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The European Society for Engineering Education, SEFI, is the largest network of engineering education
institutions and educators in Europe. It is an international non-governmental organisation established
in Belgium in 1973. SEFI's aims and objectives are to contribute to the development and to the
improvement of engineering education in Europe, to reinforce the position of the engineering
professionals in society, to provide services to our members, to promote information about
engineering education and improve communication and exchanges between teachers, researchers and
students, to develop co-operation between educational engineering institutions and establishments
of higher technical education, to promote co-operation between industry and engineering education
actors, to be a link between our members and international organizations, and to promote the
European dimension in higher engineering education.

SEFI serves as a European Forum to its members, composed of institutions of higher engineering
education, academic staff and teachers, students, related associations, and companies in 48 countries.

The objectives of SEFI are encountered through a series of activities such as the Annual Conferences,
Ad hoc seminars and workshops organised by SEFI’s special interest groups, Taskforces on specific
topics, the organization of the European Engineering Deans Conventions, Publications (incl. the
European Journal of Engineering Education), European projects, Position papers, regular SEFI@work
webinars, and European Engineering Educators podcast series.

A large part of SEFI’s activities is dedicated to the cooperation with other major European associations
and international bodies the European Commission, the UNESCO, the Council of Europe, or the OECD.

The SEFI Annual Conference is a scientific conference focused on Engineering Education and is the
biggest event of this type in Europe. The conference is a unique opportunity for professors, students,
industry and professional organisations to exchange their views and to meet their peers and create a
European network of contacts.

SEFI is based in Brussels. For further information please visit our website: www.sefi.be or

contact office @sefi.be.


https://eur05.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.sefi.be%2F&data=05%7C01%7Cger.reilly%40tudublin.ie%7C37f0cc8f1ca742d45a6e08dbce2c4a29%7C766317cbe9484e5f8cecdabc8e2fd5da%7C0%7C0%7C638330461845792283%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=6F6U0Y0Q1vbELUL0P9pMe3nHmNPfstQ5oCmJPbICZYI%3D&reserved=0
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Conference Welcome Address

GER REILLY

Co-Chair SEFI 2023 Conference

Head of Apprenticeships and Further Education
Technological University Dublin

Conference Location
TU Dublin is located in Dublin city and while it is a recognised leader in STEM disciplines, it also support

a very large cohort of students in business, media, culinary arts, and the creative and performing arts
in Ireland. The University is passionate about life-long learning and continuing professional
development. TUDublin researchers and innovators are pioneers in science and technology discovery;
they play active roles in informing policy and standards; and contribute to the creative life of Ireland.

The SEFI conference opens on Sunday September 10" with the Doctoral Symposium involving
interaction between 35 PhD students and over 40 research mentors. On Monday September 11th the
conference tracks commence. Overall the conference will provide delegates with a large number of
events types and topical sessions involving:

e Plenary sessions involving 2 panel events and 2 keynote presentations
e Research Papers with 135 oral and 18 poster presentations

e Practice with 134 oral and 14 poster presentations

e Aseries of SIG (Special Interest Groups) Events Corporate workshops.

This will be one of the largest ever SEFI conference with over 575 delegates from 45 countries and it
will give people a very positive perspective of the future of Engineering Education and Research.

On behalf of the Organising Committees of SEFI 2023 | am honoured and delighted to welcome you to
Dublin for SEFI 2023. Céad mile failte romhaibh go léir chuig Ollscoil Teicneolaiochta Bhaile Atha Cliath
le haghaidh SEFI 2023.



How should we educate engineers to ensure that they are best prepared for a complex world?

We find ourselves at a critical junction in human history. Technology offers people access to a better
standard of living than has ever before been possible and yet that same technology used in an
unsustainable manner threatens our very existence through climate change and environmental
catastrophe.

Engineers must be at the forefront of the move to a more sustainable world. Engineers must develop
new technologies to address our current challenges as well as finding new ways to use old technology
more sustainably. However, we cannot rely on technology alone to successfully address these
challenges. The United Nations Sustainable Development Goals (UNSDG) make it clear that the
challenge of sustainability affects every facet of human life including economic, political, social, and
cultural. Whilst engineers will continue to be considered as masters of technology, they must also
participate, in and make informed contributions to each of these facets in order to ensure that optimal
policies are adopted, and effective solutions are developed and implemented.

How then should we educate engineers to ensure that they are best prepared to develop solutions for
a complex, but sustainable world?

Engineering schools have not been blind to these challenges and have been striving to combine, within
their curricula, excellent technical expertise with a broader understanding of sustainability and societal
needs. SEFI 2023 asks that we share what we have learned already and to explore together what can
yet be done.

Conference Topics at SEFI2023
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Embedding Sustainability and Ethics in the Curriculum

Engineering Skills and Competences, Lifelong Learning for a more sustainable world
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Convened and Moderated by Professor Aditya Johri with Panel Members;
Dr Diana Martin, Professor Kristina Edstrom, Professor John Mitchell and
Professor Bill Williams

The panel aims to bring to the attention of the SEFI community recent
trends in engineering education research (EER) and discuss their role in
supporting change. Prompted by the launch of the International Handbook
of Engineering Education Research, panelists will discuss ways to document
the teaching and implementation of engineering education via research
and how research can contribute to strengthening engineering education
and promoting sustainable change. The panelists will discuss issues such
as:

- What constitutes a contribution to the field of engineering education
research? What counts as knowledge? Who gets to create and disseminate
new ideas and knowledge?

- How does the community translate new knowledge based on EER to
actual practice of improving education?

- What is the status of EER in engineering programs in Europe? How can
EER gain legitimacy and improve its visibility or status in engineering
programs?

- What can we say about where the field needs to go next? What is missing?

Aditya Johri is Professor of Information Sciences & Technology and Director
of Technocritical Research in Al, Learning & Society Lab (trailsLAB) at the
College of Engineering and Computing at George Mason University, USA.
He studies how technology shapes learning across formal and informal
settings and the ethical implications of using technology. He publishes
broadly in the fields of engineering and computing education, educational
technology, and computer-supported collaborative work and learning and
is the editor of International Handbook of Engineering Education Research
(IHEER) (Routledge/ 2023). His research has been recognized with several
best paper awards and his co-edited volume, the Cambridge Handbook of
Engineering Education Research (CHEER), received the 2015 Best Book
Publication Award from Division | of AERA. He served as a Fulbright-Nokia
Distinguished Chair in ICT at Aalto University, Finland (2021) and is a past
recipient of the NSF Early Career Award (2009). He received the University
Teaching Excellence Award (2002) and Mentoring Excellence Award (2022)
for undergraduate research at George Mason University. He was awarded
a Ph.D. in Learning Sciences & Technology Design (2007) from Stanford
University, Palo Alto, CA. More information is available at:
http://mason.gmu.edu/~johri
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Dr Diana Martin

Professor Kristina
Edstrom

Diana Adela Martin has a PhD in Engineering Education (TU Dublin) and is
currently an educational researcher at TU Eindhoven. Her research
examines how ethics, sustainability, and societal responsibility are taught
and implemented in the engineering curricula, with a focus on real-life
educational settings. In Romania, Diana founded an educational NGO
(2008-2015) which fostered cooperation between academia and the
private sector, and in 2015 was selected by the European Forum Alpbach
as one of Europe's innovators in tackling inequality in education. Diana is
the co-chair of the Ethics Special Interest Group of SEFI — The European
Society for Engineering Education (2022-25) and the Europe board
representative in REEN — The Research Network in Engineering Education
(2022-26). Diana serves also as an Associate Editor for the European Journal
of Engineering Education, Science and Engineering Ethics and the
International Handbook of Engineering Education Research.

Kristina Edstrom is Associate Professor in Engineering Education
Development at KTH Royal Institute of Technology, and Editor-in-Chief of
the European Journal of Engineering Education. She is active in educational
development and research at KTH, in Sweden and internationally. Her
research takes a critical perspective on the why, whatand how of
engineering education development.
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John E. Mitchell is Professor of Communications Systems Engineering in
the UCL Department of Electronic and Electrical Engineering and Co-
director of the UCL Centre for Engineering Education. Between 2012 and
2016 he was on secondment to the UCL Engineering Sciences Faculty office,
where he led the introduction of the Integrated Engineering Programme, a
major revision of the curriculum across the engineering faculty. In 2018 he
was part of the team was awarded the HEA Collaborative Award for
Teaching Excellence (CATE). He has published widely on curriculum
development, active learning and issues of diversity within engineering
education. From 2015 to 2022 he was Vice-Dean Education of the UCL
Faculty of Engineering Sciences. Professor Mitchell is a Chartered Engineer,
Fellow of the Institution of Engineering and Technology (IET), Senior
Member of the Institute of Electrical and Electronics Engineers (IEEE),
Principal Fellow of the Higher Education Academy, President of the UK's
Engineering Professors’ Council, Vice-President Publications of the IEEE
Education Society and was until recently a Member of the Board of
Directors of the European Society for Engineering Education and Editor-in-
Chief of the IEEE Transactions on Education.

Bill Williams is a researcher at CEGIST, the Centre for Management Studies
of Instituto Superior Técnico, University of Lisbon, is Professor Jubilado of
Setubal Polytechnic Institute, Portugal, and Adjunct Senior Research Fellow
at TUDublin, Ireland. He originally trained as a chemist at UCC, National
University of Ireland and went on to work in education in Ireland, UK,
Eritrea, Kenya, Mozambique, and Portugal. He serves as an associate editor
of the European Journal of Engineering Education (EJEE) published by the
European Society for Engineering Education (SEFI) and senior associate
editor for the Journal of Engineering Education (JEE) published by the
American Society for Engineering Education (ASEE). He was lead editor of
“Engineering Practice in a Global Context, Understanding the Technical and
the Social” an edited volume published by Routledge in 2014. He is a
founder member of the Portuguese Society for Engineering Education
(SPEE) and is active in SEFI special interest groups on Engineering Education
Research and on Diversity and Inclusion.

ORCID: https://orcid.org/0000-0003-1604-748X
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A plenary session convened by Mr Alex Tarchini (Mathworks)and
moderated by members of the Board of European Students of
Technology (BEST) and European Students of Industrial Engineering and
Management (ESTIEM) with Panel Invitees; Xavier Fouger (Dassault
Systemes), Susannah Cooke (ANSYS), Marco Rossi (MathWorks), Martin
Koczmann (Siemens), Susie Ye (Bentley) and Jorge Lopez (Airbus)

Artificial Intelligence (Al) has become one of the biggest drivers of
technological change, impacting industries and creating entirely new
opportunities.

There is a significant demand in the industry for individuals who possess
the skills required to deploy scalable Al applications. Companies of all sizes
(from small start-ups to large organizations) hire Al engineers to build
machine learning products. Although you do not need to be an expert or
practitioner of Al to develop an Al vision and strategy, understanding Al
and related subject matter areas is critical to making informed decisions.

We asked panelists, to elaborate and share with the audience about their
company position and:

e to outline how Al is transforming the industries served by their
companies;

e to report about the “Al needs” that their industrial customers are
expressing: what skills (technical and soft) are requested to embed Al
in engineering design?

e To offerways engineering universities could match these
needs (Dual Learning, Micro Certificates, PBL, ...)

Xavier Fouger is an Industrial Engineer, former Science Attaché for the
French embassy in Vienna, Xavier joined Dassault Systemes in 1990 to
develop innovation processes for automotive manufacturers in Germany
and Korea. He founded the corporate organization in charge of
academia, designed learning initiatives for secondary and vocational
education in the USA, Malaysia, Canada and France and deployed
learning centres in universities in India, China, Brazil, Mexico, South
Africa, Kenya, Ivory Coast, Vietnam and Argentina. He created Dassault
Systemes’ Learning Lab to collaborate with university in educational
innovation within projects funded by US and European agencies, focusing
on practices enabled by digital technologies: social innovation, precision
agriculture, Internet of Things, Virtual Twins, Additive Manufacturing,
Collaborative Robotics, Smart Farm/Factory /City/Building and Model
Based Systems Engineering. He currently works on industry-inspired
learning centres, educational government programs and collaboration
with engineering education societies.
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Susannah Cooke

Martin Koczmann

Susannah Cooke is a Senior Product Manager at Ansys, managing Ansys
Academic software.

She works with universities to ensure that Ansys tools can be deployed to
best effect in teaching and research. She holds an MEng and DPhil in
Mechanical Engineering from the University of Oxford, where her
doctoral thesis focused on fluid flow around tidal turbine arrays. She has
also previously worked for the UK’s research funding agency, UKRI, and
she began her engineering career in railway maintenance.”

Martin Koczmann is the Academic Project Manager for the EMEA
(Europe, Middle East, and Africa) region at Siemens PLM Software. In this
role, he manages academic relations in the EMEA Zone and helps develop
and support Siemens PLM Software's academic partner community.

Engagement in dialogues on industry trends, academic best practices,
and digital transformation is an integral part of this role. These
discussions take place with educators and other professionals, creating a
rich exchange of ideas and experiences. There's a significant focus on
preparing the next generation of digital talent, with a particular emphasis
on the contexts of emerging technologies such as Industry 4.0 and
Artificial Intelligence. The goal is to ensure that the future workforce is
not only proficient in these technologies but also skilled at integrating
them into practical applications that drive industry growth and
innovation, while also considering sustainability.

Susie Ye is an Education Program Manager from Bentley Systems, an
infrastructure engineering software company. Being a technology
enthusiast in the engineering industry, Susie loves discovering emerging
engineering technologies and how they can contribute to solving real-
world problems.

Being an Education Program Manager, her goal is to support young
professionals upskill and unlock new career opportunities by providing
industry engineering software and expertise to education institutions and
engineering students. Having been working in manufacturing, tech and
AEC industry, Susie finds herself constantly learning new technologies &
innovations and privileged to have benefited from many

industry mentors’ help. During the learning process, Susie understood
the need to develop new talents for the engineering industry in order to
build a better world, as well as unlock the power of engineering
education that enables talent development.
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Marco Rossi

Jorge Lopez

Marco Rossi is member of the MathWorks Academia Team and supports
lecturers and researchers in the use of MATLAB and Simulink for teaching
and research.

Since 2020, Marco runs curriculum development projects in Hungary,
Croatia, Czech Republic, Turkey, South Africa, and many other
Universities. Marco graduated in Aeronautical Engineering from La
Sapienza in Rome. Since 2015 he worked as Assistant Researcher at TU
Dresden in Germany, where in 2019 he obtained a PhD in Mechanical
Engineering due to his work on modeling and simulation of soft
materials. Marco taught several courses during his academic experience
including statics and intelligent materials.

Jorge Lopez is currently working at Airbus, at the Al connectivity lab in
Issy-Les-Moulineaux, in the Parisian region. Jorge holds a Ph.D. in
Computer Science from Paris-Saclay University. He possesses both
academic and industrial experience, having worked at companies such as
IBM and Huawei, as well as having held various postdoctoral research
appointments. Currently, at Airbus, Jorge serves as an applied researcher,
focusing on solving existing problems and proposing novel solutions in
the domains of computer science and artificial intelligence.

46



A Keynote Delivered by Professor Anette Kolmos
In the PBL communities, we have always argued that the deep learning in

the projects would compensate for the lack of knowledge from taught
courses by the students’ ability to transfer knowledge to new areas.
Within the disciplinary discourses, this has proved to be valid as the
transfer of learning works within the same language and disciplinary
thinking and the projects share similarities. However, we have learned
that in an interdisciplinary context, where students are to transform their
experiences from a disciplinary to an interdisciplinary context, the
students do experience difficulties in leading and managing their projects.

This keynote will be based on results from the research project funded by
Poul Due Jensen Foundation on interdisciplinarity and problem- and
project-based learning (PBL). Key concepts in interdisciplinary types of
projects will be presented together with research findings on students
learning experiences. These findings are leading to a discussion on
transfer and transformation in engineering learning — both in terms of
scientific knowledge and generic competencies. The main message is that
in order to facilitate interdisciplinary and flexible learning, the engineering
curricula needs to be built on a higher degree of transformation and
variation.

Anette Kolmos is Professor in Engineering Education and PBL, Founding
Director (Director 2014-2023) for the UNESCO category 2 Centre: Aalborg
Centre for Problem Based Learning in Engineering Science and
Sustainability. She was Chair holder for UNESCO in Problem Based
Learning in Engineering Education, Aalborg University, Denmark, 2007-
2014. Guest professor at KTH Royal Institute of Technology 2012-2017.
President of SEFI 2009—2011 (European Society for Engineering
Education). Founding Chair of the SEFI-working group on Engineering
Education Research. Was awarded the IFEES Global Award for Excellence
in Engineering Education, 2013 and the SEFI fellowship in 2015.

During the last 20 years, Dr. Kolmos has researched the following areas,
primarily within Engineering Education: gender and technology, project
based and problem- based curriculum (PBL), change from traditional to
project organized and problem- based curriculum, development of
transferable skills in PBL and project work, and methods for staff
development. She is Associate Editor for the European Journal of
Engineering Education. She has been supervising more than 20 PhD
students and has more than 310 publications. She has been member of
several organizations and committees within EER, national government
bodies, and committees in the EU.
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A Keynote Delivered by Professor Edmond Byrne

The ‘landscape’ around sustainability education in engineering has
continued to evolve. Engineering education for sustainability largely
emerged originally out of environmental engineering imperatives, though
more recent developments have considerably broadened the scope of
‘sustainability’ teaching in professional engineering programmes. This has
implications for associated curriculum developments as well as having
pedagogical implications. Principal drivers for these developments
emanate from the evolving requirements of professional engineering
bodies internationally. These drivers have been supported and
supplemented by an enhanced sense of urgency in the wake of the
impacts of an unsustainable societal construct (e.g. the consequences of
accelerated climate change, biodiversity loss, energy and food
imperatives, etc.), as well as broader drivers such as around university
policy, industry expectations for graduate attributes, and evolving societal
imperatives. Having reflected on the above, some specific examples of
how engineering education for sustainability may be incorporated into
the curriculum are considered.

Edmond Byrne is Chair Professor of Process and Chemical Engineering at
University College Cork. He is programme director on the BE(Hons)/ME in
Process & Chemical Engineering. The programme won the Sustainability
Teaching Award (2016) from the Institution of Chemical Engineers
(IChemE). His research interests include engineering education for
sustainable development, for which he has published widely, and
transdisciplinary approaches to sustainability transformation, on which he
has co-edited two books (Transdisciplinary Perspectives on Transitions to
Sustainability, Routledge, 2017; Metaphor, Sustainability, Transformation;
Transdisciplinary Perspectives, Routledge, 2021). He chaired the 10th
Engineering Education for Sustainable Development conference
(EESD2021), hosted at University College Cork in 2021.
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ABSTRACT

The 7" SEFI Doctoral Symposium in Engineering Education Research, held at the
campus of Technological University Dublin on Sunday, September 10th, preceded
the SEFI 2023 Annual Conference. In all, 37 Ph.D. researchers attended, which is a
record number for this event. They came to share and further probe their Ph.D.
research topics and plans of study and to strengthen and extend their professional
networks. During this full and intense day, 27 established scholars provided the
Ph.D. researchers with personal feedback and ideas regarding their research. The
highlight, according to the Ph.D. student participants, was the warm and enthusiastic
reception they received from the well-established seniors of the global engineering
education research community. Although SEFI is a European organization, the Ph.D.
researchers and senior advisers who attended travelled to Ireland for this event from
Africa, Australia, and South and North America, and from all over Europe.

S Chance
Shannon.Chance@ TUDublin.ie
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1 INTRODUCTION
1.1 The Role of the Doctoral Symposium in Engineering Education Research

Engineering education research (EER) is an emerging and expanding field, and it is
now possible to pursue doctoral education in many institutions, in Europe as well as
in other parts of the world. As in any research field, PhD students can benefit greatly
from getting to know the leading scholars. This is however particularly true in EER
since many PhD supervisors are educational champions with a background in
engineering subjects, who are not themselves trained in educational research. It is
also common that a PhD student is the only one in their university working on this
topic. In such cases, it means a lot to have a supportive network beyond one’s own
environment (Edstrom et al., 2018). It is against this background that SEFI organises
a Doctoral Symposium in conjunction with its annual conference. Prior to this year,
the DS has been held the day before SEFI 2016 in Tampere, 2018 in Copenhagen,
2019 in Budapest, 2020 online from Twente, 2021 online from Berlin, and 2022 in
Barcelona.

The objective of this paper is to document and share insights from the 71" SEFI
Doctoral Symposium in Dublin 2023. The paper explains the design of the program
and discusses recruitment of participants — both the doctoral students and
experienced researchers. It proceeds to present some of the rich materials that was
created and captured, including introductions, literature tips and advice from seniors
and reflections from all participants. Finally, some reflections are made.

1.2 The SEFI Doctoral Symposium 2023

As in previous SEFI conferences, this year's Doctoral Symposium (DS) was held as
a full-day pre-conference event on the Sunday preceding the conference.
The DS is fully interactive and uses a variety of formats to create an enriching
experience:
e Short (one-minute) pitches by the seniors, so the early career researchers can
familiarize themselves with well-established researchers
« Discussions in small groups focusing on each student’s Ph.D. project (up to
30 minutes per student)
e Speed-dating activities to grow each participant’s network
e Presenting (one-minute) take-home-messages, to ensure that valuable
lessons are learnt and shared

1.3 Doctoral Student Participants

As in previous years, Ph.D. students were invited to submit an application in the form

of an extended abstract, including:

= A general introduction (about their background and interest in EER)

= An outline of their research (an elevator pitch, along with identification of their
research interest, thesis title, supervisors, current work),

= Reflections (their current questions, challenges, dilemmas, wishes, ambitions),

» Preferences for networking (at SEFI2023, and for keeping in touch after the
conference).

The organising team, who (with some slight changes) has worked together on this

event over the years, was delighted by the high number of applicants applying to

attend in 2023. Much of the work submitted in 2023 was well developed and 40

proposals were accepted; however, due to visa complications three candidates were

prevented from making the trip. Ultimately, 37 PhD students attended for the full day.
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They represented 15 countries in four continents: Aruba, Australia, Belgium,
Denmark, Finland, Germany, Ireland, Lithuania, the Netherlands, Norway, South
Africa, Spain, Sweden, the UK, and the USA.

