at each
job function level and specific
competency dimension

Maturity level

engineering capability
functions

Competencies dimensions
which provide holistic
definition of capability

functions

FIGURE 2 14.0CMM conceptual model

B. 14.0CMM lllustration

The 14.0CMM will be used to assess employees’ current
competency in terms of skills (technical and soft) and
knowledge requirements to satisfy a specific industrial
engineering capability function. Table Ill and Table IV illustrate
the assessment of the data management and human-machine
interaction capability functions, respectively. Technical skills,
soft skills and knowledge capability statements at each maturity
level are presented.

The upskilling requirements depend on the currently determined
level of the employee. For example, if the data analysis capability
matches level 3 (3rd industrial revolution) requirements, then
the industrial engineer needs to upskill to level 4 (4th industrial
revolution) requirements. The capability statements presented in
Table Il and Table IV are not exhaustive and are only used for
the purpose of illustrating how the 14.0CMM model would work in
practice. Further development is required in this respect.

TABLE Ill lllustration on how to use i4.0cmm - data management capability function

Data management - collection, handling, and analysis of data

CAPABILITY
FUNCTION COMPETENCY DOMAIN
Technical Skills Soft Skills Knowledge
Using algorithms and statistical
Future programming languages to analyze real-time | Proactive learning, future thinking, Data analytics technologies, real data
requirements | data. Handling, analyzing, and interpreting innovation, and creativity. science development.
complex digital data.
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Data management - collection, handling, and analysis of data

CAPABILITY
FUNCTION

COMPETENCY DOMAIN

Technical Skills

Soft Skills Knowledge

Identifying patterns and extracting
actionable insights and information from
data. Corroborating data from multiple
sources; accessing data on mobile devices
and computers; identifying trends in data
and detecting problems; visualizing data;
data cleaning [26].

4th Industrial
Revolution
skills.

Critical thinking, agile problem
identification and problem solving,
open minded thinking, communication

Programming knowledge in Scala, Python,
R and PySpark. Data optimization, coding,
big data analytics

Retrieving, handling and querying data
using Structured Query Language (SQL)
and NoSQL from rational and irrational
databases [49, 50]. Analyzing numeric data
using tools such as advanced Microsoft
Excel.

3rd Industrial

Revolution details.

Communications skills (verbal and
written), analytical mind, attention to

Statistical knowledge, SQL knowledge,
strong Microsoft Excel skills, advanced
mathematical knowledge

Recording data on punch cards using
keypunches and systematically processing
the data using a tabulating machine and its
improved versions [49].

2nd Industrial
Revolution

Persistent mind, attention to details,
communication skills.

Mathematical knowledge, statistics
knowledge.

st Industrial Manually collecting, preparing, and analyzing

Accuracy, communications skills.

Mathematical knowledge, statistics

Revolution data using statistics and mathematics [49]. knowledge.
TABLE IV lllustration on how to use i4.0cmm - human-machine interaction capability function
Human-machine interaction
CAPABILITY
FUNCTION: COMPETENCY DOMAIN
Technical Skills Soft Skills Knowledge
Interacting and sharing workload with
Future cognitive and automous robots and machines.. | Ability to collaborate and not Autonomous robots, artificial intelligence,

Executing desision and moitoring processes
for a multitude of different production
complexes on-site, and off-site [51].

requirements

compete with autonomous
robots. Emotional intelligence.

human factors modeling, and human-
machine interaction.

Performing multimodal interaction with
machines - touchscreen, dialogue-driven

voice control and gesture recognition {51, 52}.
Interacting with cognitive and autonomous and
self-organizing machines. Using augmented
reality and virual reality a mediating interface
in Cyber-physical systems. {52}

4th Industrial
Revolution

Ability to collaborate with
machines. Emotiona intelligence
and agile adaptability to a quick
changing environment.

Cyber-physical systems, application of virtual
reality and augmented reality, Internet of
Things, Smart manufacturing, emotional
intelligence

Humans as machine supervisors - monitoring
machines as they perform automated tasks

3rd Industrial [52]. Interacting with machines in unimodal

Flexibility and ability to interact

Cyber-physical systems, application of virtual
reality and augmented reality, Internet of

Revolution ; ) . . : with machines. Things, Smart manufacturing, emotional
interactions, i.e. commanding machines through intellizence
mechanical input, such as a keyboard [51]. g
2nd Humaﬁs & controllers of mgchme ; controlling Multi-skilling, paying attention to | Controlling systems and machine display
Industrial machines in a mass production environment details interfaces
Revolution | [52]. ' :

Routine, more-physical-effort tasks to operate
the machine - ability to use the machine and
making machine adjustments.

1st Industrial
Revolution

Physical ability and individual
attitude.

Operation of steam engines, mechanical
machines.

VIII. CONCLUSION

This study presents a gap analysis of design requirements for
14.0 competency models and frameworks in literature measured
against predefined 14.0CMM design requirements. The analysis
points out that the predefined design requirements for an
14.0CMM have seldomly been satisfied in literature. A conceptual
14.0CMM was developed and illustrated in this study using
industrial engineering capability functions. The fully developed
[4.0CMM, in line with the recommendations (section IX), could
close the competency assessment framework gap in the literature.
The 14.0CMM has the potential of adding value in assessing and
aligning workforce competency requirements in 14.0 and beyond
within the manufacturing industry. The 14.0CMM could provide
a framework that aligns industrial engineering competency
development to industry competency demand. The [4.0CMM will
guide engineering education in developing graduate attributes

that will meaningfully contribute to the adoption of 14.0 in the
manufacturing industry.

IX. RECOMMANDATIONS

This study provides a foundation for further development of an
14.0CMM as a competency assessment tool in the manufacturing
industry. The 14.0CMM model was illustrated using industrial
engineering capability functions. The recommended next step in
this work is to refine the presented 14.0CMM conceptual model by
performinganiterative design processtoascertainthevalidityof model
domains and dimensions. This will be followed by the development
of capability statements for the specific capability functions. The
capability statements should include all the competency dimensions
at each maturity level. A structured interview with manufacturing
industry representatives and engineering education academics will
be conducted to test the validity and functioning of the 14.0CMM.
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Abstract—In 2020, Higher Education and industry across
the globe were immersed in extreme, unpredictable
environments. Given the devastating impacts and
disruptions observed since the appearance of COVID-19, the
question to ask Higher Education is how it can better prepare
students who are capable of being agile and proactive, and
who demonstrate effective decision-making capabilities in
complex situations. This paper therefore seeks to explore
how educational engineering programs can better prepare
5.0 engineering students for their future workplace. It draws
on the authors’ involvement in two European Union projects,
to provide insights and recommendations, which suggest
that the focus be on: revisiting the curriculum; developing
transversal skills and V-shape Engineer workspaces; work-
based learning; graduate employability; and strengthening
ties between academia and industry. We are also
increasingly moving towards a 5.0 era where the emphasis
is on developing human- centred IT soft-skills. This paper
presents educational engineering-program leaders and
managers, with suggestions for how to be responsible and
proactive in ensuring that 5.0 engineering students have not
only a qualification, but the requisite skills to make a more
meaningful impact in their future workplace.

Keywords — engineering education, COVID-19, transversal skills,
industry relations, workplace.

I INTODUCTION

In the job market, specific and extraordinary demands are
anticipated. Cedefop's skills forecast in 2018 already highlighted
that in Europe, work environments in the near future are expected
to feature more autonomy, less routine, more use of Information
and Communications Technology, reduced physical effort and
increased social and intellectual tasks [1]. The European labour
market is challenged by changes in the demographic composition
of the labour force and by increasing work complexity and
processes.

Most countries across the globe have been severely affected by
COVID-19, with most workplaces in 2020 also experiencing the
effects. Educational and professional practice in 2020 has been
clearly characterized by high levels of Volatility, Uncertainty,
Complexity, and Ambiguity (VUCA) [2]. Such impacts are predicted
to continue beyond 2020, in light of the severe consequences
wrought by the COVID-19 pandemic in several sectors.
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The future of work, along with graduate students’ employability
and careers, needs to be re-examined for the post-COVID era. A
recent analysis carried out by Société des Ingénieurs et Scientifiques
de France (www.iesf.fr) on competence assessment, illustrates
that “the academic knowledge and the professional competence
of French Alumni, holders of an Engineer’s degree, are of utmost
importance in the present days, in order to actively contribute to
the challenges ofthe post-COVID-19 era, tomorrow and thereafter”
[3]. Engineers and scientists will have to actively contribute to new
societal challenges. The younger generation of students and new
graduates need to be adequately prepared for a range of possible
world crises (e.g. economic, natural disasters, terrorism, biological
warfare, pandemic, climate, etc.).

This paper explores how Higher Engineering Education (HEE)
program leaders and managers can best prepare 5.0 engineering
students for future changes in workplaces and a post-COVID-19
VUCA world. Itis critical that HEE program leaders and curriculum
designers learn from the 2020 pandemic in order to proactively
adapt and realign educational offerings and services, to ensure
that new transversal and versatile 5.0 skills are developed and
reinforced in engineering students. Engineering graduates, who
are to be workplace ready, should be able to effectively deal with
complex issues and make decisions instantly in professional
situations characterised by higher levels of risks, uncertainty, and
complexity.

1. STUDY BACKGROUND AND APPROACH

New curriculum guidelines were recently proposed, e.g. for
Industry 4.0 [4], as well as numerous recommendations to
University management that have to anticipate changes and
make choices on how to adapt [5].

The paper draws on two Erasmus projects (DAhoy and EASTEM) to
address the main question under investigation, namely, identifying
ways in which HEEs can ensure that engineering students are
appropriately trained to meet future challenges in the workplace.
DAhoy is a strategic partnership focused on developing the
decision-making skills of engineering and Science, Technology,
Engineering and Mathematics (STEM) students. DAhoy is founded
on an understanding of academia and industry’'s perceptions and
expectations of students, and is fully aligned with the strategic
VUCA challenges to accelerate pedagogical innovations and revise
their educational systems with transversal skills. The second
project, EASTEM, is a capacity-building project within South-East

This work was supported by the European Erasmus+ program under grants 2017-1-FR01-KA203-037301 and 2018-1-SE-EPPKA2-CBHE-JP.
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Asia, facilitating a competency approach and University Business
Industry Collaboration models (UBICs) within STEM education
programs in Europe and eastern Asia.

Both projects have sought to transform Engineering students into
technological-change-leaders and decision makers, specifically
for a VUCA world. Student-centred learning approaches are
employed.

EASTEM enhanced STEM students’ employability in an
unpredictable future by facilitating the exploration of multiple
realities, in different cultural settings and contexts, at an
international level. The broader context also highlighted how
important it is that students, while still at HEEs, spend time in
industry to be exposed the working world. Another important
aspect to consider is that HEEs and other institutions should take
responsibility in developing the entrepreneurial skills of students
and where possibly, assist with small start-ups / incubators.

The rationale is that students are not only developed to be
mere employees who will be working for a boss or company. It
is important to also bear in mind that a shift was made in some
institutions to be entrepreneurial universities, whereby academics
help students in this respect, rather than only be pure research
universities.

A major outcome of DAhoy is that seven decision- making
skills were identified as transversal skills (formerly known as
transferable skills) and introduced to facilitate VUCA training.
Key outcomes from the project include defined and evaluated
innovative teaching and learning (T&L) activities to be integrated
in educational frameworks at a systemic level; quality assurance
and recommendations. DAhoy's European partnerships resulted
in positive and sustained effects in the participating organisations
and their staff and students' transversal skills integration, which
is also now evident in other regional, national and European
Institutions.

Given their focus on VUCA and career preparation, these two
projects - although emanating primarily from a European
perspective - provide insights into how HEE managers and
program leaders could better prepare 5.0 engineering students
for the future workplace and a post- COVID-19 unpredictable
world. This enhances academia’s capacity to be responsible and
proactive in ensuring that 5.0 engineering students have the
requisite skills, as well as qualification, to make a more meaningful
impact in the workplace.

. REVISITING CURRICULA FOR NEW CONTEXTS

Through a 3-year design-based research, including qualitative
and quantitative iterative analysis, DAhoy conceptualized and
analyzed seven decision-making-skills statements [6], shared
several constructively aligned T&L courses and investigated their
mapping in some national qualification frameworks. Results offer
some recommendations for adapting curricula in the short term,
to incorporate greater emphasis on transversal skills, including
V-shape perspectives.

A. Transversal Skills

New graduates are potential leaders and managers of the future
and they should have the necessary skills and competencies to
face the current, as well as future VUCA situations. HEE has to
ensure that engineering graduates have effective transversal skills

to more comfortably face VUCA-like situations while working in the
new post-COVID-19 VUCA world and also, along with professionals
and graduates, to take advantage of the new landscape of career
opportunities for a 5.0 future. Engineers need to develop 5.0 soft
skills, such as Information Technology (IT) communication skills
(working more online and less face-to- face), adaptation to change,
and empathy - some of the 24 generic skills as highlighted in the
work of Abdulwahed et al. [7].

As an illustration of the need for transversal skills, the COVID-19
crisis of 2020 has demonstrated that it is now critical to have
effective judgment and decision-making capabilities. In 2005, the
European Qualification Framework[8] indicated the importance of
students at Bachelor level 6, being able to:

“[take] responsibility for decision-making in unpredictable work or
study contexts” and, at Master level 7, to “manage and transform
work or study contexts that are complex, unpredictable and require
new strategic approaches; take responsibility for contributing to
professional knowledge and practice and/or for reviewing the
strategic performance of teams”.

In 2015, the European Network for Accreditation of Engineering
Education, which sets program outcomes for engineering
education accreditation in the EU, prioritized decision-making
and judgement abilities among its ten outcomes [9]. In Europe
it is expected that the learning process should enable Masters'
degree graduates to demonstrate the:

ability to manage complex technical or professional activities
or projects that can require new strategic approaches, taking
responsibility for decision-making;

ability to integrate knowledge and handle complexity,
to formulate judgements with incomplete or limited
information, that include reflecting on social and ethical
responsibilities linked to the application of their knowledge
and judgement.

The needs of the economy have changed in 2020 as a result of
COVID-19, with new workforce requirements and revised economic-
growth strategies. Graduate attributes and core learning outcomes
need to change so that they include transversal skills, such as
decision-making, as conceptualized and analysed by DAhoy.

Now, soon after the initial COVID-19 crisis, HEE programs should
be realigned without waiting until the periodic quality evaluation
processes or revised engineering program outcomes are
formalized in qualification frameworks. The conventional periodic
review and evaluation of engineering programs, often at four or
five-year intervals (as with the US ABET or with CTlin France) [10],
may need to be examined in light of 2020's exceptional changing
context and needs.

B. V-shape 5.0 Engineers

In 2018, Robin Karvo, Human Resources Consultant at Nokia
France, indicated that, “today’s business world is changing more
quickly than ever before: rapidly evolving markets, regulations,
and technologies make it hard to see very far into the future”
[11]. Before the crisis, technological universities were mainly
focused on producing a 2020 STEM graduate, with T-shape’ skills
[12]. T-shaped scientists [13] are those who have good depth of
knowledge and skill in one discipline, and a reasonable breadth of
knowledge and skill across multiple disciplines, e.g. management,
so have transferable skills for judgement and decision-making
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(T- shaped were an evolution of ‘I-shaped’ graduates, who have
developed good depth of knowledge and skill in a single discipline
only).

As the VUCA context is now prevalent in most sectors, engineering
graduates should ideally be more 'V-shaped [14], a quality
reinforced as a result of a versatility-oriented curriculum. V-shaped
individuals grow in knowledge and skill, and also in spiral fashion,
both horizontally and vertically. A V-shaped graduate is neither a
specialist nor a generalist [15]. V-shaped graduates have balanced
knowledge and skills and can learn a new domain of skills easily;
this is why in software engineering programs, ACM- IEEE curricula
recommendations include additional requirements about domain-
specific knowledge [15]. More and more, it is evident that an
engineer 5.0 era prevails [14], with human-centred IT soft-skills,
and empathy requirements being at the forefront of the skills
required. Society 5.0 encompasses a combination of cyberspace
and physical space and is “a human-centred society that balances
economic advancement with the resolution of social problems by a
system that highly integrates cyberspace and physical space” [16].

For the post COVID-19 period in HEEs, transversal skills are
required, and this context provides an opportunity for HEEs to
revise program outcomes and aim for V-shaped perspectives
for their graduates. V-shaped individuals are the kind of people
needed post-COVID-19, with a focus on careers and competency
development, both across and up, to grow tomorrow's workforce.
STEM graduates will need to implement decisions, knowledge and
skillsin order to be able to actively contribute to the post-COVID-19
era, to replicate the success of spontaneous and ongoing mission-
driven engagement. This engineer needs to embody the traits of
a leader: decisive, bold yet humble, courageous, resilient, open
to change and continuous learning, and able to be adaptable in
various contexts.

C Flexible Curricula in the Digital Era

The 2020 crisis is changing the nature of work, of workers, and
of workplaces. Professional workplaces and communication
technologieswillneedtochangebusinesspractices,and companies
will also need to adapt their approaches and processes [4].
The value of online learning platforms and video-conferencing
procedures were reinforced all around the world in 2020, as they
were for the HEE sector with the sudden, rapid shift to remote
education. The new generation of STEM students (digital native)
is open to distance education, e.g. Massive Open Online Courses
and Small Private Online Courses. Most STEM students, especially
engineering students, are already aware of ‘learning to learn’ in
2020 and are fairly independent.

This new generation is therefore fertile ground for this VUCA-
like environment of learning, but the monitoring of the learning
process remains a concern for all. In 2020, society is in the midst of
a cultural change, and is experiencing a transition towards a new
generation of universities where technology-enhanced learning is
becoming the norm, including diversity of learning paths.
Nevertheless, as highlighted by Kamp [5], it is far easier to educate
students for our past than for their future. The chaotic VUCA
situation is not a predictable linear extension of the present.
Long-term forecasts of discrete scenarios lead to billowing plumes
of uncertainty. University leaders and HEE program managers
need to revise their curricula to better prepare their students for
an uncertain future. For the post-COVID-19 period, traditional
recognition of learning and competence development will have
to be revisited.

D. Workspaces

In 2020, the risk of virus transmission, resulting in COVID-19
infections, was greatestin places where large numbers of individuals
congregate, such as universities. While it became apparent at the
outset of the COVID-19 crisis that ensuring continuity of study and
work was made possible by enabling rapid external engagements,
which relied in turn on supportive workspaces, managing the crisis
required that the ideal workspace was balanced by mitigating the
risk of unsafe crowding in university environments.

Workspaces in universities need to be rethought, due to
constraints pertaining to physical proximity. Innovative solutions
to confined spaces, through the design of more space-driven
intersection and student-working meeting places with industry
were required for Vocational Education and Training education.
Lots of campuses in 2020 were closed, semesters abroad have
been cancelled, internships have been interrupted, and the
European Schengen area will probably remain closed for a while
until COVID-19 is perceived to be more manageable.

Multiple and diverse impacts will be observed in the long run as a
result of the COVID-19 period. On the one hand, HEEIs will have
to consider various factors, such as international status, quality
and certification, teachers’ confidence, students' confidence,
and financial reserves. On the other hand, students are more
concerned with employability, quality of education and training,
having a well-recognized diploma and social connection with peers.

Iv. PREPARING ENGINEERS FOR THE WORKPLACE

EASTEM, with 13 technological universities, conceptualized eight
UBICs via literature reviews and semi- structured interviews
[17]. Its analysis lay the foundation for a structured relationship
model for STEM universities to be expanded later by shared
good practices among partners thanks to a 3-days collaborative
international and virtual meeting in October 2020, including
industrial stakeholders. Requirements and maturity levels in UBIC
models differ greatly between countries and institutions and
are part of the international diversity of culture, educational and
industry history, and national economic growth. One objective
is that STEM programs will be more sustainable once partner
institutions are better equipped to interact with corporate
partners in the development of their STEM-university education.
The results could echo strategic plans and policies of HEE and,
in the short term, suggest some recommendations to reinforce
cooperation with industry and companies.

A Work-based Learning Tensions and Recognition
of Learning

In 2020, professional work activities integrated into the
engineering curricula were under pressure, mostly in countries
where internships and apprenticeship models are in place for
engineering education [18]. As a result of COVID- 19, many interns
had to immediately leave their companies as some organizations
were forced to close in some countries or sectors.

For the post-COVID-19 period, recognition of student learning and
competence development in companies will have to be revisited.
Student engagements devised to practically assist society could
perhaps include grading of portfolios of experiences, a process
which may be applicable also as a means for universities to
recognize accomplishments by informal dynamic learners, as well
as their prior learning processes for VET.
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B. Graduate employability and professional needs

Graduate employment and employability analysis protocols in
HEE will need to change. The recruitment market, nationally and
internationally, will not be the same as before COVID-19. There is
for example already change in how industry is being relocated in
Europe, with some countries bring more adaptable than others.
However, some sectors, currently under skills pressure, will offer
growth opportunities, such as IT and telecommunications, some
Industry 4.0 pillars, health, science and biomedical Research and
Development, logistics and supply chains, or start-ups.

For the post-COVID-19 period, the employment indicators will have
to be revised alongside territorial, regional and national priorities.
Institutions will need to organize and implement new actions and
adapt processes to the VUCA situation. Students always need to
be exposed more quickly to new career perspectives, so that they
can navigate their career path with less anxiety in the short term.
For the post COVID- 19 period, universities, along with industry,
should provide more support to their students by setting personal,
national and regional goals in preparation for their future careers.
Students should reinforce their capabilities to analyze and judge
the situation for career decision-making, in order to organize and
implement actions to better prepare for the end of their studies
in readiness for their first job [19]. Moreover, they may need to re-
orient themselves in their chosen career path and personally take
on that responsibility, for themselves and for the broader society.
It is time to identify and motivate new role models, e.g. as future
entrepreneurs, via high-potential recruitment programs.

C Strengthen ties between academia and industry

Engagement with industry has always been a crucial requirement
for technological universities to support economic development
since the 1st Industrial Revolution [20]. During the COVID-19
crisis, some university-industry engagement experiences around
the world have shown the capacity of HEEI, and their students, to
engage rapidly and flexibly. Ongoing collaboration will be critical
to ensuring the recovery phases of both HEE and the economy.
The magnitude of the 2020 economic crisis, at national and global
levels, will require that HEE institutions rise above systemic passive
inertia and reactively engage in the constant work of creating new
forms of collaboration, models and processes.

Cooperation between academia and industry will be critical for
both parties during and after COVID-19. Academia can improve
its curriculum and knowledge delivery whilst industry takes
advantage of subjects developed by academia. Some universities
have been slow to acknowledge the academia-industry divide.
Reimers and Schleicher [21] proposed a checklist in their
Organisation for Economic Co-operation and Development
(OECD) report, aimed at supporting education decision-making
to develop and implement effective educational responses to
the COVID-19 global pandemic. The first task is to establish a
task force or steering committee that will have the responsibility
to develop and implement an educational response. It must be
ensured that, where possible, those in the task force represent
different constituents, including representatives of industry when
relevant.

Support structures are essential for enabling rapid external
engagement; transdisciplinary, multi-sector strategies are
necessary when seeking to solve complex problems that
threaten global public health and safety [22]. Other tasks include
exploring partnerships with the private sector and the community

in securing the necessary resources to provide devices and
connectivity. These issues are largely in the hands of HEEs. We
need to have shared strategies with governments (national and
regional), industry and business sectors, universities and their
students. Students, as future professionals, need to assist in
the short term with economic recovery, in order to have a more
resilient future.

V. DISCUSSION AND RECOMMENDATIONS

The 2020 crisis has demonstrated just how fragile many systems
actually are. Strategic leadership is required to create crisis-
recovery groups, incorporating both analysts and skilled VUCA
decision makers, to prepare for any future crises that may echo
in STEM and engineering education. It is important to put plans
(short, medium and long-term) in place but HEEs leaders will need
to be responsive-ready and agile, should another crisis appear.
HEEs structures, processes and policies need to be revisited on
a regular basis, and the institutional culture has to be conducive
to embracing change, rather than characterized by extreme
bureaucracy and hierarchy, and the upholding of traditions. This
is particularly relevant as the world struggles to pick up the pieces
after being battered by the pandemic. It is important for HEEs
transitioning to the new normal to be able to integrate social and
societal aspects, even natural fundamentals and values which are
far too neglected, and to encompass the concrete experiences
learned from each crisis, to ensure development as reflective
practitioners [23].

This analysis may guide university leaders and managers to
enhance and accelerate university-industry engagement alongside
a V-shaped and more flexible curriculum. Itis, however, important
to avoid a mismatch in expectations [24]. Collaboration between
these two sectors needs to be reinforced [8] but it is likely that
there will be inhibiting factors which will remain - “Industry and
academia have different cultures, different values, different needs
and different expectations (Morell 2014: 2) [25]... the biggest
barrier that may exist is the failure to recognize that each sector
has different needs” (Morell 2014: 3) [25].

In 2020, the future is uncertain, and we have no clear directions
as to how societies, economies, and the very way of life will be
impacted. We also find ourselves in the midst of a human-centred
society 5.0, which involves integrating cyberspace and physical
spaces. Despite not having any certainties, HEE have a moral
responsibility to ensure that graduates are not ill equipped for
a VUCA future with a 5.0 perspective. It is thus imperative that,
without further delay, students are taught how to meaningfully
contribute to a human-centred society that balances economic
advancement with collaboration, nature and the resolution of
social and societal problems.

VL. CONCLUSION

This paper sought to explore how HEE managers and educational
program leaders can best prepare 5.0 engineering students for
the workplace and a post-COVID VUCA world. Through analysis
conducted in two EU projects, the first with four European
universities and the second with thirteen technological universities,
the authors recommend that HEE leaders focus on: revisiting the
curriculum, emphasising transversal skills and V-shape Engineers’
workspaces, work- based learning, graduate employability, and
strengthening collaborations between academia and industry.
To reinforce the adoption of transversal skills, a framework
originating from DAhoy highlighted six Reference Models
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intended to guide university leaders in implementing the learning
environment for decision-making skills in VUCA situations. The
eight UBICs emanating from EASTEM form a foundation on which
to foster collaborations with Industry, including several shared
good practices per UBIC.

With a society 5.0 vision in their curricula, HEE must now be ready
to adapt themselves into learning spaces for V- shaped students,
to prepare their students to become flexible lifelong students,
capable of facing VUCA post-COVID once they enter the workforce.
The engineer 5.0 era involves a human-centred society which
takes into account both the economic and the social, with human-
centred IT soft-skills and empathy requirements being at the core.
There is a clear shift towards realizing just how important traits
and characteristics are, and not only technological know-how.
Engineering educational leaders should lead the way in shaping
Engineering graduates to thrive in VUCA situations.
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Abstract—The International Engineering  Alliance
has developed graduate attributes to improve the
employability of engineering graduates and to reduce the
gap between academic work and practice. The three main
accords that form part of this international alliance are
the Washington Accord, the Sydney Accord, and the Dublin
Accord. All countries that belong to these accords have
developed graduate attributes for accreditation purposes.
Embedding graduate attributes into the curriculum
can be complex and would depend on academic staff
involvement. Hence, the necessity to determine how best
graduate attributes can be developed and give clarity
about assessment strategies. Engineering faculties need
to consider developing clear processes that clarify the
programme outcomes assessment in the context of
graduate attributes. This paper provides an overview
of some practical approaches that could be used for the
development of graduate attribute assessments.

Keywords—Graduate attributes indicators, graduate attribute
descriptors, graduate attribute assessment

I INTRODUCTION

Institutions of higher education aimed at preparing graduates
for the world of work. The only constant in life is change and
this is true for workplace requirements as well. According to the
report of the World Economic Forum, the majority of children,
entering primary school after 2016 will be employed in jobs
that do not exist at present [1]. As the world becomes more
and more dependent on technology, the field of engineering
is becoming crucial. It is vital for the engineering profession to
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remain relevant and to meet the constantly changing needs
of industry and society. The International Engineering Alliance
plays a critical role to ensure the continued relevance of the
profession.

A Educational quality and mobility within the
engineering profession

The International Engineering Alliance (IEA) ensures
countries cooperate with regard to educational quality and
enhanced mobility. The three main accords that form part
of this international alliance are the Washington Accord,
the Sydney Accord, and the Dublin Accord. The Washington
Accord is an agreement between accreditation bodies of
engineering degree programmes. The Sydney Accord is an
agreement between the accreditation bodies of engineering
technology programmes and lastly, the Dublin Accord is an
agreement between the accreditation bodies of engineering
technicians [2]. The International Engineering Alliance has
classified engineering activities as complex, broadly-defined,
and well-defined to distinguish between the categories of
engineer, technologist, and technician [3]. The international
engineering alliance has developed a set of attributes that
each of the three groups, should have once they graduate [3].
Internationally, the respective accreditation bodies that form
part of the various accords have developed outcomes-based
criteria for academic programmes. Table 1 provides a small
snapshot of a typical range statement describing the problem-
solving attributes. It illustrates that the graduate attributes are
similar but are at different levels for the three groups. These
graduate attributes are generic and applicable to all fields of
engineering [3].

TABLE 1 Snapshot of part of the range statement of problem-solving as defined by IEA [3]

Attribute

Complex engineering problems

Broadly defined engineering
problems

Well defined engineering
problems

Range of conflicting requirements

Involve wide- ranging or
conflicting technical, engineering,
and other issues

Involve a variety of factors
which may impose conflicting
constraints

Involve several issues but with
few of these exerting conflicting
constraints

Depth of analysis

Have no obvious solution

and require abstract thinking,
originality in analysis to formulate
suitable models

Can be solved by the application
of well-proven analysis techniques

Can be solved in standardised
ways

Familiarity of issues

Involve infrequently encountered
issues

Belong to families of familiar
problems which are solved in well-
accepted ways

Are frequently encountered thus
familiar to most practitioners in
the practice area

978-1-7281-9756-2/20/$31.00 ©2020 IEEE
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B. Development and implementation of graduate attributes
assessment at a South African university

The Engineering Council of South Africa (ECSA) is the body
responsible for the accreditation of all engineering programmes.
ECSA has developed eleven graduate attributes that graduating
engineers [4], [5] need to meet, and ten graduate attributes that
technologists [6] and technicians [7] need to meet. Universities
in South Africa must show how graduate attributes are linked to
learning objectives and assessments [8]. Universities and different
programmes vary significantly in how they link graduate attributes
to learning outcomes and assessments. Currently, there are no
prescriptions, that guide the assessment of graduate attributes.
Often final year projects are used to assess many, if not all, of
the graduate attributes [9]. Trained registered professionals from
industry and academia form part of the committees that peer
review the various academic programmes. Programme evaluation
auditors would generally want to check for the graduate attributes
assessed and the corresponding learning outcomes that support
them, the various indicators used to assess these graduate
attributes, the descriptors used to define acceptable levels, and
the feedback mechanism in place.

The typical process followed in universities is to understand the
required graduate attributes. This is achieved by closely working
with ECSA and providing training to all lecturers and academic
personnel in the Engineering Faculty. Each department then
decides how/where the respective graduate attribute would be
developed and assessed. Rubrics are developed to ensure all
aspects of the graduate attribute have been met. This process
is based on academic staff's beliefs on teaching and assessing
graduate attributes as indicated in the literature [10]. This
approach is mainly teacher-centred. ECSA is not prescriptive in
its approach and the institution does not provide a common
approach for the development and implementation of graduate
attributes. It is left to the lecturer to design a suitable mode of
assessment and implementation of these graduate attributes.
This opens the doors for multiple interpretations.

. OBJECTIVE

The objective of this paper was to discuss potential practical
approaches that can enable the development of graduate
attribute assessments that are in line with international and
national requirements. It is believed that the development of
practical approaches would create more consensus regarding
acceptable graduate assessments and implementation. Although
various academic institutions should have the autonomy to
develop graduate attribute assessments, approaches based
on best practices would provide a solid foundation. In addition,
some studies have pointed out the fact that graduates’ attributes
cannot be assessed directly. Hence, it is necessary to develop a
measurable and pre-determined standard to evaluate learning.
These descriptors can be used to clarify what students must do to
be considered competent in the attribute.

. METHODOLOGY

The research conducted in this paper focused on existing studies
that describe the development and implementation of graduate
attributes descriptors in engineering faculties. It contributes
to the effort to integrate graduate attributes effectively across
curricula  within - South  African universities, particularly in
engineering faculties as supported by De la Harpe and David [11].
To get an overview of existing publications, keywords that include

the exact phrase “graduate attributes descriptors”, and “graduate
attribute indicators” were used within the web search engine
Google Scholar. No other search criteria were defined.

To avoid bias, all the articles that met the requirements of the
search were analysed qualitatively. The content of the papers
listed in the reference section provides valuable insights relating
to graduate attribute development and implementation. Fig 1 is a
pictorial representation of the number of existing publications on
graduate attributes indicators or descriptors. From a total of 45
search results using the keywords “graduate attribute indicators”
and "“graduate attribute descriptors”, 87% were obtained using
the first keywords, and 13 % were obtained using the second one.
This shows that most researchers use the identifier “graduate
attribute indicators” in their studies.

= Graduate attribute indicators
= Graduate attribute descriptors

FIGURE 1 Proportion of search results using the proposed two keywords

IV. FINDINGS
A Importance of graduate attributes

Thereis a clear link between graduate attributes and employability
[12]. After their studies, each engineering graduate must
demonstrate competence as per the graduate attributes assessed
during the Programme. It has been proven that developing the
graduate attributes from early on in a student's academic career
leads to the entrenchment of these attributes [13].

Effective teaching and assessment of graduate attributes have been
linked to the confidence and willingness of academic staff [12]. It
is interesting to note that confidence and willingness to teach and
assess graduate attributes have been linked to academics experience
in industry and teaching qualifications. These two attributes are
vital and engineering lecturers are willing to teach and assess the
graduate attributes as it is critical for accreditation. However, some
may be less confident than others. Outcomes-based education
offers engineering educators more freedom about content as the
application of knowledge gained more importance [14].

Some have criticised the use of graduate attributes and argued
that it is difficult to implement graduate attributes as there is not
a shared understanding of academic freedom and should be
abandoned and replaced with “Powerful Knowledge” [15]. Academic
freedom can be defined as the freedom of academics to teach
in their field of expertise without external interference [16]. The
question has been asked whether teaching and assessing graduate
attributes are the best way to ensure employability. Nagarajan and
Edwards suggested that additional frameworks may be required to
fully prepare students for work [17]. However, engineers need to
have certain skills, knowledge, and attitudes to be employable and
therefore graduate attributes play a critical role.
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Embedding graduate attributes into the curriculum is complex and
depends highly on academic staff involvement either directly or
indirectly. Ratloff et al. [10] pointed out that the belief of academic
staff plays a significant role in the teaching and assessment of the
graduate attributes. Though most academic staff have expertise
in their field, their training generally has not focused on teaching
and evaluating students. Hence, the assessment of graduate
attributes can be reduced to teachers' beliefs about learning and
teaching. Students will generally focus on what will be assessed
while academic staffs focus on content. The mode of assessment,
therefore, sends a strong signal to the student about what is
important to learn. Some academics are convinced that students'
perceived lack of knowledge and skills is their responsibility which is
described as a teacher-centered approach. Radloff et al. argue that
the most effective way to embed graduate attributes is a student-
centered, learning-oriented approach that focuses on developing
knowledge and skills, including graduate attributes [10].

Changes in beliefs are fundamental to embed graduate attributes.
B. Possible standardised approach: CDIO Syllabus

In 2001 Massachusetts Institute of Technology (MIT) published
a generic syllabus that could be customised to any engineering
programme [18]. The objective of this syllabus was to set clear
goals for engineering education. It summarises the skills,
knowledge and attitudes that industry, alumni and academia
would like future engineers to have. CDIO stands for Conceive,
Design, Implement and Operate, which is the context within
which engineering fundamentals are framed in this syllabus
[19]. The researchers followed a rigorous process to ensure
that all the skills, knowledge and attitudes required of the future
engineer were included. The CDIO Syllabus v1 has been used as
a reference in over 100 programmes worldwide for setting goals,
planning curricula and assessing outcomes [20]. This syllabus
was translated into Swedish, French, Spanish, Vietnamese, and
Chinese. This CDIO version 2 was published in 2011 [20].

This syllabus emphasises that deep knowledge of engineering
fundamentals should be the main aim of any undergraduate
engineering programme [20]. The four high-level categories
covered in this syllabus are a) Technical Knowledge and Reasoning,
b) Personal and Professional Skills and attributes c) Interpersonal
skills: Teamwork and communication, and d) Conceiving, Designing
Implementing, and Operating Systems inthe enterprise and societal
context [20]. Technical knowledge and reasoning is the part that
is unique to engineering programmes. Personal and interpersonal
skills should be the same for all engineering professionals [18].

This syllabus also enabled the development of rigorous outcomes-
based assessments [12]. This was done by establishing the levels
of proficiency required for identified topics. Specific learning
objectives and possible assessments of these objectives by using
Bloom's taxonomy, to ensure that the levels of required proficiency
are met, are established. Bloom's taxonomy defines six levels of
learning from the lowest to the highest [21]. Each of these levels
has specific verbs that are associated with assessment at that
level. MIT used these verbs to create generic statements for
assessments of attributes e.g. Evaluate “data and symptoms” [18].

C Comparing graduate attributes.
A comparison was done of the graduate attributes of the 17

signatories of the Washington accord [14]. Four countries used
the International Engineering Alliance graduate attributes as is

(India, Malaysia, New Zealand, and Sri Lanka). Five main themes
were found and each of these themes was broken down into
271 categories [14] as can be seen in Fig 2. These countries also
compared how often the 21 categories appeared and classified
them as always appeared (17 times), almost always appeared
(16 times), and then frequently appeared (12-15 times)

a, Identify 2. Abllity to
Fundamental Problems Design
b. General b. Formulate
_{ Fon ] h.Meemeeds]
¢ Tool ¢. Explore ] ¢. Understand
Competence Problems Limitations
d. Ability to d. Interpret ]
Apply Information
Knowledge % Analyze
Information

Problems

FIGURE 2 Themes and categories identified from 17 countries accreditation
bodles [22]

In a comparison between the CDIO syllabus and the Canadian
Engineering Accreditation (CEAB) requirements, it was found that
the CDIO requirements exceeded the CEAB requirements [23].
This is also true for a comparison of the CDIO syllabus with the
Accreditation Board for Engineering and Technology (ABET) [20].
It could be true of most of the accreditation body requirements
as they are reasonably close to each other and all satisfy the IEA
requirements, although further research is required to confirm
this.

D. Development and implementation of graduate attributes
assessment

A graphic representation of a generic assessment process
adopted in many institutions can be seen in Fig 3. A faculty could
develop common indicators associated with each attribute.
Examples of graduate attribute indicator rubrics related to
knowledge-based engineering, and developed by the faculty of
engineering of Manitoba and McGill Universities, are shown in Fig
4. The various indicators defined to assess the 12 CEAB graduate
attributes  namely knowledge-based engineering, problem
analysis, investigation, design, use of engineering tools, individual
and teamwork, communication skills, professionalism, the impact
of engineering on society and environment, ethics and equity,
economics and project management and life-long learning are
described in reference [24] and [25].

o — program
program objectives improvements

'S N g
\dentifylreview {Dmlopnmplernem
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Advisory council 1. Advisory council
Faculty members " Developievise ) ~ curriculum
ECSA learning objectives | |Identify strengths and commitee
for graduate weaknesses
L attributes ) )

I 1

-
Map curriculum [

~

Collectinformation

courses to graduate and analyze results

attributes
b J
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N T ™
esign assessment’
ag:fs';"r:l"ait Select courses;
schedule identify methods;
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FIGURE 3 Typical graduate attribute assessment process

138



2020 IFEES WORLD ENGINEERING EDUCATION FORUM - GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

Practically, two methods (tools) are proposed for the assessment
of graduate attributes [26]. The first method is called a direct
assessment. In this mode of assessment, each attribute is broken
down into a level of competencies such as below expectations,
marginal, meets expectations, and exceeds expectations
(Figure 4a) or strong, competent, developing, and needs work
(Figure 4b). Typical means of assessment used for this method of
assessment are test questions, assignment, capstone or design
project, laboratory report, etc. [26]. The second tool is the indirect
assessment. It consists of rating opinions that indicate students'
abilities using alumni surveys, exit interviews, and records to get a
sense of students’ educational experience. This feedback could be

used for continualimprovement as pointed outin Fig 3. Halibas et al.
[27]recommendedthatdirectassessments mustbe complemented
by indirect assessment for continuous improvement. This is not the
case in many South African universities currently.

The challenge associated with the assessment of graduate
attributesinlarge classes was studied in reference [28]. Amultiple-
choice question was developed to assess graduate attributes.
Though the approach is restricted to the assessment of lifelong
learning and professionalism only, it is useful to identify indicators
that need improvement. This approach makes graduate attributes
more meaningful and reinforces good academic practice.

Knowledge Base for Engineering (KB)

Indicators Below expectations Marginal Meets expectations Exceed expectations
<55% (D and F) 55-64% (C” and C) 65-79% (B, Band B) 80-100% (A and A')

- principles and theories ‘

INDICATORS Level 4 Level 3 Level 2 Level 1
Strong Competent Developing Needs Work
Mathematical and Scientific Demonstrates a skillful ability to Demenstrates an ability to Demonstrates some ability to Demonstrates minimal or no ability to
Terms: interpret mathematical and interpret most mathematical and interpret mathematical and interpret mathematical and scientific
Ability to interpret (understand scientific terms correctly. scientific terms correctly. scientific terms correctty. terms correctly.
and apply) mathematical and I:l
scientific terms.

(b)

FIGURE 4 |llustration of graduate attribute rubrics from (a) McGill and (b) Manitoba University

Rather than being considered as a set of additional statements to the
course description, graduate attributes may be used, as a tool, for
reflection on teaching and assessment approaches, and curricular
review and design. While reviewing programs and their constituent
modules, the learning outcomes and contents would provide clarity
about where/how attributes are explicitly and specifically addressed.
Evidence showing how teaching methods and learners' tasks are
enacted in practice to enhance the achievement of attributes could
be reviewed Assessment of students' attainment of minimum
requirement could be reviewed as well. This can be summarized as
shown in Figure 5. Such an approach can be implemented at the
modules and Programme level. Halibas et al. propose a framework
made of three-levels for the assessment of graduate attributes and
learning outcomes: institutional level, Programme level, and module-
level [27]. This framework is illustrated in Figure 6. This framework
proposes that the enhancement of institutional quality and
effectiveness be conducted at an institutional level using an indirect
method of assessment. The attributes achieved by students can be
assessed upon graduation using indirect assessment while learning
outcomes are assessed at the module level with a direct assessment.

Typical graduate
atributes
Learning outcomes & content:
Ci ication skills. where affributes are
explicitly or specifically addressed
Teamwork
Leadership Teaching methods & leamer tasks:
Opportunities for practice and
Social responsability improvement
Critical thinking
Problem solving
Assessment Achievement
demonstrated
Analytical skills
Professional ethics

FIGURE 5 Graduate attribute for assessment of module and program
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¢ N " N
Graduate attributes Aftributes that graduates exhibit few years
e after graduation
insitutional level (indirect measure)
A t A L A
) ™\

' ™
Program oulcomes Attributes that students achieved tthe end
of the programme (or upon graduation)

Program level (indirect measure)
O S o B

{

' ™ ' ™
. Aftributes that students earned upon
Lea&r'rgggtgl;l;?:res completion of the module
(direct measure)

FIGURE 6 Graduate attribute assessment per level (Adapted from Ref. [27])

V. CONCLUSION

Some studies indicated that graduates' attributes cannot be
assessed directly. Hence, it is necessary to develop measurable and
pre-determined standards to evaluate learning. Graduate attributes
are complex to develop but it is possible and beneficial to create
a generic framework to assess graduate attributes in South Africa.
The CDIO syllabus demonstrates how this is possible. The process of
establishing generic graduate attributes has been clearly described.

In this paper, some existing practical approaches that could
potentially contribute to addressing issues related to the
implementation of graduate attribute assessment in the faculty
of engineering in South African universities have been described.
Through graduate attributes, students are meant to acquire and
demonstrate several skills in addition to subject knowledge. The
following summarises the conclusions of this study:
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1. Graduate attribute assessment in most South African
universities focuses on modules and programme levels leaving
out the institutional level assessment. Indirect assessment of
graduate attributes should also take place at the university level
for continuous improvement of programmes and graduates.
This could be achieved by surveys that target graduates and
stakeholders;

2. Currently, the assessment of graduate attributes depends
on the academic staff in charge of the specific modules. It
mainly focuses on satisfying ECSA requirements. This study
pointed out that irrespective of academics expertise in their
field and ECSA's statements describing modules and learning
outcomes, the current assessment approach is not free
from subjectivity and has rooms for improvement. This study
advocated for a shift from a teacher-oriented approach to a
student-centered, learning-oriented approach that focuses on
developing knowledge and skills, including graduate attributes.
It is necessary to embed graduate attributes in the curriculum
and make use of it for continuous improvement of teaching,
learning, and assessment;

3. Each university must define its graduate attribute indicators.
This study has highlighted a few practical approaches adopted
in some international institutions. These approaches consist
of developing graduate attribute indicators rubrics for
assessment at the faculty level;

4. Rather than being considered as a set of additional statements
to the course description, graduate attributes may be used, as
a tool, for reflection on teaching and assessment approaches,
and curricular review and design as pointed out in this study.

VI. RECOMMENDATION

It is important to note that graduates' training is generally not
restricted to class, laboratory, and library. To bring more coherence,
extracurricular activities could be connected to academic activities
and taken into account in the context of graduate attributes to build
and recognize skills and expertise. It is recommended that a generic
framework be developed using the best practices as discussed in
this paper.

While reviewing programs and their constituent modules, the learning
outcomes and contents would provide clarity about where/how
attributes are explicitly and specifically addressed. Evidence showing
how teaching methods and learners’ task are enacted in practice to
enhance the achievement of attributes could be reviewed regularly.
Assessment of students’ attainment of the minimum requirement
could be reviewed as well.
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Short-term study abroad: Enhancing engineering students' motivation for global
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Abstract—Engineers are required to work in a culturally
diverse environment. Many institutions have begun including
aglobal perspective as a part of their education and introduced
various types of study abroad programs to improve student’s
competencies. The authors conducted a multifaceted
evaluation of learning outcomes of short-term courses.
These discussions indicated that students who have studied
abroad multiple times show higher performance in global
competence. It was suggested the evaluation of the programs
should also consider the impact on students’ motivation for
another study abroad as a process in the educational cycle.
This paper presents a case study of a survey that explored how
students conceive of a short- term study abroad program and
motivate themselves to gain further global experience. The
data are based on a quantitative and qualitative questionnaire
survey with a sample of 79 participants. The analysis is based
on a comparison of students who had previous experience of
study abroad with those who participated for the first time.
Findings show that short-term programs can enhance student
motivation for further global experience, in particular for
those who participate as the first step in studying abroad.
Participants who have frequently studied abroad tend to
be able to acclimatize to a cross-cultural environment and
engage deeply with the content of the program.

Keywords—short-term study abroad, motivation, global experience,
case study

I INTRODUCTION

Engineers today are required to understand and demonstrate
skills to work in a culturally diverse environment. Many institutions
have begun including a global perspective as part of their
education and introduced study abroad programs to improve
students’ competencies. Several studies have examined the
effect of short-term programs on students, as these programs
have become increasingly popular [1][2][3][4]. Most of these
assessments are, however, based on a comparison of intercultural
competency between pre- and post-programs, or participants
and non-participants.

The authors have conducted a multifaceted evaluation of cross-
cultural and multi-disciplinary project-based learning short-term
courses since 2015, applying assessment tools such as a generic
skills test, the CEFR-based engineering communication can-
do list, a learning outcomes rubric, and questionnaires [5][6]
[7]. These discussions indicate that students who have studied
abroad multiple times show greater communication, leadership,

This work was supported by JSPS KAKENHI JP19H01739.
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and intercultural abilities. It was suggested that the evaluation
of short-term programs should also take into consideration
an analysis of the impact on students’ motivation for another
study abroad experience as part of the educational cycle. Short-
term study abroad programs need to be assessed not only
by examining learning outcomes of the programs themselves
but also by considering the impact on students’ motivation for
continuous learning.

This paper presents a case study of a survey that explored how
students conceive of a short-term study abroad program and
motivate themselves to gain further global experience through it.
The data are based on a quantitative and qualitative questionnaire
survey with participants in a project-based learning course, the
Cross-cultural Engineering Project (CEP), held at Shibaura Institute
of Technology (SIT), Japan, in December 2019. This 10-day course
required participants to solve contemporary social/industrial
problems together with diverse project members. Analysis of the
data was based on a comparison of students who had previously
studied abroad with those who were participating for the first
time. The study used the KH Coder [8], open-source software for
qualitative data analysis.

1. THE CROSS-CULTURAL ENGINEERING PROJECT
(CEP)

While there are many different types of short-term study abroad
experiences, most institutions define them as programs with
a duration of less than a semester or quarter. Many include
elements such as homestays, travel to multiple sites, and service
or research experiences [9]. A previous study suggested that
a good short-term program is connected to coursework and
forms an integral part of a larger learning experience [10].

The CEP courses are designed as one of the modules in the
master's degree program of SIT's Graduate School of Science
and Engineering. Faculty members of SIT and its partner
universities conduct the CEP courses in Portugal, Japan, and
Thailand in an academic year.

The main project themes are based on the Sustainable
Development Goals and local issues specific to Thailand,
corporate and community issues in Japan, and innovative
creation in Portugal. The basic program structure involves
carrying out intensive activities for 10 days and is the same for
these three courses, as shown in Table |. We expect participants
to solve problems by applying systems engineering methods to
their project management.
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The participants in the CEP 2019 held in Japan were a total of
79 engineering/science students from 17 countries, as shown in
Table . Participants included both undergraduate and master
students. SIT undergraduates were also able to obtain credits as
part of their coursework. Each student was assigned to a project
team with 5-6 members from diverse cultures and disciplines,
and they then worked together throughout the course. That could
provide global experience to Japanese students even it was held
in their home country. This paper discusses the survey of this
course as a case study.

TABLE | Program structure of the CEP

Day 1 Opening Ceremony, Briefing and Ice Breaking Session
Introduction of Project Themes, Assigning Groups
Day 2 Group Activities: problem identification and requirements
analysis
Group Activities: idea generation for solutions Design
Day 3 Review
Group Activities: reflection and redesign
Day 4 Study Trip: field study and workshop
Day 5 Study Trip: workshop and group presentation
Day 6 Factory Tour
Day 7 Group Activities: building proposals or prototypes
Group Activities: preparation for presentation Final
Day 8 .
Presentation
Day 9 Assessments Closing Ceremony

TABLE Il Participants of the CEP 2019 in Japan

. . Number of . . Number of
Nationality . Nationality .
participants participants
Australia 1 Mexico 1
Brazil 3 Mongolia 1
Brunei 1 Netherland 1
Cambodia 1 Poland 2
China 5 Singapore 1
India 3 Taiwan 1
Indonesia 3 Thailand 17
Japan 30 Vietnam 5
Malaysia 3 Total 79

lll. SURVEY METHOD

Surveys using both quantitative and qualitative questionnaires
were conducted at the end of the course. The former used a five-
point scale for the following topics:

N

Previous experience of study abroad.

Importance of motivation/conditions to apply to the CEP.
Difficulties during the team activities in the CEP.
Effectiveness of the CEP to motivate for further study
abroad.

~
=¥

—~ o~ —~ —
N

The qualitative survey asked participants about what they
had realized and gained throughout the course. The texts of
these answers were analyzed with KH Coder, free software for
guantitative content analysis.

The analysis was based on a comparison of students who had
previous experience of study abroad (group A) with those who did
not have experience of study abroad before participating in the
CEP (group B). The purpose of the comparison was to understand
how the course enhanced students’ motivation and impressions
of studying abroad.

GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

IV. RESULTS AND FINDINGS

A The proportions of the groups in the CEP

Group A (participants with study abroad experience) accounted
for 54.4%, while group B (those with only the current CEP
experience) made up 38.0% of the total number of participants,

as shown in Table II1.

TABLE Il The proportions of the groups

Number Number
Total
of non- of
number
Japanese Japanese
Group A:
participants with )
tudy abroad 24 19 43 54.4%
experience
Group B:
participants without X 10 3 38.0%
study abroad
experience
No answer 4 1 5 6.3%
Total 49 30 79 100.0%
B. The importance of motivations/conditions to
apply to the CEP
Figure 1 shows the average rating from both groups of

participants regarding the importance of motivations/conditions
to apply to the CEP. The results demonstrate that: (1) Both groups
A and B were strongly motivated to network with people from
other countries, acquire new knowledge, and experience other
cultures; (2) Group B showed higher motivation compared to
group A in broadening future career opportunities and practicing
for long- term study abroad; and (3) Availability of scholarships
was more important to group B students to help them step into
their first study abroad experience. SIT provided scholarships to
participants from overseas from a Japanese governmental fund
which could cover their accommodation and program fee.
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FIGURE 1 Average score for the importance of motivations/conditions to
apply for the CEP
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C Difficulties during the team activities in the CEP

Figure 2 shows the average scores regarding difficulties
experienced during the team activities in the CEP by each group.
It shows (1) both groups noted difficulties in understanding
and accepting the attitude or behavior of other cultures,
communicating in English, and facilitating constructive discussion,
and (2) Group B recognized communication in English as the
greatest problem.
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FIGURE 2 Average score for the difficulties during the team activity in the CEP

D. Effectiveness of the CEP to motivate for further study abroad

After completion of the course, 83.9% of group B students
answered that the CEP was effective or very effective to motivate
them to study abroad again, while the equivalent figure for group
A was 72.1%, as shown in Figure 3. The course had a greater
impact on students in group B to enhance motivation for further

global experience.

Group A:
experienced
(ﬂ=43) | % \ 'I

Group B: non-
experienced
(n=31)

0% 20% 40% 60% 80% 100%

mvery effective m effective mneutral = less effective = not effective

FIGURE 3 The effectiveness of the CEP to motivate to attend further studying
abroad program

E. Expected program for further studying abroad

As aresult of being motivated to attend a further global program,
37.2% of students in group A were interested in masters/Ph.D
courses, while group B preferred to participate in short-term
and semester exchange programs (both types of programs
marked as 38.7% in Figure 4). For the question regarding the
probable venue for further programs, 29 out of 49 international
students answered that they hoped to study at SIT again.
Hosting the short-term program may lead to an increase in the
number of international students attracted to the university for
long-term studies.
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FIGURE 4 Proportion of students expecting to participate in each studying
abroad program
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FIGURE 5 Co-occurrence network of words from participants’ impressions
and opinions toward the CEP
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F. What the participants realized and gained throughout the CEP

The free-response question about participants’ impressions and
opinions of the course resulted in feedback with a total of 2,445
words from 67 out of 79 participants. The purpose of this analysis
was to find out the factors connecting experience to motivation.

KH Coder was used for this text analysis. The software presents
co-occurrence networks which are the collective interconnection
of terms based on their paired presence within a specified unit of
text. Networks are generated by connecting pairs of terms using a
set of criteria defining co-occurrence. The co-occurrence is visualized
by lines between nodes, not by the position of nodes. The cluster
of words is shown in different colors. Larger nodes indicate higher
frequency words.

Based on the analysis shown in Figure 5, we can categorize
and prioritize the topic of participants’ learning experience as
(1) team/group working, (2) importance and difficulty of English
communication, (3) new friends and culture, (4) problem solving, (5)
limited time for the project, and (6) enjoying the program.

TABLE IV Commonality in impressions and opinions toward the CEP In each
group by the Jaccard Index

Group A: experienced (n=41) || Group B: non-experienced (n=26)
work 0.400 work 0.400
more 0.342 more 0.342
English 0.271 English 0.271
group 0.267 group 0.267
people 0.256 people 0.256
program 0.234 program 0.234
project 0.233 project 0.233
different 0.205 different 0.205

Table IV shows the commonality in participants’ impressions
and opinions toward the course by the Jaccard index, which
was also indicated by KH Coder. The index is a statistic used in
understanding the similarities between sample sets. Larger values
in the table indicate higher similarity among the participants in
each group.

Group A members tended to mention more, English, group,
people, program, project, and different, while group B used
words such as new, friend, experience, skill, team, and culture.
The word of ‘'more’ was mainly used in sentences which requested
improvements in program schedule, project themes, or supports
from teaching assistants and lecturers.

We can see a tendency where (1) group A paid attention to the
content and elements of their activities, and (2) group B had
impressions of what they gained during the course. Facilitation
of less-experienced students would enable them to achieve a
deeper level of learning.

V. CONCLUSIONS

Short-term programs are more than just sightseeing trips, and
need to be connected to coursework to promote continuous
learning. Based on this point of view, the authors have conducted
a multifaceted evaluation of short-term study abroad programs
since 2015. This paper has discussed the continuous learning
motivation of participants in the CEP 2019 in Japan as another
case study.

The survey results showed that students applied for the course
expecting to acquire new knowledge and skills, network with
people from different countries, and experience other cultures.
Availability of scholarships was also an expected step into the
global experience. Participants experienced difficulties with
understanding and applying new methods or approaches of other
disciplines, communicating in English, and facilitating constructive
discussions. Their impressions and opinions showed that they
realized the importance of these skills which were considered
as a part of global engineering competency [7]. It could be said
that the CEP - a cross-cultural and multi-disciplinary project-
based intensive-learning course - provided participants with
opportunities to enhance their learning motivation.

Participants also recognized team working and English language skill
as major issues in the course activities. Facilitation to deal with these
challenges is required to enhance students’ learning motivation.
Based on this perspective, the authors and other co-researchers
have worked on applying cyber-physical systems [11] into the CEP
to monitor and feedback on group activities in real-time.

This survey, together with our previous work, has shown that
students who are repeating their study abroad experience can
gain deeper learning from the program. It is important to lead
the participants to their next global experience. In this case study,
nearly 80% of participants found the CEP course was effective or
very effective to motivate them to attend further study abroad
programs. The impact was greater for those experiencing it for
the first time. Nearly 60% of international students were willing
to return to SIT for their next study abroad. There were several
former participants of past CEPs who attended a semester
exchange program or enrolled in master's/Ph.D courses at SIT.
The short-term program serves as an effective trial and promotes
longer-term programs.
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Abstract—The last decade has seen numerous calls from
academicians, government agencies, and policy agents to
systematically transform instructional practices in STEM
programs. In alignment with these calls, institutions have
been organizing numerous faculty development programs
with a goal to motivate their faculty and promote large scale
reforms in STEM instruction. In spite of many years of efforts
by faculty developers and institutions, traditional teaching
methods continue to dominate as the primary mode of
STEM instruction. The failure in achieving change is often
attributed to the lack of support received by faculty post the
faculty development program, when they try to implement
the learnings and transform their classroom instruction.

In this study, we explore the role of a Community of Practice
(CoP) in achieving sustainable change in instructional
practice after the completion of the faculty development
program in India. A CoP was established at the start of
a 6-week faculty development program on technology-
enhanced learning to foster a sense of community among
the participants. Qualitative data was collected during the
6-week program to analyze the different ways in which the
CoP helped the participants to achieve the outcomes of the
faculty development program. Results from the thematic
data analysis revealed that the members of the CoP helped
each other through exchange of ideas, clarification of
misconceptions, providing of feedback, and exchange of
knowledge. It was observed that participants with varied prior
teaching experience supported each other as they designed
and developed course websites (developing tacit knowledge).
After the completion of the 6-week program, the participants
continued to meet with other members of the CoP to share
the experience of how they adopted to technology- enhanced
learning in their respective courses. The CoP members after
the end of the semester started to share their learning to other
faculty thereby promoting sustainable instructional change
in the institution. At the end of the study, recommendations
are provided for faculty developers to incorporate the CoPs
during the design of their faculty development programs.

Keywords—Faculty Development, Communities of Practice, Change in
STEM

. INTRODUCTION

In the last few decades, there have been numerous calls for
fundamental change in the teaching of Science, Technology,
Engineering, and Mathematics (STEM). Multiple communities of
change agents which include education researchers, practitioners,
professional organizations, and policy makers have taken up
efforts to drive systematic changes in STEM instruction and
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practice. STEM education researchers with support of government
and private funded research projects have spent numerous
amounts of time and money to collect evidences that would
inform the improvement of teaching and learning. A systematized
literature review that was conducted to understand the efforts
taken to promote instructional change in undergraduate
STEM courses revealed four distinct strategies [1]. One of the
most common change strategies found in the literature was to
disseminate curriculum and pedagogical innovations through
faculty development programs. In spite of all these efforts, there
has been modest success with respect to instructional change in
undergraduate STEM instruction [2].

A review of successful strategies with respect to faculty
development programs highlighted the time needed to effectively
facilitate change in the faculty mindset and instruction [3]. Gallos
et. al. revealed that faculty development programs need to be
well coordinated and should involve focused efforts that last for
an extended period of time [4]. Programs that were successful
and facilitated change in STEM instruction varied from 4 weeks
to a semester and longer. However, most faculty development
programs that are conducted were short in duration due to
organizational and other logistics concerns. Institutions often
invite faculty developers to conduct short training programs
hoping that they would lead to instructional change. This paper
explores the role of Communities of Practice (CoP) in sustaining
faculty development efforts and how the CoPs can lead to large
scale institutional level change in undergraduate STEM instruction.
We explore the various ways in which the establishment of a CoP
at the start of a 6-week faculty development program impacted
and resulted in sustainable change in instruction during and after
the end of the program,

Il BACKGROUND
A Communities of Practice

A Community of Practice (CoP) consists of a group of people who
share a concern or passion for the work they do and learn how
to do it (better or differently) by regularly interacting with other
members of the CoP [5], [6]. As compared to a social network,
a CoP is characterized by its three distinctive characteristics: 1.
A Domain - an identified shared purpose or value among the
members of CoP, 2. A Community - a group of people who are
interested in pursuing the domain and engage in joint activities
to share information and help each other, and 3. A practice - a
set of ideas, initiatives, resources, and tools that the members
of the CoP share as a part of their membership [7]. CoPs take
on multiple forms: they can be located at the same place or
distributed across a geographic region, they can cease to exist
after the short-term or long-term goal is achieved, the domain of
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interest could be homogenous or heterogeneous, they can be
housed within a single organization or spread across multiple
such units, and they can be informal or recognized officially by
organization. While forms of CoPs can differ, the current literature
mostly reports on ones that emerge within an organization, and
often involve a community of members who are already working
with one-another [7]. The key activity of a CoP is to advance its
domain, which is the focus of the community. The domain defines
the identity of the community, which sets the tone for developing
the shared resources for practice. The community operates
through multiple ways such as sharing information, problem
solving, learning from experts from outside the CoP, and visiting
individuals from different organizations or COPs [8].

B. Communities of Practice and Professional
Development

Organization of faculty development programs among
participants who are part of CoPs have reported to have multiple
benefits. Individuals who are part of the CoP would get diverse
perspectives of the topic of interest when they collaborate and
engage in group work [9]. Carter in her work suggested that
individuals in a CoP can be assigned to a critical friend whose role
would be to probe questions and help the individual gain new
insights about the topic [10]. This would be particularly beneficial
to individuals who might have trouble reflecting and might need
the probing question to think critically. CoPs formed in the same
workplace will facilitate informal discussions among individuals
outside of the faculty development sessions and help sustain
interest about the topic [11].

Online CoPs can also be established to expand and sustain large
scale professional development efforts [12]. After considering the
multiple benefits of CoPs in professional development, a CoP was
established with the participants of the study prior to the start of
a 6-week faculty development program. The domain of interest
was decided to be “integration of technology in undergraduate
engineering courses” after seeking consensus from all the
participants. All the participants agreed to follow a set shared
norms that required them to support each other in the process
of facilitating change in STEM instruction. They mutually agreed
to actively engage and collaboratively work on activities that were
organized during faculty development sessions. Participants
were also expected to assist each other as they worked towards
completing their final design project. The CoP members agreed
and decided on the 6- week professional development program
to be the first practice that would help them evolve in the domain
of interest. A consensus on other additional practices of the CoP
was expected to be made after the end of the 6-week program..

. METHODOLOGY

In this study, we explore the role played by a CoP that was formed
prior to the start of a 6-week faculty development program.
The faculty development program was conducted for 7 faculty
from KG Reddy College of Engineering in India and the focus of
the program was the design and development of technology-
enhanced courses. During the program, all the participants re-
designed a course of their choice to integrate it with educational
technology tools. Instead of merely picking

a technology tool and using it to drive the course design, the
participants were made to reflect and understand how the
technology tools can be constructively aligned to the course
content and the pedagogy.

A Research Questions

We make an attempt in this study to understand the interplay
between the process and outcome of a faculty development
program with the formation and development of a Community of
Practice by asking the following research questions

1. How do participants describe their experience of being part
of a Community of Practice as part of a faculty development
program?

2. How did the members of the Community of Practice engage
with each other during the faculty development program?

3. How does the formation of a Community of Practice influence
instructional change in a STEM undergraduate institution?

B. Methodology and Data Collection

As the goal of the study was to understand the experiences of the
7 participants, we used a qualitative case-study [13] as the research
methodology to answer these questions. The case in this study was
the 6-week professional development program, as the goal was to
examine the phenomenon of how the membership in a CoP would
influence the experiences of faculty during the program. The unit of
analysis was the individual experiences of each of the participants
during the entire six weeks of the program.