1.4 Senior Participants

To provide the Ph.D. researchers with feedback, coaching, and guidance, a diverse
group of well-established senior participants was recruited. The organisers aim for a
ratio of normally three juniors being coached by two seniors in focused sessions
during the day. This has proven an optimal ratio for ensuring diverse but lively and
targeted feedback for juniors.

The willingness — even eagerness — of the seniors to participate in this event was
nothing short of remarkable. Seniors volunteer their time to travel to SEFI a day early
and dedicate an entire Sunday to the event. Despite this, there was palpable
enthusiasm among the seniors to participate, and almost every invitation that was
issued was also accepted. This year 27 established scholars came to serve as
senior advisors, including the organising team (the four authors of this paper). The
senior participants and organisers travelled to the DS from Australia, Belgium,
Denmark, Ireland, the Netherlands, Portugal, South Africa, Sweden, the UK, and the
USA.

1.5 Group Formation

The core of the symposium consisted of group activities in which doctoral students
and seniors worked together. This year, seven groups were formed, each containing
four doctoral students and two to three senior participants. The groups were
composed taking into account a balance between diversity and similarity regarding
years of experience, research interests — both in terms of topics and methods,
university, and country. The group formation was sent out to all participants in
advance, together with a compilation of all extended abstracts. The instruction was
to prepare by reading the abstracts of the doctoral students, at least the ones in their
own group. The groups were formed a week in advance, with a few last-minute
changes due to visa cancellations.

1.6 Event Outline

The program was designed to accommodate lively and deep discussions between
Ph.D. researchers and experienced researchers. Group activities were the focus,
and these were interspersed with plenary sessions:

09:00-09:30 Arrival, coffee & tea

09:30-10:00 Introductions and Instructions for the Day

10:00-12:00 First Group Session

12:00-13:00 Lunch

13:00-14:30 Speed Dating

14:30-15:10 Second Group Session

15:10-15:30 Refreshment Break

15:30-16:30 Plenary Report (Take-Home Messages: <1 Minute Per Person)
16:30-17:00 Final Reflections

2 CAPTURING THE DISCUSSIONS
2.1 Getting to Know the Experienced Researchers

Before the Doctoral Symposium, the senior participants were asked to submit some
reading tips for the doctoral students. The first question was: If a doctoral student

52



wanted to read something by you, what would you recommend and why? In
response, the seniors mentioned the following selection of their own work (in
alphabetical order):

Una Beagon

My PhD thesis - just to show the layout of chapters and the depth in which you have to go into to
satisfy your examiners. It's important to know what is expected in the PhD.

= Beagon, U. (2021) A Phenomenographic Study of Academics Teaching on Engineering
Programmes in Ireland: Conceptions of Professional Skills and Approaches to Teaching
Professional Skills, Doctoral Thesis, TU Dublin, 2021. https://arrow.tudublin.ie/engdoc/125/

Jonte Bernhard
Quality in engineering education research (EER):

= Bernhard, J., & Baillie, C. (2016). Standards for quality of research in engineering education.
International Journal of Engineering Education, 32(6), 2378-2394.

The relationship between "pure" engineering research and EER:

» Bernhard, J. (2015). Engineering education research as engineering research. In S. Hyldgaard
Christensen, C. Didier, A. Jamison, M. Meganck, C. Mitcham, & B. Newberry (Eds.), International
perspectives on engineering education: Engineering education and practice in context, Volume 1
(pp. 393-414). Springer.

How engineering thinking can, indeed, improve the methods of EER:

= Carstensen, A.-K., & Bernhard, J. (2019). Design science research — a powerful tool for improving
methods in engineering education research. European Journal of Engineering Education, 44(1-
2),85-102.

Tom Borsen
If you are interested in curriculum development and interdisciplinary:

» Karadechev, P., Petersen, L. S., & Barsen, T. (2021). Interdisciplinary competencies in the study
program of Techno-Anthropology. Aalborg University Press.

If you are interested in engineering ethics education:

= Boarsen, T. Serreau, Y., Reifshneider, K., Baier, A., Pinkelman, R., Smetanina, T., & Zandvoort, H.
(2021). Initiatives, experiences and best practices for teaching social and ecological responsibility
in ethics education for science and engineering students. European Journal of Engineering
Education, 46(2), 186-209.

Jenni Case

This was my attempt to try and understand how the curriculum within which | worked had come to be.
This is not only a national but also a global context. There is huge potential in looking at these matters
comparatively.

= Case, J. M. (2017). The historical evolution of engineering degrees: competing stakeholders,
contestation over ideas, and coherence across national borders. European Journal of Engineering
Education, 42(6), 974-986.

Shannon Chance
This is a comparison of two similar methodologies, with examples of how they're done.

= Chance, S., Duffy, G., & Bowe, B. (2020). Comparing grounded theory and phenomenology as
methods to understand lived experience of engineering educators implementing problem-based
learning. European Journal of Engineering Education, 45(3), 405-442.

I’'m also quite proud of this lesser-known work:

= Chance, S., Marshall, J., & Duffy, G. (2016). Using architecture design studio pedagogies to
enhance engineering education. International Journal of Engineering Education, (32)1B, 364-383.

Tinne De Laet
My latest publication focusing on metacognition for physics problem solving:

= Sijmkens, E., De Cock, M., De Laet, T. (2022). The Disciplinary Learning Companion: The Impact
of Disciplinary and Topic-Specific Reflection on Students’ EC-TEL 2022. Lecture Notes in
Computer Science, vol 13450. Springer, Cham.
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Inés Direito

Emotions in engineering education is an emerging research field:

= Loénngren, J., Direito, I., Tormey, R., & Huff, J. (2023). Emotions in engineering education. In A.
Johri (Ed.), International Handbook of Engineering Education Research (pp. 156-182) Routledge.

Xiangyun Du

= Lyngdorf, N. E. R., Du, X., & Lundberg, A. (2023). First-year engineering students’ learner agency
sources in a systemic PBL environment: a Q study. European Journal of Engineering Education,
1-18.

Kristina Edstrom

This paper was such a joy to write — it changed me. | wish all of you to find your own compelling

curiosity and your own voice.

= Edstrém, K. (2018). Academic and professional values in engineering education: Engaging with
history to explore a persistent tension. Engineering Studies, 10(1), 38-65.

Cindy Finelli

= Finelli, C. J., Daly, S. R., & Richardson, K. M. (2014). Bridging the research-to-practice gap:
Designing an institutional change plan using local evidence. Journal of Engineering Education,
103(2), 331-361.

David Knight

We need to talk about structural issues far more in engineering education.

= Knight, D. B., Grohs, J. R., Bradburn, I. S., Kinoshita, T. J., Vaziri, S., M. Matusovich, H., &
Carrico, C. (2020). llluminating inequality in access: Variation in enroliment in undergraduate
engineering programs across Virginia's high schools. Journal of Engineering Education, 109(4),
665-684.

Greet Langie

= Craps, S., Pinxten, M., Knipprath, H., & Langie, G. (2022). Different roles, different demands. A
competency-based professional roles model for early career engineers, validated in industry and
higher education. European Journal of Engineering Education, 47(1), 144-163.

Joyce Main

* Main, J.B., Wang, Y. & Tan, L. (2021). The career outlook of engineering PhDs: Influence of
postdoctoral research positions on the attainment of tenure track faculty positions and academic
salaries. Journal of Engineering Education, 110(4): 977-1002.

Diana Adela Martin

The paper might be of interest if you work on ethics and sociotechnical aspects or if you are collecting

data from multiple sources for your PhD:

= Martin, D.A., Conlon, E. & Bowe, B. (2021). A Multi-level Review of Engineering Ethics Education:
Towards a Socio-technical Orientation of Engineering Education for Ethics. Science and
Engineering Ethics 27, 60.

Abel Nyamapfene

This was my first serious foray into engineering education research. It took me several review cycles
during which the ever-so-patient reviewers gradually taught me that a paper needs to have at least a
study aim or better still a research question....

= Abel Nyamapfene (2010). Does class attendance still matter?, Engineering Education, 5:1, 64-74,
Madeline Polmear

An overview on informal learning that includes theoretical perspectives and opportunities for future

research:

= Polmear, M., Chance, S., Hadgraft, R., & Shaw, C. (2023). Informal learning: Opportunities for
competency development and broadened engagement. In A. Johri (Ed.), International Handbook
of Engineering Education Research.

Corrinne Shaw

= Malebogo N. Ngoepe, Kate le Roux, Corrinne Shaw, Brandon |. Collier-Reed, (2022). Conceptual
Tools to Inform Course Design and Teaching for Ethical Engineering Engagement for Diverse
Student Populations. Science and Engineering Ethics 28(2).
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Jan van der Veen

There are many ways to do case studies. Whatever mixture of quantitative and qualitative research
methods you use, make sure you present a rich story.

= MaclLeod, M. and J. T. van der Veen (2020). Scaffolding interdisciplinary project-based learning: a
case study. European Journal of Engineering Education 45(3): 363-377.

Esther Ventura-Medina

This is a short publication that | always keep at hand because it provides a good grounding on theory,
classroom issues and research questions in the context of education frameworks that are commonly
used in engineering education research:

=  Svinicki, M. D. (2010). A guidebook on conceptual frameworks for research in engineering
education. Rigorous Research in Engineering Education, 7(13), 1-53.

Bill Williams
This article focuses on the engineering workplace and how future engineers can create value:

= Trevelyan, J., & Williams, B. (2019). Value creation in the engineering enterprise: an educational
perspective. European Journal of Engineering Education, 44(4), 461-483.

Chris Winberg

Many of the doctoral students are doing innovative work - exploring new concepts, new
methodologies, and challenging assumptions. Here | tried to explore and apply new concepts, try out
new (and not yet generally accepted) methods, while challenging assumptions about the kinds of
learning that happens in laboratories - might inspire doctoral scholars in their own work.

= Winberg, C. (2021). The Making of Engineering Technicians: Ontological Formation in Laboratory
Practice, Engineering Studies, 13:3, 226-248.

Karin Wolff
Enabling students to develop complex thinking & practices:

= Wolff, K., Kruger, K., Pott, R., & de Koker, N. (2022). The conceptual nuances of technology-
supported learning in engineering. European Journal of Engineering Education, 1-20.

Alternatively, for the students working with technology in education:

»  Wolff, K. & Booysen, M.J. (2019). The smart engineering curriculum. Proceedings of the 8th
Research in Engineering Education Symposium. Cape Town.

In addition, Maartje van den Bogaard, Anne Gardner, John Mitchell, Johannes
Strobel, and Roland Tormey shared their recommendations verbally.

2.2 Reading Recommendations from the Experienced Researchers

Next, the senior researchers were asked to give input following the prompt:
Recommend one paper, not your own, for a starting PhD student? This resulted in a
comprehensive collection of publications, with some notable overlaps.

Una Beagon

| went to Scott Daniel's SEFI presentation on this paper early in my PhD and came out of it thinking....
oh I'll do phenomenography - | get that.

= Daniel, S. (2022). A phenomenographic outcome space for ways of experiencing lecturing. Higher
Education Research and Development 41(3).

Jonte Bernhard

= Case, J. M. (2019). A third approach beyond the false dichotomy between teacher- and student-
centred approaches in the engineering classroom. European Journal of Engineering Education,
44(5), 644-649.

Tom Bersen

When | did my PhD in university education this chapter helped me navigate in the different paradigms
of qualitative research:

= Lincoln, Y. S., Lynham, S. A., & Guba, E. G. (2011). Paradigmatic controversies, contradictions,
and emerging confluences, revisited. The Sage Handbook of Qualitative Research, 4(2), 97-128.

55



Jenni Case

| am not sure there is one paper | would recommend to everyone. Start reading on the topics and
puzzlements that you care about and see where that takes you. But if you want to think about the
context in which we work:

= Lucena, J., Downey, G., Jesiek, B., & Elber, S. (2008). Competencies beyond countries: the re-
organization of engineering education in the United States, Europe, and Latin America. Journal of
Engineering Education, 97(4), 433-447.

Shannon Chance

This handbook provides a wide overview of research in our field and has an impressively diverse
group of authors. It's a great introduction to the field, and a who's who of sorts:

= Johri, A. (Ed.). (2023). International Handbook of Engineering Education Research. Routledge.
Tinne De Laet

= Fleur, D.S., Bredeweg, B. & van den Bos, W. (2021). Metacognition: ideas and insights from
neuro- and educational sciences. npj Sci. Learn. 6, 13.

Inés Direito

Engineering education researchers' social identities — their backgrounds, world views, experiences
and biases — have an impact on their research. This paper is a call for reflexivity and discussion of the
ethics of conducting research.

= Secules, S., McCall, C., Mejia, J.A., et al. (2021). Positionality practices and dimensions of impact
on equity research: A collaborative inquiry and call to the community. Journal of Engineering
Education, 110(1), 19-43.

Xiangyun Du

= Direito, I., Chance, S., & Malik, M. (2021). The study of grit in engineering education research: a
systematic literature review. European Journal of Engineering Education, 46(2), 161-185.

Kristina Edstrom

Go through a few recent issues of different journals to understand the publication landscape and what
is required from a manuscript. It's a good activity for a journal club!

Cindy Finelli

= Borrego, M. (2007). Conceptual difficulties experienced by trained engineers learning educational
research methods. Journal of Engineering Education, 96(2), 91-102.

David Knight

= Davis, M. S. (1971). That's interesting! Towards a phenomenology of sociology and a sociology of
phenomenology. Philosophy of the social sciences, 1(2), 309-344.

Anette Kolmos

»  Arthur, W. B. (2009). The nature of technology: What it is and how it evolves. Simon and
Schuster.

»= Barnett, R. (2000). Supercomplexity and the curriculum. Studies in Higher Education, 25(3), 255-
265.

Greet Langie

= Borrego, M., Foster, M. J., & Froyd, J. E. (2014). Systematic literature reviews in engineering
education and other developing interdisciplinary fields. Journal of Engineering Education, 103(1),
45-76.

Joyce Main

= Griffith, A. (2010). Persistence of women and minorities in STEM field majors: Is it the school that
matters? Economics of Education Review. 29(6). pp. 911-922.

Diana Adela Martin

This paper by Direito, Chance and Malik, is a standard for conducting a systematic literature review.
There are no better EER scholars to learn this process from.

= Direito, I., Chance, S. & Malik, M. (2021). The study of grit in engineering education research: a
systematic literature review, European Journal of Engineering Education, 46(2), 161-185.
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Abel Nyamapfene

One of the biggest challenges when moving from technical engineering research to engineering
education research, is getting a grip on research methods. This paper, though it’s now 12 years old, is
a discussion of research methods that a budding EER researcher might want to know more about.

= Case, J.M. & Light, G. (2011). Emerging Research Methodologies in Engineering Education
Research. Journal of Engineering Education, 100(1), 186-210.

Madeline Polmear
An introduction to qualitative methodologies:

= Case, J. M. & Light, G. (2011). Emerging research methodologies in engineering education
research. Journal of Engineering Education, 100(1), 186-210.

| also recommend the International Handbook of Engineering Education Research (Johri, 2023) since
it covers a range of topics and offers fundamental and state-of-the-art insight into the field.

Corrinne Shaw

It depends. Have a conversation with me and | will make a recommendation.
Jan van der Veen

Inspirational combination of theory and practice:

= Klaassen, R. G. (2018). Interdisciplinary education: a case study. European Journal of
Engineering Education, 43(6): 842—859.

Esther Ventura-Medina

This article by Borrego and Douglas about methods covers quantitative, qualitative and mixed
methods approaches:

= Borrego, M., Douglas, E. P., & Amelink, C. T. (2009). Quantitative, qualitative, and mixed
research methods in engineering education. Journal of Engineering Education, 98(1), 53-66.

Bill Williams
Particularly useful for researchers coming from an engineering or natural sciences background:

= Case, J. M, & Light, G. (2011). Emerging research methodologies in engineering education
research. Journal of Engineering Education, 100(1), 186-210.

Chris Winberg
This offers some insights on what we’re all trying to do:

» Patrick, A. Y., Wisnioski, M. H., McNair, L., Ozkan, D. S., Reeping, D., Martin, T. L., ... & Haines,
C. E. (2023). In it for the Long Haul: The Groundwork of Interdisciplinary Culture Change in
Engineering Education Reform. Engineering Studies, 1-24.

Karin Wolff
For students looking at institutional/leadership/change strategies:

= Garraway, J., & Winberg, C. (2019). Reimagining futures of universities of technology. Critical
Studies in Teaching and Learning, 7(2), 38-60.

2.3 Advice from Experienced Researchers
Seniors were also asked to give one general tip for a starting Ph.D. student.

Una Beagon

Use this SEFI to attend presentations on methodologies that you are thinking of (if you have not yet
decided) rather than the topics of interest. | find that being confident about your methodology is the
hardest part of the PhD.

Jonte Bernhard

Think through your research question(s), i.e. find interesting problems you want to investigate. In my
opinion the quality of the insights generated is more important than mechanically following a method.

Tom Bgrsen
Remember, it is your project.
Jenni Case

READ!!I! THINK!!! TALK with others!!! Seriously — there are shortcuts you can take — but if you want
an experience that is intellectually transformative (first prize) | think this is the only way forward.
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Shannon Chance

Extend your network! Look for people you'd like to collaborate with in the future and cultivate mentors
to give you advice and references in the future.

Tinne De Laet

Talk to your colleagues, also the ones of other domains. They well help enrich your work and broaden
your horizon.

Inés Direito

Doing a PhD can feel very lonesome, things will not always go according to plan, and you may feel
you are not making progress or getting enough feedback. Whatever it is, never struggle on your own!
Talk to other colleagues, friends and family, supervisor(s), mentors(s), or mental health professionals.
Don'’t forget to have a life outside work and enjoy your PhD!

Xiangyun Du
Feel safe to be creative. A PhD project is a process to construct your own academic identity.
Kristina Edstrom

Become an active participant in the research community. For instance, become a reviewer — you
learn a lot from reading and critiquing others’ work and seeing the review process from the other side.

Cindy Finelli

Remember that there is more to life than your dissertation — make it a priority to take care of yourself!
David Knight

Be curious.

Anette Kolmos

Focus - focus - and more focus. Work on the research questions.

Greet Langie

Stay passionately curious! Do not stop questioning. No one will ever blame you for this, on the
contrary.

Joyce Main
Self-care is an important priority. Write a little every weekday.
Diana Adela Martin

The EER community is fantastic and grew via mutual support and friendships. Feel welcome to reach
out to the researchers you admire, to ask for advice from a potential mentor, to discuss with the
author their paper, to propose projects to SIG chairs or other group leaders of networks or
associations in your area of research. And if you are interested engineering ethics education (broadly
conceived), or have a suggestion for a project for the SEFI| Ethics SIG, especially if it is something
you would like to lead, reach out to me.

Abel Nyamapfene

The doctoral process is a marathon and not a 100 metre sprint. Be gentle to yourself, take your time,
there is a lot to take in, don't panic, we have all been there.

Madeline Polmear

Have a constellation of mentors. Instead of relying only on your PhD supervisor for information and
advice, seek out different mentors who can support you for various purposes, such as career
development and personal growth.

Corrinne Shaw

Make sense of your ideas, puzzling through, thoughts and work by writing. Write, write and write
some more. Write first for yourself, for sensemaking before you refine or translate for anyone else.

Jan van der Veen

Enjoy the journey and connect with fellow travellers.

Esther Ventura-Medina

Think carefully what question you are asking and try to fit your theoretical lens and methods to this.
Bill Williams

The field is large. Find particular researchers whose work really speaks to you. Then find a way to
speak to them.

58



Chris Winberg

The PhD is lonely journey - so connect with a supportive group - or groups — for example a reading
group (I am part of a reading group that includes doctoral scholars and supervisors who are using
Activity Theory) and a writing group, such one that meets once a week to either 'just write' and
sometimes to talk about writing can make the journey more collegial.

Karin Wolff

Be organised, have a dedicated space and allocated time slots for uninterrupted work. With good
systems in place (including document management), it is also important to have peer/mentor/family
support structures. The PhD journey can be overwhelming and lonely, but by recognising the
importance of 'systemic' and 'affective' support, the ultimate goal of 'cognitive’ development and
contribution can be achieved.

2.4 Group Notes

The groups wrote collaborative notes during their time together and then prepared
notes using an online file. These were valuable, yet lengthier than could be included
here.

2.5 Take-Home Messages

As the final activity in the day, the organisers invited each participant to share one
nugget of wisdom gained, as a take-home message from the DS. This final plenary
provided each attendee with one minute to present a take-home message. The
messages from doctoral students and seniors appear below:

Zeyi Liu, Michael O’Connell, and Nicola Rice: We got a lot of information about possible future
research domains. WhatsApp and the networking opportunities during the conference will be used to
continue discussions. The flow of knowledge is amazing. Thanks to this strong network, | will be able
to save a lot of time. | gained a lot of new knowledge. | will pay attention to learning to synthesize and
synopsize. It's important to learn to explain your research to a non-academic audience. The variety of
projects is impressive. The PhD’s have ownership of their research! We are all sponges of
knowledge.

Maiken Winther: Context of the PhD is very important to understand the results: educational context
(What does it mean to be admitted to this university? What is it like to study here? What does life look
like after graduation for these students?)

Lisa Hagedorn: Focus is very important: you don’t need to do everything — pick a slice that you want
to focus on.

Shan Tuyaerts: Experienced and foreseen challenges are also important research outcomes, as well
as potential future research directions.

Esther Ventura Medina: Good research leads to more questions than answers. Your research will
not go the way you expected it to. It is more important to answer a meaningful question and provide
new insight rather the original question.

Saul Garcia Huertes: Take just one issue and stick to it.

Jenni Case: Contributions from the PhD might be different: to theory, to practice or to methodology
but it is important to have a good story.