Multiple sources of data were collected to examine the
experiences of the participants during the 6-week professional
development program. During the 6-week program, each of
the participants was individually interviewed at the end of every
two weeks (week 2, 4, and 6) using a semi-structured interview
protocol. One round of semi-structured interviews was also
conducted with the participants prior to the start (week 0) of the
6-week program. The semi-structured interview protocol was
designed to probe different facets of the participants’ experience
every two weeks. Cognitive interviews were conducted with other
engineering faculty from the same institution to test the language
of the semi- structured interview protocol. Cognitive interviews
assess the respondents’ understanding of the questionnaire and
are used to improve instrument design [14].

Another source of data was collected in the form of field notes
during the 6-week professional development program. Field notes
were taken throughout the professional development sessions as
the participants interacted with each other, shared their queries,
worked on various activities, and completed their final design
project. We made a note of observations that would potentially
be important and useful to answer the research questions being
addressed in the study. Participants were also asked to maintain
a reflection journal throughout the 6-weeks of the program. The
participants were provided with prompts to reflect at the end of
each day of the professional development and asked to answer
the questions in their reflection journal.

C Data Analysis, Validility and Reliability

A thematic analysis approach was employed to analyze the data
and the six-phase approach as suggested by Braun and Clarke
was used to thematically analyze the data [15]. The six stages
include - familiarizing yourself with the data, generating initial
codes, searching for themes, reviewing themes, defining and
name themes, and then producing the final report.

Tracy's eight “Big-Tent” criteria for excellent qualitative research
was utilized to showcase the rigor and the quality of the study [16].
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The validity of the findings was verified using thick descriptions,
triangulation, and member reflections. we detail the themes that
emerged from the data by providing quotes from the participants'
interviews and reflections.

Thefindings were triangulated using two approaches - 1. Intercoder
reliability checks on the codebook; 2. Triangulation of findings with
semi-structured interviews, field notes, and reflection journals.
After recording and transcribing the data, member checking was
conducted with all the participants where they were asked to
report any discrepancies in the transcribed data. The same was
also carried out with the participants after data analysis to ensure
that the findings provide a true interpretation of their experiences
during the 6- week professional development program.

D. Site of Study

The site of the study is KG Reddy College of Engineering and
Technology, which is a small private undergraduate teaching-
focused institution in the south of India. The institution identifies
itself in the tier-3 category of engineering colleges in India, and
it is non- autonomous (no flexibility in deciding the curriculum
and conducting student assessment). There are more than
2000 similar tier-3 engineering colleges that are affiliated to
their respective state regional universities and they collectively
represent more 60% of engineering in India and beyond. [17]. The
qualitative nature of the study could potentially make the findings
transferable to a large number of engineering colleges in India.

V. RESULTS

The results of the thematic analysis are presented in this section
as we characterized them into themes and sub-themes. Each of
the themes were focused on a specific facet of the participants’
experience during the 6-week faculty development program.
lllustrative quotes from the data sources are provided for each
theme to give additional context.

A Theme 1 - Community of Practice Enabled Sharing of
Knowledge among the Participants

During the faculty development program, the participants were
observed to regularly engage with each other for varied reasons.
While some of the engagement was structured by the facilitator,
participants also engaged with each other outside the faculty
development sessions. This was attributed to the formation
of the CoP as participants now as members of the CoP worked
collectively towards their agreed domain of interest.

1) Sub-theme 1.1 - Knowledge of educational technologies

Participants used the CoP to share their knowledge educational
technology with each other. For instance, one of the challenges
that the participants encountered during the program was the
usage of technology tools. Participants with low technology-
self efficacy were observed to be hesitant while exploring and
integrating technology tools into their courses. They encountered
trouble-shooting errors while utilizing the technology tools and
sought help from their peers:

“| started first by creating a blog. Then | tried using the Wix platform and
found that I cannot share videos through Wix. The [ tried platforms such
as Adobe, Edmodo but | found it difficult. It is not user friendly. | asked
and got help from my peers who used these tools and | was slowly
able to get comfortable with using them” Members of the CoP who

were teaching courses in the computer science and engineering
departments had high technology self-efficacy and were observed
to support the other participants during the 6- week program.

2) Sub-theme 1.2 - Knowledge of teaching methodologies

Sharing of knowledge was also observed among participants
who had varied prior teaching experience. Participants who were
new to teaching got support from experienced teachers about
the various pedagogical techniques they could implement in
their course: “Through the community of practice, | was able to get
good inputs from the faculty with lesser teaching experience. Because
experienced faculty will always be using the same approaches
[pedagogic techniques] they used previously and might limit it to that.
But the less experienced faculty would not have such limitations. They
are more willing to explore as many tools and methodologies possible
and evaluate what is best suitable to their course. Less experienced
faculty are also closer to their own experience as students, so they
are in a better position to understand what is best for the students,
as compared to an experienced faculty like me who has not been a
student for more than 10 years. So, the mixture of having instructors
with diverse teaching experience was helpful to my learning.”

B. Theme 2- CoP Members Supported each other for the
Development of Tacit Knowledge and Skills

In this theme, we presented how the participants with varied
prior teaching experience supported each other in developing
tacit knowledge and skills such as engaging in reflection, critical
thinking, and metacognition skills. All of these skills were
essential for the participants to successfully complete the faculty
development program and technologically enhance their courses.

1) Sub-theme 2.1 - Support for engaging in reflection

Participants in their interviews mentioned that they often reflected
on their prior teaching experience as they were redesigning the
course by using technology tools. When they wanted to take the
learners into consideration, they often resorted to their prior
experience with teaching the course: “While working on the final
project, | was aware of students’ attitudes and motivation in the
class. | was also aware of the students who are slow learners [lower
performing students] and advanced learners [higher performing
students]. Through my past experience, | have learnt to use different
teaching strategies to teach different students. For slow learners,
I need to provide detailed explanation and then give them many
opportunities to practice”. Participants who were new to teaching
were unaware of the concept of reflection and had to take support
from the other participants.

2) Sub-theme 2.2 - Support for critical thinking

The participants during the faculty development program were
constantly encouraged to critically think about their prior offering
of the course. They were asked to use that information while
making design based decisions that are student-centric. For
example, participants during week 2 and 3 had to identify the
pedagogical and technological tools for their course by critically
thinking about the past offering of the course. This would help
them identify the challenges students faced and later identify
tools that would help overcome them. Participants mentioned
working together to provide constructive and critical feedback:
“When | was identifying the pedagogy and technology tools, my peers
gave me critical and constructive feedback about my choices and this
helped me improve my project.”
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3) Subtheme 2.3 - Support for metacognition

By end of week 6 of the faculty development program, many of
the participants neared the completion of their final design project.
During this process, the participants were required to develop a
meta-conceptual awareness of how to intersect the knowledge
of content, pedagogy, and technology to address some of the
limitations they encountered as an instructor and the learning
needs of students. This was challenge for few of the participants
as they seemed to lack the ability to think metacognitively: “The
first challenge was deciding about the final project. | wasnt able
to think in a way to bring all aspects of the concept map together.
When | spoke to [Participant 6] he showed me all the websites that
are available and could support interaction between instructor and
peers. | then narrowed down on the platform which | thought was most
user friendly.” Participants while completing the final design project
often met outside of the training program: “/ was meeting with other
participants whenever | was working on the final project. Not only when
we met for the sessions every week, but we also interacted when we
needed help. | was discussing with [Participant 2] on what should be
our final project. Sometimes we disagreed but it was a good discussion.
Everyone in the group was involved to integrate technology and this
reflected on our final projects.”

All of the skills mentioned in this theme - reflection, critical
thinking, and metacognition are considered as tacit knowledge
which cannot be easily taught to the participants [18]. The
participants reported to benefit from the diversity (in terms of
prior teaching experience) among the community of practice
members as they could help each other build the tacit
knowledge while working on their final design project. Without
the access to a supporting community, the facilitators are usually
expected to help the participants build these skills. However,
tacit skills are usually hard to teach and can be built through an
apprenticeship model [19]. It was observed the CoP members
followed a similar structure by collaborating with peers with
prior experience and build the skills during the course of the
6-week program.

V. DISCUSSION

Before the start of the professional development program, a
CoP was established with the participants agreeing to focus on
a common domain of interest i.e., integrating technology into
their respective course. The 6-week professional development
program was organized as one of the first practices of the CoP
that would help the members build knowledge and expertise
in the domain. During the professional development sessions,
the participants were provided with multiple opportunities to
collaboratively work on specific activities and interact with the
other members of the CoP while working on the final design
project.

The CoP members were observed to help each other during the
generation of ideas, clarifying misconceptions, and providing
feedback to each other. Participants with higher prior teaching
experience also mutually benefited from the interaction with
their peers as they got feedback on the design choices for
the final project. Participants utilized their peers to receive
constructive feedback as the CoP members helped them ask
critical questions while engaging in discussions and group
activities. Itis therefore necessary to highlight that the formation
of CoP helped the participants utilized the CoP members to
navigate through key challenges and successfully complete their
final design project.
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A. Sustainability of faculty development efforts through Community
of Practices

Follow-up conversation with the participants a few months after
the program revealed that the CoP members, after the end of
6-week faculty development program, have included additional
practices that would help them to continue building expertise
in technology-enhanced learning. The CoP participants later
organized a 1-day workshop by themselves to share their
experiences of designing technology enhanced courses as part of
the 6-week professional development. The 1-day workshop was
organized to motivate and generate interest among other faculty
in the institution to join the community. The initial CoP members
now planned to conduct additional professional development
programs where they could share their knowledge and help the
new members learn to integrate technology into their courses.

The organization of new the activities by the CoP members indicate
the strong sense of community that was fostered among the
participants. The initial CoP members have started to transition as
the core members of the CoP and invite other faculty in the institution
to be the peripheral members of the society [8]. This indicates the
growth of the CoP as the community is recruiting and inviting more
members to collectively work towards a common domain.
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FIGURE 1 The different stages of a CoP [20]

Figure 1 highlights the lifecycle of a CoP. During the 6- week
program, the CoP was still in the potential stage where the
community gets established as a small network and has a
potential to grow and form more connections. After the 6- week
program, the CoP started evolving to the coalescing phase as
more members showed willingness to join the community.

VL. CONCLUSION

The establishment of CoP therefore provided an opportunity for
faculty development efforts to become sustainable and scale
inside the institution through a core group of members who
were part of the training program. Faculty developers could assist
the CoP members to initiate additional activities that could be
implemented after the end ofthe program. This would help the CoP
evolve to the coalescing and maturing stage. After the completion
of the faculty development program, faculty developers could
serve as mentors to the members of the CoP through elearning
platforms [21] to ensure the sustainability of the CoP. After
serving as mentors to the CoP during the coalescing stage, faculty
developers can gradually end their association later as the CoP
transitions to the maturing stage. The extended interaction after
the programs could contribute to the sustainable development
of faculty development efforts inside institutions. By ensuring
the successful design of courses and mentoring the participants
after the program, faculty developers can move a step further
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to evaluate the faculty development program by measuring the
impact on students’ learning outcomes. The impact on students'
learning outcomes is considered as the highest level of evaluating
professional development programs and often perceived to be
ultimate goal of facilitating faculty development programs [22].
A positive impact on students learning outcomes could later be
used as an evidence for successful instructional change.
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Abstract—Our contribution aims to determine the
main curricular themes employed in engineering ethics
instruction. In the use of the term ‘curricular content”,
the study is guided by an understanding of curriculum in
terms of the syllabus content of a specific discipline or set
of units taught to students [1]. The research study has been
conducted in cooperation with the national accrediting body
Engineers Ireland and includes 23 Engineering programmes
from 6 institutions in Ireland that underwent accreditation
between 2017-2019. The research method employed is a
documentary analysis of the materials prepared by the
programmes for accreditation or made available on the
website of all participant programmes. The findings reveal
three themes amenable to the implementation of ethics
across the curriculum (sustainability, Health and Safety,
legislation), which are present in a variety of courses, such
as technical courses, design courses, professional formation
courses, capstone projects, legal studies courses, business
studies courses, as well as in work placement. The curricular
themes purporting to professional ethics, responsibility and
the societal context of engineering have a strong presence
in courses of professional formation, which have the role of
acculturating students to the profession of engineering and
its norms. Thus the main conclusion of our study highlights
the need for a hybrid implementation of ethics across the
curriculum as well as in dedicated single modules, in order
to promote a comprehensive engineering ethics education.

Keywords—engineering  ethics — education, — curriculum

documentary analysis

content,

I INTRODUCTION

The literature on engineering ethics education notes a diversity
of approaches in regards to the content of engineering ethics
education. We find coverage such as professional codes, ethical
theories, ethical heuristics, plagiarism science and technology
studies, humanist readings and service learning ([2]; [3]; [4]; [5]).
However, not all types of coverage is considered of “equal value
for the implicit goals of enhancing divergent thinking, helping
engineers to see their work through the eyes of the broader
community” [3]. Colby and Sullivan [6] highlight the uneven
coverage of key issues, claiming that engineering ethics education
shows a strong emphasis on professional codes, while the
broader mission and implications of engineering are neglected.
Polmear et al [7] note there are geographical differences in
terms of coverage, linked to the formulation of the accreditation
criterion dedicated to ethics. As such, a higher percentage of
non-US Anglo and Western European educators were found to
teach sustainability and environmental issues in their courses
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compared to US respondents, while educators based in the US
teach codes of ethics, ethics in design, and safety more often than
those in Western Europe [7]. Nevertheless, Atesh et al [5] claim
that in engineering programmes in the UK, there is a higher focus
on issues such as plagiarism and honesty than on respect for life,
law and public good, reflected in the higher importance attributed
by students to these former issues.

Mitcham and Englehardt [8] point out that while more attention
is being given in engineering ethics to professional codes, the
critical histories of ideas about engineering and engineering
ethics are neglected. In their view, discussions about public
safety, health and welfare should be complemented by reflection
on the historical and social character of public safety, public
health and societal welfare. Bielefeldt et al [9] also highlight the
poor understanding of the extent to which macroethical topics
are included in engineering ethics education. This is consistent
with the difference in perception between instructors and
students in regards to the coverage of ethical issues revealed in
the survey by Holsapple et al [10]. Despite the fact that faculty
describe their instruction as including not only codes but also a
nuanced treatment of complex issues, students reported hearing
“simplistic, black-and-white messages about ethics” ([10], p.101).

The aim of the research study is to examine the curricular content
used in engineering ethics education in the context of the Irish
Engineering education system. By "curricular content”, itis understood
the syllabus content of a specific discipline or set of units taught to
students [1]. The examination includes 23 engineering programmes
from 6 institutions in Ireland that underwent accreditation between
2017-2019. In Ireland, ethics falls under the scope of programme
outcome E formulated by the accrediting and professional body
Engineers Ireland [11]. Outcome E requires programmes to provide
evidence that graduates gained ‘(i) the ability to reflect on social
and ethical responsibilities; (i) knowledge and understanding of
the social, environmental, ethical, economic, financial, institutional,
sustainability and commercial considerations affecting the exercise
of their engineering discipline; (i) knowledge and understanding
of the health, safety, cultural and legal issues and responsibilities
of engineering practice, and the impact of engineering solutions
in a societal and environmental context; (iv) knowledge and
understanding of the importance of the engineer’s role in society and
the need for the commitment to highest ethical standards of practice;
(v) knowledge, understanding and commitment to the framework
of relevant legal requirements governing engineering activities,
including personnel, environmental, health, safety and risk issues”
[11]. The research questions set to address the aforementioned
aim are (RQ1) what are the main themes employed in engineering
ethics education, and (RQ2) how can these be interpreted in light
of the different theoretical conceptualizations of engineering ethics
education?
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. RESEARCH METHOD

To address the research questions of the study, the method
employed is documentary analysis. An advantage of this method
is that documents are a stable and non-reactive source of data
[12], and can thus offer a broad picture of the type of curricular
content purporting to ethics offered by the participantinstitutions.

Three main sources have been used for the documentary
analysis,. A first source of data was the self-assessment rubric
present in all documents submitted for accreditation by the
participant programmes. Secondly, 17 of the 23 programmes have
provided the description of their courses, either as an annex to
the documentation submitted for accreditation (6 programmes)
or part of the evidence presented during the accreditation events
observed by the researcher (11 programmes). A third source of
documentary data consists of the syllabus and the description
of courses posted on the website of all participant programmes.
The analysis is focused on 83 mandatory courses deemed by
the participant programmes to have the highest contribution to
meeting learning outcomes purporting to ethics. To identify these
courses, we relied on a mandatory rubric in the documentation
submitted by the programmes for accreditation, in which the
programmes are required to self- assess with a numerical score
ranging from O (no contribution) to 4 (strong contribution) how
their courses meet each of the seven criteria for accreditation.

The process of collecting data was based on course descriptors
containing learning outcomes and topics, as well as a rubric in
the accreditation document in which programmes describe
their contribution to outcome E. The process of analyzing data
underwent several iterations until it generated a first codebook
containing 28 topics employed for meeting the accreditation
outcome purporting to ethics. During the second iteration stage,
the initial thematic codes have been grouped and subsumed
under broader categories, which led to the identification of 11
major thematic categories of curriculum content purporting
to engineering ethics education. Table 1 mentions what type
of curricular content is comprised by each of the 11 thematic
categories identified.

THEMATIC
CATEGORY CONTENT
Referring to the cultural, economic and socio political
Societal dimension of engineering, science and technology
studies, globalization and international context,
context

diversity, implications of robotics, Al, automated and
autonomous systems

Responsibility

Referring to responsibility towards society and the
ecosystem, corporate social responsibility

Value design

Referring to value design, universal design, design
centred on user needs and characteristics

Plagiarism

Referring to referencing, plagiarism and academic
honesty

Ethical theories

Referring to ethical theories, ethical dilemmas,
ethical reasoning and decision-making, computer
ethics, cyber ethics, environmental ethics

Humanitarian
engineering

Referring to humanitarian engineering, social
commitment and community engagement or service

and community
service

1. FINDINGS

Our analysis found that three main themes dominate the
engineering ethics curricula, being present in more than half of
the courses self-assessed as having a strong contribution to the
accreditation outcome E. As seen in Table 2, these themes are
related to sustainability coverage (present in 59% of courses),
health and safety coverage (58% of courses) and legislation (p54%
of courses).

These themes are also present in a wide variety of course types,
such as technical courses, design courses, professional formation
courses, capstone projects, legal studies courses, business
studies courses, as well as in work placement. The distribution
of sustainability, health and safety and legislation topics seems to
suggest that these are the preferred topics for integrating ethics
across the engineering curriculum.

TABLE 2 The distribution of ethics content (N = 83)

TABLE 1 Coding of the content of engineering ethics education THEMATIC CATEGORY TOTAL % OF
(N=83) TOTAL
o .
THEMATIC Sustainability 49 59%
CATEGORY CONTENT Health and Safety 48 58%
Referring to the principles of sustainable Legislation 45 54%
development, environmental impact and protection, Professional ethics 21 25%
Sustainability chmgte change, carbon managgment, energy . Business studies Py 2504
efficiency, renewable energy, life cycle analysis, - )
waste management, sustainable economic growth, Sodietal context 20 24%
eliminating poverty traps Responsibility 19 21%
Health and Referring to health, workplace safety, accident Value design 14 17%
Safety prevention, envir‘on.menta\ alnd societal hazard Plagiarism 13 16%
prevention, prediction and risk assessment Fthical theories 13 6%
Referring to national and international standards, o . .
N : _ . Humanitarian engineering 1 1%
directives, regulations, and legislation, CE marking, . .
I L X and community service
Legislative product liability, contract documents and planning

requirements, policy making, intellectual property
and patent law, security, privacy and GDPR

Referring to Codes of Ethics, organization and

Professional : ) ) )
regulation of the profession, professional and public

ethics )

bodies
Business Referring to management, business, finance, cost
studies effectiveness, organizational culture

With a presence in approximatively a quarter of the courses
analyzed, professional ethics (25%), business studies (25%) and
societal context (24%) represent other three popular themes
used in engineering ethics instruction.

Professional ethics includes coverage related to the code of
ethics and the organization and regulation of the engineering
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profession. This curricular theme is addressed in 92% of the
courses categorized as courses of professional formation,
but has a weak presence in other type of courses. Inspired by
the definition provided by Riley [13], professional formation
courses are understood to address considerations regarding the
development of students’ engineering identity, their acculturation
to the profession and its norms, knowledge of professional
practice, as well as the development of professional skills and
perspectives. Typically, these courses are first year courses which
are part of the common syllabus for the entire student cohort,
and can be considered to serve as a gateway for introducing
engineering students to ethics.

Business studies are present in all courses dedicated to this
topic, whose title points to management, business, finance
and economics. This content can be also found in 67% of the
professional formation courses. Societal context is most often
covered in courses of professional formation, where it is present
in 50% of this type of courses, and in technical courses, where it
is present in 22% of the courses. Although the societal dimension
of engineering has been found by evaluators to be present in the
teaching materials, it is less prominent in assignments.

Responsibility is addressed in 21% of the courses self- assessed
as having a strong contribution to the accreditation outcome
purporting to ethics. This theme features most extensively in
courses of professional formation, being present in 75% of
courses of this type.

Value design is included in 17% of the courses self-assessed
as having a strong contribution to the accreditation outcome
purporting to ethics. It has the highest occurrence in design
courses, being present in 40% of courses of this type, followed by
technical courses, where is present in 17% of courses of this type.

Plagiarism is included in 16% of the courses self-assessed as
having a strong contribution to the accreditation outcome
purporting to ethics. Capstone projects have a high emphasis
on this type of curricular content, as it is present in all courses
of this type. Plagiarism is also present in 25% of courses of
professional formation. As capstone projects are taking place in
the final year of studies, and professional formation courses are
typically a common first year course, it can be said that students
are introduced to this curricular area early in their studies.

Ethical theories, dilemmas and reasoning is included in 16% of
the courses self-assessed as having a strong contribution to
the accreditation outcome purporting to ethics. It is present in
50% of the courses of professional formation, and also in 11% of
technical courses.

Humanitarian engineering and community engagement is the
theme which is the least represented in the engineering ethics
curricula, being present in only 1% of courses. It is worth noting
that this theme is present in extracurricular activities offered by the
participant programmes across the country and Northern Ireland,
under the form of the competition ‘Where there is no engineer”
organized by Engineers without Borders Ireland. The initiative aims
to encourage engineering students to “design creative solutions to
development challenges globally” and “improve resilience within
communities.” Among the projects designed by students are a
solar powered battery bank, low cost heaters and a menstrual pad
washing system for women living in refugee camps [14].

In examining the content of the courses in terms of the debates
presented in the literature review, a major finding points to the

extent of coverage of what the literature labels as macroethical
issues. Sustainability, legislative and societal related coverage
are among the themes most present in the engineering ethics
curriculum. The strong presence of macroethical curricular content
is consistent with the findings about ethics coverage revealed by
the study conducted by [7]. Polmear et al's [7] investigation points
to the prevalence in Western European Engineering programmes,
compared to US programmes, of topics related to sustainability,
the societal impact of technology and professional practice issues.
This seems to suggest that compared to the US, the coverage of
ethics by the participant programmes in Ireland is more geared
towards macroethical topics.

Considering topics associated with the microethical approach,
while safety is indeed the second most popular theme used
to convey curricular content pertaining to ethics, receiving 60
mentions in 43 courses, the themes of plagiarism and ethical
theories, which are traditionally associated with microethical
approaches, are among the three least used themes. Curriculum
content pertaining to ethics education does not bear as heavy
emphasis on plagiarism in participant engineering programmes
in Ireland as it does in the UK and Portugal, according to studies
conducted by [5] and [15]. Ethical theories also have a low
presence in the curricula of participant engineering programmes
in Ireland, unlike the emphasis reported in studies conducted in
US Engineering programmes [6].

Itis important to note the attempt to encompass several themes
in one course deemed to have a high contribution to the outcome
purporting to ethics. There is an average of 3 themes addressed
in each of the courses analyzed. Several courses describe the
attempt to address ethics from both a micro and macroethical
perspective. As Devon and Van de Poel [16] argue, the “social
[macro] ethics approach and individual [micro] ethics approach
do not exclude each other”, and this is visible in many teaching
interventions that were analyzed.

Iv. CONCLUSION

In examining the curricular content of the courses deemed to have
a strong contribution to the accreditation outcome purporting to
ethics, the study noted a particular emphasis on the incorporation
of sustainability, health and safety and legislation throughout the
engineering curriculum, as these topics are present in a variety of
course types.

There are two major characteristics of the prevalence of teaching
ethicsthroughthe prismof sustainability, legislation and safety related
topics. First, compared with the other thematic areas identified,
these themes have a particular strong presence in technical courses.
Second, these themes are closely linked to the conceptualization of
ethics in practical terms and the instruction through realistic case
studies reflecting contexts of engineering practice.

Furthermore, by examining the curricular content of courses in
terms of existing research, the study notes a low engagement
with philosophical theories, similar to the findings of Hess and
Fore [17]. While professional ethics aspects such as rules and
codes are often touched upon, these do not represent the main
focus for the integration of ethics, as Hess and Fore [17] found. It
can thus be argued that while the development of propositional
and theoretical knowledge is the locus of concern when exposing
student to the technical dimension of engineering ([18], p.263), in
engineering ethics education the emphasis is on a practical and
hands-down ethics instruction, by enabling students’ situational
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responses in decision making and in the context of the design of
engineering artefacts.

Reflecting on the integration of ethics through sustainability,
it is considered that higher education institutions are “far
from reorienting themselves towards sustainability” and that
sustainability appears to be “integrated in a piece-meal fashion”
([19], p.64). While it cannot be said that the implementation of
sustainability is carried in a systematic and even manner in
the programmes in the study, what does emerge is a desire to
address ethical issues through the prism of sustainability. Setting
a foundation for ethics education rooted in sustainability topics
is seen by Biedenweg et al ([20], p.7) as a critical component
in the education of engineers because it provides “a structure
for understanding the moral basis for decisions about which
technique or strategy to employ”.

Having highlighted the popularity of engineering ethics instruction
through sustainability and Health and Safety topics, as well as
the focus of legislative topics on standards, an advantage of this
approach is that it can be tailored to the expertise of engineering
faculty ([21], [22]). These themes can be considered to suit the
expertise of engineering instructors, more than ethical theory
would, thus addressing a common challenge rooted in the lack
of familiarity and expertise of engineering instructors with ethics
([15]; [23]; [24]). Anissue then is how we can use this appetence
of engineering instructors to teach ethics through sustainability,
safety and legislation related coverage as a mechanism for
broadening engineering education, as to more fully integrate
the technical, the social, and the environmental dimensions
of engineering in one comprehensive form of education, as
suggested by Nicolaou et al [25].

Another key finding is the extent to which what might be
considered macroethical issues are included in engineering
education in Ireland. For example, if we combine items related
to sustainability, legislative aspects, the societal dimension of
engineering, responsibility and community engagement, we
can see that these themes associated with the macroethical
approach outnumber themes associated with the microethical
approach, such as health and safety, professional ethics, ethical
theories and plagiarism. Existing research points out that a
focus on sustainability and policy may facilitate the broadening
of engineering ethics education beyond a micro ethical approach
([26], [27], [28], [29)). The integration of these thematic areas
through a macroethical lens is considered to empower students
to address the pressing socio-political, socio-economic and
biophysical aspects of environmental problems ([30], [31]).

It is notable the overarching focus of professional formation
courses on curricular content purporting to professional ethics,
responsibility and the societal context. This emphasis can be
explained in light of the aims promoted by professional formation
courses of introducing students to the role of the professional
engineer and the nontechnical specifications of engineering.
It can thus be suggested that engineering programmes should
promote the implementation of ethics in dedicated courses,
such as professional formation courses, in order to facilitate the
socio-technical enculturation of students into the engineering
profession. A hybrid model of implementing ethics both in courses
of professional formation and throughout the curriculum can
provide a more comprehensive model of ethics education, which
has the potential of making students aware of the core nature of
ethical concerns for engineering practice, and the intertwining of
ethical and technical knowledge and skills.

GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

The study also brings to light the existing confusion as to what
counts as ethical content. The theme of Health and Safety, for
example, revealed itself to lead to problematic understandings
regarding whether its coverage falls under the scope of ethics or
not. Based on the module descriptors and evidence in support
of how the programmes meet the accreditation outcomes, while
some course developers did not associate content related to
Health and Safety as falling under the scope of ethics, other course
developers interpreted the contribution of their course to ethics
solely through the lens of its mathematical and technical application,
with no discussion of the safety considerations involved by these
calculations. A similar confusion was remarked in connection with
the coverage of legislative issues such as intellectual property and
protected disclosures, with some course developers not including
this curricular content under the scope of ethics education. The
confusion as to what counts as engineering ethics education has
been previously pointed out by Reed et al ([32], p. 169), especially
in connection to topics such as “copyright, building codes and other
similar concepts covered in technology education.”

As the present study has identified three topics (sustainability, safety
andlegislation)amenable to the implementation of ethics across the
curriculum, further research can examine the integration of ethics
topics and curricular units at the level of specific programmes and
institutions. A particular focus can be given to case study research
of programmes that report positive results or describe initiatives
for implementing ethics across the curriculum, similar to those
exposed by Riley et al [33] and Mitcham & Englehardt [8]. Further
research is also needed to explore the challenges in implementing
curricular themes which have a rare presence in engineering ethics
education, such as humanitarian engineering and community
engagement, as well as presenting best practice examples that can
inspire instructors and programme chairs.

Finally, given the diminished familiarity of engineering instructors
with ethics and the confusion as to what falls under the scope of
engineering ethics, education, a recommended avenue for further
research is to provide an in- depth exploration of the challenges
experienced by lecturers for teaching ethics, as well as to examine
the effectiveness of different strategies countering these.
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Abstract—The advent of the fourth industrial revolution
(4IR), commonly referred to as Industry 4.0, has had an all-
pervasive influence on virtually every aspect of high-quality
manufacturing and associated services. As a consequence,
it has triggered an increasing demand in industry to drive
technological transformation. By implication, the situation
has also propelled a transformation in the requirements
of Higher Education (HE) during the process of training
engineers, towards more blended or online modes of delivery.
The objective of this paper is to examine the extent to which
ethics has been considered during the process of educating
engineers in contemporary times. Thus, the purpose of this
scoping review is to summarize and present current practices
touphold ethical standards in engineering education, including
the review of proposed and implied ethical guidelines, and
thereby identify gaps in existing literature.

Accordingly, guided by a framework provided by Jasanoff
[11, 17 peer-reviewed articles from selected engineering
databases, that were published in the last decade were
examined to identify international practices and ethical
guidelines pertaining to blended or online engineering
education. Emerging themes concerning the ethical use of
technology for engineering education were identified through
three lenses which were (1) hidden costs associated with the
use of technology, (2) exclusivity due to the use of technology
and (3) agency due to technology. This scoping review found
that unless we, as engineering educators have a better
understanding of the impact of technology on structures
of hierarchy in society and social interaction, words like
“citizenship”, “equality” and “democracy” lose their meaning as
cardinal markers for an open society. Ultimately, this scoping
review highlights questions that need further discussion.

Keywords—Engineering Education, Industry 4.0, Blended Learning,
e-Learning, Online Education

I INTRODUCTION

The term Industry 4.0 was originally used by the German
government [2] to describe a future vision in a high-tech
strategy to achieve a high degree of flexibility in production and
individualized mass production through the use of information,
communication technologies, the Internet of Things, Physical
Internet and the Internet of Service. To realize this vision the
adaption in HE is essential, in particular engineering education
since engineers with expanded design skills that orientate
towards interoperability, virtualization and decentralization
and the development of intelligent autonomous manufacturing
systems that depend on cyber systems which are monitored,
coordinated, controlled and integrated by a computing
and communication core. Several researchers [3], [4], [5]

978-1-7281-9756-2/20/$31.00 ©2020 IEEE

refer to this as Engineering Education 4.0. Moreover, the research
of Jeganathan, Khan, Raju and Narayanasamy [4] confirms that
blended and online learning approaches and an integrated
curriculum are key ingredients for Engineering Education 4.0
programmes that develop engineers for Industry 4.0.

Significantly, while blended and online delivery modes have
generally been accepted as an improvement [6] to engineering
education, little regard has been given to ethical considerations
surrounding online engineering education, for example privacy
concerns and access. Moreover, the recent global COVID-19
pandemic has brought these challenges into sharp focus.
Therefore, notwithstanding that it is widely accepted that new
technology has a significant positive impact in many areas of our
everyday lives [7]including the HE landscape, it is also notable that
some commentators are now raising questions about whether
our new technological scenario implies new ethical challenges.

Thus, the purpose of this scoping review is to summarize and
presentcurrent practices to uphold ethical standards in engineering
education, including the review of proposed and implied ethical
guidelines, and thereby identify gaps in existing literature.

1. METHODOLOGY
A Framework selection

The basis of this work is to expand the perspective of ethics in
engineering education, with particular focus on the examination
of complex relationships between our institutions and societies
with technology, and the implications (good or bad) of those
relationships for ethics, rights and human dignity. Therefore, a
framework proposed by Jasanoff [1] was selected to position this
literature review, since she argues that every form of technology
developed was originally designed with the idea of adding some
value to our institutions and societies. Jasanoff's [1] framework
consists of three primary concepts, which have been reframed as
research questions and are referred to as ethical research lenses
in this literature review. These research questions with associated
lenses in parenthesis are:

1) Research question one: While it is known that technology has
the potential to make life easier, in the context of Engineering
Education 4.0, could that same technology be harmful? (Ethical
research lens one - Unintended negative consequences)

2)  Research question two: Has the development and spread of
technology made Engineering Education 4.0 more inclusive or
exclusive? (Ethical research lens two - Discrimination)

3)  Research question three: Has there been a transformation
in ‘educator’ or ‘student’ agency as a result of the onset of
Engineering Education 4.0? (Ethical research lens three -
Agency and digital identity)
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B. Praxis

The scoping review procedure described by Arskey and O" Malley
[8] was used for this study. The authors advocate a five-step
approach which includes (1) identify a research question, (2)
identify relevant studies, (3) study selection, (4) chart the data and
finally (5) collate, summarize and report the results.

Following the identification and formulation of the afore-
mentioned research questions, research data bases and search
terms (i.e. keywords/phrases), and inclusion and exclusion criteria
were selected to facilitate the identification of relevant research
studies. The primary search terms were “Engineering Education 4.0,
“e-Learning” and “Ethics”. Due to the wide range of definitions for
these words, subsets of word combinations were used to facilitate
a more focused search. Associated synonyms from a thesaurus in
each database were included in this search to ensure that terms
were consistent and transferable across databases. The aim was
to create a search string that required limited modifications from
one database to another. Thus, the search string was “Engineering
Education 4.0" or “Engineering Education” or “Industry 4.0 training”
or “4IR training” AND “e-Learning” or “eLearning” or “online learning
or “distance learning” AND “Ethics” or “Ethical practice” or “Ethical
considerations”. Too few hits were returned by the initial search sting
however, therefore the search string was modified to “e-Learning” or
“eLearning” or “online learning” or “distance learning” AND “Engineering
Education 4.0” or “Engineering Education” or “Industry 4.0 training” or
“4IR training” OR “Ethics” or “Ethical practice” or “Ethical considerations”.

v

Following the development of the search string, all the data bases
hosted by the Engineering Faculty Library at the university where
this research took place were screened and 12 databases were
selected on the basis of their perceived relevance to the study.
These were:

EBSCOhost (included Academic Premier Search, ERIC and
MasterFile Premier) - multidisciplinary and education
databases includes noteworthy articles in general interest,
health, consumer science, business, general science,
engineering and education;

Emerald Engineering - collection of 26 engineering journals
and e-journals focused on engineering in aerospace,
automotive, industrial and manufacturing sectors;

Directory of Open Access Journals (DOAJ) - multidisciplinary,
community curated online directory of scholarly articles;
Credo Reference - online collection of academic reference
books;

Wiley Online Library - multidisciplinary collection of online
journals, books and research resources;

SpringerLink - collection of scientific, technological and
medical journals, books and reference works;

Google Scholar-academicsearchengine for multidisciplinary
scholarly literature;

IEEE Xplore Digital Library - research database for journal
articles, conference proceedings, technical standards and
related material on computer science, electrical engineering,
electronics and cognate disciplines;

JSTOR - online digital library of academic journals, books and
primary resources;

Proquest (included eBook Central, Education Database,
Sci Tech Premium Collection and Social Science Database)
- collection of databases on multiples disciplines includes
journals, newspapers, dissertations and reference works
ScienceDirect - journals, books and articles on scientific,
technical and medical research, and

Scopus - database of peer-reviewed literature in the fields
of science, technology, engineering and medicine.

Inclusion criteria were, only peer-reviewed publications and
eBooks published from 2010 until 2020 since this period aligns
with the heightened adoption of e-learning in Engineering
Education and the emergence of Industry 4.0, and also only
articles where the full text was available were selected for
review. Moreover, the focus of this review was specifically on
HE. The initial search returned 4344 publications. Thereafter
exclusion criteria were applied. All publications that focused
on ‘teaching ethics' in the engineering field were removed,
as this research was on the application of ethical principles.
Furthermore, the publications were then examined to determine
their suitableness to answer any of the research questions of
this study. Thus ultimately, only 17 publications remained in the
dataset for this review, however it is worth noting that none of
these publications directly addressed the research questions.
Table | below presents a tabular depiction of the filters that were
applied.

TABLE | Publication selection from databases

Publications

Patabase Included | Excluded Final g?rsiirg:
EBSCOhost 224 223 1 1
Emerald 413 412 1 1
Engineering 13 13 0 -
DOA 133 132 1 1
E(re?groence 42 8 4 23
Wiley Online 27 27 0 -
SpringerLink 1671 1668 1,23
Schlr i : 2 12
IEEE Xplore 95 92 3 1,2
JSTOR 1340 1338 2 1
Proquest 369 369 0 -
ScienceDirect 9 9 0 -
Scopus

1. ANALYSIS OF REVIEW

Each of the final 17 publications satisfied the inclusion criteria,
however all publications examined ‘engineering education’, ‘ethics’
and ‘e-learning’ from a distinctly different perspective to the aim
of this study. Consequently, none of them directly answered the
research questions posed above as none of the publications
were written specifically for the context Engineering Education
4.0. In this literature review, publications were examined in three
phases namely, initial examination, comprehensive examination
and thematic chronicling of results. The primary aim of the initial
examination was to identify any noteworthy observations in each
and summarize.

Thereafter the full text of each of the 17 articles were expansively
reviewed and characterized on the basis of their orientation
towards answering one or more of the research questions. Finally,
the content of each article was thematically coded and emerging
themes were categorized and reviewed for appropriateness.
These themes are presented in the result section below.
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IV. RESULTS

A Ethical research lens one: Unintended negative
conseqeunces (n=7)

1) Unintended  consequences  theme  one:  Ethical

dilemmas related to student and industry

The results of a study by Noesgaard and @rngreen [9] focused
on the effectiveness of e-Learning and concluded that despite
e-Learning being an effective approach, there are several
inherent disadvantages of e-Learning. From student perspective
this includes limited communication skills development and
e-Learning also has the potential to cause social isolation among
students. With reference to the impact of e-Learning on Industry
4.0, e-Learning platforms are more suited for theoretical training,
thus in certain discipline such as engineering graduates where
practical is very important, the authors suggest that students may
not be adequately prepared for what will be required of them in
the industry.

This is confirmed by Tam [10] stating that e-Learning presents
a drawback with respect to practical training such as that which
is required for the training of engineers however adds that
significantly more prior planning may be a successful approach to
overcome this disadvantage.

Ethical

2) Untintended  consequences  theme  two:

dilemmas related to the institution

Coulton, Nicholas, Bailey, Arora, King, Taylor, and Durham [11]
assert that protecting the authenticity of an online examination is
complicated when compared to traditional assessment methods.
They mention barriers to the use of emerging technologies
which include infrastructure, educator perceptions, educator
confidence, educator training and information sharing. These
authors specifically state that ethical concerns and issues related
to bias and sharing of data also need consideration.

three:  Ethical

3) Unintended  consequences theme

dilemmas related to privacy

Although many advances have been made in the mechanics of
providing online instruction [12], it is significant that security and
privacy concerns around e-Learning have largely been largely
ignored. To date, at best, these have been accommodated in
a patchwork or ad-hoc fashion. This view is aligned with that of
Ivanova, Grosseck and Holotescu [13] who aver that emerging
intelligent solutions for eLearning, and also commonly used web
applications for example Google Drive, are used by educators to
collect, process and store a big array of students’ personal data.
The authors suggest however that in general, educators at HE
institutions pay little attention to the type of private data being
collected and the relevance for successful learning. Moreover,
the authors raise questions about whether the data is being
adequately protected against unauthorized use and point out
that this represents an ethical concern involving students’ privacy.

These authors suggest that privacy in eLearning could be achieved
through a combination of actions from student's side, third parties’
side and appropriate design of educational software. Significantly,
several countries have legislation governing data protection
for example, the General Data Protection Regulation (GDPR) in
European Union countries [14] and the Protection of Personal
Information (POPI) Act in South African [15] however notably, no
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literature could be found on the protection of student data in
certain countries, such as South Africa, during this literature review.

B. Ethical research lens two: Discrimination (n = 6)

Several researchers [2], [4], [16] agree that online solutions and
educators are becoming more digitally innovative which helps to
address the needs of contemporary university students, however
Gachago and Cupido [17] raise questions around epistemic
access and equity due to e- Learning in HE. These concerns are
foregrounded by the global move to online learning in HE due to
the COVID19 pandemic in 2020. They add that much still needs to
be done to ensure inclusivity, especially along class, race, gender,
and geographic location at certain universities. These authors
and Rowe [18] emphasize the importance of designing simple
remote teaching solutions that facilitate access, instead of high-
tech, complex modes of delivery which automatically exclude some
students due to factors for example, the availability of a data and
an upmarket smartphone.

The views of these authors are aligned to Jasanoff [1] who
expressed a view that global social environments constantly
undergo transformation due to technological change. She argues
that societal focus is on the extraneous features of technology
and suggests that society thus declares this to be the “savior of
the world”, but does not always consider the bigger picture. For
universities to meet their challenge of being an essential agent
to ensure knowledge and development of competencies in the
fourth industrial revolution, effort has to be made to understand
this evolution and in particular Engineering Education toward
Industry 4.0.

three:

C. Ethical research lens

identity (n = 4)

Agency and digital

Tounderstand‘agency’ in the context of Engineering Education 4.0,
guidance was sought from Rocchi [7] who suggests that one
needs to compare the lives of two similar persons, for example
an educator in current times to that of one who was active 50
years ago, to provide a point of reference. From a technological
perspective, the lives of the two educators would be significantly
different, yet from an anthropological perspective the two
individuals have the same inner structure and the same 'big
questions’ about identity and human purpose. The same would
apply to a student in 2020 and a person who was a student in
1970. From this perspective the 4IR has a significant influence on
the agency of both educators and students.

Thisis aligned with the views of Bertolaso and Rocchi[19] who agree
that the essential roles of responsibility of educators and students
remain unchanged in the digital era. Godwin, Potvin, Hazari
and Lock [20] highlight that function of engineers are to devise
innovative solutions to the world's complex global problems and
they argue that agency beliefs are critical to identity development
and ultimately the decision to become an engineer. Another
finding of this study was that agency is also critical predictor of the
field of engineering that students will decide to study.

V. DISCUSSION AND SUMMARY

Technology and technological choices shape our physical and
social world, enabling some things and rendering other things
difficult. Therefore, the advent of Industry 4.0 signifies animportant
milestone in Engineering Education. Managing technology wisely,
requires the users of technology and gatekeepers to look beyond
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the surfaces of machines towards the judgements and choices
which determine how the lines are drawn between what is allowed
and what is not allowed.

This scoping literature review highlights that there is a significant
dearth of literature on ethical considerations around Engineering
Education 4.0, as there are no publications that directly
addressed this research topic and an extensive literature search
of 12 databases returned only 17 indirectly related publications.
Notably, no guiding principles or guidelines could be found. Using
three ethical research lenses namely, (1) hidden costs associated
with the use of technology (unintended negative consequences),
(2) exclusivity due to the use of technology (discrimination) and

(3) agency due to technology (agency and digital identity), this
study highlights areas where further research is recommended.

A Hidden costs associated with the use of technology

Itis undeniable that e-Learning has several significant advantages,
such as having no geographical boundaries or restrictions;
however, it is equally important to note that there are concerns
that arise with e-Learning that should govern the behavior of the
educators (and by implication, students too) when e-Learning
takes place. Specific to an Engineering Education, this literature
review outlined examples of the most noteworthy hidden
drawbacks of e-Learning. Three key themes emerged from the
analysis of literature on this topic which were (1) ethical dilemmas
related to the student and industry, (2) ethical dilemmas related
to the institution and (3) ethical dilemmas related to privacy.

From the literature reviewed on unintended negative
consequences it may be deduced that to overcome certain
challenges engineering educators need to apply additional
strategies to compensate for the lack of physical contact time
with students. Examples of problems that could arise are lack of
communication skills in engineering students or a feeling of social
isolation. It is believed that such problems are compounded
in periods where global restrictions on movement and social
gathering were implemented due to the COVID19 pandemic.
To address such concerns, it is recommended that engineering
educators design innovative interventions, for example
personalized feedback and when personalized feedback is not
practically possible, a system of peer feedback should be used.

Engineers cannot be completely adequately trained with exclusive
online training [21], since no amount of online lessons can
substitute industrial training of competent engineers required
by Industry 4.0. The author however proffers that research
conducted in the case of nursing students showed that blended
learning courses achieved similar posttest results as traditional
course formats, while simultaneously increasing satisfaction
ratings of participating student significantly. Thus, engineering
educators are advised to explore suitable blended learning
strategies overcome these ethical concerns. It is recommended
that further research is perform on this topic.

From an institutional perspective, protecting the authenticity of
online engineering examinations is complicated when compared
to traditional assessment methods since students cannot be easily
observed during assessments without video feed. Meilleur and
Ge [22] recommend some strategies that engineering educators
may use to mitigate this, such as informative anti-cheat materials
to prevent unintentional cheating, randomized quizzes, open-
ended examinations, peer evaluations, discussion forums and
personalized assessments where possible. A recommendation of

this literature study is that these be further explored to overcome
ethical challenges associated with online assessments.

Security and privacy concerns around e-Learning are significant,
especially in the light of its global importance. It is therefore
imperative that engineering educators find a balance between
privacy and multiple competing issues around delivering the
curriculum. A recommendation derived from the review of
literature is that engineering educators be given guidance the
ensure ethical treatment of students and other stakeholders. As
open source e-learning platforms are available for educators to
useitisimportant that they understand and are able to distinguish
between important concepts identity management, anonymity
and pseudonymity, privacy in social networking, authentication,
cyberbullying, third party management and the safe storage and
usage of student data and personal information.

B. Discrimination

Literature was also reviewed to determine if the development
and spread of technology as a result of the adoption of online
approaches aligned with Engineering Education 4.0 has led to
more inclusivity or exclusivity. The findings of this examination
underscored questions around epistemic access and equity
due to e-Learning in HE. These concerns are foregrounded by
the global move to online learning in HE due to the COVID19
pandemic in 2020.

From this literature review it has been deduced that engineering
educators could benefit from universal principles for learning task
design to develop e-Learning solutions that facilitate access, instead
of high-tech, complex modes of delivery which automatically
exclude some students due to factors for example, the availability
of a data and an upmarket smartphone. These principles include
(but are not limited to), for example (1) prioritize asynchronous
interaction, (2) opt for simplicity over complexity, (3) where possible,
privilege text over video or audio, (4) adopt contextualized teaching
solutions and (5) embrace empathy and co-creation.

C Agency and digital identity

This scoping review has illuminated the insight that online identity
development is an integral part of Engineering Education 4.0. The
essential roles of responsibility of educators and students remain
unchanged in the digital era; however, Industry 4.0 presents an
opportunity to reflect on our digital identities and question if
those should be different to our real identities. In a modern world
with virtually thousands of endless possibilities, the real challenge
is selecting what is worth doing, and what is worthy of our still
limited time.

VL. CONCLUSION

The intention of this scoping review is not to provide answers,
but merely to raise awareness and critically reflect on Engineering
Education 4.0. This review has demonstrated that technology
itself is neutral. It is the way that technology is used and the
consideration given to that which may be regarded as good or
bad. For this reason, having ethical guidelines for Engineering
Education 4.0 is essential. A comparison may be drawn by saying
this is akin to giving someone a loaded gun, but not teaching that
person about gun safety. Jasanoff[1]refers to something called the
responsibility gap. She cautions that unless we better understand
how technologies affect basic forms of social interaction, including
structures of hierarchy and inequality, words like “democracy”
and “citizenship” lose their meaning as compass points for a free
society.
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Abstract—How learning is conceptualized and negotiated
is affected by the theory of learning implicit in the design
of the curriculum. The shift to online learning provides the
opportunity to build capacity into the curriculum with new
appreciation of the effect of the change of context and
process.

Three theories of learning will be presented and compared:
a theory of learning that assumes transference and is
acquisition-based; a theory of learning that assumes
transference by means of participation within a community
and a theory of learning that is activity-centered and aims
to be transformative. Each of these theories foregrounds
particular affordances to privilege different teaching
strategies. The effects and opportunities of these are
evaluated within specific initiatives for teaching and learning
ethics in a particular context.

This paper will describe and evaluate the teaching of ethics
in two capstone courses that form part of the undergraduate
engineering program at the University of Cape Town. The
analysis identifies teaching strategies that are utilized and
highlights differences in the way assessment operates to
capture learning. Teaching and learning relating to ethics
within engineering is seen to gain distinct emphases from
the wider course curriculum, where the particular context
affects the learning outcomes and the knowledge, skills and
values developed.

Keywords—ethics in engineering, online learning, teaching and
learning ethics, graduate attributes, engineering identity

I INTRODUCTION

The process of accrediting engineering programs involves
specifying the educational requirements for the specific
qualification, defining broad areas of knowledge to be covered,
and specific graduate attributes that students need to acquire
competence in [1] rather than detail as to how the curriculum is
to be constituted. Graduate attributes are typically expressed in
terms of a combination of attributes that relate to the particular
program and generic attributes that are common to all or most
graduates [2]. Gutiérrez, Fitzpatrick & Byrne identify these as
combining core knowledge, transferable skills and professional
values and attitudes [3] and emphasize the need for the nuanced
assessment of graduate attributes, beyond that of core knowledge,
distinguishing knowledge that incorporates skills, values and
attitudes. In the context of South Africa, the Engineering Council
of South Africa (ECSA), defines the standard for engineering
programs in terms of three sets of criteria including: program

978-1-7281-9756-2/20/$31.00 ©2020 IEEE

161

design, knowledge profile and a set of graduate attributes (GAs) [4].
The program design criteria specify the allocation of credits across
the different knowledge areas to a minimum number of credits.
The different knowledge areas include mathematical, natural
and engineering sciences, design and synthesis, complementary
studies and 25% course credits from other disciplines.

Ethics is addressed explicitly in one of the eleven ECSA graduate
attributes, that of Engineering Professionalism (GA10), defined as
demonstrating: “critical awareness of the need to act professionally
and ethically and to exercise judgment and take responsibility
within own limits of competence” [4]. The ostensive justification
for the inclusion of ethics in the curriculum is thus the recognition
of ethics as a competence to be assessed in the achievement of
specific discipline-specific graduate attributes.

In their research to improve the teaching of ethics in
engineering, Bombaerts, Doulougeri and Nievien [5] point to
the necessity of de-linking the drive for quality in engineering
education from the definitions of competence that determine
international comparability of engineering programs, rather
than enabling a more nuanced understanding of quality.
Bombaerts et. al. distinguish between what is intended in the
curriculum, formulated in the vision and formal intentions, what
is implemented, demonstrated through what is perceived and
experienced by the participants, and what is attained, defined
as what can be measured. This highlights potential discrepancies
between the standards promulgated by the accreditor, the
vision for the curriculum and that which is operationalized.
Their extensive literature search demonstrates the variety of
approaches that explore how to further improve the teaching of
ethics within engineering and in order to identify discrepancies
between the outcomes that are assessed and the learning that is
experienced. Similarly, Balakrishnan, Tochinai and Kanemitsu [€]
conclude their study on student attainment of the objectives of
ethics education by noting that “well-structured, integrated, and
innovative pedagogy...nas an impact on the students’ attainment
of ethics education objectives and their attitude towards
engineering ethics”.

Mitcham [7] challenges engineering educators that the focus on
problem-solving in engineering does not provide engineers with
the tools to reflect on themselves and their world-transforming
enterprise. Because engineering knowledge has historically
been seen as rational and objective, building self-reflection as
an independent form of knowledge into ethics education may
provide an effective way to build reflexivity and critical thinking
into the engineering curriculum so as to enable reflection on
engineering identity and the mandate of engineering in a broader
social and environmental context [7].



2020 IFEES WORLD ENGINEERING EDUCATION FORUM - GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

Hekert's research [8] into the scope of engineering ethics in
American universities distinguishes three key areas that include
the individual, professional and social. Hekert is critical of the
tendency of many engineering programs to reduce the teaching
of engineering ethics to what he terms “micro-ethics” prioritizing
individuals and their internal relationships to the engineering
profession. He recognizes the need to broaden the scope of
engineering ethics to include “macro-ethics” that he defines as
applying to the “collective social responsibility of the profession
and to societal decisions about technology” [8]. He emphasizes
the importance of ethical policies and viewpoints that need
to be sensitive to social problems and issues. In this regard,
ethical problem-solving is positioned within the complexity of
the wider social context. Hekert contrasts two approaches to
teaching ethics. These are the approach that positions individual
moral dilemmas, that are relatively well- defined and able to be
“solved”, with the macro-ethical challenge, that is complex and
not clearly defined and that involve social values and varied
stakeholders. Contrasted with this approach is Stappelbelt's
analysis of the development of professional identity amongst
Australian engineering graduates, where she cautions the need
to distinguish the intent to “teach ethics” from “engendering and
enabling” positive ethical development [9]. In her analysis of the
development of engineering identity through the curriculum,
Nudelman similarly draws attention to the way in which learners
acquire skills/identity [10]. This juxtaposition of two approaches to
teaching ethics provides an important segway to a critical analysis
of two distinct approaches to the teaching of ethics within the
engineering faculty at the University of Cape Town.

In their work investigating different approaches to teaching ethics
within the engineering faculties of two South African universities,
research by Gwynne-Evans, Junaid and Chetty [11] distinguishes
five facets of teaching ethics that operate as a conceptual gateway
[12]. These include teaching ethics as a concept distinct from other
familiar concepts; teaching ethics as knowledge and skill; and
teaching ethics as values and attitudes. These distinct approaches
to teaching ethics require the utilization of diverse educational
strategies within the engineering curriculum and impact the way
assessment is planned and implemented. This recognizes the
importance of two key aspects: how ethics is formulated in the
graduate attributes to be assessed and the understanding of the
role of learning theory to affect how the intended goal of teaching
ethics is translated in practice.

Researchintohow ethics can be taughtand learned conceptualizes
knowledge in multiple ways: as objective knowledge of content
external to the learner; as individual skill

- consisting of the knowledge of how to do something; as self-
knowledge relating to attitudes and values and as conceptual
knowledge [13]. Competence in a learning outcome requires
engagement with the different levels of learning taking place
relative to the different forms of knowledge that have been
identified. This study will examine the teaching and learning
of ethics in two fourth year engineering courses in different
disciplines at the University of Cape Town in order to
distinguish features of structure, integration and innovation
in the pedagogy that contribute to the effectiveness of the
teaching and learning of ethics.

. RESEARCH QUESTION

How does the shift to online learning enable teaching and learning
aboutethics to be made more visible in the engineering curriculum?

1. METHODOLOGY

This research will contrast two case studies consisting of
examples of undergraduate courses within the Engineering and
Built Environment Faculty at the University of Cape Town, where
ethics is assessed as a graduate outcome. It will look at specific
examples of curriculum innovation that have been introduced in
the courses, particularly as a result of the shift to online learning.
The courses are from different disciplines: one from chemical
engineering and one from electrical engineering, where the
respective discipline is recognized to provide a wider context
for the teaching and learning of ethics within the two programs.
Evidence from the online learning management system of
each course is contrasted to see how the courses manifest the
different learning theories. The data is analyzed and conclusions
are drawn as to possible affordances of the different approaches
to teaching ethics. One of the courses is a fourth-year chemical
engineering course titled Business, Society and the Environment
and the other is a fourth-year electrical engineering course in
Professional Communication, run in tandem with a course in New
Venture Planning.

The research engages in a case study analysis using qualitative
data and interpretive method in order to show new understanding
and insight about the teaching and learning of ethics within an
engineering undergraduate degree.

Three theories of learning are contrasted and positioned as
relevant for examining what is achieved in a final year engineering
course in relation to the teaching and learning of ethics. Two of
these theories are formulated by Sfard and the other emerges
from activity theory.

Iv. THE ROLE OF LEARNING THEORY

Sfard [14] distinguished two basic metaphors of learning that are
important as they influence the understanding of how learning
takes place and whylearningisimportant. She highlights the power
of metaphor to affect our view and use of concepts in significant
ways. She emphasizes the value of metaphor to suggest and make
visible implicit understanding rather than to be prescriptive and
exclusive. Metaphors are not seen to be mutually exclusive, but
rather to bring to light particular aspects of the activity that may
not be visible through another lens. Itis important that Sfard does
not recommend one metaphor rather than another, but rather
draws attention to potential benefits and affordances of different
aspects of learning.

The metaphor of learning as acquisition focuses on learning as a
commodity that can be identified, transferred and that has value.
This metaphor conveys the value of learning as capital to an
individual, or to a community, that can be acquired and utilized.
In terms of this metaphor, learning within engineering can be
seen to be the intentional transference of knowledge and skills
- of competence - that results in a qualification with economic
and professional value to individuals, the profession and to the
wider community. The other metaphor Sfard identifies, is that
of learning as participation. This places attention on the active
learning that takes place by participating in a community, and on
the multiple ways learning can be absorbed and communicated. It
brings to the foreground the barriers to participation that may act
to exclude participation as much as to include participation. This
places the emphasis on identity within a particular community,
on what enables members to participate - to act - within the
community, where discourse and practice may be distinguished
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as characterising the community. Use of the specialist discourse
of the community needs to be developed over time through
practice and participation.

Both these metaphors assume knowledge to be something fixed
and existent - that can be transferred or absorbed. They do not
account for the creation of new knowledge or the application of
knowledge in new environments. Engestrom and Sannino [15]
critique the sufficiency of the two metaphors in that the models
of learning they become associated with assume learning to be
something already existent, that can be received or passed on,
but do not account for the creation of new knowledge.

Engestrom and Sannino posit a third theory of learning they term
“expansive learning” that is intentionally more creative, where
learners co-create learning. This theory can be characterized
by the metaphor of learning as transformation. Learning as
transformation necessarily requires time and involves process,
where process is seen to be inherent in the teaching and
learning relationship. This recognizes the inter- related nature
of teaching and learning, where the contribution of both
instructors and learners is significant in the process. Though
the intention of instruction is seen as substantial, the goals of
learning are seen to be extended in the gap between instruction
and learning where they identify “interesting things” to happen
[15]. This opens the possibility of transformative learning beyond
the intended consequences of the instruction. Engstrom and
Sannino’s theory of expansive learning puts the attention on the
collective activity of the learning community, where together,
learners learn “something that is not yet there” [15]. The most
important outcome of expansive learning is seen to be agency:
the participants’ ability and will to shape their activity systems.
Their theory of expansive learning tackles issues of “subjectivity,
experience, embodiment, identity, and moral commitment” [15]
in a way that usefully speaks to the challenges of teaching and
learning ethics within the professional space of engineering.

Expansive learning is an example of activity theory. It identifies
a triangulated concept of subject, object (context) and mediated
artefact. Actions are seen to have a defined beginning and end,
whereas activity is conceptualized as a continuous, collective
interaction of the individual subject within their context that
produces a learning artefact. The introduction of the concept of a
learning artefact enables the analysis of the artefact independent
of either the subject or the object. In this research into the
teaching and learning of ethics, the learner is positioned as the
subject, teaching and learning ethics is seen to be the object
and the online learning management system, that contains both
the instructor's intent and implementation, and the learner’s
engagement and response, is positioned as the artefact.

The case studies below depict elements of the teaching and
learning interface that relate to the three theories of learning.

V. CASE STUDY 1:
ENVIRONMENT

BUSINESS, SOCIETY AND THE

The 20-credit course, requiring 200 student hours, consists of
two concurrent strands that provide a foundation for students
to engage with key concepts and tools relating to an engineer’s
responsibility to the environment and society. This contrasts the
application of an engineer’s responsibility as economic managers
and potential entrepreneurs with the practical innovation and
design of a new business. The course originated in 2003 and
has been part of a departmental curriculum redesign that saw
significant changes in curriculum responding to a changed

industry context and a significantly more diverse student cohort
[16], [17], [18]. The capstone course assesses five GAs, where
competence needs to be demonstrated in order to pass and
graduate, see Table 1.

TABLE 1 ECSA graduate attributes assessed in che4048f: business, environment
and society

Graduate attribute Where it is assessed

GAG6: Professional & technical
communication

Individual & group pitch of
business idea

GA7: Impact of engineering
activity

GAS8: Individual, team &
multidisciplinary working

Case study analysis

Reflection on interaction
with multidisciplinary expert

GA10: Engineering

. - . Ethics essa
Professionalism Ethics essay y

Tutorial & test on management
tools
and finance

GA11: Engineering
management

Specific topics covered include physical risk in the process
industries, social impacts and license, innovation and
entrepreneurship, business planning and engineering ethics.
Climate change and environmental sustainability are positioned
as the context within which the responsible engineer operates
and tools such as cleaner production, environmental impact
assessments and eco-efficiency are introduced to equip the
students to be able to design sustainable and efficient systems.
Students are required to identify hazards, to anticipate and
manage risk and to measure cost within the different frames.
As such the course requires students to develop engineering
judgement by considering the impact of engineering on the
environment and on society, developed in case studies of
significant chemical engineering disasters from around the world
and South Africa. The course provides models for defining and
measuring short and long-term cost and benefit indicators, both
key aspects in measuring the impact of engineering activity. The
figure below shows the relationships of different aspects of the
course to one another, specifically in relationship to ethics, which
provides a foundation to the exploration of the other topics.

CHE4048F course mindmap
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FIGURE 1 Visual representation of the relationship of ethics to the course
material Source: Course Intro CHE4048F Harro van Blottnitz [21]

The figure shows the way in which this course extends the
learning of the associated design course in practical and ethical
ways, distinguishing engineering judgement and decision- making
as founded in ethics.

In the course, there is a balance between group and individual
tasks. Students begin learning how to quantify and cost financial
processes and this skill and knowledge is built on in the group
work. Current management tools relating to risk and cost and
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benefit are introduced. Students are tasked in groups with
coming up with an innovative entrepreneurial idea that uses
their engineering knowledge and takes into consideration specific
criteria. They are required to develop and present a business plan,
both as a formal document and to present the idea to potential
industry investors. Course pedagogy utilizes formal lecture style
presentations and slide packs with online resources. Students
learn from the expertise of the lecturer and from practical
knowledge demonstrated in the application of management tools.
Students are encouraged to engage critically with topics and to
contribute informally through forums and question and answer
sessions. Tasks are scaffolded with tutorials to support students
in applying new formula and tools. These tools enable students to
use technology to effectively manage risk and responsibility.

Ethics is a foundational aspect of the course, where students
exploretheir professionalresponsibility asindividuals, asengineers
and within business, to the public and future generations. This is
positioned in terms of individual and corporate responsibility with
consequences for society, the environment and the standing of
the profession of engineering. They are introduced to the role of
industry bodies and their own professional responsibilities and
required to write up a reflective essay based in industry or work
experience. The contextual emphasis on management tools can
result in ethics being perceived as simply a technical and rational
process.

VI. CASE STUDY 2: PROFESSIONAL COMMUNICATION
STUDIES

The 8-credit, fourth year electrical engineering capstone course
(EEE4006C) taking the equivalence of 80 student hours is run in
tandem with another 8-credit capstone course in New Venture
Planning (EEE4051C). Students had previously completed a
second-year course in professional communication with a focus
on the formal requirements of report writing. Students are
required to work in groups on a common entrepreneurial project
with multiple outputs across both courses. Students engage
critically with their understanding of professional identity in order
to develop confidence and assurance in effective communication
as afoundation for their professional careers. This course provides
the opportunity to gain knowledge of and practical experiencein a
variety of communication tools including eportfolios and pitching
a business idea to an audience drawn from industry.

The course assesses three graduate attributes, as can be seen
in Table 2. These are assessed in thirteen assignments of
varying weight, combining shorter peer-reviewed reflections and
collaborative documents with weightier individual and group
assignments, leading to a final group presentation of a business
plan that takes the place of an examination.

TABLE 2 ECSA graduate attributes assessed in eee4006¢: professional
communication studies

Graduate attribute Where it is assessed

Business summary and
individual and group business
presentation

GAG6: Professional &
technical communication

Business summary and
individual and group business
presentation

GAS8: Individual, team &
multidisciplinary working

GA10: Engineering
Professionalism Ethics essay

Ethics essay and annotated
code

The transition of the course to online learning resulted in the
course being presented as a set of six online lessons. The material
covered engineering identity, teamwork, ethics, persuasive
texts, presentation skills, product pitching and visual support
for presentations, with two additional weeks where students
developed their business pitches as group presentations
uploaded as videos, with the opportunity to get feedback on their
rehearsals before the final submission. Students were expected
to work individually and as part of a group and assessments were
split between those that required students to work independently
and those that required collaboration and teamwork. Technology
was identified as a key aspect enabling effective teamwork and
students were required to use google documents, Zoom and/
or Microsoft Teams and video packages such as Powerpoint and
Screencast- o-matic. Co-ordinating, operating and managing a
team at a distance, with very varied access to internet, became a
significant test of professional skills and attitude.