Shameela Arbi: Scope and methods can always change throughout the PhD process, but it's
important to love your topic or area of research. It is not easy to dedicate years of your life to
something you’re not passionate about.

Yiduo Wang: It is okay to be flexible and make compromises if the previous plan seems too
challengeable. The end of the PhD is not the end of life, instead, is the start of the academic career.

Eugenio Bravo: Plan your work and work your plan to get your PhD done.

Eva Murphy: Allow for things to not go as planned.
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Sandra Cruz Moreno: My main takeaway is to narrow down my research topic, and to focus on
(re)formulating my research question and make it answerable. The second is to network with the EER
community while enjoying the process. Lot of fellow researchers agreed that this community is very
welcoming and supportive.

Julia Sundman: It is interesting to see the diversity of backgrounds that EE researchers come from —
it is also comforting that although not everyone has a background in engineering or educational
sciences, we are all motivated by the desire to advance engineering education to respond to the
society’s and planet’s needs. The need to facilitate boundary-crossing in engineering education is
clear, and this should be understood further not only in learning contents, students’ interactions, but
also in collaborative teaching practices among teachers.

Ann-Kristin Winkens: Exchange is everything, especially when starting the PhD, because most of us
are newcomers in a cross-/interdisciplinary research field. Engineering Education Research is
boundary-crossing, so we need to be open and curious for other perspectives and ways of thinking.

Anette Kolmos: It is such a pleasure to see the growth of the community and the hope for
development and innovation of engineering education. | also hear that sustainability,
interdisciplinarity, humility, collaboration, challenge- problem- project based learning maybe has
become a mainstream element in engineering education. Thanks to the organisers and thanks to the
group members.

Jan van der Veen: | see a worldwide community now, great. Topics shared widely are the ways
sustainability is included in education but also how engineering education can become more inclusive.
Many have a background in science or engineering themselves, a great asset but also an extra
challenge to familiarize oneself with social science methods.

Kate Bellingham: There are many different ways of doing this journey - enjoy your voyage of
discovery.

Dione Maluwa: It is okay to feel inadequate on this PhD journey because you are embarking on
something that very few people will, so be kind to yourself.

Beyza Nur Guler: Your research questions might change along the process. It is important to narrow
down your research topic and devote your career to the rest. Curriculum design has stages design,
implementation and experiences of students.

Johannes Schleiss: Three learnings: (1) Learning from topics and different perspectives helps, even
though the topics are not connected in the first place. (2) Support networks are key and helpful. (3)
Measuring impact of change is challenging.

Xiangyun Du and Maartje van den Bogaard: Many of you are doing PhDs outside of your own field
of training. That is pretty bold! When in trouble or doubt: keep on moving forward! Be bold and
pragmatic in taking steps towards operationalization, choosing your theoretical framework, etc. It
doesn’t have to be perfect: it needs to be informed.

Tom Bgrsen: There are trends and great possibilities for synergies between many projects. Many
research transformative learning, diversity, sustainability, longitudinal studies, interdisciplinary
challenges.

Eugene Leo Draine Mahmoud: Clarify and narrow the research questions and their expected impact,
use purposeful sampling within qualitative methods, focus student narratives on assets and
successes, incorporate intersectional student identity, ask for help.

Luke Dokter, Erna Engelbrecht, Tina Anne Fuhrmann, Callum Kimpton, Una Beagon, and
Roland Tormey: Come to SEFI every year to recharge your research batteries. Write one PhD (not
three). Be clear about how you have been systematic in data collection and analysis so as to clearly
address your research question.

We need to allocate time to sufficiently reflect over the experiences/impressions from the day, but
how ar ewe to do this when we are about to embark on a 4-day conference?

Rani Dujardin, Pleun Hermsen, Olga OvtSarenko, Ina Peters, Cindy Finelli, Abel Nyamapfene,
and Corinne Shaw: Claim credit for what you do! Speak of yourself as a singular person, not as the
speaker of a whole research group. Narrow down your PhD topic. The thesis is the beginning of
something, not the end. These conversations helped clarify next steps. We need reflection time to
think about everything we heard, everyone for themselves. Broad access to publications is a hot topic.
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In other words, many universities cannot pay open access fees, others cannot afford licenses for
closed access publications. We need to find ways of sharing knowledge within the community.
Interesting ideas to pursue as next steps forwards.

Alba de Agustin Camacho: | have learnt about options for journals and conferences. | have enlarged
my network. | got interesting input to keep working on my PhD.

Bill Williams: Find your community.

Anna Overgaard Markman: My main take-home message is the importance of community. | have my
research group in Aalborg, but it's interesting to meet researchers within the field from different parts
of the world.

Fatima Darsot: My main take-home message is that you need a “village to work on your research”
and to build it.

Johannes Strobel: Any research can be improved from coming from a different perspective, things
can duplicated in so many different traditions.

John Mitchell: There are always interconnections between research, despite what first impressions
might be and therefore all experience sharing is valuable.

Svend Christiansen, Camilla Bjorn, Hanna Aarnio, and Tasha Zephirin: Be a rebel with support...
[apropos Be a rebel with a cause!ll]. It's helpful to continuously talk about your topic to different
audiences to clarify what you’re doing [new insights and energy]. Visualize your topic/research
interests and be strategic about your yes/no/not yet! You can continue developing your theoretical
framework also after completing your PhD thesis.

Shannon Chance: Understand that this is a very welcoming community and feel free to reach out to
anyone in this room today with questions or ideas for projects — even those who seem like superstars
in the field are likely to respond and help you. | know this first-hand!

Jonte Bernhard: | am glad that so many could participate in the symposium today. | hope the
symposium has inspired you and you have learned something. As we hope you have experienced
today you will always learn something by extending your network and you get new perspectives from
visiting other institutes and communicating with people outside your own close circle. Never stop to
keep your mind open!

3 REFLECTIONS AND WAY AHEAD

The 7" DS was the most well-attended, dynamic and interactive SEF| Doctoral
Symposium so far. The growing number of participants is an indicator of the strong
reputation of the DS over the years, but also of the growing maturity of the research
field on engineering education. It is delightful to see a healthy and growing
community of researchers across and beyond Europe. With 37 Ph.D. researchers
and 27 established scholars giving their all to the community, and to uplifting each
other, the field of EER seems to have a bright future.

It is impressive that so many leading experts in the field are willing to donate
significant time and effort to mentor others and to help make SEFI a world-leading
community for presenting research, collaborating, and sharing ideas. However, it is
certainly not only the Ph.D. researchers who benefit and learn in the doctoral
symposium; the senior mentors and organisers benefit as well. Senior participants
reported that they felt honoured to share their thoughts and ideas with the junior
researchers. They appreciated networking with juniors and seniors alike and having
the chance to “spot new talent”. As reported in a blog by Chance (2023), “It was, in
all honesty, a highlight of the overall week, and each participant shared insights at
the end of the day. ‘| found my village’ exclaimed one of the PhD students to
resounding applause. Indeed, this annual symposium, where experienced
researchers provide one-to-one advice to doctoral students helps bring our research
community together.”
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As recent years have brought larger and increasingly enthusiastic participation to this
Doctoral Symposium, with dozens of junior and senior participants joining, significant
participation from outside Europe can also be noted. Their diverse presence makes
valuable contributions to the dynamic discussions and enables the development of
global connections within the field.

The authors are delighted with the expanded capacity of our community to conduct
research with strong scholarly grounding and usefulness to readers. We are
dedicated to helping foster individuals and the unique abilities, insights and
perspectives each new member brings to our community. We observe new and
thriving publication venues, and value the vibrant sense of community that
characterised this year’s doctoral symposium. We hope to stay connected with this
year’s participants and see all of them again at coming SEFI conferences.
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ABSTRACT

Sustainability has become a major concern in the fields of engineering and
engineering education. Organizations such as UNESCO have defined goals for
sustainable development in engineering. As engineers design, develop, and
implement products and processes that impact the environment and society, their
role in promoting sustainable development is vital. Addressing sustainability in
engineering curriculum is needed to equip engineers with the knowledge, skills, and
attitudes required to develop sustainable solutions in their respective areas, and it
involves merging the teaching of technical skills with a systems-based approach that
considers the broader environmental and economical context of engineering. This
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requires collaboration between different disciplines and stakeholders, including
engineers, educators, policymakers, and industry.

This study investigates the industry practices regarding sustainability goals and
measures in two countries. Another point of inquiry is to find practical
recommendations from engineers and project managers to inform engineering
education curriculum in terms of knowledge and awareness of sustainability.
Qualitative case study protocol was followed in this research, and participants from
Germany and Saudi Arabia were interviewed online. Thematic coding was performed
to extract meaning making descriptions from the interview transcripts.

In response to the interview prompts, the participants shared their perspectives of
sustainability in their area of engineering. Their recommendations towards the
curriculum development included making UN sustainability goals a part of
engineering curriculum, while still teaching students to adopt a ‘lean product
development approach’ in their course projects, so that they learn the practical
implementation of sustainability in engineering projects as well as in life.
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1 INTRODUCTION
1.1 Background and Literature Review

The need for sustainable development is a very immediate one, defined and
explained initially by the World Commission on Environment and Development
(WCED) (WCED 1987) as utilizing the planet’s current resources in such a way that
future generations may also be able to benefit from them. In that sense,
sustainability is an important issue to be addressed in engineering education (Glavi¢
2006).

Regarding engineering, sustainability has many dimensions, including
environmental considerations for ensuring a safe and secure future for generations
to come, countering global warming and reducing carbon footprint (Matthews,
Hendrickson, and Weber 2008) to name a few. Globally, industries are investing a lot
in how to make their material products sustainable. The emphasis is on increasing
the quality of products to make them long lasting and durable, using biodegradable
materials to manufacture equipment, finding renewable energy sources to run
factories and workspaces, and reducing carbon footprint, chemical waste and plastic
waste (Evode et al. 2021).

The world is facing a plethora of environmental, social, and economic
challenges, such as climate change, resource depletion, and chemical waste which
are intricately interconnected and can potentially lead to an uncertain future in terms
of habitability of the planet. Governments, trade markets, companies, and engineers
working in various disciplines have the responsibility to address these challenges in
their respective capacities (Wilkinson, Hill, and Gollan 2001) and create solutions
that promote sustainable development. Achieving sustainability requires a holistic
approach that considers the entire life cycle of a product or system from raw material
extraction to its recycling or disposal (Jawahir et al. 2006).

There is a growing body of academic research that highlights the importance of
sustainability in engineering. For example, a study explored the integration of
sustainability principles called life cycle sustainability assessment (LCSA) into the
design process and building information modeling (BIM) process of buildings (Llatas,
Soust-Verdaguer, and Passer 2020) in an attempt to achieve significant reductions in
energy use, water consumption, and greenhouse gas emissions from the buildings.
This research demonstrates that sustainable engineering practices can have a
positive impact on the environment and help mitigate the effects of climate change.
In addition to the benefits of sustainability in engineering, there is also a growing
need for sustainability in engineering education. A study by Ramirez emphasized the
importance of integrating sustainability principles into industrial design curriculum
(Ramirez Jr 2007). The author argued that sustainability should be a core part of
engineering education to teach students about the ecological impacts of their
designs and how to minimize these impacts (Ramirez Jr 2007).

Another study explored the impact of sustainability education on the attitudes
and behaviors of engineering students towards sustainability (Tang 2018). The
authors found that students who received sustainability education had a greater
understanding of the importance of sustainability and were more likely to consider
sustainability in their future engineering projects as a moral obligation (Tang 2018).
This research highlights the positive impact that sustainability education can have on
students and their future engineering careers.

There are several challenges to integrating sustainability into engineering
education, including the lack of resources, time constraints, and resistance to
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change (Markvart 2009). However, there are also opportunities, such as strategies
proposed for integrating sustainability into engineering education, including
curriculum redesign towards sustainable development goals by United Nations
Educational, Scientific, and Cultural Organization (UNESCO) (UNESCO 2005),
project-based learning, and interdisciplinary collaborations (Guerra 2017).

In conclusion, sustainability in engineering and engineering education is a critical
issue that cannot be ignored.

The researchers intend to address sustainability through a curricular approach
by interviewing experienced engineers in Germany and Saudi Arabia, which as
countries are far apart in terms of geographical locations, education systems, and
industries. Germany is advancing towards automated industry through the industry
4.0 project (Lasi et al. 2014). On the contrary, Saudi Arabia holds an oil-based
economy (Abuhjeeleh 2019). It would be interesting to see how engineers working in
both the countries describe their companies’ efforts towards sustainability. The goal
is to learn about their perspectives regarding the importance of sustainability in
engineering and their suggestions towards curricular reforms for better awareness of
young individuals in undergraduate engineering programs.

1.2 Theoretical Framework

The research questions in this study are informed by the ‘Education for
Sustainable Development’ (ESD) framework. ESD is defined as "a process of
learning how to make decisions that consider the long-term future of the economy,
ecology, and equity of all communities" (UNESCO 2005). The ESD framework
provides a holistic approach to education that integrates social, environmental, and
economic perspectives. It emphasizes the development of knowledge and
awareness for students that enable them to participate in sustainable development.

Several studies have applied the ESD framework to engineering education,
highlighting the importance of integrating sustainability into engineering curricula. For
instance, Bergholm (Hofman-Bergholm 2018) recommended the interlinking of ESD
with systems thinking approach to inform the practical implementation of
sustainability in education. Comparably, in their implications for curriculum change,
Kagawa (Kagawa 2007) reported that students associate the concept of
sustainability to be against economic and social aspects, and therefore proposed an
engineering curriculum overhaul to overcome such barriers in an attempt to let
students realize their preferred futures (Kagawa 2007).

Overall, the ESD framework realizes the challenges of inculcating a
sustainability mindset in students through engineering curriculum and provides
practical solutions to achieve that goal.

This study aims to realize the full-time engineers’ and project managers’ knowledge
and awareness about the issues pertaining to sustainability and looks at how the
industry is implementing sustainability goals. Following are the research questions:
RQ1: How do experienced engineers and project managers perceive the issues
relating to sustainability?

RQ2: How does sustainability relate to engineering education and how can
sustainability be integrated into the engineering curriculum?

These research questions attempt to explore the concept of sustainability in industry
of two countries and bring the industry best practices to inform engineering
curriculum in academia.
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2 METHODOLOGY
2.1 Study Design

This research is designed as a comparative case study, in which a ‘case’
represents a choice of what is to be studied (Creswell and Poth 2016). Furthermore,
this study is not chronological in nature and is based on examining particular
scenarios bounded by a limited timeframe (Creswell and Poth 2016). Approaching
the issue of sustainability through a case study approach makes sense for this
research in a way that researchers want to investigate how the issue is addressed in
industry and academia at different geographical locations. Through this study, the
researchers aim to shine light on the importance of including the teaching and
awareness of sustainability-related concerns in the curriculum of all areas of
engineering.

2.2 Sample

Sampling for this study constituted experienced engineers and project
managers who worked in Germany and Saudi Arabia. The sample size was 8,
including 4 participants from Germany and 4 from Saudi Arabia. Recruitment was
done by forwarding recruitment emails to academic and professional connections as
well as through snowball sampling, meaning that the recruited participants were
requested to find further participants from their professional connections and circles.
Certain criteria were set to make sure that participants were aware of the current
industry best practices around sustainability. In order to be eligible to participate in
the study, following criteria were to be met by the individuals:

Engineers: Engineers were required to have graduated within the past five
years from their university in Germany or Saudi Arabia, and to have full-time
industrial experience of at least 4 years.

Project Managers: Project managers were required to have full-time industrial
experience of at least 15 years and to have served in a corporate-level management
position for a minimum of 5 years.

2.3 Instrument and Protocol

The protocol followed in this case study was semi-structured interviews.
Participants were contacted remotely via Zoom and their audio and transcriptions
were recorded. Interviews started with a brief introduction of the researcher and
participant in terms of area of research and industrial experience, followed by open-
ended prompts regarding sustainability definitions and practices in their respective
companies. Participants were also asked for their recommendations towards
improving the engineering education curriculum to cater to the awareness of
sustainability among engineering students. Care was taken to maintain the
anonymity of participants by assigning pseudonyms to them and their companies.

2.4 Analytical Method

This case study implemented a thematic coding approach to analyze interview
data collected from participant audio transcriptions. The analysis involved assigning
codes and subcodes to specific groups of information in the transcripts, followed by a
holistic determination of repetitive and similar codes appearing in multiple participant
transcripts. The information relevant to those codes was then regarded as ‘emergent’
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which led to ‘themes’ from the data that answered or tended to answer the research
questions for this study. Those emergent themes were used to report the findings as
well as inform the discussions section of this article. As a whole, only the participant
perspectives have been reported in the findings section, while researchers’
perspectives have been discussed in the later sections.

3 RESULTS

As this is a comparative study, findings have been divided into two groups
based on the geographical location of participants. Initial codes indicated that
participants defined sustainability in varied ways depending on their area of
engineering. However, several participants had similar experiences regarding their
companies’ efforts towards sustainability goals.

3.1 Participants from Germany

A participant is a senior mechatronics engineer with a master’s degree working
in the German automotive industry for the last five years. His daily work involves
autonomous driving systems and advanced driver assistance systems such as
adaptive cruise control and lane assist. The participant believes that sustainability is
a hot topic in the value chain and that the life cycle sustainability of products such as
electric vehicles (EVs) and active hybrid cars should mainly involve minimizing the
overall carbon dioxide emissions. Even for the traditional combustion engine
technology, the automotive companies are finding ways to reduce emissions. In
terms of the European laws about sustainability, a participant explained that
Germany plans to discontinue diesel engine production by 2030 and petrol engine
production by 2035. Simultaneously, companies are investing in improving fuel cell
technology and also making it more affordable. In that regard, Toyota has built a
prototype fuel cell powered car whereas Mercedes is developing a fuel cell powered
bus. Similarly, Mercedes has replaced original leather seat covers in cars with
synthetic alternatives and traditional plastic parts in cars with recyclable alternative
plastics in an effort towards a more sustainable system. Although that participant’'s
current role in the company is not a corporate-level decision making role, he still
believes that ample background knowledge and awareness about sustainability is
very important for every engineer and should be addressed properly in the university
curriculum. He recommends that engineering students should be thought to adopt a
‘lean product development approach’ in their course projects with focus on
minimizing expenses and maximizing market value and profits, but at the same time
care about the durability and sustainability of the product as important concerns.

Another participant with three years of experience in avionics-related software
exclaimed that he was not taught about sustainability in his undergraduate and
master level courses. However, his current company is working on a data transfer
simulation module for Field Programmable Gate Array FPGA chips and mostly deals
with software and coding aspects. In his area of engineering, sustainability efforts
involve reducing and optimizing code to use minimum memory resources on
microchips. This helps in conserving the natural resources utilized to make
microchips which is an important aspect of sustainability towards saving natural
resources for future generations.
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3.2 Participants from Saudi Arabia

Most of the participants from Saudi Arabia worked at some of the biggest oll
companies in the world, in part since crude oil and petroleum products are the
biggest exports of the region. A project manager with over 25 years of experience at
Saudi’s 2nd largest construction company, linked sustainability in his company with
the UN sustainability goals defined in 2004, saying that sustainability became the
cornerstone of all big engineering projects in the world after that. In another
participant’s view, engineers need to radically shift to a sustainable mindset in all
areas including plastics, batteries, chemicals, and electronics. He warned about an
issue that needs immediate attention on a global level, which is that permafrost is
rapidly melting in the Arctic Circle due to global warming, and the process is
releasing greenhouse gasses, especially methane gas which is 40 times more potent
than carbon dioxide. While this is a big problem in the current scenario, the earth as
a planet is on the verge of even bigger issues if the average global temperature
increases by 1.5 degrees Celsius, such as runaway heating of the planet. In that
case, methane hydrates found at the bottom floor of deep oceans and containing
more than all the hydrocarbons that humans have been burning from the last 100
years, might rise to the surface, posing everlasting threats to the living ecosystems.
The participant explained that recent developments in his company’s sustainability
policy have resulted into efforts towards decarbonizing operations, electrification,
heat pump usage in terms of energy generation, addressing global warming by
shifting methane-based steam cracker towards electrical based steam cracker,
maintaining a circular economy with the plastic waste reduction and plastic recycling
process, and improving resource and energy efficiencies.

In his recommendations toward improving the engineering education
curriculum, a participant mentioned that the UN sustainable development goals
should be a part of curriculum regardless of the area of engineering. The students
must always think from a sustainability perspective, such as while designing and
developing a product, think about where it will end up after its lifetime. The focus
should be on earning carbon credits and reducing the carbon footprint on the planet
by utilizing minimum resources from natural reserves and maximizing the efficiency
as well as lifetime of the products. Mark also mentioned that the students need to be
aware of the long-term sustainability concerns such as if the whole world moves to
electrical energy generation through nuclear, it will only last 75 years; thus, we need
renewable sources of energy such as solar, hydel, and wind.

Another participant, working in the drilling department of an oil company for 16
years, defined sustainability as a responsibility of our generation to secure the future
of generations to come. His concerns regarding sustainability included minimizing
environmental impact of material product wastes, reducing pollution and carbon
footprint, carbon capturing, maximizing asset values, and circular economy. Sid
emphasized that the issues regarding sustainability are so important that not only the
engineering curriculum but also the elementary school curriculum should aware
students and develop innate sustainability sense in them from childhood.

4 SUMMARY
4.1 Discussion

Regarding sustainability, the perspectives of engineers and managers working
in Germany were quite different from those working in Saudi Arabia. This might be a
consequence of different industry focus for the two countries. Germany has been
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working on an automated model of industry for a long time, (Lasi et al. 2014)
minimizing the human input while maximizing the machine output, which is a step
toward enhancing machine efficiency and life cycle and thus contributes to
sustainability research. On the other hand, Saudi Arabia has remained an oil-based
economy for a long time (Abuhjeeleh 2019) and only recently started investing in
tourism, non-oil exports and renewable energy (Waheed, Sarwar, and Dignah 2020)
which is apparent from the participant perspectives indicating a relatively recent shift
towards sustainable economy, renewable energy, and other sustainability
dimensions. Furthermore, the findings indicate that engineers in Germany are well
aware of the sustainability challenges specific to their areas such as reducing the
lines of code for microchips as a software sustainability concern and replacing
automotive batteries and body materials with sustainable alternatives. In contrast,
engineers and project managers in Saudi Arabia view sustainability in a more global
sense, with less concerns relevant to their specific areas of engineering.