The first three weeks of the course focused on developing the
students’ ability to reflect on their understanding of what being
an engineer means and on the practical use of values in making
decisions both as an individual and as part of a team. Three self-
reflection tasks were set on topics relating to engineering identity:
identifying personal experiences that contributed to their sense
of engineering identity; describing a situation where the student
experienced being part of a successful team and analyzing the
specific role, in terms of Belbin personality types [22], that they
had played; and with regards to their role as an engineer in Africa.
These assignments required students to formulate and articulate
coherent views on topics that were seen to provide impetus to
their practicing as an engineer in the future and that contributed
to their sense of being part of a team with a vision that extended
beyond that of the client/customer relationship to serve society.
Feedback on these self-reflections was devolved to anonymous
peer-assessment which served three functions: ensuring that
each student engaged reflectively and critically with their own
and two other students’ perspectives on the topics relating to
engineering identity, and that students engaged critically with
formatting and critiquing written work.

These three reflective pieces were seen to provide effective
preparatory scaffolding for the other individual assessments:
the eportfolio; the ethics essay and the teamwork analysis. The
course required the students to develop and submit an online
portfolio incorporating artefacts of their achievement over their
undergraduate degree, communicating who they were as aspirant
engineering professionals. This process challenged them to
incorporate multiple aspects of their professional identity that could
be communicated and integrated into the eportfolio and that made
sense of their experience, their interests and social responsibility,
positioning them strategically for the next stage of their professional
journey. This was seen to be part of developing awareness of how
students' achievements and accomplishments contributed to
building up their sense of professional identity and integrity.

Teamwork was recognized as being a particular challenge in the
lockdown situation where groups could not meet together face-
to-face. As such, it required strategy and planning. Success in this
was seen to be crucial for both the group assignments in this
course as well as the co-requisite course on new venture planning.
Because of this, additional assessment tasks were incorporated
that required the students to engage proactively with working in
a team, developing a mission statement, team values and a code
of conduct as well as identifying how the group intended to use
technology to keep in touch and to avoid communication problems.
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The section on ethics built explicitly on the preceding weeks
on identity as an engineer and on teamwork. Students were
introduced to the professional code and required to annotate
this in google documents, querying formulations and implications
and both initiating and responding to teammates’ comments.
Input on ethics distinguished individual ethics from professional
and corporate responsibility and positioned the aspirant engineer
both as part of the professional team and as contributing to
national development priorities.

Exercising professional responsibility and ethics was positioned
as both an individual and a team pursuit - action-oriented -
requiring motivation and justification in terms of values, legislation
and vision. Confidence and facility in an appropriate skills-set of
tools for making ethical decisions was seen to be important in the
activity of practicing ethics. These skills consisted of the ability to
identify an ethical rather than a technical or procedural problem,
to anticipate alternatives, to formulate an argument, to use
problem-solving tools to position and explore alternatives and to
reach a decision for action, reflecting on the decision and, possibly,
persuading others of the value of the decision. Practicing ethics is
thus positioned as an activity requiring skill and self-knowledge
and the support of a team. Students are encouraged to develop a
sense of identity as part of a profession where they play a role in
defining professional identity and in supporting colleagues.

The organization and pedagogy of the course was deliberately
planned to encourage students to develop the ability to perform
as part of a professional team, with the ability to plan and avoid
problems, demonstrating professional and ethical judgment.
Students were encouraged to explore topics outside of their
direct curriculum, including the consequences of decisions in the
history of engineering and in corporate engineering and to apply
ethical problem-solving in these situations. Students contributed
to online polls and forums where their responses relative to their
peers were visible to challenge one another as to how professional
identity is formulated and influences a sense of group identity.

In the second part of the course the emphasis was on
communicating professionally in a persuasive way - either in
written texts or oral presentation. The topics of the communication
included business plans and summaries, posters, personal
introductions and group presentations motivating for funding for
the business idea to investors. In this there was an emphasis on
justifying the business idea in terms of its social, environmental
or economic impact. The experience of developing confidence in
presenting, both as individuals and as part of a team, was seen to
be important in terms of developing the confidence to exercise
judgement and to persuade a team.

Vil.  DISCUSSION

Ethics has been demonstrated as a multifaceted concept [9],
that permeates many aspects of the engineering undergraduate
curriculum. Research [13] recommends that the assessment of
competence within a qualification needs to be better nuanced
and scaffolded in order to define the specific sorts of student
learning that are possible and that need to be assessed.
Competence is seen to be a necessary, but not a sufficient goal,
for the assessment of ethics within the curriculum.

The shift online made learning more explicit and more visible.
Ethics was presented as a combination of knowledge, skill, values
and attitude and students were challenged to reflect critically
on values and consequences, and on their established habits

that assist them in making choices and decisions. Students
were required to distinguish between compliance to an existing
professional code, with the associated responsibility to conduct
oneself as part of the profession, and rise to the challenge of
exercising ethical judgement in situations which posed a dilemma
or conflict of interest, both as individuals and as professionals.
Here choice and decision-making impacted social, environmental
or economic outcomes in significant ways. This process
recognized that the graduate attribute specifically required that
students demonstrate GA10 - “critical awareness of the need to
act professionally and ethically and to exercise judgment and take
responsibility within own limits of competence” [4].

In relation to the requirements of the ethics essay, both courses
used a similar structure that provided the opportunity to explore
one of two topics: a micro-ethical challenge relating to a dilemma
faced by the student as part of the work experience or a macro-
ethical challenge that would be faced by a professional working
within industry. Dilemmas and conflicts of interest are explored
as problems which are amenable to process of problem-solving
process. While this can be seen to be effective with respect to the
experiences of work experience as micro- ethical scenarios, macro-
ethical scenarios involving the complexity of decisions relating
to state-owned entities and energy choice and provision were
less effectively discussed and resolved. Students who reflected
on their work experience, found the discipline of scrutinizing a
previously experienced ethical dilemma using a framework and
reflecting on alternatives to be both liberating and transformative.

In the electrical engineering course, the overarching goal of the
course was positioned as that of developing the student’s sense
of professional identity as an engineer, demonstrated in the
student’s ability to work independently and as part of an effective
team, developing the skills to communicate persuasively across a
variety of texts and in personal and group presentations and to
demonstrate knowledge of professional and ethical responsibility.
Where the graduate attributes of professional communication,
individual, team and multidisciplinary learning and engineering
professionalism were assessed in the capstone course, there was
scope and flexibility in the curriculum to incorporate innovative
pedagogic approaches and assessment that shifted the learning
from a model where knowledge and skill is transferred from expert
to student in a one directional approach to a constructivist model
where learning is built in collaboration with peers and modelled
in the interactions between participants and where learning takes
place horizontally as well as vertically. This combines the strengths
of the three theories and takes learning beyond objective
expectations. This recognized the role that explicit engagement
with both the ECSA Code and the graduate attributes plays in
shaping the student's identity as an engineer. This required space
for the student to explore and own their personal journey as
an aspirant engineer, providing opportunities for the student to
identify significant incidents which built up this sense of identity,
and to collate artefacts that demonstrated their sense of who
they are as engineers. Peer and self-reflection were built into the
course structure, where preparatory reflective assignments were
designed to build confidence and expand the student's ability
to consolidate self-knowledge in a meaningful way. Developing
the professional identity of the engineering student was seen to
contribute to building their sense of professional responsibility
which aligned with their ethical responsibility. In addition, building
in opportunities to reflect on engineering identity, provided the
space for students to claim aspects of engineering identity in a
more personal way. This simultaneously developed their sense
of professional responsibility. The reflection on work experience
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required students to reflect critically on previous decisions and
to apply professional code to the analysis. Students found this
contributed to their understanding of their own responsibility in a
way that was both liberating and enabling.

In the chemical engineering course, the context in which
students learn about ethics is enriched with tools for measuring,
anticipating and avoiding harm, resulting in students’ implicit
awareness of their own power to effect change and of their
responsibilities as part of a profession to avoid risk and to create
benefit. The context of the course is sustainability as a rational
alternative with clear benefits and affordances. Within this, there
is a tendency for the ethics analysis to presume individual actors
with agency exercising judgment to effect change. The particular
focus to equip the engineer with practical tools and processes to
measure risk and benefit, provides the vocabulary and conceptual
tools to imagine sustainable alternatives. The effective transfer
of knowledge expands the conceptual and discourse range of
the students and allows them to participate within a community
focused as change agents [18]. Here discourse is recognized to
provide access and context to action.

The way ECSA's GA10 is formulated, focuses on the assessment of
objective knowledge and skill rather than on attitude or values. This
keeps the focus of teaching engineering ethics on objective fact
and input relating to learning about an engineer’s responsibility,
including knowledge such as the requirements of the ECSA Code
of Conduct [20] and what went wrong in various case studies
involving disasters. Most importantly, current formulation of
ECSA GA10 makes it possible for the student to avoid reflecting
personally on their position on ethical matters or to account for
attitudes or values. This misses important opportunities to engage
with professional and engineering identity.

VIIl.  CONCLUSION

While the two courses examined ostensibly assess ethics in
a similar way, as an ethics essay on either a reflection on an
ethical dilemma experienced during work experience or a case
study analysis of a scenario related to the particular engineering
discipline, this analysis demonstrates that the particular
curriculum context in which the module on ethics is framed,
provides important structure that affects the focus and impact
of the module. The analysis demonstrates that engineering ethics
can be effectively incorporated in a variety of curriculum contexts,
and that the particular context will affect the learning outcomes
and the knowledge, skills and values developed.

Although ethics is explicitly mentioned in only one of the graduate
attributes (GA10) of the Engineering Council of South Africa’s
graduate attributes, this paper argues that it is in the specific
combination of the different graduate attributes that are to be
assessed that ethics achieves its particular features and attributes
within a course.

Engineering programs are weighted heavily in mathematical and
engineering sciences, with an implicit hierarchy of what knowledge
counts as important. In the sciences, knowledge is traditionally
viewed as objective and neutral, to be transferred from the expert
by means of instruction and application. This model may not work
as effectively in the teaching and learning of ethics as the knowledge
is not discrete but connects with identity and attitudes and values.
Ethics needs to be approached in a variety of ways, where identity
is seen as both an individual and a group matter. It can be difficult
to get students (and staff) to shift gear to appreciate the different

sorts of knowledge such as self-knowledge or strategic knowledge.
Because of the professional requirement for engineers to act
with integrity and responsibility [20], it is important that formative
assessment requires the student to engage with their personal value
system and to develop the skills to relate these values to the choices
they will be faced with and the decisions that will need to be made.
Wider departmental support for the teaching and learning of ethics
within the undergraduate program is seen as important. This will
require the development of a common discourse relating to values
and attitudes that is broader than efficiency or technical proficiency.

In terms of the three metaphors of learning, learning as
participation can be described as a process of coming to
participate in the already existing discourses and practices of
the engineering community, leading to taking on the identity of
being a member of this community [21]. Developing a sense of
identity as belonging to a particular group or profession is seen
to be part of what enables participation in the profession [12]
and is seen to be part of what affects the development of ethical
identity and choice as ethical actors. In addition, the student is
required to transfer general objective principles about case
studies and the content of professional codes to a personal frame
of reference and to transform conceptual knowledge and skill into
the level of personal knowledge and meaning-making. In terms
of learning as transformation, this analysis portrays students as
able to contribute actively to the professional ethos rather than
portraying them as passive receivers of an already established
culture and ethos.

IX. IMPLICATIONS OF THE RESEARCH

This analysis has implications for curriculum and course designers
in that it suggests the assessment of competence and graduate
attribute within a qualification can be better nuanced and
scaffolded to define the specific sorts of student learning that are
possible and that need to be assessed. It further demonstrates
the value of requiring sustained engagement with the teaching
and learning process relating specifically to professionalism and
ethics and challenges the role and responsibility of the course
convener and/or lecturers in facilitating the students’ shift from
neutral observer to active upholder of behavior that is ethical
and professional. It shows the role of research in promoting the
agency and critical awareness of both teaching staff and students
involved in a course and confirms the potential transformative
impact of research on teaching ethics on the participants,
including students, the academics responsible for planning and
organizing the course and the researcher.
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Abstract—Accredited undergraduate engineering programs
in South Africa are obligated to demonstrate that their
programs successfully develop students in the twelve
Engineering Council of South Africa Graduate Attributes
(ECSA GAs). Graduate attributes are the skills and behaviors
embraced in the application of knowledge. Universities
exercise discretion in the manner in which GAs are assessed
be it as individual activities or as a dynamic interplay between
a progression of activities.

At a University of Technology in the Western Cape, an
integrated computer project (ICP) was selected as an
effective opportunity where eight GAs was assessed. This is
the first time GAs will be measured in the final year of an
undergraduate program. Within the ICP a range of principles
was identified and pedagogies were employed to deliver the
assigned GAs. In meeting a diverse range of learning outcomes
for the ICP, the knowledge areas applied range from design
and synthesis to computing and information technology.
Transferable skills employed include teamwork, leadership,
personal motivation, time management, research skills,
analytical skills, listening skills, and written communication
skills. The ICP harnesses the sub-competencies of the eight
GAs as the evaluation criterion for associated activities.

This paper offers a recollection of the development of the ICP
from which the key principles framing the subject and the
pedagogies employed to align the objectives and outcomes
are identified and discussed. The principles and pedagogies
form a framework that joins the five knowledge disciplines
into a connected curriculum at a key point during the
students’ education to provide preparation for, and a small-
scale experience of, professional engineering. This reflective
study did not consider student perceptions or course
evaluations at this time.

Keywords—competencies,  pedagogy;  project-based  learning;
authenticity skills, multidisciplinarity, motivation, self-efficacy

I INTRODUCTION

The Diplomain Civil Engineering is a program offered at a University
of Technology (UoT)in the Western Cape. The endorsed qualification
(ECSA) develops graduates who can demonstrate focused
knowledge and skills in a particular field. [1] Foucsed knowledge
includes management, geotechnial and transport engineering as
well as water and structural engineering. Skills include teamwork,
leadership, personal motivation and time management, research
and analytical skills, listening skills, and written communication
skills. Therefore, the program pedagogy must provide students
with opportunities where they can practice the application of

978-1-7281-9756-2/20/$31.00 ©2020 IEEE

their knowledge and skills in a workplace context. Pedagogical
approaches used must also provide students with clear guidance
as to what is expected of them to attain their graduate attributes
(GAs). GAs is viewed by the department as the completion of an
activity where GAs can be assessed directly or as a series of activities
where the GA is assessed as a dynamic interplay of these activities.

The program was started in 2018, where exit level subjects were
offered in 2020. One of the exit level subjects is the integrated
computer project (ICP). It is a 30-credit subject, larger than the
four other subjects of 7 credits and 14 credits. The ICP subject is
presented as a project wherein eight of the twelve ECSA GAs will
be assessed.

As the principal, on the ICP, | found little literature offering
guidance on university projects solving real problems by
investigating possible solutions. As well as projects where the
learning experience uses real tools and processes in deriving
solutions. Also, projects relying on integrated knowledge. Lastly,
project measuring GAs.

The program within which the ICP subject resides is composed
of knowledge areas such as Management, Geotechnical and
Transportation Engineering, as well as Water and Structural
Engineering. The lecturers wanted these knowledge areas present
in the ICP. GAs would be allocated to knowledge areas based on
similarities in activities which defined both the competence (GA)
and the knowledge area.

This paper offers a recollection of the development of the ICP from
which the key principles framing the subject and the pedagogies
employed to align the objectives and outcomes are identified
and discussed. Practical examples are presented throughout the
paper, giving further insight into how a variety of approaches was
used in a large-scale ICP.

. RATIONALE

Engineering professionals are vital in society and their training and
competency must be desirable by the community they serve. [1]
Engineering practitioners perform distinct roles in society and
this is evidenced by various ECSA categories of a professional
engineer, a professional engineering technologist, a professional
certificated engineer, or a professional engineering technician.
The normal development of engineering practitioners has two
important stages namely i) the education qualification aligned with
a professional category and ii) completion of a candidacy program
of training and experience. The person must demonstrate
the competency required to register at the end of this time. In
this program, the undergraduate will register as a candidate
engineering technician to become a professional engineering
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technician who can study further and gain experience to become
a professional engineering technologist. Current engineering
programs require that GAs (competencies) be introduced during
the attainment of the educational qualification. Thus, within the
program, new principles and pedagogies are required to assess
GAs in the attainment of their subject objectives and outcomes.

. DEVELOPMENT OF THE PROJECT

Inearly 2019, a group of departmental lecturers came together to
discuss an authentic civil engineering learning experience which
would embrace a multidisciplinary approach to solve its problems.
Lecturers agreed that they wanted students to make meaning out
of their learning and recognize the connections between different
learning experiences; thinking supported by Hapara. [2] It was
agreed that the project would be of a small scale due to time

TABLE | Knowledge areas, gas and activities in ICP

constraints and that students would complete the ground-up
design of a small freestanding retail structure.

The program within which the ICP subject resides is composed
of knowledge areas such as Management, Geotechnical
Engineering, Transportation Engineering. GAs would be allocated
to knowledge areas based on similarities which defined both the
competence (GA) and the knowledge area. Lai, Portolese, and
Jacobson [3] conclude that educators must pay careful attention
to design decisions such as activity sequence as it can have a
meaningful impact without increasing learning time in authentic
learning spaces. Table 1 presents the knowledge areas, arranged
in sequence of how the project would unfold. Subsequently,
the activities selected for each knowledge area are presented
sequentially as it would be in the authentic space. A few activities
were concurrent, such as the (e.g. Gant Chart).

Knowledge Area Graduate Attributes

Activities

Management
Working (1)

GA 8: Individual, Team & Multidisciplinary

Activities at the beginning of the project
Site Visit (G), Scope Statement (G), Gantt Chart (I)

Activities during and at the end of the project
Individual & Peer Evaluation after Geotech and Structures
(1), Project Evaluation (1)

Geotechnical Engineering GA2: Application of knowledge

Lab (G), Report (1)

Transportation Engineering

GAS: Eng. Methods & Information Technology

Geo Design & Environmental. Report & Drawings (1)

GA6: Communication

GA7: Sustainability

Water Engineering GA4: Investigations

Catchment Design Report (G), Contour Map and
Infrastructure Drawing (G)

GA8: Independent Learning

Structural Analysis Report (G)

Structural Engineering GA3: Engineering Design

Structural Design Report (G)

*(I) Individual = 6 activities

Lecturers discussed the type of feedback which would support
students to making meaning out of their learning and recognizing
the connections between different learning experiences. Wiggins
[4] recommends that feedback be value-neutral in that it would
describe what the student did and did not do in relation to goals.
Subsequently, the student knowledge area’s activities span two
weeks, with assessment and feedback occurring in weeks, 3, 6, 9,
12, and 15 of the semester.

Support (class meetings) and feedback are immediately available to

the students. Class meetings are available weekly and supplement
as briefings or progress meetings with clients (University). Feedback

TABLE Il Detail of tools and activities

*(G) Group = 7 activities

to students is offered after the knowledge area submissions.
Feedback is framed by the range statement of the GA. Consultations
with the lecturer are offered in support of the GA feedback. Where
necessary, the activity is redone with the value-neutral feedback and
re- assessed immediately, in line with the departmental GA policy.
This is done so as not to adversely affect subsequent activities,
thereby improving the competence of applying the knowledge and
their skill in delivering the activity.

Activities took the form of a report, drawing, scope statement, Gantt
chart, peer evaluation, and project evaluation. Table 2 presents the
activity alignment with the knowledge areas below:

Knowledge Area Tool

Activities

Management Scope statement

Provides an overall description of the students’ work including deliverables,
the justification for the project, constraints, assumptions, and inclusions, and
exclusions.

Gantt chart

lllustrates the timeline of how the project will run for items such as individual
activities, durations, and sequencing of these activities.

Geotechnical Engineering Laboratory work & Report

Retrieval of a soil sample from the site and carrying out a laboratory practical,
capturing the results and subsequent subgrade design in a report.

Transportation Engineering Report & Drawings

Developing a geometric and environmental design based upon the subgrade
design and captured in a report with drawings

Water Engineering Report & Drawings

Use the subgrade design in a catchment design and infrastructure design for
the development

Structural Engineering Analysis Tool, Report & Drawings

Benchmarking the structural design against the subgrade design and captured
in a report with drawings
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The completion of these activities included the use of MS office,
drawing software such as AutoCad, and analysis programs
such as MatlLab and Prokon.Lefara and Swartz [5] suggest that
undergraduates struggle to identify certain GAs because there is
no direct link

Lecturers discussed the type of feedback which would support
students to making meaning out of their learning and recognizing
the connections between different learning experiences. Wiggins
[4] recommends that feedback be value-neutral in that it would
describe what the student did and did not do in relation to goals.
Subsequently, the student should be able to adjust the following
attempt. Eachbetweenthe name ofthe attribute andthe description
of the attribute. GAs were allocated to knowledge areas based
upon their similarity to the activities in that module (refer Table
1). For example, the communication GA is assigned to a report. Or
based upon a dynamic interplay of activities such as the ‘individual
and teamwork’ GA to a series of management activities such as
a scope statement, Gantt chart, self, peer, and project reflection.
Individual work and group work were distinguished to underpin
the GA known as ‘Individual, Team and Multidisciplinary Working".
This GAwas assigned to the knowledge area of management. Table
1 presents the management activities measured at the beginning
of the ICP as well as those activities completed during and at the
end of the project. Individual and group activities are presented
in, similar quantities. The work of Mahdavinia and Modarres [6]
support individual and peer reflections undertaken throughout
the project so that focus can be on the process rather than on the
product to reflect growth and change.

A semester plan would give representation to more detailed
activities such as meetings and minutes but that does not serve
the purpose of this paper.

A fundamental review of the 5 core knowledge areas was needed
to support students learning. Lecturers deconstructed these
knowledge areas and grouped sub-knowledge areas as

(1) that which is already known or 2) knowledge yet to be taught
or (3) knowledge which could be researched. Also

it became clear that the knowledge areas were not the
connecting thread of the project but rather the sequence of
activities and the skills and behaviors required to complete
them (GAs),

that some aspects of design (key to the project) was being
taught simultaneously as the project (2). This concern was
addressed by moving this module of the ICP to the end
of the project (structural engineering). The teaching and
learning of this content could then take place first and offer
students a modicum of confidence in their design abilities.
that research would have to form part of the learning of
most activities and lecturers directly involved in the ICP
would need to connect their teaching with research activities
as part of the authentic learning process to close the gap of
some knowledge areas which had not yet been taught (3).
that a variety of transferable skills (e.g. time management,
listening and communication) would be encountered
by students in the application of knowledge in this
multidisciplinary academic journey which would enhance
the employability of students.

Subsequently, the project brief was re-formed. Firstly, as a general
section outlining the purpose, program, objectives, outcomes,
tools, and general site detail. Thereafter five assignments follow,

each assignmentrepresenting a knowledge area. Each assignment
describes their related activities, support material, and the activity
rubrics. These rubrics connect the GAs with the activity. The GA
sub- competencies are used as the criterion of the activity rubric
with a performance assessment of emergent (>0%), basic (>25%),
adequate (=50%), and superior (>75%).

Reflection of the development of the ICP ends here. After this
reflection | realized that there were common principles and
pedagogies embraced to enable the ICP. This is explored further
in the next section.

Iv. PROJECT PRINCIPLES AND PEDAGOGIES

During the conceptualization of the ICP, lecturers guided by more
than 60 years of cumulative experience, suggested pedagogy with
which they have had individual success to enable the project. The
earlier reflection on the planning of the ICP presented emerging
principles. These principles would define and direct the objectives
and outcomes of the ICP. A literature review was carried out on
the emerging project principles. It expanded the roles students
would take on in the ICP, the tools they would use, how they
would solve an authentic problem with a possible solution using
transferable skills which could be taken into the workplace. The
expanded principles are listed below:

students would be taking on different roles as managers,
laboratory technicians, etc. throughout the project
(multidisciplinarity)

the ICP is structured along with management principles such
as planning (scope statement), organizing (Gantt Chart),
leading (individual and peer evaluation), and controlling
(project evaluation) (project-based learning)

the students will complete authentic activities for real- world
application (authentic learning)

the abundance of individual and group activities will require
transferable skills such as teamwork, leadership, personal
motivation and time management, research and analytical
skills, listening skills, and written communication skills (skills)
support is evident throughout the ICP as feedback and
multiple evaluations (motivation)

at some point in the project, students will define their
learning with authentic answers (self-efficacy)

These principles and associated literature are discussed in
greater detail below, with examples of how they were realized in
the subject curriculum.

A Multidisciplinarity

In the first two years of undergraduate programs, problems are
well defined where the problem is made clear and all applicable
information is disclosed. However, in an authentic learning
experience, such as the ground-up design of a small freestanding
retail structure, there is a good chance of problems being broadly
defined or complex. Many professional disciplines are evident
in the problem, namely geotechnical, transportation, structural,
and water engineering with management forming the common
thread between disciplines. One of the sample problems from the
project is that of a subgrade design (geotechnical) to support a
pad footing (structural). This can be approached from the subject
end or the student can be encouraged to applying new learning.
A new approach would employ framing the problem, divining
the approach and criterion (mathematics, knowledge areas), and
interpolating the unknown with minimum design guidelines to put
forward a proposal.
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Use of analysis software illuminates weak points in the design
and students can make recommendations for improvement. The
improved design can then be presentedwith dimensions and
materials.

Studying a topic from the viewpoint of more than one discipline
(knwoledge areas) and solving a problem using a different
disciplinary approach is termed a multidisciplinary approach
by Klaassen. [7] The project has other examples demonstrating
a similar philosophy. For example, the subgrade design
(geotechnical) for a parking lot (transportation) using sustainable
methods/materials (environmental). The integrated approach to
the problem within the authentic learning scenario will engender
in students the capacity to analyze the information as done in
real-life cases,

B. Project-based learning

The ICP was designed around a student-centered pedagogy that
includes a complex class approach in which students are expected to
gain a deeper understanding by deliberately addressing an authentic
learning experience; easily supported by project-based learning. This
pedagogic engagement facilitates the assessment of GAs.

Almost every activity undertaken in professional practice by an
engineer will be about a project. Significantly, Mills [8] deduces
that project activities are closer to the professional reality in which
students learn knowledge and skills by working for an extended
period to investigate and respond to an engaging and complex
activity or series of activities. Further, self-directed learning is
stronger in project work since the learning process is less directed
by the problem.

When the activity is authentic, then the two principles of project
based learning and authentic learning align as students engage in
workplace behaviors and tools to provide a solution.

The majority of activities in the ICP are focused on the design and
progressing students through the various stages of the design
cycle. From the scope statement and Gantt chart (management),
to the laboratory work underpinning a road subgrade and
parking lot design (geotechnical engineering), geometric design
of intersections & accesses (transportation engineering), toward
a catchment plan (water engineering) and structure loading
and member sizing (structural engineering), culminating in the
reflection of design and processes (project and peer reflection).
The interconnectedness of these activities provides the space in
which the skills of management, communication, collaboration,
and problem-solving engage.

Mehaalik, Doppelt and Schuun [9] promote project-based learning
among students from varied socio-economic backgrounds as this
approach has met with more success than with other pedagogic
approaches. Project-based learning follows the inquiry and
scenario-based learning approach. As part of the only UoT in the
Western Cape, the program facilitates the teaching of students
from diverse socio- economic backgrounds where design subjects
do not enjoy high pass rates. Perhaps a project-based learning
approach in design areas can meet with more success in the ICP.

Based upon the mapping of knowledge areas and core activities
(refer table 1) and the project brief and communications sessions
where the purpose and expectations are made, clear there is a
progression in terms of exposure to more complex problem-
solving and design activities.

C Authentic Learning

In education, authentic learning is an instructional approach that
allows students to explore, discuss meaningfully, construct concepts
and relations of concepts that involve real- world problems and
projects that are relevant to the learner. Goh, Cochrane and Brodie
[10] propose that authentic learning environments designed
around scaffolded learning opportunities can change the values
and behaviors of engineering students. In the ICP, students will
undertake a sequence of activities that culminate in the ground-
up design of a small freestanding retail structure. Students will
authentically experience these activities so their behavior will
mimic the workplace as they apply their knowledge using their skills
toward designing a series of possible solutions.

Class meetings can simulate a project briefing and client progress
meetings. Class time is scheduled and some of this time is formalized
by the academic staff to demonstrate the purpose and the nature
of professional communication. The student learning process
has many opportunities to engage with learning material (their
own time), peers (class time), and the academic staff (class time
and consultations). It is expected that students may initiate these
meetings if they see fit by taking up the unscheduled class time.

D. Skills

The endorsed undergraduate program (ECSA) provides
undergraduates with technical and transferable skills per
accreditation criteria by professional bodies. [11] The final year
ICP provides an authentic learning experience in the form of
project-based learning wherein most of these skills are practiced
repeatedly and the competence assessed. These competencies
(GAs) are assigned to specific activities or the interplay of a
combination of activities and presented in the project brief at the
beginning of the ICP to clearly define graduate expectations.

The first week of the ICP is spent addressing the purpose and
expectations of the ICP, one of which is GAs and their assessment.

The assessment of GAs such as communication is easy as it can be
measured at a moment or as an ongoing activity. A more complex
GA such as ‘individual and teamwork’ requires a combination
of activities, as well as post-activity reflection. Ellis, Han & Pardo
[12] promote. ‘productive collaboration’ as it occurs robustly in a
project-based learning environment where different perspectives
and understandings promote deeper engagement with material
and stimulate peer to peer learning.

It is worth noting that Mitchell, Nyamapfene, Roach, and Tiley [13]
caution that when students are in a collaborative space, some
students may be able to avoid practicing skills which they are
less adept at and essentially hide in the collaborative space. The
ICP minimizes this occurrence, by calling for equal amounts of
individual and group activities (refer table 1) which supports good,
productive collaboration.

As discussed previously, work is re-assessed immediately within
a week after activities are returned utilizing the activity feedback
so that activities that are still to be completed are not adversely
affected by the preceding activity competence. Consultations are
also encouraged to promote further understanding of ‘mistakes’
and improve future submission.

An objective of the ICP is to connect students to the workplace.
One way is to provide them with templates (as is the case in
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the workplace) of reports, drawings, statements, charts, and
reflections to convey the expectation in support of the behaviors
which is required in demonstrating the various competencies.

Mitchell, Nyamapfene, Roach, and Tiley [13] promote the practice
of reflection at several points in a project to improve participant
perceptions of teamwork as well as their ability to work effectively
with a team. Self, peer, and project reflection templates are provided
at the onset of the project, and used intermittently, to assist with
the understanding of these concepts and promote awareness of
significant moments which populate these reflections.

The competencies assessed within the ICP as per the GAs defined
in the accreditation literature [11] are listed in Table 1. Other
GAs occurs naturally in this authentic project-based learning
environment but are measured in other smaller final year subjects.

E. Motivation and Self Efficacy

Intuitively, we as educators all know the importance of motivating
our students and delight in teaching motivated students.
Motivation is distinguished as what a person will do not what they
are willing to do. The ICP is driven by extrinsic motivation factors
such as grades. The minimum investment by students is estimated
at ten to fifteen hours a week. Mara and Wheeler [14] report that
students find significance and value in pedagogical activities such
as teamwork and hands- on authentic learning within a project
environment. Students felt that they would use what they have
learned in similar future experiences. Further, that engagementin
teamwork is not always enjoyable but that participants could see
the experience would be good for their future careers. At this time,
it cannot be deduced if there are any intrinsic motivation factors
in the ICP student experience. However, with regular feedback
and support as provided in authentic learning environments, it is
believed that the students will internalize and align their learning
with their own experiences and identities.

Bandura [15] informs that self-efficacy refers to an individual's
belief in his or her capacity to execute behaviors necessary to
produce specific performance attainments. Dunlap [16] observes
that within a project-based learning environment using pedagogy
of authentic learning, collaboration and reflection increased
levels of self-efficacy. Within the authentic learning of this project,
there are a variety of activities that will require collaboration and
independent studying by the studentwho is then compelled to find
their own journey and define their own education and discover
authentic answers which define the journey of self-efficacy. Thus,
the performance of acquiring knowledge and applying skills can
improve over time.

V. SUMMARY AND CONCLUSION

This work describes a reflection on the process undertaken
to construct a multidisciplinary ICP in the final year of an
undergraduate program. After reflection and literature review
done at the same time, the core principles were identified,
pedagogies utilized, as well as the activities related to the
disciplines and transferrable skills. Authentic project activities
are explained, student exposure to individual and collaborative
elements at regular points throughout the ICP, and the diverse
range of tools allocated to achieve the activities. The central
connected purpose of the ICP is the sequence of activities and
the skills and behaviors required to complete them which though
multidisciplinarity, project-based learning, authenticity, skills,
motivation, and self-efficacy enable the assessment of GAs. These

findings in this reflection present a perspective that the adoption
of suitable underlying principles and associated pedagogy
reshape students' experience of engineering and their role of
engineers in society.

VI RECOMMENDATIONS

It is recommended that further research be conducted using
subject evaluation to consider the impact of the subject on
industry and student perceptions of their own competencies.
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Abstract—The paper describes the “Embedded systems”
international masters’ educational program from the first
implementation steps until the final version. The motivation
of the program development was to produce the high-quality
engineers for the industry, with the knowledge of English in
addition to native Russian language, abilities to implement
the projects, work in international project teams and study
in international student groups. These skills are valuable for
modern Russian industrial companies. The groups on this
program are composed of the students from Russia, France
and Finland. Paper shows the implementation of CDIO
approach as the framework for implementing the whole
program in accordance with these educational standards,
provides the description of a new integrated curriculum,
short description of a new dedicated workspace. Each of
the components of the implementation of the new program
provided us with a valuable experience that we want to
share in this paper. In this paper, we describe in details our
experience of implementation of the modern international
masters’ program in the university from Russian Federation.
Our experience could be of use for other university
management, faculty and the students, who intends to
follow the modern trends in education.

Keywords— SUAI, embedded systems, CDIO, master's program,
implementation

I INTRODUCTION

St. Petersburg State University of Aerospace Instrumentation is a
multidisciplinary research complex. The SUAI's Mission is to train
highly qualified and competent specialists capable of developing
advanced technologies and modern industries. Eight institutes
and four faculties of SUAI teach 135 educational programs.
Nowadays SUAI does not focus on aviation only, but we also
teach IT, economics, law, political science, international relations
and linguistics. Currently there are 13 500 students enjoying the
convenient facilities of education at SUAI. Only 800 of them come
from other countries.

Russian Universities are poorly represented in the World Rankings.
SUAI strategic goal is to be included to most popular university
ratings like QS, THE etc. In the most ranking methods, the number
of international students is one of the most important evaluation
parameters [1, 2]. Therefore, it is very important to significantly
increase this value. Such ranking parameters like publications,
staff, etc. could be improved in observable time. However, the
number of international students is depending on many other
parameters and strategies. University decided to focus on this
point and develop the strategy to engage the students from the
other countries.
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1. MOTIVATION FOR THE PROGRAM CHANGE

There are many things need to be done to change the
situation with international students. It includes the facilities to
information access [3], worldwide university promotion [4]

and, of course, a new educational features and modern studying
techniques. The last point is the one that we want to focus in the
current paper.

The easiest way to improve number of international students for
Russian university is to attract students from Russian-speaking
countries. Of course, this strategy successfully works for many
years, but it does not give any new experience for our students.
The organization of double diplomas program with international
universities is the other way. Although this approach s
popular in Russia, but it could take a long time, require a lot of
documentation, international agreements and aligning with
ministry requirements. We needed an approach that would make
it possible to quickly organize a students exchange, promote the
program, and only then think about double diplomas.

One the most popular reasons for international students to
g0 abroad is internships [5]. Therefore, it is possible to use a
semester of exchange, which is the case for the most European
universities. Universities in the Russian Federation use this
approach (for example, SAU, MAI). So we decided to find one
educational program, where teachers can lecture in English, and
change it to the modern educational level to be attractive for the
foreign students. In addition, we can start with implementation
of one semester only, not with the whole program.

We decided to change the current educational program
“Embedded systems” and launch a new international
educational program for the master students to increase the
internationalization. We decided to take the CDIO [6] approach
as the framework for implementing the whole program.

The CDIO Initiative is an educational framework that stresses
engineering fundamentals set in the context of conceiving,
designing, implementing and operating real- world systems and
products. Throughout the world, CDIO Initiative collaborators
have adopted CDIO as the framework of their curricular
planning and outcome-based assessment. The CDIO approach
uses active learning tools, such as group projects and problem-
based learning, to better equip engineering students with
technical knowledge as well as communication and professional
skills. Additionally, the CDIO Initiative provides resources for
instructors of member universities to improve their teaching
abilities. CDIO is 12 strong standards that could help to improve
the educational quality. SUAI is a member of CDIO Community
since 2015.
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At the very beginning, we looked at the “Embedded systems”
programs at the other world Universities. In Europe we found
good examples at KTH, Chalmers and Eindhoven University of
Technology. In Russia there is only one international program at
Kazan National Research Technical University. Therefore, in our
region and neighbor regions we do not have Universities, which
can graduate specialists with the skills that will be discussed in the
current paper. European examples could be taken as a use case to
get the best program in this field in Russia and try to attract students
from other countries. We decided to focus on a few major aspects:
implementation of project-oriented educational standards and
organization of joint educational program for international students
and English-speaking Russian students. In addition, we decided to
find a way for the program to become double diplomas program.

Therefore, the educational process would be able to form not
only the specific subject knowledge, but also the some personal
and interpersonal abilities for the implementation of products,
processes and systems. The newly developed curriculum would
integrate personal and interpersonal skills.

In this paper we will try to describe the methodic that we used
to improve and change the program and to get the international
program, which is a good use case for the Russian Universities
and could be helpful to the others also.

1. INITIAL EMBEDDED SYSTEMS MASTERS PROGRAM

At our department of Aerospace Computer and Software Systems
we had an educational masters’ program “Embedded systems”,
which was lunched along time ago. During the implementation of the
program, we revealed a number of problems. We saw, that current
educational program did not make the studying process interesting
and fruitful for the students. Most of the students saw this program
as an inevitable step to the graduation, because bachelor in Russia
is not recognized as a “ready engineer”. Some students began to
work in parallel with the studying; as a result - they did not have
time to attend classes. Some of the courses in the program just gave
deeper knowledge in the area, but most of the students would not
use itin future. Moreover, most of the courses in program consisted
of typical lectures and practical works, so the educational process
did not attract interest and did not motivate students.

On the other hand, we have a research institute for High-
Performance Computer and Network Technologies [7] as a
research department of the university. This institute makes
research in the embedded systems and aerospace areas, has the
modern equipment, high-skilled specialists and young Profs, who
has strong competences in the field. In addition, most of the staff
is English speaking.

Therefore, we wanted to use our skills to change the current
situation completely:

increase the interest for the students with active learning
and interaction;

teach students the state-of-the-art knowledge;
implement modern educational standards
techniques;

attract international partners and students.

and

These could give us ability to train high-quality specialists:
engineers for the industry and researchers for the Universities
and R&D companies, make the students excited with the studying.
High-quality students for us is not only people with a good level
of knowledge, but also students with communication skills

GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

(including international), ability for project work, management,
abilities for the scientific research and leadership.

Iv. IMPLEMENTATION OF THE NEW PROGRAM

During the development of a new educational program firstly
we defined purposes for this program and expected learning
outcomes in full respect to the CDIO Syllabus and aligned with
the Russian Ministry education requirements.

Then, in order to meet the real expectations of the industry
and students, which skills and competences would they need
in future, we have conducted several interviews with the key
program stakeholders: current students, alumni, prospective
employers and faculty members of the department. We have
designed four questionnaires for these groups and offered to
the stakeholders to fill them.

We figured out that current program does not meet the
expectations:

Industry wants to have specialists, that perfectly know
the modern technologies, can work in project teams,
communicate and does not need much time to adapt to
the workplace;

Students want to learn the hot topic subjects, do something
with their hands, have ability to stage in the companies and
participate the students exchange programs;

Lecturers want to give the theoretical knowledge together
with the hot topics, to have more skilled and active students,
to make the real research with students and colleagues.

Based on the stakeholders' feedback we have designed a new
integrated curriculum. This new curriculum incorporates several
updates on the students’ work in projects, new engineering
disciplines and several supplementary non- engineering courses.
The whole curriculum consists of the six main tracks producing
different learning outcomes and students’ competences (see
Figure 1):

Project track is related to the project management and
business.

Communication track gives international language
communication skills and philosophy of engineering.
Formal methods track prepares students for the research
and gives mathematical background that was missing
during the studying in bachelor.

Embedded systems and Intelligent systems track are the
main tracks for professional knowledge.

R&D track stands for the work in multidisciplinary projects
during the studying, including masters’ thesis work and
scientific seminars.

After a detailed review of the program we noted, that within the
framework of some courses they give outdated information that
does not correspond to modern realities. They are such courses as
“Computer networks and telecommunications”, “Information safety
and security” and “Mathematical methods for scientific research”.

In addition, we supplemented the program with “Artificial neural
networks” and “Systems Modelling” removing old courses, which
did not elaborate the required competences. The final detailed
curriculum is shown at Figure 2.

The Project and R&D tracks were designed from the scratch.
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The big work has been done to include the R&D track and project
work to the program, because it was very difficult to find a place
for the track, that requires so many students' time and credits.
In “Embedded systems” program R&D track stands for design-
implement students’ experience. We had to find a space in the
curriculum for the students to work on it, and time for the staff
to supervise it.

Communication
track

FIGURE 1 Structure of the Embedded systems masters’ program

I | MemisablEyGE
scientific cognition |-

language

2 credits 2 credit

FIGURE 2 Embedded systems master’s program curriculum

In parallel, we lunched the English version of the program, so the
students could choose at what language they want to study. Soon
we got the response from our partner Universities in Europe that
their students want to come to study to SUAL

Starting from that time our students has ability to study in English
with the students from Europe, participate in real projects and
international project teams. This approach gives good results, a
few very good projects has been finished, and results of that R&D
work are very valuable.

For the research, project students usually choose between the
following areas:

Communication protocols for the onboard equipment;
Simulation and verification of systems;

Embedded systems design;

Software development for embedded systems;
Analysis and updates of the onboard hardware;

Video processing;

Heterogeneous computing.

The good examples of such projects are presented in the papers
and conferences. For example:

“Simulation of ExoMars2020's Rover
SystemC" [8];

“Tools for Analysis and Tracking of Deadlock-Free Routes in
On-Board SpaceWire Networks” [9];

Network Using

The first implementation step was to try to make a project only
for one semester in terms of one particular course. That has been
done to see the reaction of students for such kind of work and
a real outcome of the project - would students better learn the
material and get the expected skills. Typically, during the course
laboratory exercises students had to accomplish a number of
laboratory works specialized for this discipline. We replaced
this practical works for the small project. Students had a project
team and a project leader, and the interesting task, which they
had to complete until the end of the semester. The lecturer was
a supervisor for each project team. Such kind of small projects
showed the positive result - student enjoyed this practical work,
they got better results. The most interesting thing is that there
were no students who did not successfully pass the practical work.

So we decided to move further and placed the project work as a
separate course in the curriculum. Old curriculum for the masters
had one day of Research work each week. We replaced this
Research work by the Work on real projects that also could be the
base for the master's thesis.

“Developing the Indicators Framework for Creating Display
Systems” [10].

Figure 3 shows the photos from the project defense and R&D
conference, where the results of the students’ projects were
successfully presented.

Project work requires a project space. We organized the
engineering workspace at our Department. We have built a
space, where students can come anytime and work on their
projects, use blackboards and monitors, discuss problems and
meet with supervisors. In addition, we provided access to the
specialized modeling software (e.g. IBM Rational TTCN Suite),
embedded systems design software (Cadence Design Systems),
3D printers, test equipment: logical analyzers, multichannel digital
oscilloscopes, etc.

So now working on the projects and research our students can
implement the full embedded systems design cycle by using
specialized professional tools and equipment and finally produce
prototypes

In addition, students, who work on projects during the summer
practice and internships, successfully use this project space also.

To increase the interest of the lectures, facilitate the study we
implemented active learning methodologies. We made special
interviews, question-answer sessions and tests that we have
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several times during the semester. This gives an ability to see,
do students really understand the material. In some courses we
spend additional time to answer all the students' questions and,
if the lecturer sees that students did not get the material, repeat
the most important parts of lecture to be sure that all the further
material would be understood correctly. As the part of R&D track,
we added the R&D seminars for students to communicate, present
the intermediate results and discuss the progress. These seminars
are attended by an outside Prof, who gives suggestions, helps to
improve and shows other ways to solve the problems.

FIGURE 3 Photos from the project defense and R&D conference

Implementation of new learning assessment methodic made the
control how students understand the material easier. Therefore,
it helped to formally justify the final mark for the subject at the
end of the semester. We moved from the old Russian 5-grade
system to the 100-points system, where student can earn his
points for different types of tasks, tests, answers or final exam.
Less than 45 points for the whole semester is did not pass, 46-60
points means passed, 61-80 points means well passed and more
than 81 points is excellent.

Teachers can give points for every type of work during the
semester - tests, questions and answers, lectures participation,
practical tasks, exam. The final mark would consist of different
things that student should do. So students can choose what to
focus on, what they can do to get the mark, that they plan to have.

After the implementation we saw that students became more
responsible and attentive leaning the disciplines. They show
better results on the exam and the better level of knowledge.

Of course, we do not want our program to stay as is. We do
everything to evaluate. We made questionnaires for the students
and ask them what did they expect from the course and did it
meet the expectations, did they like it, was it clear, how could it be
improved, what did they miss. This shows the students that they
are really a part of the program and the educational process.

V. PROGRAM IMPLEMENTATION RESULTS

Since we started the implementation of the new masters'
program, we see a few positive tendencies. The first one is that
the number of partner European universities is increasing. We
started with one French partner and now we have five universities
from France, one in Finland. We started the students exchange
discussions with China and Germany.

Number of Russian students who wants to attend the program
increased: we started from 4 students in a group, and now we

have 10. It is not easy to find a student, who knows English
and is ready to study and communicate in English. For now,
we got many positive responses from Russian students in the
questionnaires and program results discussions.

We see that the interest for the program among the
university staff becomes bigger. International program,
that covers different aspects of the embedded systems
development, implementation and exploitation, supported the
intercommunication between the university departments and
teachers.

Finally, the original task to find a way to attract international
students to the University is solved. We implemented a program,
which is taught in English. We started from one semester,
invited international students for the European exchange
semester. For the first time we got 4 international students, for
now this number increased to 6. Next year we plan to make it
10. Our students say that the educational process is interesting,
real projects and program courses give a good background for
the future. Students indicated it in the semester reports and
discussions in their universities. Number of students nominated
from the foreign universities is growing from year to year.

In 2021, we plan to get the full group of 20 people that will
study in English. Russian students will study for 4 semesters and
international students would come for the exchange semester,
which they would choose. Russian part of the group would be
constant and the international part would be changed from
semester to semester.

VL. CONCLUSION

After all the steps, the program is ready and successfully works
for 4 years (in testing mode for one semester) and starting from
2019 we implemented the full 4-semester program (120 ECTS
credits). The program is international - we have the international
students, international lecturer, we have a student exchange
with international Universities, we have a real international
cooperation. This program is the base for the double-diploma
international program with our partner University in Europe.

All the graduates of our program got good positions in
companies and we saw only positive feedback. Along with
professional skills these people already know, how to be a part
of a team, how to work on a project, make a research, learn the
missing topics on your own.

For now, the students and the staff are happy with the new
program - for out University it is novel, it is interesting for
the students and it gives professional engineers to industry.
The level of students becomes higher, the project results
more valuable. Number of incoming international students is
increasing each year.

As the next step, we plan to implement more international
programs in English. Moreover, we started the building of
double diplomas program. We find new partners all over the
world.

The rebuilding of the “Embedded systems” masters educational
program and implementation of CDIO standards gave a good
opportunity to combine the scientific knowledge with the
practical experience, increase the quality of the graduates and
find a new partner Universities and partners from the industry.
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Abstract—Judgment and decision skills are now essential
graduate attributes for the future engineer, in particular
for facing the more frequent than ever volatile, uncertain,
complex and ambiguous (VUCA) world in both professional
and societal situations. One of the responsibilities of
engineering programs is to train students to be agile and
capable of taking decisions in challenging VUCA situations.
This paper presents conceptual and practical results of an
European project which explored, designed and iteratively
analysed innovative educational learning and teaching
activities to train decision-making skills. Following a design-
based research approach, including both quantitative
and qualitative analysis, the four VUCA dimensions were
categorized, the relevant decision skills were defined,
and activities to train decision skills were tested and
evaluated. One outcome of this work is a rational selection
of learning activities based on experiential learning to train
specific decision-making skills, which can be integrated in
the engineering curriculum. These learning and teaching
activities are freely available for adaption in engineering
programs. In addition, six reference models are proposed
and delineated, in an effort to support the integration
processes for curriculum revisions.

Keywords—engineering education, decision-making skills, learning
outcomes, VUCA, learning & teaching activities

I INTRODUCTION

Engineers today are required to understand and In 2020, we
are facing a new world due to the COVID-19 pandemic and this
world is changing at a rapid pace in a way that we are unsure
of. More than ever must technological universities prepare their
engineering graduates for this volatile, uncertain, complex and
ambiguous (VUCA) world [1], and in particular provide them with
the skills needed to make good decisions. Engineering programs
have no option but to make certain that their strategies and
intended learning outcomes properly prepare their graduates
for a changing and dynamic future and a new landscape of
career opportunities. The question is how can we better prepare
engineering students for this new VUCA world?

The current pandemic highlights the need for enhanced decision
skills of engineers in a VUCA environment, and in particular on
taking proactive and responsible decisions. An engineer need
not only be expert in her or his field and have the knowledge
of decision models, but also have the skills to make decisions in
various situations.
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The field of decision analysis was first introduced by Raiffa and
Schlaifer [2] and was originally mostly a mathematical discipline.
Later scholars like Frank Knight, Francis Galton, Milton Keynes,
Oscar Morgenstern, Herb Simon and John von Neumann, just to
name some few, paved the way for further understanding of how
normative methods are connected to social sciences.

The works of Kahneman and Tversky [3, 4] are likewise
instrumental in the development of decision analysis as discipline
that both include mathematical and social science. VUCA, initially
introduced by the US Army War College in the eighties is an
interesting addition to the decision analysis context and has
made its way to the business lexicon as explanatory platform to
understand corporate decision making in our complex world [1].

The VUCA concept has also raised interest within education.
Studies indicate that VUCA can be used to understand better the
attributes that an engineer should possess meaning the ability
to question, label patterns, model conceptually, decompose,
experiment, visualize or ideate and communicate effectively [5].
Moreover, VUCA concept can be used to enhance the educational
environment by making educational institutions more agile and
adaptive to changes and diversity [6].

The aim of this paper is to provide ways on how engineering
educational programs may integrate and implement training for
decision-making skills in VUCA environments for their graduating
engineers and offer tried out examples of training such skills. The
following question is used to frame the analysis in light of the
main aim: How can we approach and overcome the educational
challenges in preparing engineering graduates for their future
decision- making skills in a VUCA world?

1. SCOPE

The main objective of the FErasmus+ DAhoy project
(www.dahoyproject.eu), lasting three years, was to explore
innovative educational ideas on how to integrate decision- making
skills in engineering educational programs. The project is grounded
on an understanding of the perceptions of students and includes
shared examples of innovative learning and teaching (L&T) activities.
The project supports the coherent inclusion of active and engaging
pedagogical models, to better prepare learners and professionals
to face VUCA situations, echoing their future professional
environments, may it be a pandemic, natural disaster, refugee
crisis, social media disaster, financial crisis or internet overload,
to name a few. DAhoy chose to investigate decision-making as a
transversal skill, with three complementary dimensions:
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Math-based decision-making, rational approach for large
projects, including models and processes as found in multi-
criteria and risk analysis;

Social-based  decision-making,  includes
interdependencies and social identities;
Career-based decision-making, to choose own personal
career path and manage her or his competence development.

individuals’

The three dimensions are not exclusive, each having in the
literature its own theories, methods and good practices, but
sharing some common grounds. Math- and social-based decision
making are conventional [e.g. 3, 4], but in the student-centered
learning approach used in the DAhoy project the inclusion of
career-based decision making is appropriate and coherent with
new professional needs. A major outcome of the analysis in the
project was the identification of seven skill statements (i.e. D-skills),
i.e. learners should be capable of:

D1 Recognise and qualify the VUCAlity of situations,

D2 Analyse VUCA situations,

D3 Make a judgement in VUCA situations,

D4 Face complexity of VUCA situations,

D5 Organise and implement actions in VUCA situations,

D6 Take responsibilities in the decision process in VUCA
situations,

D7 Learn from his or her experience of VUCA situations.

The above seven skills can be summarized in the DAhoy project
motto: “good decisions at right times”.

. METHOD

One efficient way to train students in decision-making under
VUCA-like conditions is through experiential learning and
teamwork pedagogical styles [7, 8]. Combining these two learning
styles emphasize the concurrent math and social aspects of
decision making [3, 4]. In 2018 and 2019, project partners
analysed quantitatively and qualitatively six one- week innovative
L&T activities with STEM and engineering students and faculty
(reports and more detailed data analysis are available on the
project's website). These and many of the L&T activities analysed
in DAhoy can be adapted to different educational fields.

A Design-based Research

Duringthe project, decisionskills statements and related outcomes
were developed in the context of a design-based research (DBR)
[9]. DBR focuses on real educational situations [10], which are
potentially more complex than simulated environments. The
DBR takes into account several variables - knowledge, skills and
competencies, motivational factors, the learning situations and
VUCA environmental factors in the DAhoy analysis.

The DBR commenced by taking into account high reliability
organisational principles [11]. These principles provide guidance
to a mind-set in avoiding catastrophes despite a high level of risk
and complexity. Specific examples that have been studied are
on nuclear power plants, air traffic control systems, naval aircraft
carriers and more recently some healthcare organisations. In the
project, specific high reliability variables were scrutinized during
VUCA learning events, thus allowing for revisions of the design
and L&T offerings [12].

B. Qualitative and Quantitative Analysis

The selected DBR theoretical framework allowed for more
methodological robustness in the analysis. In a second DBR

iteration, decision-making statements were selected and used for
learning activities redesign and student assessments aside a VUCA
situation analysis grid. Overall, 59 STEM students participated to
the DAhoy L&T activities, and 30 faculty and staff. All participants
completed the same questionnaires on decision-making and
VUCA rubrics.

The questionnaires included Likert scale choices and open
questions covering the satisfaction level, what was most
appreciated, the VUCA results level, the skills acquired, the impacts
level, what would be different for them afterwards when facing
decision-making and VUCA situations, so as the level of lessons
learnt. In addition, there were questions on the value of the L&T
activities regarding decision-making and VUCA situations, both
from the students’ and teachers’ perspectives, and on possible
reutilization in further learning programs on the teachers’ side.

Examples of questions are: “should you happen to encounter
similar situations, would you react differently now (state examples
of what would be different)”; “the activities enabled me to deal
with uncertainty” / to develop specific or open field decision skills.
The questionnaires were the same for all the L&Ts and there was
consistency in the answers, even though the participants were
not with the same profiles, but all engineering students or STEM
teachers/faculty.

Iv. VUCA RUBRIK AND ANALYSIS OF
CAPSULES

COURSE

One outcome of the project is a toolbox of 15 pedagogical
activities that can be utilized by engineering institutions that want
to develop learning activities to train decision-making skills in a
VUCA context.

A VUCA Analysis Grid

Depending on the level of VUCA (low-medium-high) for each
D-skill, an institution may select activities or course capsules that
can match their needs. Figure 1 is the VUCA situation analysis
grid elaborated, inspired by Bennet & Lemoine [1], with the
interpersonal component added in the first column, which includes
team number and disciplinary / cultural dimensions. This grid aided
in developing and analyzing the learning and teaching events.

Disruption components of a situation

Magnitude/
Interpersonal Volatility Uncertainty Complexity Ambiguity
Plausible
Little variation in Identified 7 o interpretation
3 factors parameters Sl factor rganization (ofa rule or
process)
Incomplete
T Morno- Preditability of and limited Several sources and Ko Bl
discipline change and information, components, simple L
incividuals o Cliture factors partial structure ftapttion
knowladge
Numerous parameters and No
Mutlidlisci- i Unidentified. ;ﬁf;;cfﬁz'%j:“ag:; interpretation
Hi 2 or more plinary and 9 unknown, and bl possible
igh 5 unpredictability and-effect relationships ERE
individuals  multicultural non-measurable undecidability,
of factors that do not allow for an
PIRMEISS  poblished structuretobe  NdSMeNstrable
statements

created

FIGURE 1 VUCA situation analysis grid with interpersonal component (iVUCA)
from [9].

In the 6 European mobilities of the project (overall 24 days),
participants experienced about 30 different learning situations
in the form of activity capsules, covering various dimensions,
e.g. math-based, social-based, and career-based. Capsules were
iteratively developed, each lasting from 2 hours to 2 days. These
capsules are interwoven with the learning of related disciplinary
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knowledge and other skills, sometimes in professional-like
environments. Each capsule relies on pedagogical intentions and
style with the learning goal of enhancing decision-making skills in
environments that could be VUCA (cf. Figure 2). These capsules
are described and are available on the project's website under
Creative Commons licence.
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FIGURE 2 VUCA characteristics of an activity capsule
B. Course Examples and Capsules at the European Level

In the spirit of the DAhoy project, Reykjavik University ran a two-
day intensive course called “Disaster Days” in September 2019
with 230 Icelandic engineering students and DAhoy engineering
students from France and Scotland, using the experiential
learning style [13, 14]. The pretend disaster, a VUCA scenario,
for Disaster Days in fall 2019 was, ironically, the outbreak of a
worldwide plague that forced the authorities to immediately
isolate the island, and all supplies to the island were cut off. The
task presented to the students was to make prompt decisions
and plan the first reaction in Iceland, and estimate if and how
the nation could survive in isolation for possibly a few months.
The math dimension was preponderant, and social dimensions
were also involved. In analyzing this event [15] focused on how
this event fostered a positive journey for the student through the
engineering program.

The engineering programme at Reykjavik University had run
similar events for a few years. Analysis of the questionnaires
following the event showed that the students appreciated mostly
the teamwork in large international teams of students (social
dimension) and the Disaster Days activity. There was a large and
rich fan of answers regarding the skills acquired, including decision
making capabilities. Most of the participants were taken aback by
the learning style, even if it took place mostly in classrooms via
project-based learning style.

At IMT Atlantigue in France, engineering students from Iceland
and Scotland were engaged in the “Reliability and Decision-Making
via Inshore Cruising - we are all in the same Decision Ship” one-
week experiential course for snap- decision training outdoors.
In this training event, for a social dimension, part of the training
included a capsule in which the students, novice in sailing, had
to coordinate immediate reaction for man overboard and rescue
[16], under iterative scenarios with various level of VUCAlity.
Several unexpected events at sea were repeated with increasing
complexity to facilitate confidence and reliability, followed by
group discussions and analysis on the good or bad decisions they
made, to learn from the experience. In another capsule, under a
math-based dimension, students had to prepare navigation plan
for a one-day coastal cruise under environmental constraints of
weather, currents and tides, and then justifying its strengths and
weakness including the risks, taking into account the crew and
potential material failures. The students had to actually go sailing
according to the plan they made, confront the associated risks, and
manage unexpected events. It was clear from the questionnaires
done at the end of the course that the students enjoyed the
unusual environment and the outdoors activities at sea.

The students stated that they had learnt a lot, even if
destabilized by the less formal organization of the learning
activities, where they were confronted with unusually difficult
and unexpected events calling for immediate decisions
and actions. From the teacher's perspective, naturally, the
reusability of suchlearning activities requires some adaptation.

For the career-dimension, the project partnership also led to
the development of a professional career course, including
several reusable capsules, to prepare students for VUCA
careers [17]. Motivation factors for the first job were analysed
at the very beginning of the project. According to students’
responses, they consider the mission of the job as a primary
criterion, followed by job well-being, style of management,
culture and if the job matched their core personal values.
Other criteria the students mentioned included teambuilding,
responsibilities and autonomy, position or titles (‘prestige
job"), location (e.g. local/international), training options and
lifelong learning. The DAhoy project has set up the 'YOU'
continuum that can cover a 3-year curriculum, with three
program components called Yourself, Open-mindedness and
Up-to-you. Each components includes capsules, aligned with
decision skills.

A formative evaluation integrated in the capsules are designed
to continuously improve the judgement skills of each student.
The YOU continuum can be quickly integrated or adapted as
a ready-to-go toolkit in career training courses with evaluation
and credits at Bachelor or Master levels.

These three course examples are indeed in line with recent
papers that have used the VUCA-concept to analyse attributes
of engineering students [5] and desired agility of educational
institutions [6].

V. FINDINGS AND ADAPTATION

To facilitate the adoption of transversal decision-making
skills in existing educational programs, including the various
dimensions, the project developed a framework specified
by six Reference Models (RMs). These models, or steps
along the way of adoption, are intended to guide program
directors and university leaders in continuous integration
and implementation of L&T capsules for decision-making
skills in and for VUCA-like environments. Based on the L&T
activities conducted during the project in 2019-2020, partners
proposed in 2020 a flexible process of analysis, design,
evaluation and revision, as well as theoretical contributions
on curriculum integration of decision-making skills.

As with all quality enhancement processes, adapting decision-
making skills in engineering programs involves both the effort
of the faculty and the leadership of the engineering programs.
This involvement is even more relevant when dealing with
transversal skills, aside accreditation graduate outcomes.

A Reference Models

The six RMs provide program leaders with the core guidelines
and quality enhancement procedures to implement training
of decision skills. The six RMs are interconnected, each
describing a major concern to be considered by stakeholders,
which may have distinct responsibilities in educational
programme design, development and quality assurance. The
RMs are (see also Figure 3):
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RM1
Programme
Vision and

Strategy

RM2

Learning
Outcomes

RM4
Learning
Assessment

RM3
Learning
experiences

FIGURE 3 DAhoy reference models for implementing and sustaining VUCA
decision skills in an educational programme

RM1 VUCA D-Skills Programme Vision and Strategy, to fix the
decision-making skills principles, and facilitate support from
program leaders to sustain reform initiatives at systemic
level;

RM2 VUCA D-Skills Learning Outcomes, to emphasize
decision-making skills in the learning outcomes, as
recognition of these skills;

RM3 VUCA D-Skills Learning Experiences, to underline VUCA
capabilities at different levels of intensity the VUCA criteria of
capsules and courses;

RM4 VUCA D-Skills Learning Assessment, to highlight fair and
accessible assessments modes and reinforce reflectiveness;
RM5 VUCA D-Skills Enriched Curriculum, to emphasize
methods and processes for decision skills curricular
integration;

RM6 VUCA D-Skills Teacher Competence, to train and
commit adequate resources for faculty staff development.

B. Guidelines for Reference Models

The guidelines for RMs are inspired by pattern models as found in
software and system engineering. A patternis a general repeatable
solution to a commonly occurring problem in software design. A
design pattern isn't a finished design that can be transformed
directly into the code, but is a description or template for how
to solve a problem that can be used in many different situations.
Patterns can speed the development process by providing tested,
proven development paradigms.

Maturity models from quality assurance and quality enhancement
processes were followed on their methodological foundations.
Capacity and rubrics were formalized accordingly, with hierarchical
scales of maturity. The DAhoy RMs and proposed maturity
guidelines are also partly structured according to the guidelines
from the I1SO

organization (33020) and the CDIO standards (see i.e.
http://www.cdio.org/content/cdio-standard-21).

C Curricular Integration Process

For a concrete implementation of decision skills all along
curriculum, various forms of activity capsules can be integrated
within educational programmes. The L&T of decision skills should
notbe considered as the addition of a single course to a curriculum,
but should be an integral part of it via several capsules in various

existing courses to support transversality and for lifelong learning.
An integrated curriculum should include decision-making learning
experiences that lead to the acquisition of decision-making
skills, under various dimensions, interwoven with the learning of
disciplinary knowledge, other skills and application in professional
environments.

Institutional management and culture differ on quality enhancement
processes and curriculum renewal processes. These processes
are also embedded at different levels in the European countries,
i.e. different national qualification frameworks, different quality
assurance agencies [18], and a range of approaches to the academic
andto professional qualifications. As such, the RMs are to be adapted
to the context of each programme and could be reorganized to the
needs and priorities by programme leaders. However, the six RMs,
with a shared scale on process maturity, have been developed in
such a way that they are ‘without barriers’; they can be used by most
programme leaders and programme designers.