Nevertheless, knowledge and awareness about sustainability must be provided
to engineering students throughout the course of their degree programs, and special
attention should be given to the practical implementation of sustainability goals in
their course projects.

Scholarly Implications: In authors’ perspective, gaps do exist in the engineering
curriculum of universities that can be informed of through more nuanced research in
different areas of engineering, such as chemical, civil, electrical, material, computer
science, software, and so on. Sustainability in engineering is a broad area and the
relevant perspectives of engineers can be explored more by subdividing it into
categories such as robotics, automotive industry, automation, aircraft industry,
petroleum industry, and so on. It is expected that the implementation of sustainability
goals would be very strict in the automotive and airplane manufacturing industries as
compared to a software company per se, as a consequence of fuel consumption of
cars and airplanes linked directly to the global carbon footprint and pollution. That
might provide interesting perspectives about how important sustainability goals are
to a particular industry.

Practical Implications: This study hopes to inform practical changes in the
engineering curriculum pertaining to sustainability concerns. The findings from
engineers clearly indicate a need to immediately address the lack of awareness
about sustainability goals in engineering programs. On a larger scale, this study may
be utilized to render educational policy makers more aware of the issues regarding
sustainability in academia.

4.2 Limitations and Future Directions

This is a qualitative study and the sample size is appropriate, still more
participants might affect the findings and conclusions of this study. Moreover, only
male participants were inducted in this study. The reason for that is not the
researchers’ bias toward a specific gender; rather the sampling strategy used which
was snowball sampling resulted in male participants referring their same-gender
industrial connections and collegues. Thirdly, the issue of sustainability is worldwide,
whereas this case study investigates the industry in two countries only. Not
purposefully so, but that depicts only one piece in the complex puzzle, and thus the
results of this study are not generalizable to all scenarios regarding sustainability.
These limitations, however, could be addressed in future studies to include a more
inclusive sample and hopefully inform more practical approaches to engineering
curricular reforms in terms of sustainability.
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ABSTRACT

Asian American students are the largest non-White racial group in US undergraduate
engineering, but they are often labeled as the "model minority." This stereotype
confines them to STEM majors, limiting their access to diversity, equity, and inclusion
(DEI) programs. Little attention has been given to why some Asian American
students leave engineering. To address this gap, a pilot study using semi-structured
interviews aims to explore the reasons behind their decision to leave the field or
change their major. The study seeks to contribute to engineering education
scholarship by promoting more inclusive learning environments for Asian American
students and providing recommendations for better support from faculty,
administrators, and staff.

1 INTRODUCTION
Asian American students are the largest non-White racial group in US undergraduate

engineering, though they are still considered members of a unique minority
population - the “model minority.” However, scholars in Asian American studies
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continue to disrupt the norms placed on Asian American students. And with the
stereotypes of Asians as geeks and doctors, Asian American students are typically
boxed into STEM-oriented majors, thus further forcing Asian American students to
take on the “modeled minority” stereotype. Here, we use the term “modeled
minority” as this stereotype is perpetuated by STEM. Unfortunately, traditional
approaches to framing and justifying research concerning minority students based
on concepts such as representation and retention might be challenged when
examining the experiences of Asian American students in engineering. Even if we
are able to solve the problem of representation, we argue that it may not completely
remove racial inequity against Asian American students from engineering education
(Trytten et al. 2009). Despite being “overrepresented,” Asian American students in
engineering (and Asian American students in general) in the United States are still
facing racial discriminations, stereotypes, microaggressions, and other forms of
systematic anti-Asian racism. To a large extent, the model minority myth and the
overrepresentation concern challenging Asian American engineering students has
limited their access to DEI programs.

Traditional DEI-focused studies in engineering education often focus on how to retain
minority students especially those from Hispanic and African American backgrounds
in engineering. Arguably, excluding Asian American students from retention research
in engineering might assume either: (1) there is no retention issue among Asian
American engineering students (again derived from the overrepresentation
assumption); or (2) the traditional retention framing is not effective in serving the DEI
needs of Asian American students.

Nevertheless, contrary to stereotypes around the model minority, our anecdotal
evidence suggests that Asian American students (at least some of them) do leave
engineering. Given the two assumptions articulated in the last paragraph, these
students are not usually or necessarily included in most DEI programs, despite that a
major goal of these programs is to retain minority students in engineering. We argue
that one overlooked and yet critical aspect of DEI research in engineering is why
some Asian American students leave engineering. While there have been limited
studies in both engineering education and the social sciences regarding Asian
American student experiences in engineering, even less attention has been brought
to why some Asian American students leave engineering.

This pilot study aims to explore the paths some Asian American students took in
deciding to leave either the field of engineering or engineering as a major.
Semi-structured interviews are utilized to capture and center students’ experiences
as first-hand accounts as to why these students leave engineering. This paper
concludes with recommendations for engineering education and faculty,
administrators, and staff for better supporting Asian American students during their
journeys in engineering. This paper will contribute to the scholarship in engineering
education that explores the diverse experiences of Asian American students in US
engineering and more authentic approaches to the creation of inclusive learning
environments for students from all backgrounds.
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2 LITERATURE REVIEW
2.1 Asian American Students in Engineering Education

Based on previous scoping reviews, there has been a significant scarcity of empirical
research regarding the experiences of Asian American students in US engineering
education, both within the engineering literature and the social sciences literature. In
the scoping review of the engineering literature, only three papers that empirically
investigated Asian American students in engineering or STEM programs. A similar
scoping review of the social sciences literature found only 14 papers, of which two
were included in the previously mentioned literature review. Of the existing literature
about Asian American engineering students in the US, there are two major areas of
focus: (1) how Asian American students enter the STEM pipeline; and (2) the lived
experiences of Asian American students during their time in engineering education.

The first area focuses on how Asian American students enter the STEM pipeline.
One quantitative study found that individualistic student choice rather than parental
influence were strong predictors for Asian American students to choose STEM over
liberal arts and business majors (Lowinger and Song 2017). Lowinger and Song
(2017) defined parental influenced variables such as parental education, parents’
savings, parenting style, and level of involvement in their children’s schooling while
student variables included advanced placement and college preparation programs,
subject preparation, extracurricular activity engagement, and student test scores.
Another quantitative study examined the pathways to STEM majors for Asian
American students and found that entrance to STEM varied among different Asian
American ethnic subgroups, thus disrupting the model minority myth (MMM) (Kang et
al. 2021). For instance, Filipino students were less likely to choose STEM majors
compared to other Asian subgroups of students and Indian/Sri Lankan student
choose STEM majors more than any other subgroup. Pang (2023) focused on how
Asian American female college students, mostly STEM majors, decided to choose
their major and the factors that influenced their agency in deciding their major such
as family influence, personal expectations, and gendered expectations.

The second area centers on the lived experiences of Asian American engineering
students in the US, throughout their time in engineering education. One quantitative
study, centered on Asian American engineering students in the University of
California system, found variations between classroom engagement and GPA across
different sub-ethnic groups (Ing and Victorino 2016). One mixed-methods study
focused on Asian American engineering students found that these students
continued to experience racist stereotypes but also projected these stereotypes onto
other Asian American students (Trytten, Lowe, and Walden 2012). Another study
focused on examining the stereotypes Asian American students endure during
college found that students indicated the stereotypes of the MMM and expectations
to excel in math and science devalued the work they did to get where they were
(Museus and Park 2015). In a phenomenological study, researchers looked at how
Asian students navigated the social and psychological impacts of the MMM in their
STEM education which backed up claims in disrupting the MMM (McGee et al.
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2017). One paper summarizes the (lack of) literature and research on APIDA and
Southeast Asian and Pacific Islander American (SEAPIA) students in STEM,
specifically focusing on the importance of students’ interactions with faculty which
feed into factors of retention and persistence (Eleno-Orama and Ross 2019).

2.2 Minority Students Leaving Engineering

Historically, a major concern for engineering education research is how to sustain the
engineering workforce pipeline. Researchers and policymakers in engineering
education have explored ways to retain students, especially those from underserved
cultural backgrounds in the engineering profession. To better study how to retain
minority students in engineering, some scholars have studied the factors that may
potentially cause them to leave engineering.

Hughes (2018) found that factors such as participation in undergraduate research,
STEM identity, having a parent employed in STEM, and high school GPAs and SAT
scores can potentially predict the retention of sexual minority STEM students.
Watson and Froyd (2013) discuss how the leaky pipeline diagram, popularized to
showcase how students leave STEM, indicates that engineering systems are geared
to “plug” rather than renew the culture of engineering. Park et al. (2020) found that
Black and Latina women were more likely to leave STEM due to racial and ethnic
discrimination from their STEM professors. Hall et al. (2015) determined that strong
predictors for retention in engineering included high school GPA, SAT math scores,
and Assessment and LEarning in Knowledge Spaces (ALEKS, a placement test
measuring calculus readiness).

In summary, the existing literature in engineering education has yet problematized
the experiences of Asian American students. More specifically, the literature on
minority students leaving engineering has not considered Asian American students.
Therefore, the major research question for this exploratory study is: What are the
factors that may potentially lead some Asian American students to leave
engineering?

3 METHODS
3.1 Study Setting and Participants

For this pilot study, qualitative methods were utilized to understand the narratives
and experiences of the students. This study was approved by the University's
Institutional Review Board for human subjects research (IRB approval number
23-461). Student participants were from a public Asian American, Native American,
and Pacific Islander-serving institution (AANAPISI) located in the Southern region of
the United States. This institution was chosen because as it holds AANAPISI status,
indicating that at least 10% of the total undergraduate student population is of APIDA
descent. In order to be considered for the study, students had to have started in the
College of Engineering and transferred out of engineering prior to their
undergraduate graduation.
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If the student agreed to participate, a one-on-one semi-structured interview was
conducted virtually, lasting 30 to 45 minutes. Semi-structured interviews allow for the
student to share their lived experiences through open-ended responses to closed
questions. The lead author conducted and audio-recorded the interviews, which
were then transcribed. In the first stage of data cleaning, all personal information was
de-identified. With the de-identified transcripts, the researchers on this project coded
the interviews according to themes that organically emerged from the student
interviews.

Rigor and trustworthiness were considered for this qualitative research study
(Lincoln and Guba 1985). Credibility emerged throughout the pilot study from the
positionality of the researchers, the iterative nature of the interview questions, and
frequent debriefing sessions between the researchers regarding the interview
transcripts.

3.2 Positionality Statements

The first author is a biracial Asian and white woman graduate student whose
research focuses on Asian American and multiracial engineering students. The
second author is an Asian man from China who was educated in both China and the
United States. His research focuses on global engineering, engineering ethics, and
ethics of Al and robotics.

4 RESULTS

For this pilot study, two students were interviewed about their experiences in
engineering. Their backgrounds are shared in the table below (Table 4.0). It is worth
highlighting here that this paper is an exploratory study and it does not aim to draw
any systematic findings across the sample. It is unlikely that insights from the two
interviews will reach any kind of saturation for any typical qualitative study.

NOTE: Our major goal of this paper is two-folded. On the one hand, since there is no
existing work on Asian American students leaving engineering, we are eager to get
some very preliminary sense about the experience of these “less typical” students.
On the other hand, analysis of the two interviews will help us further refine our
interview protocol and develop a more comprehensive code book as we are
interviewing more participants.

Table 4.0 Demographic Information of Student Interviewees

Interviewee | Year Starting Major Graduating Ethnicity | First
Psydonym Major Generation
Sarah Junior | Architecture — Cybersecurity | Chinese | Yes

(Third) | Computer Science (Business)
Rebecca Senior | Computer Engineering | Food Sciences | Filipina No

(Fifth)
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4.1 The Lack of Care and Sympathy in the Classroom

Both Sarah and Rebecca shared that a major reason causing them to leave
engineering was the lack of care, empathy, and teaching effectiveness among some
engineering faculty in the classroom, especially those who were teaching
mathematics subjects. They indicated that their mathematics courses were the
tipping point for them in engineering. To a large extent, the lack of care and empathy
in the everyday teaching of these faculty further help to reinforce some problematic
and yet dominant engineering ideologies such as meritocracy.

For instance, Sarah’s introductory calculus instructor made no attempt to connect
with students which included not responding to students’ emails. Even when Sarah
had a question, her professor had no interest in helping her and instead the ways the
professor spoke made students feel that they were stupid. Rebecca’s multivariable
calculus course left a similar bad taste. Rebecca recalled a moment when her
professor made the course inhabitable: “my teacher literally was like, ‘hey, you failed
this test,” in front of the entire class.” It is worth noting that both professors were
international faculty and both Sarah and Rebecca considered that the cultural
backgrounds may have contributed to some culturally insensitive practices in the
classroom such as humiliating Sarah and other students, not being sensitive to
diverse learning habits among students, and sharing aloud Rebecca’s grade.

4.2 The Competitive Culture: Engineering as a Rat Race

According to Rebecca, a major cultural dimension of engineering that disengaged
her from further pursuing her learning in engineering is the competition culture of
engineering. Rebecca called the competition aspect of engineering a “rat race.”
Despite that she enjoyed the problem-solving spirit of engineering, she felt
concerned about the overly competitive process of becoming an engineer. As
noticed by Rebecca,

| feel like it's [STEM] almost oversaturated, and it’s just so competitive. It’s kind
of like a rate race right now. There are just so many people in engineering who
want to do the same things, and they’re all usually great people. But the issue is,
in the end, they’re all kind of your competition, which just sucks, because a lot of
times it doesn’t help when you want to build relationships with those people.

As indicated in the quotation above, in fact, the competition culture can be further
worsened by the lack of diverse ideas in engineering. In addition, there can be
consequences resulting from the competition culture. For instance, competition will
make engineers unable to build relationships with their colleagues. In general,
Rebecca’s impression with the competitive culture in engineering is that it is so
difficult to “break through.” Rebecca later found the food science program she
transferred to included more diverse topics and ideas.

4.3 Engineering Is Not for Everyone

Both Sarah and Rebecca shared their experiences interacting with their peers,
advisors, and family members when they were considering leaving engineering for
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other majors. These different stakeholders in engineering students’ ecological
system all indicated that it is totally fine to leave engineering simply because
engineering is not for everyone.

When Sarah consulted with a friend in her calculus class that she planned to leave
engineering, her friend was trying to comfort and said, “yeah, | get it. It's like some
majors are not for everyone, and it's okay.” More broadly, Sarah reflected on her
experience discussing the relationship between gender and engineering and realized
that engineering is still a male dominant field. As Sarah pointed out,

But | do feel like there is still very much a male dominant field and they’re kind of
like, the males, they still kind of have that superiority complex, be like, “oh yeah,
a woman can’t do the field thing.” Because I've heard from other friends, some
of the guys do that because they’re like, “Oh, I’'m going to take over this whole
project. You don’t have to do anything.”

Rebecca’s experience with that engineering is not for everyone came from a more
institutional approach. When discussing her experience with the process of switching
majors, she cited the university’s involvement:
He [academic advisor] was a transitional advisor, specifically an advisor for
people who are changing out of majors...I didn’t know [they had transitional
advisors] either until | got an email saying, “Hey, you’re not doing great in
engineering” and | was like, “Okay.”
Thus, Rebecca was flagged by the College of Engineering on low performance,
which led to the process of her leaving engineering.

4.4 Goals More Fundamental to Engineering

While analyzing the two interviews, we also realized that there are factors or “goals”
more fundamental to engineering that in fact motivated both Sarah and Rebecca to
leave engineering. These factors or goals shaped the ways they perceived
engineering and what other non-engineering degrees they switched to. For instance,
as a first generation college student, Sarah (and her family members as well) cared
more about whether she could graduate on time and find a well-paid job. When
consulting with her family members, Sarah found her family members supportive of
her leaving engineering, despite that her family members “don’t really care...as long
as [she] is getting a degree that it's going to help [her] be able to make enough
money.” Therefore, Sarah ended up transferring to the cybersecurity major in the
business school that was perceived to be less challenging but equally employable
and profitable as engineering.

In comparison, Rebecca really enjoyed cooking, life, and family relationships. She
was able to do a lot of cooking for the family during the COVID which used to be
done by her grandmother, thus shifting her interests towards Food Sciences.

5 DISCUSSION

In contrast to the existing literature that focuses on either how Hispanic and Black
students leave engineering and the factors that may lead to their departure, this
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paper presented some preliminary findings on the factors that caused Asian
American students to leave engineering. Unlike the traditional model minority myth,
some Asian American students did find themselves challenged by engineering
cultures. First, for the two Asian American students in particular, some preliminary
evidence showed that the lack of care, sympathy, and teaching effectiveness in
courses with difficult, math-intensive concepts was a major reason for them to leave
engineering. Second, the competitive environment of engineering disengaged
students from meaningfully participating in engineering. The innovative, hands-on
aspects of engineering did attract students but were later neutralized by the
“competitive reality” of engineering which further caused mental health issues and
the lack of diversity and creativity. Third, in addition to the formal engineering
curriculum, institutional cultures such as the ways in which the university
communicated to students about their performance and interactions between
students and their peers and advisors may also affect students' determination to
pursue engineering. Lastly, students all have different motivations to pursue
engineering and therefore if their goals are not met they could potentially leave
engineering. Future engineering education needs to help students navigate how their
personal values are aligned with professional goals in engineering education.

These interviews unpacked the nuanced experiences and expectations of Asian
American students to navigate the space of engineering. For future research, the
intersections of various identities should be understood in order for better equity of
all students in engineering and the lasting effects of COVID on students’ academic
performance. Perhaps the most important implication for research, generally and in
engineering, is to disaggregate data on Asian Americans broadly in engineering, as
subgroups of Asian Americans experience engineering differently. This is salient
especially in thinking about policy and practical changes that could affect Asian
American students in engineering.

As much of the literature in engineering makes the false assumption that all Asian
Americans experience engineering the same, continuing to disaggregate Asian
American data could help provide the needed resources for students. Another way
that this research could help future generations of Asian American engineering
students is by encouraging more funding towards programs that support Asian
American cultural development. This could be seen through support for Asian
cultural centers, living learning communities, or support for Asian and Asian
American Studies at the university level.

5.1 Limitations

As our study is exploratory in nature, it is important to note some of its limitations.
First, our two participants are female students. While we will try to diversify our
student population as we continue this project, we want to note that there could be a
gendered phenomena of those who chose to leave engineering. As Sarah indicated,
the male dominated environment of engineering may be a reason why Asian
American women may feel compelled to leave engineering (Castro and Collins
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2019). In other words, we need to explore whether Asian American women are more
likely to leave engineering than Asian American men. Second, part of our objectives
for this study is to explore the feasibility of this project, including the interview
protocol by experimenting with two participants. Doing so can help us further refine
the interview protocol which will be included in our future research. Third, while we
had hoped to find and include metrics to help strengthen our arguments, there have
been no systematic data regarding this as retention is not a concept often found
popular in studying Asian American students in engineering. Unfortunately, Asian
Americans are considered, at least in the US context, a homogeneous group and
therefore are considered overrepresented. Therefore, there has not been specific
metric on this topic, but we hope that future engineering education researchers will
consider this and include this population in future research on retention in
engineering.
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learners alike. This article focuses on its potential to transform e-learning, especially
in engineering education, and highlights the importance of understanding
engineering students' attitudes toward adopting new technologies. This study sheds
light on the potential of e-learning in general, and the metaverse in specific, to
engage and motivate students.

We conducted a quantitative online survey (n=120) to collect data from engineering
students. The analysis of collected data explores and evaluates the students'
awareness and acceptance of the metaverse in e-learning. Our results demonstrate
that engineering students have a good awareness, a positive attitude, and motivation
towards using new technologies and highlight a good opportunity for the metaverse
to enhance engineering students’ online interactions and participation compared with
traditional e-learning methods.

We have identified several challenges and opportunities in using the metaverse in e-
learning, including the need for new competencies, specialized hardware and
software, and data privacy and security concerns. The paper concludes with
recommendations for future research, emphasizing the benefits, e-learning's
potential, and challenges of the metaverse in e-learning.
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1 INTRODUCTION

Metaverse is a virtual environment where people can exist under the rules defined by
the creator (Hwang and Chien 2022), it gives the impression that everything is real
and physical; people can interact with each other and digital objects in a shared
space without being bound by physical limitations, creating a highly immersive and
engaging experience.

Numerous industries, including business, education, and entertainment, stand to
benefit greatly from this new technology. Metaverse has been gaining traction in
recent years as a potential game-changer in the realm of e-learning (Zhang et al.
2022). The application of the metaverse in Engineering Education (EE) is an
emerging research topic that has rapidly gained the interest of many researchers
(Hwang and Chien 2022). In this paper, our focus is on exploring the potential
acceptance of "the metaverse" as an educational tool by engineering students.

The use of the metaverse in the field of EE bridges the gap between theory and
practice enabling students to visualize complex concepts and engage in hands-on
activities that simulate real-world scenarios. It allows engineering students to
collaborate with their peers in a virtual space, allowing them to share ideas and work
together on specific projects. For example, students can design and test virtual
prototypes, experiment with different materials, and simulate the behavior of physical
systems in a controlled environment such as virtual laboratories (Kaddoura and Al
Husseiny 2023). Indeed, instead of just applying theoretical concepts to practical EE
problems, the metaverse offers an environment where students can see the
immediate results of their actions, making it easier for them to connect theory to
practice and pursue careers in engineering.

Headsets are the most commonly used hardware component for an immersive
metaverse experience and are therefore considered in this context as metaverse
technology. However, there are other hardware components available that can
enhance the experience further. These include Holographic Displays such as room,
wall, or table displays, as well as Fans and Wind Simulation, Vibrating or Motion
Platforms, and Haptic Feedback Suits (Dwivedi et al. 2022). While these
components are available, they may not be widely accessible to students at present.