D. Future Work

The effectiveness of the learning activities developed in this project
will continue to be evaluated as a good practice which is inherent
in the continuous quality enhancement of engineering education
programs in partner institutions. In particular, special consideration
will be placed on the effectiveness of experiential pedagogy in
developing decision skills. Building on the present work, including
models, tools, and rubrik, is an ongoing research on how to
implement and adapt the training capsules that take advantage
of the natural environment or location of particular institution
or university, guided by experiential learning methodology. [19].
Today we are experiencing an overwhelming “infodemic” [20],
which is one example of the rapidly increasing flow of often poorly
qualified information. This calls for research and development on
how engineering programs can best prepare their engineering
students for making good decisions in this realm of disinformation
and biases. The needed agility by the programs is emphasized by
e.g. [6]. Additional learning activities are needed specificly for such
situations, including scholar analysis on their efficacy, and a good
starting point for this development is the methodology, elements
of analysis, and results attained in the DAhoy project.

VL. VUCA WORLD AND THE COVID-19 CRISIS

Iceland faced a volcano eruption in 2010 which echoed

all over Europe. Indonesia or Japan regularly face tsunamis. Now
the entire world faces the COVID-19 pandemic and its effect is
predicted to last well beyond 2020. All these VUCA crises have
societal and business impacts. In this VUCA world, during and after
COVID-19, universities must train students to be more agile and
use critical thinking to analyse, judge and appraise. Universities
must transform themselves into learning spaces for students and
to prepare them to become VUCA lifelong learners. The DAhoy
project ultimately aims to transform the students to be effective
leaders for change, especially in the VUCA world, via student-
centered and experiential approaches, continuously.

Decisive decisions were made at the onset of the COVID-19 crisis
giving the project an unprecedented chance to explore how the
seven D-Skills were applied unconsciously under the unexpected
VUCA conditions that fundamentally transformed the work within
universities. As perspectives, the set of D-skills can be used
to describe and analyze this unexpected international VUCA
situation and how universities reorganized L&T activities and
future semesters to remain resilient in at least the near future.
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VII. CONCLUSION

As recalled by Kamp [21], educational change is not driven by
science and technology but by university strategy, the changing
nature of the student body and the decisions of individual faculty
members. One of the responsibilities of engineering programs is
to train engineering students to become global citizens, agile and
capable of taking decisions in challenging VUCA situations.

The DAhoy analysis and tools presented in this paper is one
contribution that engineering program leaders may find useful
in tackling these new challenges. The inherent emphasis on
experiential learning in the DAhoy tools and modules, including
to question, decompose and experiment, is part of the necessary
tools engineering students should possess when they graduate,
and VUCA situations can help to stimulate [5]. For the post
COVID-19 period in engineering education, transversal skills
reinforcement is more than ever needed, and now is a great
opportunity for engineering education institutions to revise or
realign program outcomes. DAhoy transferable courses and
activity capsules for VUCA exposure are a good start. The future
of society is likely to depend on what governments, professional
sectors, and educational institutions decide to do. Educational
institutions need to be agile in adopting to changes and diversity
in society [6]. Therefore, high expectations are placed on higher
education, on how technological universities will prepare their
graduates for taking good decisions in VUCA-like situations,
under various dimensions, for working in the new emerging
world and to take advantage of the new landscape of career
opportunities.
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Abstract—The present Baseline 2020 study is an applied
investigation, carried out with the purpose of describing the
current situation of the active research projects in the Faculty
of Engineering. This information can be compared with
objective subsequent measurements, as well as, can serve
for generate changes in research institutional policy. The
purpose of this documentary study was to analyze the social
relevance, multidisciplinarity and diversity of the object of
study of research.

This study register the characteristics of the projects,
beneficiaries (the students of the last years of the engineering
careers), links with productive activities or services offered.
The study method included the determination of the sampling
skills, specification of the study variables and generation,
storage and analysis of the data.

This referential framework has made it possible to
demonstrate the strong presence of topics related to
applicable technologies, but also the abundance of
presentations aimed at solutions to environmental problems
and sustainable development, and a few, oriented to take
care of the health of populations.

There was also an imbalance between investments in rented
dedications of researchers and project operating funds.
Registered insufficient participation in financing projects
granted by companies, associations or state agencies.

In turn, the potentialities of the valued research projects
are high, in relation to their social projection due to the
requirement to attend humanistic education programs and
to encourage the participation of undergraduate students.

After presenting a characterization of the general problem,
a proposal for a new research agenda was generated by set
innovative goals. The institution will prioritize the need to
search for alternative financing mechanisms that involve the
national and international private productive sector.

Keywords—research, higher education, social relevance

l. INTRODUCTION

Modern Universities aspire for students to develop scientific
capacities to learn to learn, build and solve the problems of the
diversity of the social and natural environment. [1]

Recently, since 1995 in Argentina an agenda for the modernization
of higher education systems was installed, fundamentally oriented

to the reduction of state benefits for education. [2]
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In this sense, it stands out that the Institutiom of Higher Education
(IHE) that selfevaluates in this invetigation is privately managed.
In Argentina, the highest concentration of university's students
enrollment occurs at the public universities.

The percentage of privately managed universities went, in
Argentina, from 20% to 44% in 11 years (2005 - 2016), however,
the percentage of students for the same period considered
went from 16% to 20%, this highlights the need of continuous
improvement by the excellence in research management to
stimulate the insertion in the labor market of the students of our
institution. [2 'y 3].

In this context, the research activities for the research itself,
which were once carried out by the academic- researchers now
through the development of technology, acquire new social and
economics relevance. [4]

The researchers use the knowledge to generate other
knowledge, through innovations, modifications and diffusion,
promoting well-being, socio-economic development and
changes within science and technology. [4]

The present study is an applied investigation, carried out with the
purpose of describing the current situation of the active research
projects in the Faculty of Engineering. [5]. This information can be
compared with objective subsequent measurements, as well as,
can serve for generate changes in research institutional policy. [5].

As in other disciplines, this baseline study constitutes a form of
research aimed at obtaining basic benchmarks for the evaluability
of research projects.

At the same time, this study is an essential instrument for
improving knowledge management processes and decision-
making in the scope of a development and innovation promotion
institution.

The research is expected to continue in the coming years, and
in turn, will represent the quantification of the impact of the
research management of the academic unit.

The main beneficiaries of carrying out these scientificinvestigations
are university students in the last years of engineering careers
(currently 135) who can gain experience in applied science to
solve problems that directly affect society.

The purpose of this documentary study was to analyze the social
relevance, multidisciplinarity and diversity of the research projects
carried out by the Faculty of Engineering, to generate changes in
research institutional policy.
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Il. METHODOLOGY
A Initial analytical stage.

The study method included the determination of the sampling
frame, specification of the study variables and generation, storage
and analysis of the data, registering values of a set of indicators
directly related to the key variables of the active research projects.

This work covered all the projects, which were active projects at
the start of the Baseline 2020, also with the impact of investments,
scientific affiliation, social relevance and main beneficiaries.

Following international standards, it was decided to characterize
the direct beneficiaries made up of those participating entities
that have strengthened their capacities in science, technology
and innovation (research groups, undergraduate and graduate
students, companies and public organizations).

B. Elaboration of rubric and validation.

Trying to improve the research standards of the ademic unit, we
elaborate a single rubric for evaluating a range of multidisciplinary
research projects. That is why, to carry out the evaluation of the
quality of the projects, the rubric shown in Table | was prepared.

This rubric is based on the evaluation criteria used by the
university that apply to all academic units, but which until now did
not have a structured registration instrument.

In aspects related to institutional relevance, this grid gives greater
weight to those projects that include students in their work
groups and to projects that include activities of social projection,
in accordance with institutional objectives of promoting the
common good.

In the quality validation of the projects, the following items are
considered (each one consist un another grid):

Project Director: a) academic-scientific and technological
training (publications related to the subject of the project,
with reference and / or of recognized prestige in the general
and particular area of knowledge in relation to the subject
of the project), b) training of human resources (direction
of scholarship holders, thesis of undergraduate and
postgraduate degrees, and / or national or international
subsidies of research projects), ¢ ) discoveries, awards,
distinctions,  transfer ~ of  innovative  technologies,
presentations at scientific meetings.

Research Group: a) coherence and relevance of its
composition in relation to the project (research Profs
from the university or another universities and research
and science and technology organizations; ascribed,
independent professionals, undergraduate and graduate
students from the university) b) background of the group
(scientific publications, research experience, participation in
scientific meetings, participation in results transfer activities).
Project: a) importance of the topic, originality, relevance and
social impact b) global approach to the problem, hypothesis,
objectives, methodology ¢) possibility of transferring results
d) viability of implementation and work plan.

Thus, most of the aspects that are included in rubrics of evaluation
of research projects according to international standards are
represented. [6]

TABLE | Research project rubric

Evaluation of engineering research projects

Criteria E* | G* | P* | Score
The Strategic Problem Area and
the research lines defined by the
+ | Academic Unit.
g 5 |4 |2
& | Articulation with undergraduate and
ﬁ postgraduate teaching and training
Q of human resources, undergraduate
§ and postgraduate
9] 10 |5 |2
2 [Contribution to the production of new
g knowledge. Transfer of Project results
= | to the environment.
= 5 |4 |2
£ | Ethically consistent problem and
objectives. Predictable social impact
10 |5 |3
Project Director
30 (20 [ 10
Research Group
> 30 (20 |10
‘T | Project
~ 40 |25 |20
Recommended (130-60p)/Not recommended (<60p)
[ [

118 RESULTS

This referential framework has made it possible to demonstrate the
strong presence of topics related to applicable technologies, but also
the abundance of presentations aimed at solutions to environmental
problems and sustainable development, and a few, oriented to take
care of the health of populations. In accordance with this, 88% of the
projects are in charge of the Engineering Faculty (Figure 1).

» Engineering-Health Sciences

= Engineering
= Engineering-Education Sciences  » Engineering-Agricultural Sciences

= Chemistry Sci Engineeril * IAS-Engineering

FIGURE 1 Faculty of engineer research projects dffiliation

There was also an imbalance between investments in rented
dedications of researchers (8500 USD/Project in 2020 average)
and project operating funds (260 USD/Project in 2020) with very
different amounts (Figure 2).

The average duration of the projects analyzed is 34 months. All
have a duration greater than 30 months and a maximum of three
years. 70.5% of the sample of projects has a duration of three
years and 29.5% of two and a half years.
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FIGURE 2 University annual research investment (2020) in Faculty of Engineering

Regarding the main problem areas, 76.4% of the projects are
classified within Applicable technologies, 17.7% in Environment
and sustainable development and 5.9 in Institutional practices and
public policies. Whereas the problem areas derived are divided
almost entirely between Environmental sustainable development
and Population health (Figure 3).

= Environment and Sustainable
Development

= Population Health

u Applicable technologies

= Institutional Practices and
Public Policies

FIGURE 3 Faculty of Engineering problem areas derived (% of projects)

It is also exposed, the analysis of the initial measurements of
impact indicators for direct beneficiaries, in the first instance,
and because they are considered the main beneficiaries,
undergraduate and graduate students, not exceeding a maximum
of 7 per project in undergraduate students and 2 per project in
graduate students (Figure 4).

1 I
0
A G D E G H I K M o] P Q

mmm Undergraduate Students === Graduate Students

FIGURE 4 Faculty of Engineering main beneficiaries of the research projects

Second, we analized internal and external researchers, companies
that were provided services through research projects, and state
agencies with which agreements were made were considered.

=
o
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)
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=== |nternal researchers === External researchers

= Drivate businesses ™= Public organisms

FIGURE 5 Faculty of Engineering direct beneficiaries of the research projects

The maximum number of internal researchers is 9 registering
for a single project. 59% of the projects have agreements with
at least one public institution. A single project provides services
to 4 companies (max), however, only 47.2% of projects provide
services (Figure 5).

There were difficulties related to not being able to individualize
all indirect beneficiaries, this given that the institutions, specific
individuals or vulnerable target populations had not been
defined in detail at the time of project formulation.

Finally, through the analysis of the results of the rubric for the
evaluation of research projects, which is evidenced in Figure
6, there is a strong influence of the quality of the projects
for them to be recommended, a situation that is contrasted
with the low investment from the University in their operating
funds. Only four projects reach the maximum score related to
institutional relevance.

Aspects related to the research group remain around an
average rating of 26, out of @ maximum of 30 requested. For
this reason, an excellent quality of the group of researchers
that is part of the projects is deduced.

30
25
20

15

10

Q P O NM L Q J I H G F

EDCBA

m—— Relevance s Director wms Group — == Project

FIGURE 6 Faculty of Engineering relevance and quality of research projects

In Figure 7, the quality and relevance results are observed as a
function of the total results, showing that the best standards are
influenced by the quality of the projects.
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FIGURE 7 Faculty of Engineering quality and relevance vs total score

From the analysis of the quality of the rubric, aspects to
be considered in the future are deduced, it is necessary to
incorporate in the grid valuation of projects based on new and
innovative ideas or expanded on established ideas in accordance
with international standards.

Also, registered insufficient participation in financing projects
granted by companies, associations or state agencies. Regarding
the international standards for the valuation of research projects,
most of the skills request by companies are not included in the
project application.

In turn, the potentialities of the valued research projects are high,
in relation to their social projection due to the requirement to
attend humanistic education programs and to encourage the
participation of undergraduate students. This is fundamentally
reflected in the scores achieved in institutional relevance.

Iv. FINDINGS

In relation to the main objectives to be achieved by the research
policy of the academic unit, based on this study, the institution
registered advances in the training of research teachers and in
the participation of teaching staff in research activities.

However, there are still difficulties in achieving the participation of
undergraduate and graduate students in research activities, the
diffusion of research tasks and their concrete results, the proactive
search for financial resources to carry out research activities and
toinvestin research infrastructure and also in the development of
cooperation and exchange interactions with academic institutions
and national and international organizations.

Furthermore, the use of Information Systems and access to
specialized databases, or the generation of postgraduate courses
and careers based on current lines of research, have not been
evidenced or evaluated so far.

Based on this research, itis proposed to measure. in this academic
unit, the current capacities in science, technology and innovation
of the projects, applying the Logical Framework methodology with
SWOT analysis (Strengths, Opportunities, Weaknesses, Threats).

In addition, the research lines of the Engineering academic
unit are under review which will be modified according to the
following conceptual model of Figure 8.

Renewable
energy

Natural resources

Sustainable
housing

Sustainable
| | | | |
i‘ logistics Food engineering

Frugal

FIGURE 8 Faculty of Engineering conceptual model of research lines 2020

Finally, after presenting a characterization of the general
Finally, after presenting a characterization of the general
problem, a proposal for a research agenda was generated,
which will prioritize the need to search for alternative financing
mechanisms that involve the national and international
private sector, the need for greater clarity in research lines
and existing regulations, and the need to further boost
the link between higher education, business and the State,
in order to achieve a higher level of competitiveness and
development.
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Abstract—The majority of studies investigating the social
psychology theory of growth and fixed mindsets have taken
place in primary and secondary schools outside of Africa.
In this study, we investigate the effects of mindset on first-
year students’ academic achievement at the University of
Cape Town, South Africa. The Theories of Intelligence Scale
(TIS) questionnaire was used to measure students’ mindsets
across three first-year courses and the period of several
mathematics tests. Both the effect on students’ progress
across tests and between different courses was studied
with respect to mindset. Statistical analysis showed that
students in science and engineering programs had higher
mindset scores than commerce students. Mindset scores did
not significantly predict engineering students’ performance
in an introductory calculus course. The results of this study
will guide future research into the effect of non-cognitive
factors such as mindsets on the academic achievement of
engineering students.

Keywords— fixed mindset, implicit theories of intelligence, social
psychology, behaviour factors, student success

I INTRODUCTION

Students need more than just content knowledge and academic
skills to succeed academically, particularly in compulsory courses
such as mathematics within engineering programmes. Recent
literature has explored how student success is affected by
various factors such as academic background [1], workload [2],
and grit [3]. This research investigates the relationship between
the non-cognitive factor called ‘mindset’ and students’ academic
achievement both through time and across courses.

Mindsets are beliefs about the nature of intelligence on a
spectrum from ‘growth’ to ‘fixed’ [4]. Students with a growth
mindset tend to enjoy challenges and see them as opportunities
to learn and improve their abilities. In contrast, students with a
fixed mindset tend to avoid challenges, prefer easier problems
that will make them look and feel smart, and when they cannot
easily overcome a challenge, they become discouraged and
disengaged. While students with a fixed mindset might be just
as academically capable as those with a growth mindset, their
behaviour in the face of obstacles may affect their academic
achievement [5].

While most studies on mindsets have investigated the
relationship between mindset and academic achievement in
children and adolescents, they tell us little about how mindset
influences academic achievement in post-secondary school
levels. Although only a few researchers have studied the effects
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of mindset on academic achievement in South Africa [6], most
of these studies were conducted on students based outside of
Africa. Thus, in this study, we investigate the effects of mindset
on first-year students’ academic achievement at the University
of Cape Town, South Africa. In addition, we compare mindsets
and academic achievement across three different introductory
mathematics courses.

A Research questions

In line with previous research on mindset and academic
achievement [6, 7], this research explores the relationship
between students’ mindsets and their academic achievement.
The assumption behind the research design is that students
with growth mindsets are more likely to use feedback from low
performance on a test to improve their performance in the
next test, while fixed mindset students may struggle more to
overcome academic setbacks and show less improvement.

The research questions are:

1. Does the Theories of Intelligence Scale reliably assess
mindset for first year students at the University of Cape
Town?

2. Isthereasignificantdifference in the distribution of mindset
scores across three different introductory mathematics
courses, for commerce, engineering or science students?

3. In an engineering mathematics course, is there a greater
improvement between grades for
a. thefirst test of the year and the second test;

b. the first test of the year and the final examination for
students with growth mindsets as compared with students
with fixed mindsets?

Mindset questionnaires, first year mathematics assessment
scores, and statistical analyses were used to address these
questions.

1. METHOD

A total of 301, 171 and 241 students at the University of Cape
Town from first-year mathematics courses for commerce,
engineering and science majors, respectively, participated in
this study. The total numbers of enrolled students in these
courses were 747, 628 and 723, respectively. Mathematics
is a challenging and anxiety-provoking subject [9] taken
by engineering students as well as students in many other
disciplines. First-year mathematics courses were therefore
chosen as appropriate for investigating mindset within and
across different majors.
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The Theories of Intelligence Scale (TIS) was used to measure
students’ mindsets within the first four weeks of first-year
courses. The TIS has been found to be reliable and has been
used by multiple other researchers as a predictive measure.
However, we used Cronbach’s alpha test to assess how well
the TIS measures the mindset of the current population.
The TIS has eight statements, for example, “You can always
substantially change how intelligent you are.” Students were
asked to rate these statements on a 6 point Likert scale (1 =
Disagree a lot to 6 = Agree a lot). Weighted scores range from
6 to 48, with scores of 24 and below indicating fixed mindsets
and scores of 32 and above indicating growth mindsets [8].

The TIS was distributed to students enrolled in four first-year
mathematics courses at the University of Cape Town via the
online assessment platform WebAssign, used by students for
online homework. This included a consent section. Students
were included in the study if they consented to have their TIS
results and course grades used.

The TIS responses were loaded into an Excel spreadsheet and
the data was cleaned, making sure to (a) remove students
who completed the survey but chose not to participate in the
study,

(b) remove any duplicates and incomplete entries, and (c)
convert the participants’ responses to numerical values. The
statistical software SPSS was used to validate and analyse
the data. The internal consistency of the mindset scale was
measured using the Cronbach’'s alpha test. We used the
Kruskal-Wallistestto checkforsignificantdifferencesin mindset
distributions, followed by pairwise Mann-Whitney U tests to
check where the differences lay. Finally, the main hypothesis,
that students’ mindset will affect their academic achievement,
was tested using a correlation test. We used Kendall's Tau-b
test in this study because the data was ordinally measured
and was optimal compared with Spearman'’s coefficient [10].

Il RESULTS

A Reliability and validity of scale

First, we measured the internal consistency (reliability) of the
mindset scale using Cronbach’s alpha test. The Cronbach’s
alpha reliability coefficients ranged between 0.586 and 0.642

(see the table below).

TABLE 1 Cronbach’s alpha values for the mindset scale

Cronbac.h"s alpha Sample size
coefficient
Commerce students 0.581 301
Engineering students 0.642 171
Science students 0.586 241

The response rates for commerce, engineering and science
students were 40.3%,27.2%, and 33.3% respectively.

B. Mindset scores across different degree programs

The participants of this study mostly had a growth mindset
(mindset score above 32 points). The distributions of the
mindset scores for the three courses are displayed in the
boxplot in Figure 1.

Mindset scores

Commerce Engineering Science

FIGURE 1 Boxplots of mindset scores of commerce, engineering and science
students. The central black line in each box represents the median mindset
scores, while the dot represents the mean score.

Looking at the boxplots above, most of the participants in the
study had a growth mindset, represented by weighted scores of
32 and above[8].

On average the commerce students scored slightly lower than
science and engineering students. A Kruskal-Wallis test was
conducted to determine if there were any differences in the
distribution of mindset scores across the three cohorts of
students. The test revealed that there are differences in mindset
score distribution of the three cohorts of students. However,
the test doesn't tell us where the difference lies. Subsequently,
a series of pairwise comparisons were performed using the
Mann-Whitney U test to determine where the difference lies. To
control for Type 1 errors, a Bonferroni adjustment was applied to
the alpha values. The alpha level of 0.05 was divided by the total
number of the Mann-Whitney U test (6). Therefore, a stricter alpha
level of 0.05/6 = 0.008 was used. The results of the Mann-Whitney
U tests are presented in Table 2.

TABLE 2 A summary of the results of the Mann-Whitney U tests

Mann- Whitney | 5 ¢ ore P-value
U test

Science and 21166 -4.628 0.000004
Commerce
Science and 25520 -0.119 0.905
Engineering
Commerce and 16519 -4.048 0.000052
Engineering

The Mann-Whitney U test revealed statistically significant
differences between mindset scores of students enrolled in
measure the same thing as the existing items may lead to an
inefficient redundancy. He further argues that little additional
information will be obtained while the instrument takes longer
to administer and analyse. Since the students on these courses
come from diverse first language homes, the language used in the
questions may need to be adapted for science and engineering
programsandthose enrolledin commerce programs. The students
enrolled in commerce programs had lower mindset scores than
students enrolled in science and engineering programs.

C Mindset and academic performance of engineering
students in an introductory calculus course

We calculated the changes between scores in the first and second
tests of the year, and the first test and the final exam score for
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engineering students. We then ran a Kendall Tau-b correlation
to assess the relationship between mindset scores and these
changes. The results of the correlation are presented in the
table below, where ‘Students A’ are those who failed Test 1 and
‘Students B' combines those who failed and passed Test 1.

TABLE 3 Kendall Tau-b correlation coefficients, and p-values for the correlation
between mindset scores and mathematics grade changes, for engineering
students who failed Test 1 (Students A) and all engineering students combined
(Students B)

Test 1 to Test 2 changes | Test 1 to Exam changes

Kendall | Sample p- Kendall | Sample p-

Tau-b | sizen | value | Tau-b | sizen | value
Students A | 0.000 13 1.00 0.026 13 0.902
Students B | -0.066 149 0.242 | 0.026 148 0.651

The correlation coefficients indicate that mindset scores did not
significantly predict engineering students’ performance in an
introductory mathematics course.

V. GENERAL DISCUSSION
A Research question 1: Reliability of scale

The Cronbach’s alpha values calculated for the present study's
mindset scale are relatively low but acceptable [11]. Similar
studies that use the mindset scale have reported values greater
than 0.7 (see [12] and [13] for example). Our findings weakly
support that the Theories of Intelligence Scale reliably assesses
mindset for first year students at the University of Cape Town.
However, it is clear that the reliability of this scale is not ideal and
can be improved.

1) Recommendations

The scale can be improved by removing items that decrease the
overall alpha values; alternatively, more items can be added to
the scale to improve reliability. Although adding more items to
the scale may improve the scale’s reliability, Cronbach (1951) has
noted that adding additional items that this specific cohort. This
would be an interesting future research question in terms of test
reliability.

B. Research question 2: A comparison of mindset scores for
students studying science and engineering versus commerce

The differences in mindset scores that we found were small but
significant while almost all mindset scores were positioned far
towards the growth mindset end of the spectrum. The finding of
overall high growth mindset scores is consistent with findings in
other studies [14]. Our data show that students in science and
engineering degrees are distributed closer to the growth mindset
end of the spectrum than students in the commerce degrees. The
reason for this distinction may be that science and engineering
are seen as more challenging subjects and therefore more likely
to attract students with growth mindsets. This is an hypothesis
and remains another interesting question for future research.

1) Recommendations

For any future interventions, it may be most interesting to target
commerce students, who are on average more fixed mindset
than science and engineering students. Questions to students on

why they chose their majors may illuminate the reasons for the
differences in mindset scores between disciplines.

C Research question 3: Mindset scores and academic
progress for engineering students

Our data indicate no significant correlation between mindset
scores and changes in achievement across multiple mathematics
assessments. Although other factors affect students' academic
performance in mathematics, we hypothesized that growth
mindset oriented students would improve their mathematics
grade changes due to their belief in intelligence flexibility. For
instance, a student with a growth mindset would seek feedback
and look for ways to improve their mathematics grades, rather
than attributing their failure to their fixed intelligence.

1) Recommendations

Future research could investigate mindset scores versus academic
achievement accounting for other contributing factors such as
gender, race, economic status.

V. CONCLUSIONS AND FUTURE WORK

A limitation of the sample is that it only included students
in first-year mathematics courses at one tertiary institution.
Future studies should investigate whether mindset scores differ
depending on year of study, the course in which the questionnaire
was administered (mathematics in this study), and institution.

Students self-selected to participate in the study which could lead
to self-selection bias. Further, this could lead to a sample that is
not representative of the population. Students who self- select to
participate in the study show commitment and are more open to
expose their thinking to others, which might be a sign of a growth
mindset that could lead to a bias towards growth mindsets. For
future research, self-selection bias should be off-set by offering
an incentive to participate.

Conducting interviews with students may shed light on the reasons
for the correlations between mindsets and academic achievement
which could only be hypothesised in the current study. Questions
regarding the motivation of students for choosing particular
majors would help to understand these correlations.

For a study that seeks to make statements about the population
such as this one, the lack of probability sampling is a significant
limitation. A simple random sampling strategy can be employed
in future studies, for example, we can randomly select students
whom we wish to participate from the list of students enrolled in
first year mathematics courses. This would also allow us to select
for specific demographic groups with differing success rates and
would allow for specifically targeted interventions in the future.

Results of this work-in-progress study will guide future research
in non-cognitive factors of mathematics success at university level
in South Africa.
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Abstract—In recent times, there has been a drive to increase
the number of engineering graduates in Jamaica as well
as to encourage females to pursue professions in science,
technology, engineering, and mathematics (STEM). With
universities outputting approximately 200 graduates in
engineering disciplines annually, the graduates are forced
to compete for placement in the island’s relatively small
manufacturing and processing industries. It is therefore
imperative that employment prospects for female STEM
graduates be elucidated to better devise strategies to
promote and increase the number of females enrolled in
STEM degree programs. This study investigates female
enrollment and persistence in the chemical engineering
(ChE) program at the University of Technology, Jamaica. The
method employs a longitudinal cohort analysis to examine
gender differences in enrollment, persistence to graduation,
and the class of award obtained at graduation. The research
focuseson 12 ChE cohortsfrom 2004 to 2015. The employment
profile of female graduates is also assessed. Findings show
that although females represent 41% of enrolled students
in semester 1, they are more likely to complete their degree
in 4 years, obtain better award quality, and less likely to
withdraw from the program. Most female graduates receive
employment within the first year after graduation with 59.4%
in STEM-related occupations and 19% in unrelated fields. This
work contributes to the literature on engineering education
in the Caribbean and it is the first of its kind to be done for
the local university.

Keywords—chemical engineering, enrollment, graduation outcomes,
gender differences, persistence

l. INTRODUCTION

As early as 2012, there was a recognized need for qualified
engineers to execute the growing list of projects to be undertaken
in Jamaica [1]. Engineers were among the list of professionals
considered instrumental in the achievement of the island's
Vision 2030 national development plan. In 2017, the Jamaican
government specified that at least 1,000 engineering graduates
are required each year to meet developmental needs [2]. This
charge was placed on the three universities that offer engineering
programs: The University of Technology, Jamaica (UTech, Ja.), The
University of the West Indies (UWI), and the Caribbean Maritime
University (CMU). UTech, Ja. is fundamentally polytechnic but in
recent times it has expanded to include courses in Arts, Medical
Sciences, and Law. The UWI is a classical research university with
a regional focus having campuses in several Caribbean territories.
CMU specializes in maritime and logistics education. These three
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universities and other post-secondary institutions have a share
in the approximately 28.5% gross enrollment rate of tertiary age
cohort (18 - 24 years) [3]. Combined, the three universities output
approximately 200 engineering graduates per year.

In 2010, a charge was given by President Barrack Obama to
increase the number of underrepresented groups such as women
and minorities in STEM fields within the decade [4]. Even though
women represent 50% of the American population and 58% of its
college entrants, only 28% of the STEM workforce is female [5].
Although the charge for more females in male-dominated fields
has been made almost 10 years now, it has only been within the
past three years that there has been a local thrust to have more
of the nation's women and girls pursue professions in STEM. To
achieve this, more females need to enroll and persist in STEM at
the tertiary level.

During the first year of college, typically more men than women
venture into STEM degree programs, but the numbers are fewer
than those for non-STEM degrees. In the United States of America
(U.S.), between 2009 and 2013, students who were enrolled in
STEM programs accounted for 22% and 29% of the total female
and male college entrants, respectively [6]. However, not all these
entrants to STEM programs continue to degree completion. Many
colleges and universities have been negatively impacted by high
attrition rates. Less than 57% of students continuing to receive
degrees have been reported for some institutions [7]. Attrition
rates for engineering are higher compared to other professional
disciplines [8] with as many as 40% of students switching majors
reported [6].

When graduation numbers for engineering are examined, a similar
trend to that of enrollment is observed where males exceed
females. In 2018, females accounted for approximately 22% of the
graduating cohort for both the U.S. and Canada [9]. Specifically,
for ChE in the U.S, it was 35.4%. Only females in Environmental
Engineering had a slight margin over males with 50.6%. Prior to
2018 (2009 - 2017), the percentage of female graduates ranged
from 17.8 to 21.3% while that for males was 78.7 to 85.2% [9]. In
a multi-institutional longitudinal study with over 94,000 males and
24,000 females majoring in engineering, Lord et al. [10] found that
ChE was the only discipline that had fewer females persisting than
males, although by a slight margin. They also found that ChE had
the highest attrition rates (greater than 30%) for both genders.

Persistence in the STEM fields is of great importance as it serves
to provide graduates with specific skills and knowledge to
meet the needs of the largest growing workforce sectors [11].
Persistence involves tracking students enrolled in a program at
initial enrollment/matriculation to graduation with a degree in
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the same program. Matriculants at semester 1 are typically the
reference for defining the persistence of a cohort [10]. Inthe U.S,,
six-year completion or graduation rate is the standard measure
of persistence for 4 year or eight-semester degree programs [10,
12]. Approximately 60% of U.S. students persist within 6 years
[13]. Eight-semester persistence has also been used [13, 14]. The
4-year mark is @ measure of success as it is usually the point when
90% of all students graduate [13]. However, the American Society
for Engineering Education (ASEE) [13] reported that for the period
2008 to 2015 the 6-year graduation rates were 20 to 25 % higher
than the rates for students who attained a degree in 4 years.
When 4-year graduation rates are used, it allows for the inclusion
of a larger number of cohorts, as well as more recent cohorts
[14]. Studies done on gender-based persistence in engineering
include those by [10], [12], and [14 - 17]. Mixed findings relating
to whether females persist at better rates than males are evident
in these studies.

Scarce is the literature on degree quality awarded to engineering
graduates. Madara and Namango [18] found that for all classes
of awards in 5 engineering disciplines, including Chemical and
Processing Engineering, males outperformed females in every class
except for Pass award. Most students received Second Class awards
with only 17.8% of graduating females awarded First Class honors. As
it relates to employment after graduation, a few studies investigated
the job placement of graduates. Smith [19] reported that 60% of the
2007/8 engineering graduates got full-time employment, within the
first six years after the participants graduated from UK universities.
The outcome might be different for shorter periods after graduation.
Corbett and Hill [20] reported that for the year 2009, a total of 84% of
all female graduates in the U.S. were employed within their first year
of graduating. From the 2016 Canadian census data, 62% of females
who studied STEM never worked in a related field; only 20.2% of
that group had a STEM occupation [21]. This low involvement of
females in STEM occupations threatens the global competitiveness
of businesses [22].

This study investigates the number of females enrolled in ChE at
UTech, Ja over 12 years, their persistence to degree completion,
and the classes of awards obtained compared to their male peers.
The employment status of female graduates is also examined.