This study aims to investigate engineering students' attitudes towards and
willingness to consider the metaverse as an alternative to traditional learning
methods. The key research questions addressed in this study are as follows:

RQ(1): What is the engineering students’ awareness and understanding of the
metaverse?

RQ(2): Is there a relationship between demographic factors and the
willingness of engineering students to adopt the metaverse for e-learning?
RQ(3): Does e-learning have an impact on the attitudes and behaviors of
engineering students about adopting the metaverse?

RQ(4): Is there a gap between the theoretical perspectives of the metaverse
and its practical implementation?
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2 LITERATURE REVIEW

E-learning is the process of delivering educational content and training programs
through various electronic media (Koohang and Harman 2005). It is facilitated by
Virtual Learning Environments (VLE), such as “Learning Management Systems”,
“Course Management Systems”, or “Personal Learning Environments” (Li 2022).
VLE have emerged as effective means of delivering education as they provide safe
and engaging learning situations (Adolf et al. 2019). Integrating metaverse as a new
VLE can significantly enhance the e-learning experience by creating immersive
learning environments that enable learners to interact with the material more
engagingly (Zhang et al. 2022). Metaverse offers several advantages over traditional
methods, such as gamification, diversity, equity, and inclusion, which can improve
learner motivation and critical thinking (Hwang and Chien 2022), (Zhang et al. 2022).

Despite their advancements, the metaverse allows the collection of highly specific
personal user data such as physical conditions and facial recognition, which can also
lead to a higher risk of data breaches and privacy violations. Privacy and data
security, as well as social and ethical considerations regarding intellectual property
rights abuse, are essential issues of the use of the metaverse as a new VLS (Zhang
et al. 2022), (Kaddoura and Al Husseiny 2023). Moreover, integrating metaverse in
EE requires participants' awareness and willingness to accept change and explore
new technologies (Hwang and Chien 2022), (Zhang et al. 2022).

Regarding students’ awareness and understanding of the metaverse, Won et al.
(2022) (Won et al. 2022) investigated engineering college teachers’ and students’
experience of using the metaverse for non-face-to-face (NFF) teaching and found
that they are generally willing to use virtual reality-based NFF teaching and learning
shortly even if they had no prior experience with it. A recent study by Salloum et al.
(2023) showed that the students were aware of metaverse technology and
considered metaverse-based educational platforms to have had a significant impact
on their learning outcomes. The study also suggests that the use of metaverse
technology has the potential to revolutionize the delivery of higher education
(Salloum et al. 2023).

Concerning the eventual relationship between demographic factors and the
willingness of engineering students to adopt the metaverse for e-learning, the study
of Ozdemir et al. (2022) concluded that male participants had higher metaverse
knowledge, attitude, and awareness levels than females. A positive and weak
relationship was found between the participants' average daily social media usage
time and digitalization attitude (Ozdemir et al. 2022). Furthermore, the results of
Aburbeian et al. (2022) (Aburbeian et al. 2022) showed that males demonstrated
more interest in metaverse technology than females. Additionally, participants under
the age of 20 showed a greater interest in metaverse technology compared to other
age groups (Aburbeian et al. 2022).

Many studies (Salloum et al. 2023), (Adolf et al. 2019), (Ghobadi et al. 2022), (Kaur
et al. 2020 ) have explored the impact of metaverse technology on student attitudes
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and behaviors. They found that VR technology could increase students' interest,
motivation, and engagement in learning. Kaur et al.(2020) investigated the effects of
Augmented Reality (AR) on undergraduate students in electronics and electrical
engineering and found that AR improved their attention, relevance, confidence, and
satisfaction with the learning material in a classroom.

However, to the best of our knowledge, no dedicated study has explored the
potential influence of demographic, behavioral, and attitudinal factors on engineering
students' acceptance of the metaverse in e-learning. In this article, we aim to fill this
research gap by examining the factors that affect engineering students' perceptions
of the metaverse.

3 METHODOLOGY
3.1 Study context

In this article, we targeted opportunities to use the metaverse in the higher education
sector for engineering students. To answer our research questions, we conducted,
between February and April 2023, a quantitative online survey that was distributed to
several engineering universities. We mainly investigated the awareness and
satisfaction of engineering students regarding the adoption of new technologies,
specifically focusing on the full immersion metaverse technology facilitated through
specialised headsets.

We received 120 responses from engineering students. We took care to ensure that
the students were fully informed about the purpose and utilisation of the data
collected. We made it clear to them that the data would be used for research
purposes. The participant’'s demography shows that 65% were male, while 35%
were female. As shown in Figure 1, mechanical and computer sciences students
have registered the highest participation with 33% and 30% responses respectively.
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Fig. 1. Survey questions visualization for engineering majors’ percentage
Out of the 120 respondents, the highest participation was registered by

undergraduate students (48% of the total participants). Following them were master's
(29%) and Ph.D. degree students (23%).

We got 33% of responses from ages 21 and 23, 33% of responses from ages above
26 years, 19% of responses from ages between 24 and 26 years, and 15% of
responses from ages less than 21.
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We have outlined our study's objectives, confidentiality policy, participant
confidentiality, data storage and processing, and other ethical considerations in the
survey's introduction section.

The questionnaire was conducted with closed questions that mostly used the Likert
5-point scale. We addressed the attitude of students regarding e-learning and new
technologies and the use of metaverse in the education sector. Some examples of
survey questions include:

| think that e-learning services have a positive impact on a student's ability to
listen and concentrate : Strongly disagree; Somewhat disagree; Neutral;
Somewhat agree; Strongly agree.

Are you interested in learning about the metaverse and its potential
applications in e-learning? : Not interested at all; Not really interested;
Somewhat interested; Yes, interested; Yes, very interested.

To gather feedback on our survey design, a pre-test was conducted with a group of
eight students. Based on their feedback and ideas for improvement, the survey was
further developed and finalized. The survey was then distributed to all engineering
students through email.

To address our fourth research question (RQ4), we selected a subset of eleven
students who had used the metaverse in their undergraduate senior project. We
recorded their answers separately and compared them with those of the complete
sample obtained in the principal survey.

For data analysis, we employed statistical analysis (T-test, ANOVA, and Kruskal-
Wallis) and utilized several artificial intelligence classifiers, including Decision Tree
(DT), Support Vector Machines (SVM), Random Forest (RF), Logistic Regression
(LR), and Gradient Boosting (GB).

4 RESULTS AND DISCUSSION

4.1 Level of awareness, experimentation, and willingness to adopt the
metaverse
Ouir first research question (RQ1) aimed to investigate the level of awareness and
understanding of the metaverse among engineering students. The survey data
indicated that 65% of the participants had heard of the term "Metaverse," while 20%
had heard of either VR or AR but not both together. Only 15% of the participants had
never heard about the metaverse. These findings align with the findings of Salloum
et al. (2023) (Salloum et al. 2023).

Among the 85% of participants who had prior awareness of virtual and/or augmented
reality, 56% of them had not experimented with metaverse before. This finding
suggests that although a significant number of participants had prior knowledge of
VR and/or AR, they were not necessarily familiar with the metaverse.
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Fig. 4. Willingness to adopt the metaverse for e-learning

To further explore the distribution of awareness and experimentation of VR and/or
AR regarding gender, figures 2, 3, and 4 present a description of the results. They
provide a breakdown of the participant’s gender and their level of awareness,
experimentation, and willingness to adopt the metaverse.

4.2 Influence of demographic factors on engineering students' awareness,
understanding, and willingness to adopt the metaverse

Our second research question (RQ2) aimed to gain a deeper understanding of the
demographical factors that may influence the participants' level of awareness and
understanding of the metaverse.

R

A statistical analysis using independent sample T-test for HO, H1 and H2, and Anova
and Kruskal-Wallis tests for H3, H4 and H5 was performed to investigate the
following hypotheses:

HO: there is a relation between gender and the metaverse’s awareness level.
H1: there is a relation between gender and the experimentation of the

metaverse.

H2: there is a relation between gender and the willingness of engineering
students to adopt the metaverse for e-learning.
H3: there is a relation between the level of education and the level of

awareness of the metaverse.

H4: there is a relation between the level of education and the experimentation

of the metaverse.
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H5: there is a relation between the level of education and the willingness of
engineering students to adopt the metaverse for e-learning.

The results of the unpaired T-test showed that the p-values for HO, H1, and H2 were
respectively 0.609, 0.855, and 0.212, all of which were greater than or equal to 0.05.
Therefore, HO, H1, and H2 were rejected, indicating that there is no significant
relation between the level of awareness, experimentation, and willingness to adopt
the metaverse and gender. These findings differ from those presented by Ozdemir et
al. (2022) (Ozdemir et al. 2022) and Aburbeian et al. (2022) (Aburbeian et al. 2022).

The ANOVA test showed that the p-values for H3 and H4 were, respectively 0.780,
0.816, greater than or equal to 0.05, meaning that these hypotheses were also
rejected. However, the p-value for H5 was 0.021, which is less than 0.05, indicating
that H5 was accepted. A similar result was obtained using the Kruskal-Wallis test.

Based on the analyzed sample, there was no significant relation between the level of
awareness and the education level, nor between the experimentation of the
metaverse and the education level. However, the willingness of engineering students
to adopt the metaverse for e-learning was found to be directly correlated with the
education level, with Ph.D. students showing the highest willingness to adopt e-
learning compared to master and undergraduate students.

4.3 Relation between engineering students’ Attitudes and their willingness to
adopt the metaverse in Education

Our results indicate that engineering students hold positive attitudes toward the
metaverse and are willing to learn more about it. A significant proportion of students
(64%) expressed interest in exploring the use of the metaverse in education, as
demonstrated in Fig.4. Additionally, 64% of the participants rated staying informed
about new technologies as an extremely important aspect of their education. 44% of
the participants thought that incorporating the metaverse into e-learning
environments would enhance engagement and enjoyment, compared to only 3%
who disagreed.

Our third research question (RQ3) aimed to further explore the relationship between
students’ attitudes toward e-learning and their propensity to adopt the metaverse. To
achieve this and better understand which factor affects the others we examined the
potential correlation between the students' e-learning experience, their level of
technological knowledge, and their willingness to integrate the metaverse into the
education sector.

During the analysis stage, we employed the Pearson correlation coefficient to assess
the relationship between different variables that could potentially affect the adoption
of the metaverse in e-learning. We utilized multiple linear regression techniques with
forward selection methods. The correlation coefficient should ideally deviate from
zero, indicating a positive or negative relationship, and approach values of 1 or -1.
For instance, a correlation between variables is considered weak if the absolute
coefficient lies between 0.3 and 0.5, moderate if between 0.5 and 0.7, and strong if
greater than 0.7.
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A-Time spent online per day 1

B- Level of understanding of new technologies 0.0 1

C- Importance of staying informed about technologies 0.1 0.3 1

D- Experience of internet weakness with e-learning 0.1 0.0 0.0 1

E- Experience difficulty with e-learning tools 0.1 0.0 0.1 0.4 1

F- E-learning improves listening and concentration 0.2 0.2 0.4 0.0 0.1 1

G- Satisfaction with e-learning 0.0 0.2 0.2 -0.2 0.0 05 1

H- Interest in using metaverse in e-learning 0.2 0.1 0.5 0.1 0.1 03 0.2 1

I- Metaverse e-learning is more engaging 0.2 0.3 0.2 -0.1 0.0 0.2 0.3 0.5 1

Fig. 5. Corrolation Matrix

As shown in Figure 5, for instance, there is a weak positive correlation between the
level of understanding of new technologies and the positive estimation of the
metaverse as an engaging technique for e-learning. Additionally, a moderate positive
correlation exists between the importance of staying informed about new
technologies and the interest in using the metaverse in e-learning.

Additionally, we applied five well-known artificial intelligence classifiers (DT, SVM,
RF, LR, and GB) using Python to predict the degree of "student's interest in using
the metaverse in e-learning" based on other attitudes and behavioral features. The
purpose of these classifiers is to provide a meaningful number (between 0 and 3)
that accurately predicts the label "student's interest in using the metaverse in e-
learning". We divided the data into training (80%) and testing (20%) sets.

Figure 6. displays the accuracy of predicting "student's interest in using the
metaverse in e-learning" for each classifier. The Support Vector Machines classifier
achieved the highest accuracy, with a good prediction accuracy of 87%, followed by
the LR and RF classifiers at 80%, and the GB classifier at 73%. The DT classifier
had the lowest accuracy, with only a 47% prediction accuracy.

The high accuracy of 87% achieved by the SVM classifier in predicting students'
interest in using the metaverse for e-learning is significant. It means that the model
was able to correctly classify 87% of the test data based on their attitudes and
behaviors towards using the metaverse in e-learning. This indicates that the selected
features (attitudes and behaviors of engineering students) have a strong influence on
predicting students' interest in using the metaverse in e-learning. Therefore, this
model can be used as a reliable tool to predict students' interest in using the
metaverse for e-learning.

Fig. 6. Accuricies of Al classifiers
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4.4 Experimented perception versus general knowledge perception

To answer RQ4 and fill the gap between theory and practice, the general survey
used to collect data from random engineering students was compared with another
survey gathering data from a group of 11 engineering students who had already
worked on the development of a VR environment using Unity in their undergraduate
senior projects. The 11 students were involved in three different groups to create
three VR applications for academic purposes. The metaverse technology used to
visualize these projects was mainly the Oculus Quest headset and controllers.

Data analysis of the selected sample compared with the general sample reveals a
significant difference in the influence of the metaverse to offer a more engaging and
motivated environment for learning. All users of the selected sample considered the
potential of the metaverse to engage students and enhance e-learning involvement
and interaction to be extremely important. Specifically, 73% of them reported that the
main reason for engagement is the need for direct interaction with the educational
virtual environment and the potential of metaverse technologies and tools to isolate
the student from external distractions.

We conducted a statistical analysis using an independent sample T-test to
investigate the following hypotheses :

H6: there is a relation between the level of expertise and practice of the
metaverse and considering metaverse-based e-learning environment more
engaging and enjoyable than traditional e-learning methods.

H7: there is a relation between the level of expertise and practice of the
metaverse and considering that the metaverse has the potential to
revolutionize the way students learn and practice their skills.

The results of the T-test showed that the p-values for H6 and H7 were less than
0.05. Therefore, H6 and H7 were accepted and statistically proven.

5 CONCLUSION

This study examines the potential influence of metaverse in EE and highlights the
importance of understanding engineering students' attitudes toward adopting this
technology. We surveyed to investigate engineering students' attitudes and
demographical factors towards and willingness to adopt the metaverse in EE.

Our results illustrate that engineering students have a good awareness, positive
attitude, and motivation towards using the metaverse in e-learning. We found that
the only demographical factor that impacts the willingness of using the metaverse in
e-learning is the student’s academic level. Also, we found a positive correlation
between the willingness of staying informed about new technologies and the
willingness to use the metaverse in e-learning. Moreover, the level of expertise and
practice of the metaverse positively relates to considering metaverse-based e-
learning environments more engaging and motivating than traditional ones.

Based on these results, educational engineering institutions could take advantage of
the positive attitudes and motivations of engineering students towards using the
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metaverse, and invest in programs that allow students to gain expertise and practice
in using it. This could involve introducing the metaverse early on in the engineering
curriculum and creating metaverse-based e-learning environments.

However, challenges still exist regarding the selection of materials to be included in
the metaverse environment, as different engineering majors may require specialized
metaverse technologies and configurations. Data privacy and security concerns also
require further investigation. Moreover, although promising results were obtained in
this preliminary study, we expect that a larger survey size will further enhance our
findings.
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ABSTRACT

Al education is rapidly becoming the next frontier when it comes to solving the
world's grand challenges; however, ways to introduce Al to large complex
organisations are still vastly understudied. To address this gap in 2021,
Massachusetts Institute of Technology (MIT) entered into a collaboration with the US
Air Force (USAF). The goal of this relationship is to develop, study, and evaluate
different learning modalities and online/in-person experiences to introduce Al to the
diverse USAF workforce. The USAF is a very complex organisation and its
employees vary in terms of educational and cultural backgrounds, as well as in their
work-related needs, demands and restrictions.

The initial program started in 2021 and a pilot study took place. The pilot evaluated
the content, pedagogy, and educational technology used in 3 different learning
journeys designed for 6 different learner profiles. Findings from 2021 guided
improvements for future iterations. The updated iteration of the learning journey was
introduced to the second cohort of the program in 2022. Cohort 2 included 200
USAF leaders, managers and decision makers, and the learning journey consisted of
a combination of synchronous and asynchronous online experiences, as well as an
in-person active learning component offered on campus to a subgroup of the
learners. This research paper will introduce the updated iteration of the program, the
evaluation of the learning journey, as well as the overall learner experience.

1 INTRODUCTION

As educational institutions are working towards understanding how to best educate
the next generations of engineers and scientists in order to achieve the Sustainable
Development Goals (SDGs), Artificial Intelligence (Al) is considered by many a tool
that will considerably contribute to this goal [1,2]. Although Al will inevitably shape
most professional sectors along with the ways most organisations will operate ,
potential impacts so far indicate both positive and negative expected impacts on
sustainable development [3,4], making proper education for and about Al critical and
relative to all academic fields.

Despite the rapid development at the Al forefront, education for and about Al, along
with expected impact and ethical considerations, is still at a nascent stage and
largely understudied. With the goal to better understand optimal ways regarding Al
education, in 2021 the United States Air Force (USAF) and the Department of
Defense (DoD) entered into a collaboration with multiple units within the
Massachusetts Institute of Technology (MIT) to develop, pilot, and study a new
academic program focusing on Al training. “Given the size and the diversity within
the body of USAF employees, the goal of this collaboration is to design and
implement an innovative program that will achieve maximum learning outcomes at
scale for learners with diverse roles and educational backgrounds” [5] ranging from
Air Force and Department of Defense (DoD) personnel to the general public.
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2 AIEDUCATION PROGRAM DEVELOPMENT
2.1 Background

To start this new research program, the Joint Artificial Intelligence Center (JAIC)
conducted a primary analysis of the US Air Force (USAF) personnel and created 6
learner profiles (also mentioned as “archetypes”), along with a list of desired Al
related needs, skills and competencies for each one of them, and they are presented
in great detail in the [6] JAIC report. In 2021, based on this information, a team that
consisted of USAF representatives and MIT experts in Al and STEM Curriculum
Development, developed 3 different 9 month-long learning journeys that were offered
to the first learner cohort. This cohort included 3 different groups of learners: a) the
Lead Al and Drive Al archetypes (L/D) - traditionally focusing more on management
and leadership of the organisation, b) the Create Al and Embed Al (C/E) - being
mostly technology developers and facilitators, and c) learners from Facilitate Al and
Employ Al (F/E) - who are mainly Al technology end users [5]. The different learning
journeys included a variety of courses and educational resources, offered through
different learning modalities, representing content at different levels of difficulty. The
various learning modalities included online asynchronous self-paced content, online
asynchronous instructor-paced content, experimental online and in-person courses,
along with participation in live online events with Al experts. A research team
conducted a first pilot evaluation aiming to understand the learner perspective in
regards to content, pedagogy, and technology used in the program, as well as the
overall learner experience. To support the Al Education research program, a portal
was also developed to support each learning journey and provide access to some of
the content, but users often had to register to multiple platforms since courses were
offered by different MIT teams. Details about program development, desired learning
outcomes, implementation details, along with research findings from the first pilot
evaluation are described in great detail in [5,7]

Feedback from the pilot study had highlighted some challenges regarding the long
duration of the program, accessibility issues with the technology, occasional difficulty
with the content, limited direct relevance of the content with the DoD daily operations
and to real life application, and in some cases, learners mentioned that they wanted
more real-life connections to experts/peers. Furthermore, additional feedback was
provided by MIT experts, who were asked to review the curricula and perform a gap
analysis, and by learning experts who offered pedagogical recommendations.

2.2 Second lteration - Fall 2022

Based on feedback from the first pilot, the development team implemented several
improvements on content, pedagogy, and technology and offered a new learning
journey to a second cohort of 200 L/D learners in the Fall of 2022. This was a
shorter, 3-months long, program. Figure 1 presents the second L/D learning journey.
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Fig. 1. Revised Lead/Drive Learning Journey - Fall 2022.

In the beginning of the program, all learners had access to two separate
asynchronous self-paced courses, which involved reading content and watching
videos: a) Introduction to Al (with content requiring 5-10 min per topic, and expected
to be completely covered in 2-3 hours) and b) Al Foundations (with content requiring
10 minutes per topic, and expected to be fully covered in 5-6 hours). The cohort then
had to follow the 8-weeks long, instructor paced, online Machine Learning in
Business course. A small number of the learners were also selected (~40) by the
USAF to visit the MIT campus and participated in the in-person hands-on intense 3-
day long Learning Machines: Computation, Ethics, and Policy workshop, along with
learners from other DoD offices (two workshops for ~20 learners each). Since this
workshop included a new mixed group of learners, the research team decided to
treat it as a separate class and performed a separate evaluation study.

Based on feedback from the pilot study, the following improvements, as presented in
Table 1, were made to the Infroduction to Al course and to the learning portal.

Table 1. Introduction to Al Course and Al Education Portal Improvements

Al topic content updated.
Added “Impact Spotlights” between different modules (mini case studies
about how Al is being applied to solve real world challenges).

Content
e Added “Technology Spotlights” between different modules (new content
element within articles that calls out specific details about a technology
and how it works).
e Added knowledge checks embedded throughout articles to support
Pedagogy retrieval effect.

e Added “Impact spotlights” (mini case examples) to support learning
reinforcement.

Improved portal homepage experience was added.
Technology | e Knowledge checks were embedded at the end of articles.
New Ul for impact spotlights was created.
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Similar to the first pilot program for the L/D archetypes, desired learning outcomes
remain the same, namely learning about: foundational concepts, Al application, data
management, responsible Al, Al delivery, and Al Enablement. In greater detail the
second program iteration covered Al basics, how Al works, benefits and limitations,
common misconceptions, recent developments, uses of Al in industry, case studies
relevant to the USAF and DoD, the future of Al, and a primer in Al ethics.