. METHODS

This study uses a single-institution longitudinal cohort analysis
with a focus on the ChE discipline offered at UTech. ChE was
chosen as it was observed to be the most popular program for
females in the School of Engineering. As such, is fitting to use this
engineering discipline to assess female successes and failures in
engineering study and employment over the past 15 years of the
life of the program. Only students enrolled in ChE from academic
year 2004/2005 to 2015/2016 were considered, with no distinction
made between first-time university and transfer students. However,
no transfer into the program was recorded for the period under
investigation. Academic year 2004/2005 was found to be a suitable
entry year to begin the analysis because majority of the students
enrolled before that year had advanced placement and completed
the 4-year degree in 3 years. The last three cohort entry years had
outcomes for all entrants by August 2019.

The main source of data used in the study was the university's
Integrated Student Administration System (ISAS), which tracks the
academic life of students from enrollment to graduation. Data
on employment was derived from the program’s Tracer Study, a
survey that documents graduates' job placement and responsibility

1 year after graduation and up to 4 years. The Tracer Study is part
of a program’s re-accreditation process. Only the first year after
graduation was considered. With the study having a female focus,
the data was compiled then segregated by gender to explore
female enrollment, persistence, and employment profile 1 year
after graduation.

Persistence was measured in two ways: persistence to complete
the degree in prescribed time, 4 years; and persistence to
complete within permissible time, up to a maximum of 7 years.
Students who did not persist to completion are those who
withdrew officially, abandoned, or transferred from the program.
No distinction was made between these groups of students who
were placed in a single group titled ‘withdrawal'. For students who
persisted to completion, the award classification of their degree
was assessed to determine if a gender difference exists in the
class of award received.

Seven categories of job placement were created according to the
findings from the Tracer Study. These categories are:

a) Large Manufacturing/Engineering Companies: petroleum
refinery, power generation, bauxite processing, sugar, and
rum distilleries.

b)  Small/Medium Manufacturing Companies: chemical producing
companies to include chemicals and lubricants for local and
possible regional distribution.

c)  Small Engineering Consulting Firms: firms owned and operated
by licensed engineers and offer consulting services in a
variety of engineering applications.

d)  Government Agencies: agencies that oversee water and
wastewater treatment, and the monitoring of pollution and
regulation of its discharge from companies.

e)  Teaching: placement in the Secondary Education system.

f)  Unrelated/Business Field: placement in the banking and
insurance sectors.

g)  Graduate School: local and/or overseas study in engineering
or any other field.

h)  Unemployed: unsuccessful to obtain employment.

i) Unknown: graduates who have migrated or have returned
to their country of origin, for example, other Caribbean
islands.

The study employs multivariate descriptive statistics for data
analysis.

M. RESULTS AND DISCUSSION
A Enrollment in Chemical Engineering at UTech, Ja.

Table 1 shows the number of engineering students who
matriculated into ChE disaggregated by gender. Yearly enrollment
for the UTech ChE program has consistently been low with 44
being the highest number recorded in the 12-year period. The
smallest and largest percentage of females at enrollment was
approximately 27% and 60%, respectively with a mean of 41%
(SD=9.3%).

The relatively high number of female entrants is comparable to
the findings of [10] whereby ChE was found to have the highest
percentage of enrolled females at 37%. The less ‘macho’ nature
of the program [8] and physical demands of some courses in the
other disciplines, e.g. Engineering Workshop done in Mechanical
Engineering, might be contributory factors for females’ selection
of ChE.

192



2020 IFEES WORLD ENGINEERING EDUCATION FORUM - GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

Preference of parents, relatives, and associates employed in an
engineering field is a possible contributor to the low number of
pre-university students who choose ChE. Employment prospects
are also a contributor. Jamaica's processing industry is relatively
small. Recent changes in the international market have been
impacted negatively industries like Bauxite and Sugar that were
once large employers of engineering graduates. Entrants to the
School of Engineering are mindful of limited job opportunities
and tend to apply to an engineering discipline they believe the job
prospects are greater.

B. Persistence to degree completion

Table Il shows the graduating demographics - as a percentage
of entrants who persisted and completed the degree in either
4 or 7 years. Seven (7) years is the maximum time for degree
completion at UTech, Ja. If there were a preferred measure to
be used by the university to report graduation rates, it would be
the 4-year reference. Although the permissible time to complete
undergraduate degrees is 7 years, there is a faculty perception
that students who take longer than 4 years, especially those in
their sixth or seventh year of the program, are academically inept
in their chosen field of study.

However, students who have medical and financial reasons
for delayed stay are viewed differently if their grades show
competence. Also, institutions such as the Student Loan Bureau
and others that offer scholarships have designed financial support
for students around the 4-year timeline.

TABLE | Total number of entrants by cohort and gender

Entering Cohort
Entry % %
Year Female | Male Total
Female Male
2004/05 5 12 17 29.4 70.6
2005/06 8 11 19 421 57.9
2006/07 4 11 15 26.7 733
2007/08 16 28 44 36.4 63.6
2008/09 14 22 36 38.9 61.1
2009/10 12 13 25 48.0 52.0
2010/11 9 6 15 60.0 40.0
2011/12 10 12 22 455 54.5
2012/13 13 13 26 50.0 50.0
2013/14 9 18 27 333 66.7
2014/15 4 7 11 36.4 63.6
2015/16 8 8 16 50.0 50.0
Total 112 161 273 411 58.9

The analysis revealed that 54% (SD = 16.5%) of all entrants
completed in 4 years. By gender, more females (M = 65%, SD
= 19.7%) persist to degree completion in 4 years than males
(M =46%, SD = 20.6%). Students are mindful of how an extended
stay on their résumé might be regarded by prospective
employers, hence many start engineering programs with the
intent to complete in 4 years. We note that the earlier cohorts
had majority of the entrants completing in the prescribed time (4
years), especially for females. This number declined for the more
recent cohorts. Financial challenges have forced some students to
reduce the number of credits taken each semester while others
opted to take leave of absence for a semester or a year. These
actions contribute to students staying longer than anticipated.

TABLE Il Persistence of graduating cohort by gender

Entry 4-year graduation (%) 7-year graduation (%)

Year Female Male Female Male
2004/5 80.0 91.7 100.0 100.0
2005/6 62.5 81.8 100.0 100.0
2006/7 100.0 36.4 100.0 90.9
2007/8 62.5 39.3 81.3 67.9
2008/9 71.4 36.4 85.7 63.6
2009/10 66.7 30.8 91.7 84.6
2010/11 77.8 50.0 88.9 100.0
2011/12 80.0 41.7 100.0 66.7
2012/13 46.2 30.8 69.2 84.6
2013/14 40.0 22.2 77.8 77.8
2014/15 25.0 429 100.0 85.7
2015/16 62.5 50.0 87.5 75.0
Mean 64.9 46.2 90.2 83.1

The 4-year graduation rates for females compares well with that of
ASEE [13] findings where means of 35% and 39% were reported
in 2006 and 2013, respectively. We noticed that there is a general
decline in graduation rates for males starting with the 2006/7
cohort. Although financial challenges can delay graduation year,
another possible reason for this trend is students’ participation in
the Work and Travel (W&T) program. Students are opting to extend
their stay beyond 4 years to have multiple opportunities to work in
the U.S. in the summer because active registration in a university
program was a requirement. Males were the major participants
in W&T, but the number of participating females has increased
in recent times. The decline in female 4-year graduation after
the 2011/12 cohort supports this view. To allow for comparison
with U.S. persistence rates, we also calculated persistence up to
the local maximum of 7 years. We found that 90% (SD =70.4%)
of female entrants persisted compared to 83% (SD = 13.2%) for
males. This signifies that the attrition rate for females is less than
that for males. Brawner et al. [17] had suggested that relationships
developed with peers and faculty were among the reasons
for females to remain in ChE and we are inclined to accept this
viewpoint. Work commitment, poor academic performance, and
financial issues are some of the reasons for program withdrawal
and/or abandonment for males. For females, migration and
financial issues have been noted. Further study is required to
identify the underlying reasons for an extended stay in ChE and
other engineering programs and attrition of students.

Comparing our findings to the U.S. national average of 55 - 60% for
undergraduate degree completion from 2008 to 2015 [13], more
of our local ChE students are persisting at a higher percentage (M
= 85.6%, SD = 9.9%) when the maximum time is used. A higher
number of females obtaining an engineering degree compared
to males was also reported by [15]. Kamphorst et al. [15] found
that 77.3% of females who started an engineering program in
2004 completed within the maximum time, compared to 68.7%
of the starting males. Specific to ChE, contradictory findings were
reported by [10] and [12] where males in ChE were found to
graduate at higher rates than females. We also observed lower
attrition rates. We are mindful of the small number of students
in the program compared to the large numbers found in U.S.
institutions, which limits the making of meaningful comparisons.
Future studies on gender demography in other engineering
disciplines at UTech Ja. and other universities might provide
improved comparisons.
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C Award classification

The quality of award obtained according to gender for the 12
cohorts is displayed in Figure 1. Four award classifications are
used for undergraduate degrees at the university: First Class,
Upper Second Class, Lower Second Class, and Pass, in descending
order of GPA. Actual numbers are used instead of percentages.
We also found that most of the graduates (80%) obtained Second
Class awards, as in [18]. Females performed better academically
since they attained a greater number of higher quality awards.
As members of faculty, we observe that females take a different
approach to their learning. They tend to form study groups
early in the semester; attend tutorial sessions frequently; meet
with lecturers often for assistance and to query grades. These
actions might have had a direct and positive influence on their
GPAs. Building relationships with peers and faculty were noted
as reasons for females to stay in ChE [16]. We suggest that these
relationships also contribute to their success at ChE.
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FIGURE 1 Award classification of graduates

D. Employment placement of female graduates

Table Il shows the distribution of female graduates in employment
placement within the first year after graduation. The largest
placement was in large industries that include bauxite, rum
processing, and petroleum refinery where engineering principles
are practiced. This shows that hiring potential still exists for these
industries, though small. It was viewed as promising that 79% of
female graduates obtained employment and 59.4% obtained job
placement in a STEM- related field.

TABLE 11l Employment placement for female graduates

Employment Placement Percentage
Large Manufacturing/Eng. Companies 33.0
Small/Medium Manufacturing Companies 13.8
Small Engineering Consulting Firms 2.1
Government Agencies 10.6
Teaching/Secondary Education 9.6
Unrelated/Business Field 9.6
Graduate School 53
Unemployed 7.4
Unknown 85

With more than 50% of our female graduates employed within a
year of graduation, this finding compares well with that reported
by [19]. A higher percentage of our females were in STEM
occupations compared to the 20.2% reported for Canada in
2016 [21]. A point to note is that for placement in STEM-related
companies, the job description could be either junior engineer or
engineering technician. Due to insufficient data on occupations for
all graduates, this relevant aspect of job placement was omitted.
The ability of graduates to secure employment in business
fields suggests that the ChE curriculum is versatile in preparing
graduates for multiple roles. Considering that the number of
female graduates is small, additional research to investigate
the reasons for unemployment and placements in non-STEM
occupations is needed.

Iv. CONCLUSIONS

This work contributes to the scarce literature on engineering
education and occupation in the Caribbean. The results show
that ChE has fewer females than males at enrollment but still at a
relatively large proportion.; four-year and seven-year graduation
rates are higher for females than males, and females are less
likely to leave the program before completion. Both genders
performed well academically with the majority obtaining Second
Class awards; however, females obtained twice the number of
First-Class awards while males obtained more Pass awards.
Employment placement of females within the first year after
graduation shows the majority in STEM companies which is
promising but further work is needed to assess their role in
these companies. Overall, females in ChE are successful at
completing their degrees, getting good GPAs, and securing
employment after graduation. The small number of students in
the cohorts limited the types of statistical tests employed and
the generalization of the findings. Also, lack of regional data on
females in STEM occupations restricted the findings to Jamaica.

This study can inform similar research in the Caribbean region
where enrollment numbers in engineering/STEM programs
are small in general and even smaller for females. Engineering
faculties in the Caribbean are encouraged to devise strategies
to attract and retain more females in engineering to ensure that
females have a place in the STEM workforce and contribute to the
development of their respective countries.
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Abstract—This study examines the validity of three
international instruments for assessing South African first-
year engineering students. The Grit-S, Dweck’s Implicit
Theories of Intelligence Scale (ITIS), and the Revised Purdue
Spatial Visualization Test: Visualisation of Rotations (PSVT:R)
were assessed for internal functioning and usefulness in
predicting engineering drawing subject marks. Grit-S and ITIS
were chosen as they may offer potential areas for intervention
to enhance psycho-social adjustment to university. The PSVT:
R was administered as it was expected to have a relationship
with engineering drawing, and spatial reasoning is a skill
that can be taught, which will assist first-year engineering
students. The study found that Grit-S was not internally
reliable and valid for assessing our engineering students.
Both Grit-S and ITIS had low discrimination, with most
students strongly agreeing with the statements. The overly
positive responses to the instruments led to no predictive
power. The PSVT:R had a small but significant relationship to
the engineering drawing semester mark as well as evidence
for internal reliability and validity. Constructs such as Grit
and mindset may need to be recontextualised for the African
setting, or the instruments would need to be redesigned
to offer greater discrimination power. Only the PSVT:R
showed some potential for predicting first-year engineering
achievement in the graphics module.

Keywords—First year engineering; South Africa; Grit; Dweck’s Implicit
Theories of Intelligence Scale (ITIS); Revised Purdue Spatial Visualization
Test: Visualisation of Rotations (PSVT: R), Rasch measurement models

I INTRODUCTION

Many internationally validated instruments exist to interrogate
aspects of student functioning. Instruments, such as the ones
examined in the current paper, may be used in engineering
programs to classify or to assess first year engineering students.
This information should theoretically identify shortcomings in
teaching and learning, allowing for appropriate interventions, with
the long-term goal of improving achievement.

However, when instruments are utilized without first investigating
their usefulness for the context, misleading inferences can be
derived. This is especially true when instruments were developed
for a different population than eventual usage. An African
perspective requires that instruments be contextualised and
constructs be investigated for their local applicability.

Instruments are designed to measure underlying constructs.
A construct is a trait which you cannot observe directly, and
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hence attempt to measure indirectly. An example of a construct
in engineering is problem-solving ability. The validity of an
instrument is the extent to which it measures the construct
it claims to measure. For example, if you attempt to measure
problem-solving, but the questions are too similar to problems
students are familiar with, then the students rely on their memory
during the assessment, and the assessment measures recall
instead of problem-solving. Therefore the instrument is not a
valid measure of the construct of problem- solving. The reliability
of an instrument is a measure of how consistently the construct
is measured. Reliability is established when students consistently
reach the correct answers for questions of equivalent difficulty. To
assess internal validity and reliability, we consider only the results
from the instrument. For external validity, we compare results
from the instrument to other assessments to which it should have
a relationship.

The current study examines three international instruments. The
instruments measure underlying constructs which have been
shown to have a relationship with achievement in engineering
or a student’s ability to adapt to first-year social and academic
demands. Two questionnaires are related to psycho-social
characteristics: mindset and Grit. The third instrument is a
frequently utilised spatial reasoning test. These instruments are
investigated for their internal validity and reliability. The predictive
validity of the instruments is assessed in relation to results of the
first year engineering drawing course. Based on the statistical
analysis, we critique the usefulness of the constructs for our
South African context.

Mindset was defined by Dweck [1] as a set of beliefs about how
the human mind functions, specifically whether a person believes
that intelligence and talents are inborn and unchanging (fixed
mindset) or that acumen and aptitudes can be developed and
changed (growth/malleable mindset). Studies have found that
when engineering students hold a growth mindset, they are
more likely to employ active learning strategies, collaborate with
classmates and report higher self-efficacy [2, 3, 4]. Campbell,
Craig and Collier- Reed [5] found that teaching a growth mindset
helped approximately half of the engineering students from
minority groups and low socioeconomic backgrounds shift their
mindset, but the small sample size makes drawing conclusions
from the study difficult. Teaching mindset as a way to negate the
effects of poverty has shown some potential [6]. A growth mindset
in first-year engineering students has been found to be positively
correlated to engineering identity, and consequently, higher
retention rates [7]. The Dweck Implicit Theories of Intelligence
Scale (ITIS) has shown high internal reliability (>.80) as well as
predictive validity for mastery of skills in European and United
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States of America (US) settings [8, 9]. Despite the popularity of
the mindset construct, Dweck [10] warns that it is not a magic
bullet that can address all aspect of teaching and learning and
that researchers need to contextualise mindset.

Grit was defined by Duckworth as a personality trait in which
a person shows passion and persistence to achieve goals [11].
Duckworth and colleagues conducted studies to demonstrate
that Grit could be a better predictor of achievement than factors
such as talent or inherent ability [12]. Duckworth also has a
Grit Formula, in which aspects of the trait such as prioritisation,
precision and effort can be taught [11]. Direito, Chance and
Malik [13] found that most of the Grit studies in engineering
were conducted in the US, and with first-year students as the
sample. Some of the studies showed correlations between
high Grit scores and increased first-year achievement as well
as retention rates [14, 15]. In contrast, other studies could not
detect such relationships [16]. Inconsistent conceptualisations
of the Grit construct as well as unreliable reporting of analysis
makes it difficult to draw conclusions about the role of Grit in
engineering success, further research is needed [13]. The Grit-S
had high internal reliabilities when used with adults in the US, the
reliabilities between self-reported and informant versions were
consistently above .80 [17]. The Grit-S had higher correlations
with external factors and was more internally reliable and valid
compared to the longer version [17].

Spatial reasoning and mental rotation skills are crucial for most
types of engineering programmes and are assessed in the first-
year programmes by many institutions [18]. The Revised Purdue
Spatial Visualization Test: Visualisation of Rotations (PSVT:R) was
designed to assess three-dimensional reasoning and the ability
to mentally manipulate objects [19]. The PSVTR is a widely
recognised standardised test of spatial ability and has shown
moderate correlations with engineering graphics courses [20]. It
is used in many engineering programmes and has shown internal
validity in a variety of studies, as well as moderate correlations
with engineering subjects [21, 18]. The PSVT:R had high internal
reliability (.84) when used to assess first-year engineering students
in the US [22]. There were weak to moderate correlations
between the PSVT:R scores and aptitude scores for the US first-
year engineering students [23].

. RESEARCH QUESTIONS AND THEORETICAL APPROACH

In this paper, we address the following research question: “Do
the chosen international instruments have sufficient internal and
external reliability and validity to assess South African Engineering
students?”

The theoretical approach is grounded in measurement
theory, specifically Rasch models and philosophy. The Danish
mathematician Georg Rasch [24], designed a logistic model
to assess the reliability and validity of social and educational
instruments. ThefamilyofRaschmodelsareappliedandinterpreted
through the philosophical lens of objective measurement [25].
Rasch models have the unique property of sufficient statistic and
measurement invariance. The Rasch models assess how well
social science instruments meet the criteria of measurement in
the physical sciences. Rasch theory was used to guide the study
and obtain evidence of accurate and useful assessment. The
Rasch models are both practical and philosophical, assessing the
items and instrument functionality with statistical evidence as well
as providing the theoretical structure to interpret and confirm/
refute the attainment of objective measurement.

GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

1. METHOD

The current study was conducted in a South African university
which recruits most of its engineering students from Quintile 5
and IEB/Cambridge schools. The South African public schooling
system is classified according to socioeconomic categories,
wherein schools from low resourced communities are classified
as Quintile 1 to 3 (non- fee paying). Public schools in more affluent
communities are Quintile 4 and 5 (fee-paying). Independent
schools are mostly private schools with high school fees, such as
schools falling in the category of the Independent Examinations
Board (IEB) or Cambridge systems.

Engineering drawing is a compulsory subject in the first semester
at university for a range of engineering disciplines. The subject
includes a large component of technical drawing, performed by
hand as well as using software. Students also learn some theory
about manufacturing processes. Three- dimensional visualisation
is a critical skill for achievement in this course, while psycho-social
aspects of adjustment to university should reflect in any of the
first semester courses. We, therefore, focused our predictive
analysis on results in the engineering drawing course.

A Sample

During orientation week, 541 first-year students in the School
of Engineering participated in the study. Permission to conduct
the study was obtained from the Engineering faculty's Ethics
committee, and students provided informed consent for their
results to be used for further research purposes. There were
more men (68%) than women in the study. The majority of
students (85%) attended schools classified as affluent, such as
Quintile 5 or IEB/Cambridge schools. Merely 37% spoke English
as a home language, whereas the rest of the students spoke
languages other than English. English is the medium of instruction
at our institution.

B. Instruments and administration
Three international instruments were administered:

Revised Purdue Spatial Visualization Test: Visualisation
of Rotations (PSVT: R), which consists of 30 items.
Dweck’s Implicit Theories of Intelligence Scale (ITIS)
which consists of 8 items for mindset talent and 8 items for
mindset intelligence.

Short Grit Scale (Grit-S) which consists of 4 items for the
perseverance of effort and 4 items for consistency of interest.

C Data Analysis

The construct validity (internal), as well as the predictive validity
(external), were assessed to gauge the usefulness of the constructs
and instruments for assessing South African engineering students.
Rasch models were used to assess the construct reliability and
validity of the instruments. Winsteps 4.5.0 software was utilised to
conduct the analysis [26, 27].

The Rasch statistics we examined include item fit, reliability
coefficients, ordered categories, unidimensionality of constructs
and measurement invariance. Item fit is characterised by the
MNSQ, which should have a value smaller than 1.5. Reliability
coefficients, denoted t, should have a value above .70 for
acceptableinternal consistency. Categories should be ordered and
increase monotonically with person location. Unidimensionality

197



2020 IFEES WORLD ENGINEERING EDUCATION FORUM - GLOBAL ENGINEERING DEANS COUNCIL (WEEF-GEDC)

is measured by principal component analysis and should result
in Eigenvalues smaller than 2.0. Measurement invariance should
be non-significant between groups, as assessed by Differential
Item Functioning (DIF). More details of the Rasch analysis and
interpretation are available as supplementary material [28].

Multiple linear regression analysis was used to assess the
predictive validity of the instruments. We used the marks from
the practical drawing and Semester 1 engineering drawing
attainment as the outcome variables. Standardised coefficients
were calculated with IBM Amos software [29]. Predictors in the
regression model included background characteristics (gender,
race, home language and school attended), academic history
(physical science, mathematics and English language achievement)
and the mindset as well as PSVT:R scores.

V. RESULTS AND DISCUSSION

The results are presented by first investigating the internal
reliability and validity, i.e. the construct validity. Thereafter, we
present the predictive validity findings from a multiple linear
regression analysis. Data tables are available as supplementary
material [28].

A Construct reliability and validity: Results

Good reliability coefficients for persons (70. > t) and items (90.
> 1) were present for the Mindset and PSVT constructs. Grit,
Mindset and PSVT had constructs which were unidimensional
(Eigenvalues < 2.00). Mindset and PSVT had items that fit
the Rasch model (MNSQ < 1.50). The PSVT had a lower than
acceptable person separation index (below 2), which could
indicate that the sample may not be diverse enough in ability to
establish item hierarchy.

The Grit-S questionnaire had a misfitting item, Q2 Setbacks do not
discourage me, which had an MNSQ of 1.51. The Grit-S instrument
had unacceptably low person reliability (59 = .t) as well as poorly
functioning categories. The categories: Not like me at all (1); Not
much like me (2) and Somewhat like me (3) were problematic, due to
few persons choosing the categories and the first three categories
not increasing with higher person endorsement of the construct.
The Grit-S showed differential item functioning (DIF) for 4 of the 8
items between women and men who answered the questionnaire.
For example, Q4 / am a hard worker, men were significantly more
likely to endorse the question when compared to women (00. = 1),
even when they had the same overall agreement with Grit-S
statements. The opposite pattern is observed for Q2 Setbacks
don’t discourage me, where women were significantly more likely
to endorse the item.

The mindset constructs of talent and intelligence showed
significant DIF for the type of school attended, with Quintile 1-3
and Quintile 4 (lower socioeconomic) students being more likely
to endorse items than the Quintile 5 or IEB/Cambridge students.
The DIF for Race in the PSVT results vary across groups, some
items African students are significantly more likely to answer
correctly, other items White or Indian/Coloured students are
more likely to answer correctly despite the same underlying
ability. The same was observed for languages, not giving a clear
indication as to why some of the items may be easier for one
group and not for another. Based on the number of items in
the PSVT that display DIF (6 items out of 30), we would argue
that there is sufficient evidence for measurement invariance
overall. Generally, we would prefer to see no DIF in instruments;

however, 6 out of 30 items displaying DIF is not likely to cause
differential test functioning (DTF), and indeed Maeda and Yoon
[30] found that DIF for gender in the PSVT:R had a negligible
impact on the total score. The same cannot be applied to Grit-S
and the Mindset constructs, since out of a small number of
items as many as half displayed DIF for Quintile.

All of the constructs fit the Rasch model globally (0§l non-
significant), but this is the least important aspect of examining
internal reliability and validity. More important is that items
function well to provide evidence of consistent and accurate
measurement of one construct.

The Grit-S and Mindset questionnaires also had low overall
discrimination, with the majority of students highly endorsing the
constructs. For all three constructs, students highly endorsed the
constructs. More than 87% of students said they endorse a growth
mindset, and 92% of students could be classified as “gritty”.

B. Construct reliability and validity: Discussion

The PSVT:R and Mindset (ITIS) instruments had items that fit the
Rasch model, had acceptable coefficients for persons and items
as well as unidimensional constructs. The PSVT.R did not have a
sample diverse enough in ability to establish item hierarchy; the
assessment may be too easy for most of the students.

Grit-S was problematic in many aspects, including a misfitting
item, poor category functioning and an unacceptably low person
reliability coefficient. Across all person factors (gender, race,
home language, school quintile), the Grit-S showed a lack of
measurement invariance for as many as half of the items. This
could indicate problems with the design of the items, or the
construct meaning is not invariant across groups.

Category functioning was also problematic for both mindset
intelligence and mindset talent, where one category was chosen by
less than 10% of the sample and for some items no-one chose the
option of strongly disagree. Problems with the way the categories
functioned for Grit and the Mindset constructs are linked to
the lack of discrimination found for both instruments. Most of
the respondents agreed or strongly agreed with the statements,
offering virtually no range of agreeability and not providing much
useful information.

C Predictive reliability and validity: Results

A multiple linear regression model was built to investigate the
association of PSVT:R and the mindset constructs with attainment
in the engineering drawing module while holding background
variables constant. Grit was not included in the model because of
the weak internal reliability and validity.

Table 1 shows the standardised regression coefficients (B) per
predictor, as well as the standard error (SE). Results which were
statistically significant (0.05 < t) are indicated with an asterisk (*).
In the multiple linear regression model, the PSVT:R score emerges
as small and significant only for the semester mark. The mindset
scores do not have a relationship with either the drawing mark or
the semester mark.

The practical drawing model had an R2 of 0.17, and the semester
mark for engineering drawing had an R2 of 0.24, indicating that the
models explained only a small amount of the observed variance in
practical drawing and the semester mark.
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TABLE | Multiple linear regression model predicting practical drawing and the
semester mark

Practical SE. Semester SE.
B B

Gender (M/F) 0.12* -0.13 -0.04 -0.01
White 0.32* 0.16 0.17 0.05
Indian/Coloured 0.19* 0.20 0.06 0.02
Quintile 4 -0.09 0.12 -0.04 0.02
Quintile 5 0.10 0.07 0.13 0.15
IEB/ Cambridge 0.06 0.04 0.14 0.25
Afrikaans spoken at home -0.11 -0.16 0.07 -0.07
English spoken at home -0.10 -0.10 0.09 -0.08
Other language spoken -0.06 -0.10 0.04 -0.04
at home

Physical Science Gr12 0.13* 0.05 0.14* 0.06
Mathematics Gr12 0.06 0.03 0.11 0.10
English Gr12 0.06 0.03 0.10* 0.08
English taken in school as 0.13* 0.10 0.08 0.04
home langague

Mindset Intelligence 0.02 -0.01 -0.04 -0.12
Mindset Talent 0.03 0.00 -0.05 0.28
PSVT:R 0.05 0.47 0.11* 0.00

D. Predictive reliability and validity: Discussion

Both mindset intelligence and mindset talent had no relationship
with either the practical drawing or the engineering drawing
semester mark. This is unsurprising as both variables had very
low discrimination and students generally just agreed with most
statements. The spatial visualisation (PSVT:R) score was a small
but significant predictor for the engineering drawing semester mark.

Inour preliminary analysis, in which we investigated the correlation
with the marks in the first practical assignment and the first
semester test, the PSVT:R had stronger correlations than in this
final analysis. We expect that the predictive validity of the PSVT:R
would decrease over the semester, since spatial dimensional
learning has taken place throughout the course.

V. CONCLUSIONS AND IMPLICATIONS

The social sciences, much like the natural sciences, are often geared
towards finding neat, simplified answers to the complexity of
human nature. Our current study leads us to critique and question
two underlying assumptions: that the constructs we measured
are co-constructed in our contexts (real for us), and that the
constructs can be measured quantitatively by the questionnaires
(reduced through statements and numbers’). Social constructs are
inherently qualitative, frameworks created by us to understand
aspects of experiences and observations [31]. Constructs are not
objective reality, and they are created within certain contexts and
are likely to have deeply embedded biases.

If educators teaching “growth mindset” do not take young people’s
environment into account, particularly, youth experiencing white
supremacy, anti-Blackness poverty, patriarchy, and ableism, then
they are engaged in glorified victim blaming. [32]

When we measure constructs, we both affirm their “existence”
as well as the principal implications embedded within those
constructs. Our findings showed that the Grit-S and the ITIS are

blunt tools when applied to our specific first- year engineering
students. Possible reasons include applying the constructs
too broadly and not linking them to specific tasks or activities,
ignoring how the traits are co-constructed in diverse groups and
creating instruments that lead to social desirability responding.
We summarise our conclusions and the implications below.

A Critique of the constructs

Language and constructs: Thinking critically about the constructs
we measured, we acknowledge that within the field of resilience,
constructs such as Grit and mindset may be used to place the
onus on the individual to overcome unfair circumstances. The use
of coded language such as Grit and mindset, could imply that an
individual must have certain personal abilities in place in order to
succeed without considering the context in which development
happened [33].

Constructs in the African milieu: The constructs may not ‘exist’ or
function in the African context as they were defined in a Western
context. Constructs are socially created frameworks, and ideas
such as Grit and mindset could either manifest in a different way
in a developing context or not be applicable at all for some groups.

B. Critique of the instruments

The constructs should be domain and task-specific: Latent-
traits such as Grit and mindset, if co-constructed in our context,
could be specific to domains and tasks [13]. A potential solution to
this problem would be to apply items to more specific contexts to
gain refined insight. A person may have a growth mindset for one
type of domain (for example mathematics) but a fixed mindset
for a different domain (for example, writing). A person may be
gritty in dealing with their studying, but less gritty when faced with
interpersonal problems. Assuming mindset and Grit are globally
applicable to all contexts and at all times is problematic and
inaccurate.

Generic phrasing of questions: The items in both the Grit-S and
the Mindset Questionnaire are phrased in general ways, and it
is unclear to which specific aspect or task they apply. This could
be the reason the instruments fail to discriminate between those
of different mindsets or grittiness. An example is item 8 of the
Grit-S: I finish whatever | begin. Completing all tasks is nonsensical,
especially as one may begin a task that is later not required or
no longer useful. A possible improvement could be: / finish work
required for my class on time.

Construct meaning varies among groups: An assumption of
questionnaires is that the constructs function in the same way for
all homogenous populations (measurement invariance). But our
first-year engineering students are very diverse, and it may be that
the constructs have different meanings for different populations.
This, coupled with potentially problematic or vague phrasing, will
lead to more inaccurate measurement.

Social desirability responding: Our students are intelligent
people who have a good idea of who they are supposed to be, or
how they should present themselves. This could have led to overly
positive responding to satisfy perceived researcher expectations.

C. Overall conclusions

The PSVT:R is judged to have sufficient evidence that it is internally
reliable and valid for assessing first-year engineering students in
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South Africa. The Grit-S showed too many problems to be used in
its current format for assessing engineering students. The Mindset
constructs are generally reliable, but revision may be needed for
construct validity to be confirmed, especially considering the overly
positive endorsement of the items.

The Grit-S and Dweck's Implicit Theories of Intelligence Scale
(ITIS) may not be useful for predicting first-year engineering
achievement, but the PSVT:R could be used as a predictor and
provide some useful information, especially at the beginning of
the semester.

D. The way forward

Our main recommendation is that researchers who want to use
psycho-social constructs such as Grit and mindset in a unique
context, first pilot the instruments before use, or explore the
constructsqualitatively. This,inturn, maylead tothe redevelopment
of the instruments if the constructs are found to be reconstructed
by participants in a different way than represented in the existing
instruments. The shortcomings of the selected instruments
provide an opportunity for engineering educators. The challenge
is not to create “standardized” assessments which rigidly classify
students. Rather, engineering educators need assessment tasks
which gauge student functioning holistically and give indications
for supporting students.
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