3 METHODOLOGY
3.1 Data Collection and Analysis

All research material, instruments and procedures were approved by the MIT
(COUHES) and Air Force (HRPO) IRB offices. All personnel received commander
approval prior to their participation in the program’s research component.

The research team designed and delivered a pre-questionnaire (baseline
assessment) and a final exit post-questionnaire offered to the 200 learners. The pre-
questionnaire seeked to understand learner demographics and educational level, as
well as prior familiarity with Al related content, pedagogies that will be implemented
during the program, and educational technology the learners will be asked to use.
Furthermore, they had to answer questions about their own personal interest in Al.
After completion of the program, the post-questionnaire asked learners to self-report
their perception about the Al content, the pedagogies and technologies employed,
and engagement and success regarding learning goals. For situations where
participants were unable to complete a course, they were asked the reasons for
dropping out. Additional questions about the program interest, relevance to work,
and the overall learner experience were included as well. A total of 178 (89%) of the
learners completed the pre-questionnaire, and 51 of them (25.5%) completed the
post-questionnaire. Descriptive statistics were used to analyse the data.

4 RESULTS
4.1 Completion Rates

Table 2 presents the completion rates of the 3 courses offered to cohort 2. In this
cohort 149 learners (83%) identified as male, 26 (14%) female, 1 (1%) transgender,
and 3 (2%), prefer not to respond to this question. It should be noted that the pre-
questionnaire showed that 142 learners (79%) had a Masters or PhD degree, with a
great number coming from STEM schools.

Table 2. Completion rates

183 (~92%) participants logged on to the platform at least once.

Introduction to Al & |173 (~87%) active participants (read one or more articles).

Al Fundamentals 1121 (~61%) active participants completed all content (including

videos).
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173 (~87%) active participants.
160 (80%) completion rate (read one or more of the articles).
160 (80%) got certificates.

Machine Learning for
Business

70% of active participants completed the entire journey (452,734 total

Complete Learning learning minutes).

Journey

Certificates: to those who completed 90%+ of the learning journey.

4.2 Research Findings

Basic Al knowledge and familiarity with its uses and applications are core program
learning outcomes, suggesting the competencies gained by learners. Upon
completion of the program, as presented in Figure 2, 75% of the respondents (39
learners) expressed that they now feel above average familiarity with Al concepts.

Fig. 2. Familiarity with Al: Comparative plots representing pre- and post-questionnaire
responses (percentage, response count), respectively

Learners were also asked to discuss their overall experience with the program. As
presented in Figure 3, 93% of respondents (47 learners) would recommend the
program to a colleague. More specifically, they were asked to comment on whether
they found the program interesting and relevant to their work. When discussing
interest, as presented in Figure 4, 100% of the learners that responded to the post-
questionnaire (51) found the program to be above average levels of interest with
81% (42) rating the program very high. When discussing the relevance of the
program to the work of DoD (Figure 5), 87% (45) could see relevance, while 31%
(16) found the program to be very relevant to their current work. From a pedagogical
perspective, when asked to discuss the portal, 61% (31 learners) of the post-
questionnaire respondents mentioned revisiting prior content on the portal
throughout the duration of the program to refresh their memory. These first indicators
suggest the program aligns with the learner training needs and the program goals.
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Fig. 3. Recommend program to a colleague

Fig. 4. Interest to the Al program

Fig. 5. Relevance to DoD work

5 FUTURE WORK

The development team is now experimenting with 2 different courses (one digital and
one in-person) offered again to small groups of L/D participants. They are also
preparing to experiment with an online, asynchronous, offering to a much larger
cohort in the future to better study scaling to large numbers. In the meantime, the
team is using feedback received from the first two cohorts to implement further
improvements in regards to content, pedagogy and technology while the research
team also plans to assess key Al-related ethical considerations, including safety,
privacy, explainability, fairness, and externalities. Table 2 presents improvements
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that are currently under development.

Table 2. Introduction to Al Course and Al Education Portal Future Improvements

e Al topic content updated to include Generative Al and other recent Al
developments. Currently also exploring the intersection of digital tech
(Al, big data, cloud etc) and sustainability.

e More Impact Spotlights - mini case studies about how Al is being
applied to solve real world challenges.

e Reflection questions added to community forum sections.

Content

e A knowledge check at the end of the journey rather than embedded to
improve technical experience.
e Added “Impact spotlights” library (mini case examples) to support
learning reinforcement.
e  Addition of community forum sections per topic to promote peer-to-
peer learning.

Pedagogy

Improved portal homepage experience was added with a user profile.
New, clearer, user interface for knowledge checks was created.

New filterable tool for impact spotlights was created.

Developed a forum functionality to support reflection questions and
community engagement.

Technology

Furthermore, based on learners’ feedback, improvement is now considered in four
broader areas: accessibility, scalability, support, and implementation. Regarding
accessibility, all content needs to become accessible through the whole military
network (some resources are still getting blocked so learners have to access on
personal devices at home). About scalability, more scalable active learning and
hands-on activities are necessary. For better support online learning communities
and additional staffing is considered. Last but not least, it is considered a good time
for USAF leadership to start shifting from learning about Al to start investing in the
adoption and implementation of ML/Al technologies at work. All the above topics will
help us further measure and understand future impact.
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ABSTRACT

Introduction - Technische Universitat Berlin (TU Berlin) was founded after the Second
World War on the ruins of its predecessor. At its inauguration it was bound to
promote democracy through its education. This view is further held up through the
university law of the federal state of Berlin which states that the disciplinary
competences are to be acquired in such a way so that students are able to act
democratically. This spirit is still alive at TU Berlin and over the past decades it led to
several educational concepts which reach beyond traditional methods of
teaching/learning and which expand the limits of what is seen as classical content.
Yet, a closer examination is needed as to what role democracy plays within higher
education at TU Berlin.
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Methods - A quantitative research provides descriptive statistics as to how many
times the words “democracy” or “democratic” show up in study programs and
modules. A limitation to these two terms is appropriate as they are the most
comprehensive terms in comparison to others like participation or inclusion.

Results - The initial research shows that the two terms only show up in 3 out of 130
study programs as well as in only 16 modules out of thousands of modules.

Discussion - The curriculum at TU Berlin shows almost a clear lack of
democracy/democratic education. An extension of this research to other universities
is already on its way.

1 INTRODUCTION
1.1 Research Question

With regard to staff, students and budget, Technische Universitat Berlin (TU Berlin) is
one of the largest public universities within Germany with around 33.000 students,
4.000 persons of academic staff as well as a budget of 563 Mio. Euros. TU Berlin
has a clear focus on STEM study programs. However, there is also a significant
focus on humanities, education, architecture and planning. The predecessor of TU
Berlin was well integrated into Nazi Germany with a staff which in general upheld
facism, antisemitism and significantly contributed to war technology research
(Baganz 2013). After the Second World War TU Berlin was founded anew on the
ruins of its predecessor. All four allies jointly ruled that TU Berlin has to integrate an
education for responsibility and democracy within the science and engineering study
programs (Koénig 1996).

Before this background, the general research question for this paper is the following:

- What is the current role of democratic education within higher education at TU
Berlin?

There has been no prior research on this topic. Therefore, this paper is a first
exploratory analysis which covers only a quantitative analysis of the study programs
and modules offered at TU Berlin. This first analysis is limited to the terms
“‘democracy” and “democratic” as they are the most comprehensive terms. There are
numerous concepts that are typically linked to democracy. However, they are only
derived from it, such as participation and deliberation and thus they are already
weakening its meaning in one way or another. Similar applies to the different values
that are seen as democratic, such as freedom and equality. Therefore, this research
project is based on the assumption that only when either the term “democracy” or
“‘democratic” is used in a regulation of a study program or a module description, it
can be assumed that the terms are used with regard to their full meaning.

Thus, the initial research question is split into two and specified as follows:
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- How many times are the words “democracy” or “democratic” mentioned in the
regulations of the study programs at TU Berlin? How are these words used
and In which contexts?

- How many times are the words “democracy” or “democratic” mentioned in the
modules offered at TU Berlin? How are these words used and In which
contexts?

1.2 State University Law

TU Berlin is one of four public universities in the federal state of Berlin in Germany. In
addition, there are several public universities of applied sciences including the
universities of arts as well as numerous private universities. All of them are bound by
the University Law of Berlin from 2011 including all subsequent changes (2011). This
law provides a comprehensive framework which provides a clear understanding of
the limits of the university's autonomy with regard to its governance, research as well
as education. The following two quotes show that the universities in Berlin are
charged with the concrete mission to contribute to democracy:

“The universities serve the cultivation and development of science and art
through research, teaching and study and the preparation for professional
activities. In doing so, they contribute to the preservation of the democratic and
social constitutional state and to the realisation of the constitutional values...”

§ 4, 1 (Berlin 2011)

This quote is taken from § 4 which is titled “Mission/Duties of the Universities”. It
clearly states that universities have a double function with regard to democracy.
First, they are to preserve and safeguard the existing status of democracy and
second, they are to contribute to “the realisation of the constitutional values” which
implies an analysis of the current status of democracy and the further
democratisation of society.

With regard to the study programs in general, the legislator describe concrete
objectives:

“Education and studies should prepare students for professional activities,
taking into account the changes in the professional world, and provide them
with the necessary professional competencies, skills and methods in such a
way that they are enabled to work scientifically or artistically, to think critically
and to act freely, responsibly, ethically, democratically, sustainably and socially.
[...]” § 21, 1 (Berlin 2011).

This quote is taken from § 21 which is titled “General objectives of studies”. On the
one hand, with 55 words it is a good example for the remarkably long sentences that
are widespread within the German language. On the other hand, as it is only one
sentence it is made quite clear by the legislator that to “act democratically” is not a
mere addition to the scientific or artistic study programs but that it is on an equal
level. Therefore, students should acquire the competences of their respective
academic domains all the while they should also acquire competences in order to
“act democratically”.
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1.3 Regulations, statements etc. at TU Berlin

The opening ceremony of TU Berlin in 1946 took place in the main building of the
predecessor which was almost fully destroyed during the war. Therefore, the new
foundation of TU Berlin was done in direct sight of parts of the destruction that Nazi
Germany caused. The Opening Speech of TU Berlin was held by the British
Major-General Eric P. Nares (1946) who addresses the effects of facism in general
and charges the academic staff and students to take up their responsibility as he
sees responsibility as the corner-stone of democracy. For him, this call for
responsibility in direct relation to democracy has direct implications to an academic
education which he spells out quite clearly:

“[...] all education, technical, humanistic, or what you will, is universal: that is to
say it must embrace the whole of man, the whole personality, and its first aim is to
produce a whole human being, capable of taking his place responsibly beside his
fellows in a community. Its second aim may be to produce a good philologist, a
good architect, a good musician or a good engineer. But if education does not
assist the development of the whole personality it fails in its aim, and this
Technical University must not fail in its aim. [...] You have a big job ahead to
achieve this. And you will only do it by observing the principles of Truth and true
democracy.” (Nares 1946)

It seems that the opening speech is the only official document of TU Berlin that lays
out its overall objectives and picks up the terms “democracy” and “democratic”.
Neither the current mission statement of TU Berlin (2011) nor the mission statement
for teaching at TU Berlin (2018) nor the TU Berlin Future Perspectives Until 2025
(2020a) make use of these terms. However, quite frequently terms like academic
freedom, equality of opportunities, gender equality, diversity, sustainability and the
like are used.

In a similar way, this also applies for the general study and exam regulations (TU
Berlin 2020b) which provides the overall framework in which all study programs at
TU Berlin have to work. Here as well, neither the term “democracy” nor the term
“‘democratic” is used.

2 METHODOLOGY
2.1 Study Programs - Data Collection and Analysis

All study programs offered at TU Berlin must be based on the Berlin university law
(2011) as well as the general study and exam regulations of TU Berlin (2020b).
Building up on this general regulatory framework specific study and exam regulations
are worked out for every study program. All study programs of TU Berlin are listed on
a free accessible website (2022a) along with their specific study and exam
regulations.

The following criteria are used to include the specific regulations for the quantitative
analysis: Included are all study programs offered at TU Berlin which i) are completed
either with a bachelor or a master degree, with the exception of ii) paid study
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programs as well as iii) study programs that are offered jointly with one or more other
universities.

The selected study programs are then searched with the string *demok* as well as
with the string *democ®. The two strings cover the German terms “demokratisch” and
‘Demokratie” as well as the English terms “democratic” and “democracy”. In addition,
the two chosen search strings will also include words that contain the given strings
such as Basisdemokratie (grassroots democracy). All hits are then carefully analysed
whether they are referring to the concept of democracy which results in their
inclusion for the further quantitative analysis or their respective exclusion. The
selection was conducted in the summer semester 2022.

2.2 Module Description - Data Collection and Analysis

All modules offered at TU Berlin are listed in a freely accessible database (TU Berlin
2022b). All modules that are listed during the summer semester 2022 are included in
the data analysis. This also includes modules that are not taught in this semester or
in fact even modules that have not been taught for some years or which might have
never been taught.

In a similar way as described above for the study programs, all modules listed in the
database during the summer semester 2022 are then searched with the string
*demok™* as well as with the string *democ*. Accordingly, these modules are then
either included in or excluded from the further data analysis.

3 RESULTS
3.1 Study Programs

Only three study program regulations at TU Berlin mention either the term
democracy or the term democratic in any way, see table 1. All three study programs
are offered by Faculty | which comprises the humanities and educational sciences. In
addition to the number of hits with the regulations the number of students is given for
each faculty and study program respectively which allows one to see how many
students are affected by the inclusion of democracy within the study program
regulation.

There is only one hit in each of the three study programs so a direct quote is given to
illustrate in what way the term democracy is used. All quotes are translated from
German to English.

M_.A. Interdisciplinary Research on Antisemitism - "They [graduates] are qualified for
[...] work in [...] organisations working for a democratic society.” (TU Berlin 2022c)

B.A. Culture and Technology - Educational Science - “Graduates understand the
quality of education and justice in education as key challenges of modern and
democratic societies in the context of technology and culture.” (TU Berlin 2022d)

M.A. Theory and History of Science and Technology - “Last but not least, they [the
graduates] are proficient in evaluating the design of options for practical action
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critically and thereby promoting a free, accountable, democratic, social and ethically
justifiable scientific-technical and political-social practice.” (TU Berlin 2022¢)

The meagre number of results is further underlined by two meagre uses of the term
democracy as it used 1) to describe a workplace and 2) to describe the object of the

low level of competence of understanding. Only in the third case the term democracy

is used with the high ranking competences of evaluating and promoting.

Table 1. Hits in study programs regulations.(Concise) sorting by faculties including the
number of students enrolled in the study programs.

Study programs # of study # of enrolled # of hits
programs students

Faculty | - Humanities and Educational Sciences 16 1709 3

M.A. Interdisciplinary Research on Antisemitism 135 1

B.A. Culture and Technology - Educational Science 111 1

M.A. Theory and History of Science and Technology 81 1
Faculty Il - Mathematics and Natural Sciences 15 3727 0
Faculty lll - Process Sciences 16 3443 0
Faculty IV - Electrical Engineering and Computer Science 15 6387 0
Faculty V - Mechanical Engineering and Transport Systems 16 5096 0
Faculty VI - Planning Building Environment 23 4562 0
Faculty VII - Economics and Management 8 3900 0
School of Education - Central Institute 23 916 0
Total 130 29740 3

3.2 Module Descriptions

In summer semester 2022 a total of 16 modules had a reference to democracy, see

table 2. Only three modules were listed as compulsory modules in one or more study

programs, nine modules were listed as a compulsory elective in one or more study
programs and four were only offered as a free elective.

The total number of modules offered in a particular semester cannot be determined
through the user interface of the database. However, the total number will easily be
in the thousands. Therefore, only a tiny percentage of modules offered at TU Berlin
are addressing democracy in general. It needs to be pointed out that two out of 16
modules use the term democracy only in the literature list, so it is questionable
whether here democratic education (Sant 2019) actually takes place within the
module. This might also apply to some of the other modules as only six modules
make use of the term in their learning outcomes and only two of these six modules
use the term in a learning outcome as well as in the content or method section.
However, seven out 16 modules are a compulsory course in at least one study
program while five out 16 modules are a compulsory elective in at least one study
program and four courses are merely an elective.
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Table 2. Number and context of hit in module descriptions. Shortened quotation.
* translated from German to English

Module title Title Outcome Content Method Literature
Faculty | - Humanities and Educational Sciences 2 2
Alternatives to Platform Capitalism 1
Sustainable prints - Digital educational game with
increasing impact 1
Public space and urban culture 1
Public, Communication and Media 1

Faculty Il - Mathematics and Natural Sciences
Faculty lll - Process Sciences

Faculty IV - Electrical Eng. and Computer Science 1 1 1
Theoretical Foundations of Digital Democracy 1 1 1

Faculty V - Mechanical Eng. and Transport Systems 4 2 1
Aviation Security 1
Development Methods for Sustainable Products 1
Critical Sustainability 1 1
Sustainable Product Development - Blue Engineering 1
Blue Engineering - Sustainability in Engineering 1

Faculty VI - Planning Building Environment 2
Global Environmental Governance 1
Landscape development and environmental
assessment designs 1

Faculty VII - Economics and Management 1 1 1 1
Infrastructure and competition policy 1
Public finances I: Efficient and sustainable fiscal policy 1
Organisation and Innovation Management 1
Future Workshop 1

School of Education - Central Institute

Total 1 6 7 3 2

4 DISCUSSION AND SUMMARY

The results of this basic quantitative analysis clearly show that both terms are rarely
used. Thus it is at least questionable whether the students of TU Berlin participate in
a democratic education and thus acquire the competence to act democratically. It is
also questionable whether TU Berlin fulfils its duty as it is described by the same law.
Accordingly, this research project will be extended over the coming semesters
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ABSTRACT
This paper examines Finnish technology students’ belonging in technology. The

phenomenon is studied at the level of the field (belonging in the field of technology)
and at the level of institution (belonging in one’s study community). The data were
collected within the annual student survey conducted by a professional organization
for academic engineers in 2022, and analysed statistically. Results suggest that men
strongly experience they belong in technology while women express some doubts,
and non-binary respondents are even less certain of their belonging. Gender
differences in belonging in the field of technology are more prominent than those of
belonging in the student community.
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1 INTRODUCTION

Sense of belonging has been defined as “the subjective feeling of fitting in and being
included as a valued and legitimate member in a particular setting” (Lewis et al.
2017) and as “a self-representation that indicates how much students see
themselves as fitting in with those around them” (Master and Meltzoff 2020). As a
theoretical concept, it has been used to explain for example students’ motivation and
persistence in education (Tinto 2017), gender differences in persistence in
engineering (Gonzalez-Pérez et al. 2022), gender gaps in STEM (Master and
Meltzoff 2020), and even academic performance (Krause-Levy et al. 2021).

Empirical studies have shown a high correlation between a sense of belonging and
self-efficacy (Lewis et al. 2017) and revealed that high confidence in succeeding with
one’s studies strengthens the sense of belonging whereas struggling to understand
the subject matter can make the students feel that they do not belong (Rainey et al.
2018). The lack of science identity was noted to weaken the sense of belonging
among STEM students whereas a strong science identity strengthened it (Rainey et
al. 2018). Women in engineering are suggested to experience weaker belonging due
to numerical male dominance which can isolate them from the social group in the
workplace, as well as normative male dominance which can hinder fitting in the
typically masculine workplace culture (Wilson and VanAntwerp 2021).

Master and Meltzoff's (2020) STEMO model suggests that the sense of belonging,
ability beliefs, and identity contribute to academic outcomes and interest. In the
model, identity is connected to linking oneself to a domain (such as engineering) and
to a social group (like engineers or engineering students) and valuing that domain or
group. Tinto’s (2017) model of persistence in education links the sense of belonging
to self-efficacy and perception of curriculum to influence motivation, which then
affects the intentions to persist in one’s choice of education. Rainey et al. (2018)
discovered that students explained their sense of belonging through personal
interest in the course subject and the lack of belonging through explicit lack of
interest, yet the lack of personal interest was rarely cited as the reason to leave
STEM majors.

Acknowledging the close connections between the concepts of sense of belonging,
self-efficacy and ability beliefs, and identity, this study considers belonging in
technology to include the facets of the sense of belonging, self-efficacy and ability
beliefs, and identification and identity. These conceptual relationships are illustrated
in figure 1. In essence, the phenomenon resembles Master and Meltzoff's (2020)
concept of self-representations, which focuses on identification, ability beliefs, and a
sense of belonging. However, instead of calling the phenomenon self-
representations, which could also refer to other kinds of self-images, this study
concentrates on the students’ attachment to technology as a field of study.
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Fig. 1. The conceptual constituents of belonging in technology in the research model for this
study

Studies have also indicated the sense of belonging being important factor in
students’ persistence in engineering (Gonzalez-Pérez et al. 2022) and in STEM
(Lewis et al. 2017; Rainey et al. 2018).

So far, the research findings on female engineering students’ sense of belonging
seem inconclusive. A literature review by Wilson and VanAntwerp (2021) shows how
some studies conclude that female undergraduate students feel they belong in
engineering majors, whereas other studies find that they do not, and a third group of
studies arrives at mixed results. Belonging appears to be more fragile for graduate
students and those undergraduates who did not persist in engineering. However, the
belongingness deficit is most evident in studies of racially underrepresented groups,
as studies repeatedly show that students of colour report a lower sense of belonging
than ‘white’ engineering students.

It remains also somewhat unclear whether male and female students’ sense of
belonging in engineering differs. On the class level, some studies indicate that
female undergraduate students feel less belonging than male students, some studies
report stronger belonging of female students, and some studies found no difference.
On the field level studies, female undergraduates report the same or less belonging
than males, but on the institutional level, they report the same or more belonging
than men. Nevertheless, Wilson and VanAntwerp (2021) suggest that lack of
belonging is often among the reasons women leave engineering majors.

Despite a vast body of research on belonging in engineering, little is known about the
belonging of non-binary students, and “the experiences of transgender, gender
nonconforming, and nonbinary students are glaringly absent from ongoing
discussions of equity and social justice in engineering education” (Haverkamp 2018,
3). Also, most of the studies on belonging have been conducted in the U.S. and, for
example, European or Nordic contexts have scarcely been studied so far. This study
aims to fill both of these gaps.
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2 METHODOLOGY
2.1 Research question

The main objective of this study was to better understand how gender impacts
belonging in technology and engineering in the Finnish context. Another aim was to
understand if and how gender as a non-binary variable relates to belonging in
engineering/technology. The objectives were pursued by seeking to answer the
following research question:

Does the sense of belonging of Finnish engineering/technology students differ
by gender, related to a) belonging in the field of technology, and b) belonging in
the study community?

2.2 Data

Data was collected by a professional organization for academic engineers in Finland
whose members also include students of engineering/technology, computer science,
and natural sciences. The data used in this study was derived from the
organization’s Student Survey which is conducted annually as an online survey,
targeting all student members except first-year students. The purpose of the student
survey is to collect information on the wellbeing and employment situation of
students as well as to gather data on timely, varying topics.

In 2022, the data gathering took place during September 14-30. The invitation to
answer the survey was sent to 15 941 students, and altogether 1708 student
members participated (response rate 11%). The response rate and the number of
respondents were surprisingly low compared to previous years. One explanation
may be that during COVID-19 pandemic students were confined to their apartments
whereas in 2022 the usual live teaching and events were taking place, thus reducing
the interest of the potential participants to respond. Nonetheless, the number of
participants was deemed sufficient for statistical analysis and for making inferences
about student members in general.

The gender distribution of the population was known, as the information on gender
as a binary variable (male/female) based on the Finnish ID could be derived from the
organization’s membership register. However, the respondents were asked to state
their gender in the survey on a 4-point scale (Male/Female/Other/Does not want to
disclose). Comparison between the respondent data and the population data showed
that the responses were strongly skewed gender-wise, with 55.1% male respondents
(72% in the population), 41.3% female respondents (28% in the population), 1.6%
other (no information in the population) and 2.0% preferring not the disclose their
gender. Therefore, to adjust for the overrepresentation of female respondents and to
compensate for the lack of respondents in category other in the original population,
gender was weighted as follows: Male 71%, Female 27%, and Other 2%. Those who
responded ‘does not want to disclose’ (n=32) were coded as missing. For this study,
we used weighted data and selected engineering/technology/architecture students
(n=1488), resulting in the following gender composition: Male 72 %, Female 27 %,
Other 1.4 %.
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The questions concerning the sense of belonging were adapted from previous
studies (e.g., Lewis et al. 2017; Rainey et al. 2018; Wilson and VanAntwerp 2021)
and divided into two sub-scales: a. belonging in the field of technology (7 items) and
b. belonging in the study community (7 items). A five-point Likert scale (1=strongly
disagree to 5=strongly agree) was used for all question items.

2.3 Data analysis

Statistical analyses were done with the statistical software SPSS (version 29).
Kruskal-Wallis tests, including pair-wise comparisons, were used to assess
differences between the three gender categories of respondents
(Male/Female/Other). A significance level of p<0.05 was used for all tests. Internal
consistency (reliability) of the sub-scales was measured using Cronbach’s a and two
negatively worded items were reverse coded for this purpose. The correlations
between items were examined with Pearson correlation coefficients.

3 RESULTS

The Pearson correlations between individual items in the belonging in the field of
technology subscale were according to (Cohen 1988) moderate or strong (between
0.32 and 0.66) as were also most of the correlations between the items in the
belonging in the study community subscale (between 0.23 and 0.73). Summated
scores revealed a strong correlation (r = 0.55) between the sub-scales. However, the
correlations between items across the sub-scales were either small (<0.3) or
moderate (between 0.3 and 0.5).

3.1 Belonging in the field of technology

The seven items in the sub-scale ‘belonging in the field of technology’ had a high
internal consistency (a=0.858). The results are collected in Table 1. The distribution
of the belonging scores were not similar for all groups, as assessed by visual
inspection of the boxplots. The differences between gender groups were statistically
highly significant (below p < 0.01) for all items. However, the effect sizes were small,
and none reach even moderate level, remaining below 0.06. We presume the small
effect sizes reflect the unequal number of respondents in the three gender
categories and recommend conducting confidence interval analyses for the effect
sizes in the future to interpret better the differences between the groups.

The results reveal that scores given by male respondents for belonging in technology
were the highest for all but one item. The scores given by female respondents were
lower than males for six items but higher for “I am proud of studying the field of
technology”. On the other hand, the scores given by respondents of other gender
were the lowest for all items. The largest differences between genders can be
discerned for the following items: “People like me can succeed in the field of
technology” (Male 4.38; Female 4.09; Other 3.59), “It is important for me to belong in
the field of technology” (Male 3.73; Female 3.69; Other 2.94), “Others see me as
belonging in the field of technology” (Male 4.13; Female 3.72; Other 3.41) and “| feel
like | belong in technology” (Male 4.14; Female 3.80; Other 3.47). Furthermore,
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persons of other gender have more often considered leaving technology, as the
reverse-coded item obtained the lowest score from them.

Table 1. Gender differences regarding Belonging in technology

Question item Male |Female|Other [Krusk.- |p Effect
(mean) |(mean) |(mean) Wallis H |(asympt.) |size

| feel like | belong in the field of 4.14| 3.80| 3.47 51.93|<0.001**|0.034
technology

Others see me as belonging in 413 3.72| 3.41 74.06 | <0.001**(0.049
the field of technology

It is important for me to belongin| 3.73| 3.69| 2.94 10.74 | 0.005**|0.006
the field of technology

| will be able to acquire the right 425 398| 3.76 39.80|<0.001**|0.026
skills to succeed in the field of
technology

People like me can succeed in 4.38| 4.09| 3.59 54.67 | <0.001**|0.036
the field of technology

| have often considered changing| 3.98| 3.76| 3.53 11.96| 0.002**|0.007
away from the field of technology
[REVERSE CODED]

| am proud of studying the field 422 4.34| 3.76 9.65| 0.008**|0.005
of technology

**highly significant difference

The pairwise comparisons show that with most of the items, there were no
statistically significant differences between respondents in categories female and
other. However, the items “It is important for me to belong in the field of technology”
and “l am proud of studying the field of technology” were rated significantly higher by
females than others. The two items are also the only ones that show no statistical
difference between the responses of males and females.

3.2 Belonging in the study community

The seven items in the subscale ‘belonging in the study community’ had a high
internal consistency (0=0.855). The results are collected in Table 2. The distribution
of the belonging scores were not similar for all groups, as assessed by visual
inspection of the boxplots. The differences were statistically highly significant (below
p < 0.01) for two items. The effect sizes were small and none reach even moderate
level. Again, we presume the small effect sizes reflect the unequal number of
respondents in the three gender categories.

The results show that gender differences for belonging in the study community were
much smaller than those for belonging in the field of technology. Differences
between men and women were far less pronounced, as scores given by female
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respondents slightly exceeded those given by males (for four items) or were on par
with them (for two items). The only item where scores given by men and women
clearly differed was “| sometimes feel like an outsider in my study community”
(reverse coded) which also showed highly significant differences between genders
(Male 3.05; Female 2.88; Other 2.35). Another item with highly significant differences
was “l can be myself in my study community” (Male 4.07; Female 3.98; Other 3.35).

Table 2. Gender differences regarding Belonging in study community

Question item Male |Female|Other |Krusk.- |p Effect
(mean) ((mean) [(mean) Wallis H |(asympt.) [size

| can be myself in my study 407| 3.98| 3.35 9.17| 0.010**| 0.005
community

| feel | am accepted in my study | 4.03| 3.96| 3.59 5.70 0.058| 0.003
community

| feel that | am appreciated in 3.70| 3.71| 3.29 3.34 0.188| 0.001
my study community

| am excited about my studies 3.56| 3.62| 3.29 1.98 0.372| 0.000

Students support each other 3.93| 3.99| 347 4.68 0.097| 0.002
and help when necessary

| believe | will graduate frommy | 4.38| 4.43| 4.18 1.43 0.489| 0.000
current studies

| sometimes feel like an outsider| 3.05| 2.88| 2.35 9.47| 0.009**| 0.005
in my study community
[REVERSE CODED]

**highly significant difference

The scores given by respondents in the gender category other differed from those
given by males and females. Besides the two items mentioned earlier, these
respondents less often agreed with the statements “Students support each other and
help when necessary”, “l feel | am accepted in my study community”, and “| feel that
| am appreciated in my study community”. Yet, the pairwise comparisons showed no
statistical differences between the responses of others and males or others and
females. This is rather surprising, considering the much lower means of others
especially in the items which show statistically significant differences in the
simultaneous comparisons of all the three groups. Nonetheless, this could probably
be explained by the large deviation in the responses of others from males and
females in these particular items.
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4 SUMMARY

The results show that students’ experiences of both belonging in the field of
technology and belonging in the study community differ to some extent by gender
also in Finland. However, the gender differences for belonging in the study
community (class or institutional level belonging) are much smaller than those for
belonging in the field of technology. Although the correlation between these different
subscales was strong in the level of summated scores, the correlation of items
across the subscales was moderate at the most. This relative independence of the
measures of belonging at different levels may provide some degree of explanation of
the incongruent findings in prior literature (Wilson and VanAntwerp 2021).

Men are generally strongly convinced that they belong in the field of technology,
whereas non-binary respondents feel least often that they belong in the student
community. Men’s firmer belonging in the field appears to arise from having stronger
self-efficacy (ability to acquire the right skills and succeed) and a sense of belonging
(feeling of belonging and being seen as belonging) than the other two groups. The
importance of academic ability beliefs for men’s belonging in engineering has been
discovered also by Antonio and Baek (2022). However, the items related to valuing
the field of technology (importance to belong and being proud of studying tech)
showed no statistical differences between men and women. This aspect was also
the only one where women and non-binary respondents differed significantly, with
women showing stronger identification with the field of technology.

Although the gender differences for belonging in the study community were smaller
than those in the disciplinary level, non-binary respondents more commonly felt like
outsiders and not able to be themselves in the community. No statistically significant
differences could be detected with respect to feeling accepted, appreciated, or
supported in the community (sense of belonging) or being excited or believing in
graduation (ability beliefs). Hence, in this subscale, the identity and identification with
the community appear to hinder the belonging of others more than self-efficacy or
sense of belonging.

Overall, the results suggest that men strongly experience they belong in technology
while women express some doubts, especially with respect to their abilities and
sense of belonging. Moreover, non-binary respondents are far less certain. In terms
of our conceptualisation of belonging in technology and the STEMO model (Master
and Meltzoff 2020) high self-efficacy and sense of belonging seem to support
especially men’s belonging in the field of technology whereas weaker identification
with the field as well as the student community decreases the belonging of others.
This implies that one key to improving belonging may lie in the broader image of
technology, offering more diverse possibilities to identify with.

Probably the biggest limitation of this study is the small number of respondents in the
gender category other. In order to reach real gender diversity, equity, and inclusion
in engineering education, the views and positions of non-binary gender minorities
need to be included in the research on gender and engineering (Haverkamp 2018).
Our results show that belonging in technology is not gender equal, and more future
research on all gender minorities’ belonging in engineering and technology is needed
to understand the specific belonging challenges they face.
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ABSTRACT

Digital learning has become increasingly important over the last decade as students
and educators adopt new types of technology to keep up with emerging trends. The
advent of the Covid-19 pandemic accelerated this rate of change in the higher
education sector, leading to remote laboratory experiences and video conferencing
becoming increasingly normal. In the wake of this transition, the priority is to
understand how these technologies can be blended into existing teaching
methodologies, in a complementary way, that enhances the student’s pedagogical
experience.

The upcoming study will compare three digital-based learning simulations to see
which has the most beneficial effect on practical student laboratory experiences.
Engineering students will be exposed to one of three forms of digital “pre-lab”
laboratory simulation and their academic performance assessed following a physical
laboratory. The three forms are a 2D photography “iLabs” simulation, a web-based
‘low fidelity” simulator and a Unity based immersive Virtual Reality (iVR) lab
simulator. All three methods are based on the same empirically derived data. As a
control, another group of students will not receive a pre-lab simulation, just a
standard pre-lab quiz. The study methods will be tested in a small scale preliminary
study with a smaller cohort of students ahead of the main work to optimize the
experience.

This research will build upon existing work carried out in the field of virtual labs, that
indicates these experiences can help reinforce student learning outcomes, whilst
also unpicking the complex relationship between simulation immersion, fidelity and
memory recall in a learning context. In addition, the study will give an opportunity to
perform a detailed cost versus pedagogical impact assessment, as each of these
simulations has been designed and built from the ground up by the authors.

1 INTRODUCTION

Extended Reality or XR is a label commonly used to categorize different types of
immersive technologies and concepts. Within this field, there is; Virtual Reality (VR),
a technology that creates interactive virtual environments, Augmented Reality (AR),
a technology that superimposes virtual information as an overlay on the physical
world and Mixed Reality (MR), that combines elements of the previous two within a
single display. XR technology has had a resurgence in recent decades due to
progress and investment in the associated hardware and software. Alongside
commercial and domestic interest, there has been an explosion of interest in XR
within Higher Education (HE). In the HE sector, the largest uptake of this technology
for research has been in the subject of engineering, with 24% of all papers devoted
to it. This research has been applied to many disciplines within the field, including
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manufacturing training, workshop health and safety, fluid mechanics, electrical theory
and chemical/biological simulation.

1.1 Educational Approaches

One reason XR has been vigorously pursued in HE is the many perceived benefits
offered to learning experience, such as “giving users the freedom to explore
knowledge and environments through means not usually afforded to them by
traditional methods" (Logeswaran et al. 2021). However, the assessment of merit in
this regard has been slightly undermined due to the lack of studies created with a
solid pedagogical framework. In their comprehensive literature review, Radianti et al.
(2020) found that surprisingly as few as 32% of studies were associated with a
sound pedagogical basis. Instead, most studies considered the technical possibilities
first and applied teaching methods retrospectively.

Building on these findings, an increasing number of publications have started to
incorporate pedagogical approaches from their inception in a more holistic manner.
Most of this work focuses on two main types of pedagogical approach, didactic (i.e.
the traditional teacher-centric format given in lecturing) and the “flipped”
learner-centric method within a Constructivist framework.

One branch of the latter, Connectivism, has also been suggested for incorporation
into XR-based learning due to its aptitude as a collaborative working platform and
ability to connect many different types of digital media in a Massive Open Online
Course (MOOC) like format. In their recent user-centered interdisciplinary design
study, Fromm et al. (2021) looked at how the experiential learning modes (such as
concrete experience, reflective observation, abstract conceptualization, and active
experimentation) can be designed into a VR experience.

1.2 2D, 3D & Immersion

Following the description in Suh and Prophet (2018), VR can be broken into two
subgroups: Non-immersive VR (nVR) - Typically displayed as an image on a
computer screen or table/phone device. Immersive VR (iVR) - These systems
require users to wear headsets and are linked to an immersive 3D VR environment.
A recent examination of iVR’s potential for engineering design concluded that it can
aid in context-dependent and independent constructivist learning possibly due to the
stereoscopic view of objects in an iVR environment, something an nVR experience
typically cannot provide (Horvat et al. 2022). However, this finding is not compared to
that of a true 2D diagrammatic benchmark and Berthoud and Walsh (2020) also
showed his nVR program proved effective at demonstrating 3D complex systems.
Both types of VR approaches can allow observation and interaction that is not
feasible in real life, for example, the removal of safety guarding or demonstrating
physical effects not typically visible to the naked eye. Based on the postulation by
Dede (2009), iVR could lead to greater improvements in lateral thinking and
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knowledge as this technology “enables them to view a problem either from within the
situation (egocentric) or from the outside (exocentric).” The work by Kisker, Gruber,
and Schone (2021) suggests that iVR could have a greater impact (compared to
nVR) due to the experience imprinting on the users' autobiographical memory. The
sense of immersion is considered to be the biggest advantage that iVR experiences
have compared to transitional teaching methods like 2D videos.

2 METHODOLOGY

2.1 Outstanding Questions

Based on this literature review a number of outstanding research questions have
been highlighted: 1) How much of an effect does an iVR experience have on learning
outcomes compared to an nVR equivalent? 2) Does a flipped learning experience of
a certain digital type aid learning when conducting the actual lab afterwards? 3) Do
iVR multilingual interactions have a benefit on learner experiences compared to nVR
alternatives? 4) Does a reduction in visual fidelity/detail result in better learning
performance? 5) What is the difference in costs between different digital approaches
versus pedagogical impact?

2.2 Study Basis

To help address these gaps, a study was created based on a classic practical
laboratory experiment; the three-point bending test. In the experiment, beams of
different materials and cross-sectional geometry are tested using a Shimadzu EZ-LX
Universal Tester machine. Students place the beam on supports, apply a single-point
load at the center, and measure the beam deflection at loading intervals. This
experiment is taught at scale to approximately 1000 students every year. The
opportunity granted by this scale of cohort manifests itself in the ability to collect and
analyze laboratory pedagogical data of statistical significance. In addition, the highly
structured integration of a Virtual Learning Environment (VLE) based "pre-lab” (or
flipped learning) activities, means different digital experiences can be deployed
efficiently to students.

2.3 Digital Experiences

In this proposed study, cohorts of students from the 1st year Civil, Mechanical & Bio
Engineering will complete a standard pre-laboratory Health and Safety quiz, practical
three-point bending lab activity and post lab test. Each group will be differentiated by
assigning them a different digital pre-lab, described previously. One of these groups
will be acting as a “control” experience with a standard pre-lab quiz, this option will
also be default for students who don’t opt in to the study as this represents the
existing format of the lab activity. To address the question of display/simulation
fidelity and the link between reinforcements of learning outcomes/memory recall,
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three different digital simulations have been created that allow participants to
recreate the three-point bending test remotely. This includes 2D, nVR and iVR
versions with varying degrees of visual immersion and detail, as this will help
decouple the benefits of 2D/3D at the same time. The financial and staff time costs in
terms of development have also been considered with each of the different
simulations. Assessment in relation to the achievement of learning outcomes is
discussed in the following sections.

iLabs 2D Simulation: Stanford University has developed a platform referred to as
“‘iLab”, which allows students to access data from real experiments in an interactive
way. During a laboratory experiment, a number of independent variables are set and,
for each combination of these, an output state is produced. The iLabs system allows
instructors to upload photographic images and numerical data for every possible
output state for any particular experiment. Following the upload to the system,
students are able to retrieve individual output states by specifying a combination of
inputs from an open-access, web-based interface, such as that shown to the left of
Fig. 1. While this is a finite number of possible outputs from the experiment, by
uploading a large number of possible states the student user can feel in control of
making decisions about the settings to be used to execute the experiment.

Web Browser Based “Lo-Fi” Simulation: The authors developed simple, web
browser-based simulations. These applications are typically referred to as “lo-fi” due
to their simplicity, both in terms of their graphics and numerics. The lo-fi simulations
are written using html and javascript. Experimental systems can be constructed
using standard elements such as sliders, text boxes and buttons to collect input
parameters and output can be displayed as text, numbers or pre-built illustrations of
the apparatus. The webpage response can be programmed to replicate the physical
system. The objective for this simulation method was to create digital tools that are
easy to access, i.e. log-ins or software needed, and can be shared with other
educators to reuse or adapt. In addition, there is no further hardware requirement for
the construction of the lo-fi simulations, beyond a computer running a text editor and
a web browser. In the three-point bending test, shown to the right of Fig. 1, the beam
specimen can be selected from a drop-down list, the force applied using a slider and
the resultant deflection is displayed. A graphical representation of the extent of
deflection is displayed based on a finite number of pre-built digital images. With the
standard JavaScript random number generator, each time a result is generated a
predetermined amount of experimental error is added to the output.
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Fig. 1. Typical web browser view of the (Left) iLabs simulation of three-point bending test and
(right) “Lo-Fi” html based simulation

Low Fidelity - Unity iVR: To create a fully bespoke iVR experience it was decided that
a game engine would be required to provide the truly immersive visual and
interactive elements coupled with realistic simulations of physics. The educational
version of Unity 3D game engine was selected for use with Meta’s Quest 1 & 2
headsets. This software is free for academic use and the basic Quest headsets are
low-cost consumer products. The simulation geometry was created using 3D CAD
software, processed by the 3D modeling software Blender and imported to the Unity
Game Engine. The user experience of the simulation is as follows; once the program
is loaded the user is presented with a scale-correct simplified version of the
three-point bending apparatus in an empty boundless space (Fig. 2). Using the
Oculus controllers or their hands, users can pick up any sample to test and place it in
the test machine. It should be noted that this element was considered to be an
important differentiator between the simulation types as high levels of interactivity
have been previously shown to increase knowledge and skills acquisition (Kyaw et
al., 2019). The force applied to the sample can be then adjusted using two large red
interactable buttons and the amount of deflection read from the machine's virtual
display. The beams will also deform according to the load placed upon them. The
deflection is approximated visually, however, the deflection data given is accurate
based on empirical data.
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Fig. 2. iVR Unity scene view with Low Fidelity model of the Shimadzu EZ-LX Universal

2.4 Simulation Costings

Tester (left), and the real unit (right).

As each of the simulations were built in-house, this presented a unique opportunity
to analyze which method represents the best value in terms of education benefit
versus financial/time investment. Thus, a detailed assessment accounting for initial
costs, staff time for R&D and staff time for activity creation (post R&D) once skills
were learnt was created (Table 1, with data based on staff time at ~£25/hr).

Table 1. Cost data for producing each form of digital simulation

Initial | Estimate
Total Estimate | R&D [d R&D
Hours to | Staff Time | Staff ltems Required | Item
Simulation Create Costs to Costs to create Costs
post post learn | for Simulation Total
R&D (hr) | R&D skills | learning
(hr) skills
. Raspberry PI, 3
sops 2D 1213 |£325 |4 £100 | Cameras £600
imulation ,
lenses, tripods
Web Browser
Based “Lo-Fi” | 8 £200 20 £500 Basic PC £200+
Simulation
o : £1000
Low Fidelity - Hi-GPU PC
Unity iVR 28.5 £712.5 80 £2000 +VR Headset 2400

2.5 Methods of assessment
The method of data capture proposed for the main study and utilized here for the
preliminary study, falls into two main categories; pedagogical testing (student
achievement of learning outcomes), and student’s experiential learning. In the
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literature, participation experience (or the more qualitative aspects) with less explicit
links to the learning outcomes have been covered using self-reported psychological
assessment (Feng et al. 2018). This relates to strategies such as the use of
questionnaires based on different frameworks. As the preliminary study only
includes a small population size, it was decided to approach the sampling from a
non-probability (theoretical/grounded theory) basis as the dataset generated would
be insufficient for full statistical analysis. To streamline and pseudo-quantise the data
collection a combination of NASA's Task Load Index (TLX) methodology, to evaluate
user experience, and Likert-framed questions, to help differentiate factors associated
with the different digital platforms, was adopted. These strategies have been used
successfully in other VR/multimedia comparison studies (Burigat and Chittaro 2016).
They will be highly suitable as they can be integrated into the VLE and help compare
to a known standard (i.e. the traditional pre-lab) to provide concurrent validity in the
analysis. The TLX workload assessment questions are broken down into six
subscales: Mental Demand, Physical Demand, Temporal Demand, Performance,
Frustration and Effort with subscale scores in the range of 1-100. This was
implemented in the blackboard VLE, alongside the regular Likert questionnaire with a
7-point scale from “strongly disagree” to “strongly agree”. The Likert questions start
with data collection related to prior digital media experience and finish with questions
relating to measures of usability outside of workload, summarized as Prior
experience with computer interfaces, Prior familiarity with VR/XR hardware,
Enjoyment, Attention, Effectiveness, Usefulness, Comprehension, Ease of use,
Sense of control, Sense of immersion, and Interactivity. A final unbound text box was
also included to give optional written feedback. The post-laboratory test is performed
by the participants on the VLE. The structure of the test is five diagnostic summative
questions, four of which are closed MCQs (a mixture of single and multiple selection
types) and one that requires a value within a tolerance range.

2.6 Analysis of findings

Upon completion of the main-study, the survey data will be analyzed and cross
referenced for any correlations between the method of pre-lab digital activity and
variance in the achievement of learning objectives. Any trends regarding the type of
simulation fidelity/interactivity associated with that overall objective will also be
considered. This data will then be compared to the overall costs and investments
made to create the digital activities via an investment to pedagogical gain ratio.

3  PRELIMINARY STUDY RESULTS and DISCUSSION

Due to low engagement in the preliminary study (5 of 58 participants), only a limited
analysis could be performed on the VR pre-lab activity (5 datasets). Within the TLX
data, there was variation in how participants perceived the same activity, with each
subscale average showing the following (scale 0-100): Mental Demand 31, Physical
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Demand 33, Temporal Demand 30, Performance 13, Frustration 21 and Effort 24.
This shows that there was generally low frustration and low effort experienced with
the task, yet moderate mental demand. These are indicators that the activity was fun
and engaging, and that the methodology is reasonable. Interestingly, the largest
individual variance was found in ‘physical demand’ experienced. As the physical
strain was small in practice as there was no physical mass to move other than the
controller/headset itself, this highlights a possible issue in the framing of the question
“‘“How much physical activity was required’. The likert data showed a favorable
experience was had by all participants, with 60% and 54% “Strongly” agreeing that
the simulation was easy to use and offering “Excellent” inactivity. Crucially, 39% and
50% of respondents said it was “useful in their understanding of the subject” in the
“Strongly Agree” and “Agree” fields respectively. One student commented in the
feedback “Hopefully more labs in the future have VR prelabs to complete vs the
standard prelab”, which is very positive. These findings are cautiously considered as
provisional, as no post lab data could be collected to examine the educational value
of the activity (compared to the baseline), the sample size limited and original
comparison premise could not be tested. Aside from the results data, the pilot
highlighted several ways that delivery and communication (with students
participants) can be improved for the next study. A much larger cohort will be
engaged, and a more streamlined version of the survey will also be used to improve
the response rates for the main study.

4 SUMMARY and ACKNOWLEDGMENTS

The preliminary study has been effective in highlighting areas that need honing
before the main study takes place. Amendments to the delivery of material and
communication with student participants will ensure the reliability and validity of the
survey data gathered. The final study may incorporate further digital simulations, to
determine the effects of increased or decreased fidelity on overall student learning
outcomes.

The author(s) received no financial support for this work.
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ABSTRACT

Soft skills are a combination of personal qualities and interpersonal abilities that
enable individuals to work effectively with others, communicate clearly, and
collectively solve problems. Soft skills are required for effective problem-solving and
decision-making. Soft skills, such as communication, teamwork, and empathy, are
essential for developing a collaborative culture that encourages high order thinking
and building relationships. By developing these soft skills, engineering students can
improve their chances of success both in their academic pursuits and in their future
careers.

The goal of the study was to evaluate soft skills among engineering students, to
provide insight to educators that can help in designing better activities which
integrate both skillsets holistically and efficiently. 92 Students were asked to fill out
anonymous Likert-like questionnaire about their self-reported soft skills. The findings
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indicate no significant differences between students based on extrinsic factors
(gender, campus, department and class), which may lead to both theoretical and
educational implications. These findings can be utilized to formulate
recommendations for combine soft skills into the engineering curriculum.

1 INTRODUCTION

A successful engineering team must possess a range of abilities that encompasses
soft skills. Soft skills include the capacity to engage with others successfully and
amicably (Oxford Languages; Itani & Srour 2016). Listening, talking (inside oneself
and with others), thinking (critically), and summarizing knowledge are necessary for
all types of technical efforts. Due to their importance in engineering practice,
numerous researchers have focused on developing this ability individually among
engineering students (Sousa & Mouraz 2014). Individuals who possess both soft
skills are more likely to achieve success in their personal and professional lives. By
developing these abilities, individuals can become more effective problem-solvers,
decision-makers, and collaborators, and contribute to the development of more
resilient and sustainable systems.

In engineering education, significant attention has been paid to the importance of
soft skills among undergraduate and graduate students. In view of the importance of
soft skills (Shekh-Abed & Barakat 2022), the research detailed in this paper explored
whether engineering students differ in soft skills based on gender, campus,
department, and class. The theoretical contribution of this work is a quantitative
description of the evaluation of soft skills among engineering students. The practical
contribution would be to facilitate the development of instructional activities that
promote soft skills for engineering students.

The paper opens with a review on soft skills. This is followed by the study purpose
and questions are formulated, and the research methodology is outlined. Then, the
findings are presented. Finally, discussion and conclusions are presented.

2 THEORETICAL BACKGROUND

Soft skills cover not only relational skills, but also traits like social responsibility,
creativity, ethics, and emotional intelligence (Itani & Srour 2016). Consequently, soft
skills include the enhanced ability to communicate and interact with others
effectively, the ability to think critically, and the ability to incorporate professionalism
in engineering practice (Barakat 2015). Organizations strongly emphasize
interpersonal skills (e.g., creating rapport) and communication skills (e.g.,
customizing your message to the appropriate audience). Several institutions, such as
the NAE (National Academy of Engineering) and the ABET (Accreditation Council for
Engineering and Technology), have increasingly underlined the significance of soft
skills in engineering. This has resulted in multiple contribution enriching the literature
of soft skills integration in the curriculum (Barakat and Plouff 2014).

According to a study conducted by the Monarch Institute, 85 percent of the abilities
required for employability are soft skills, whereas 15 percent are technical skills. This
emphasizes the need for teaching soft skills in the classroom. Studies have
demonstrated that engineers must be capable of adapting to new information and
independently, critically, and proactively express their thoughts. As team members,
engineers must develop intrapersonal and self-management abilities that enable
them to regulate impulsive inclinations, follow through on promises, accept
responsibility, and handle stress. In addition, research has shown that engineering
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students must be able to work in teams, manage interdisciplinary groups, and
comprehend society in order to discover new solutions to real-world problems.
Students must evaluate the environmental, ethical, and political consequences of
their acts (de Campos et al. 2020; Klafke 2005).

Caten and his colleagues argue that soft skills are more important than technical
abilities for present and future engineers (ten Caten et al. 2019). There are
numerous instances of non-technical abilities that make professionals more capable
of taking charge of their careers and responding to market needs. These abilities
include leadership, innovation, communication, management, ethics, agility,
resiliency, and adaptability. The necessary skills for post-university management and
leadership positions are those that develop based on humanities and social
sciences, such as: demonstrating passion and interest, accepting current roles and
responsibilities while seeking continuous improvement; gaining experience in other
projects and working groups, understanding and resolving organizational challenges;
and self-assessment to learn from mistakes, cultivating values that promote trust
(Compton 2008).

Studies (Awuor et al. 2022; Shekh-Abed et al. 2021; Gero et al. 2022) note that
through teamwork and project-based learning, students improve their knowledge in
the technical, behavioral, and contextual competence areas of project management.
Awuor et al. (2022) reveal that students' competences in creativity, leadership, and
negotiation have been significantly enhanced thanks to teamwork. Given the focus of
the research, the report includes a lengthy self-evaluation questionnaire about
employability abilities. In order to teach students to be proactive problem solvers and
critical thinkers, the authors recommend that institutions and teachers reevaluate
how they already include transferable skills into the curriculum (Ojiako et al. 2011).
Aranzabal et al. (2022) present a way to construct a well-rounded project team as a
means to enhance students' performance in project-based learning. In order to get
students thinking about the value of teamwork, the authors use Belbin's role theory
and find that groups assigned to one of nine roles outperform those assigned by the
students themselves. According to Belbin's role theory from 2010, a team member's
role is "a tendency to behave, contribute, and interrelate with others in a particular
way," with these characteristics being shaped by factors such as one's own
personality, cognitive abilities, current values and motivation, field constraints or
external working environment, one's own experience and culture, and role learning.
Researchers found that when students were exposed to role theory, they improved
their abilities to operate in a roles- and skills-based setting, as well as their
cooperative learning, interpersonal interactions, and social skills (Aranzabal et al.
2022).

3 RESEARCH PURPOSE AND QUESTIONS

The purpose of the study was to investigate the effect of different extrinsic factors
representing demographics (gender), socio-economic status (campus location),
technical discipline (engineering program), and educational career stage (class), on
the perception and application of soft skills among engineering students. Ultimately,
the goal was to provide educators with information that will assist them in planning
and instructional design of more effective activities combining soft skills holistically
and systematically. The following questions were derived from the research goal:

e Do soft skills perception and application differ among engineering students

based on the following factors, and to what extent:
1. Gender (representing demographics)?
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2. Campus geographical location (representing socio-economic status)?
3. Engineering program (representing technical discipline)?
4. Class (representing educational career stage)?

4 METHODOLOGY
4.1 Participants

A questionnaire was sent out to all engineering students at The University of Texas
at Tyler (UT-Tyler) inquiring about students’ perception and application of soft skills.
The total number of students who responded to the questionnaire was 92
engineering students. This includes 58 (63%) students from Tyler Main Campus
(TYL) and 34 (37%) students from Houston Enginieering Center Campus (HEC).
Demographics of the participating students are presented in Table 1. The ratio
between male and female students was 2.2 (69% male and 31% female) in both
campuses, which is higher than U.S. national average of gender ratio in engineering
programs and closer to the international averages of the same ratio. Geographically,
TYL Campus is located in a relatively small rural city, while HEC Campus is located
in the middle of Houston, which is an enormous major city (inner-City) with a high
concentration of less affluent and minority students. Educational career stage
included students ranging from Freshman to Seniors, as well as students in the
Masters program. Technical disciplines included four engineering disciplines: Civil,
Electrical, Mechanical, and Construction Management. It is to be noted that the
majority of graduate students who answered the survey are international with a
diverse background of engineering education and the accreditation system their
universities could have been following.

Table 1. Demographics of participating students responding to questionnaire

Demographic Students
White 39
Hispanic 19
African American 8
American Indian or Native Hawaiian 4

Other 22

Male 60
Female 27

Prefer not to say/Non-binary 5

Total 92

4.2 Procedure

Quantitative method was utilized in this study. An anonymous questionnaire was
offered for all engineering students at UT-Tyler in the form of a Qualtrics®
questionnaire. Students were invited to voluntarily fill the questionnaire within a week
period at the beginning of the spring semester of 2022. Ninety-two engineering
students (N = 92) completed this self-reporting questionnaire. The Kolmogorov—
Smirnov test of normality (goodness of fit) showed that a normal distribution can be
assumed for all variables (p > 0.05). Therefore, independent samples t-test and one-
way ANOVA test were conducted.
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4.3 Instruments

The self-report questionnaire which was composed specifically for this research
comprised of 25 statements based on the characteristics of soft skills (Kantrowitz
2005) of engineers. The answers to the questionnaire were based on a five-level
Likert scale, ranging between “highly agree” and “highly disagree”, refering to soft
skills. The questionnaire was validated by two experts in engineering education. The
internal consistency, or coefficient of reliability of the soft skills statements
(Cronbach’s a =0.879) were found to be acceptable. Thus, for example, the
statement “as a student in an engineering project team, | have confidence in my
work and abilities in performing tasks in experiments / project” indicates relatively
high soft skills Samples from the soft skills questionnaire are provided in Table 2.

Table 2. Self-reporting questionnaire: soft skills (sample statements)
Statement Soft Skills
As a student in an engineering project team, | have
confidence in my work and abilities in performing tasks in | High
experiments / project
As a student in an engineering project team, | collaborate
with others to accomplish the task
As a student in an engineering project team, | tend not to
ask questions or get help from others
As a student in an engineering project team, after making
a decision, | often rethink my decision and change my Low
mind

High

Low

5 RESULTS

Students’ answers were grouped from the questionnaire allowing calculation of the
mean score M (ranging between 0 and 5) and the standard deviation SD for each
group of students. The first grouping attempt was by splitting male and female into
two separate groups and comparing their results in soft skills. As shown by Table 3,
the descriptive statistics (M, SD) were calculated by gender. According to a t-test
(equal variances), there is no significant difference between male and female
students in soft skills t(85) = 0.207, p >0.05. Both groups (males and females) have
the same ability of soft skills.

Table 3. Descriptive statistics for students’ answers grouped by gender

Soft Skills
N
Gender Y SD
Male 62| 4.04 0.48
Female 27| 4.09 0.54

The second grouping attempt was by splitting answers based on socio-economic
status. This was achieved by grouping responses based on the campus they came
from which is either TYL or HEC. As was mentioned, TYL is located in a relatively
small rural city with an almost homogeneous population socially and economically.
HEC is located in the inner-city part of the enormous city of Houston where the
majority of the population is diverse in ethnicity with income around the national
poverty level. Comparing results from these groups regarding soft skills as shown by
Table 4, the descriptive statistics (M, SD) were calculated by campus. According to a
t-test (equal variances), there is no significant difference between TYL and HEC in
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soft skills t(90) = -0.086, p >0.05. Therefore, students in both campuses have the
same perception and application experiences of soft skills.

Table 4. Descriptive statistics for students’ answers grouped by campus

Soft Skills
Campus N v SD
TYL CAMPUS 58 | 4.00 0.49
HEC CAMPUS 34| 4.15 0.47

The third grouping attempt was by splitting answers based on technical disciplines
represented by the home departments of students. This produced four separate
groups. Descriptive statistics of the four groups are shown in Table 5, the
descriptive statistics (M, SD) were calculated by departments. According to a one-
way ANOVA test (equal variances), there is no significant difference in soft skills F(3,
88) = 0. 861, p > 0.05, between the engineering departments. Students in different
engineering departments have similar abilities, perceptions, and experiences
regarding soft skills.

Table 5. Descriptive statistics for stud ents’ answers grouped by department

Soft Skills
Department N i SD
Mechanical Engineering 62| 4.1 0.47
Electrical Engineering 13| 3.91 0.54
Civil Engineering 11] 3.92 0.60
Construction Management 6| 4.08 0.38

The fourth grouping attempt was by splitting classes (studying year) into five
separate groups of students (Freshman, Sophomore, Junior, Senior, and Graduates)
and comparing their results in soft skills. As shown by Table 6, the descriptive
statistics (M, SD) were calculated by class in terms. According to a one-way ANOVA
test (equal variances), there is no significant difference in soft skills F(4, 87) = 1.591,
p > 0.05, between the engineering classes in terms. Students in different engineering
disciplines have similar abilities and perceptions of soft skills.

Table 6. Descriptive statistics for students’ answers grouped by class

Soft Skills
Class N v SD
Freshman 9| 3.80 0.69
Sophomore 4| 3.87 0.19
Junior 18| 4.22 0.46
Senior 40| 4.11 0.46
Graduates 21 3.95 0.47

6 SUMMARY

Soft skills such as active listening, empathy, and collaboration are necessary for
establishing trust and fostering relationships with others. Individuals are more likely
to be able to identify and address systemic problems and work towards sustainable
solutions if they are able to work effectively with others and establish strong
relationships.
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Results collected and presented in the results’ section show that soft skills
perception by students has no significant differences based on extrinsic factors such
as gender and socio-economic level. In fact, results show that there are no
significant differences in soft skills perception by students based on gender, campus
(Geographical location), department (Career), and class (stage in the career or year
of study). This suggests that current methods and techniques to build and improve
soft skills are effective and that all students may benefit from expanded dedicated
activities to improve soft skills.

Since there are no significant differences among the different groups, it may be
worthwhile to develop activities that are universally applicable to all students which
expand from current proven methods for soft skills development. This could involve
workshops, seminars, or other training sessions focused on developing soft skills. In
addition, it may be helpful to integrate these skills into the curriculum in a more
deliberate and intentional manner. This could involve incorporating activities and
assignments that specifically target the development of soft skills. Combining
reflection assignments and project-based learning into engineering courses (Shekh-
Abed & Stav 2023) could enhance both hard and soft skills.

Overall, the findings suggest that there is a need for dedicated activities to improve
soft skills for all students, regardless of gender, campus, department, or class. By
addressing these skill sets in a more intentional and deliberate way, students may be
better equipped to succeed in their academic and professional pursuits.

REFERENCES

Aranzabal, A., E. Epelde, and M. Artetxe. 2022. “Team Formation on the Basis of
Belbin’s Roles to Enhance Students’ Performance in Project Based Learning.”
Education for Chemical Engineers 38 (January): 22—-37.
https://doi.org/10.1016/j.ece.2021.09.001.

Awuor, Nicholas O., Cathy Weng, Eduardo Jr Piedad, and Roel Militar. 2022.
“Teamwork Competency and Satisfaction in Online Group Project-Based
Engineering Course: The Cross-Level Moderating Effect of Collective Efficacy and
Flipped Instruction.” Computers & Education 176 (January): 104357.
https://doi.org/10.1016/j.compedu.2021.104357 .

Barakat, Nael. 2015. “Engineering Ethics and Professionalism Education for a Global
Practice.” QScience Proceedings 2015, no. 4 (June): 5.
https://doi.org/10.5339/gproc.2015.wcee2014.5.

Barakat, Nael and Plouff, Christopher. 2014. “A Model for On-Line Education of
ABET-Required Professional Aspects of Engineering,” IEEE - EDUCON, April 3-5,
Istanbul, Turkey.

Campos, Débora Barni de, Luis Mauricio Martins de Resende, and Alexandre
Borges Fagundes. 2020. “The Importance of Soft Skills for the Engineering.”
Creative Education 11, no. 08 : 1504—20. https://doi.org/10.4236/ce.2020.1181009.

Caten, Carla Schwengber ten, Diego Souza Silva, Rafael Barbosa Aguiar, Luiz
Carlos Pinto Silva Filho, and Josep Miquel Piqué Huerta. 2019. “Reshaping
Engineering Learning to Promote Innovative Entrepreneurial Behavior.” Brazilian

143



Journal of Operations & Production Management 16, no. 1 (March 7): 141-48.
https://doi.org/10.14488/bjopm.2019.v16.n1.a13.

Compton, David S. 2008. High reliability leadership: Developing executive leaders
for high reliability organizations. The George Washington University.

Gero, Aharon, Shekh-Abed, Aziz, and Hazzan, Orit. 2021. “Dedicated Assignments

as a Means of Advancing Junior Students’ Systems Thinking and Abstract Thinking.”
In M. Auer, H. Hortsch, O. Michler, & T. Kohler (Eds.), Mobility for Smart Cities and
Regional Development - Challenges for Higher Education. 210-216. Springer, Cham.

Itani, Mona, and Issam Srour. 2016. “Engineering Students’ Perceptions of Soft
Skills, Industry Expectations, and Career Aspirations.” Journal of Professional Issues
in Engineering Education and Practice 142, no. 1 (January).
https://doi.org/10.1061/(asce)ei.1943-5541.0000247.

Kantrowitz, Tracy M. 2005. Development and construct validation of a measure of
soft skills performance. Georgia Institute of Technology.

Ojiako, Udechukwu, Melanie Ashleigh, Max Chipulu, and Stuart Maguire. 2011.
“Learning and Teaching Challenges in Project Management.” International Journal of
Project Management 29, no. 3 (April): 268—78.
https://doi.org/10.1016/j.ijproman.2010.03.008.

“Oxford Languages | The Home of Language Data,” August 26, 2022.
http://www.oxforddictionaries.com/definition/english/soft-skills.

Shekh-Abed, Aziz, and Barakat, Nael. 2022. “Exploring the Correlation between
Systems Thinking and Soft Skills for Improved Effectiveness of Project Based
Learning." In 2022 IEEE Frontiers in Education Conference (FIE), 1-4. IEEE.

Shekh-Abed, Aziz, and Stav-Satuby Yinnon. 2023. “Relationships Between
Reflection Ability and Learning Performance of Junior Electronics Engineering
Students." International Journal of Engineering Education 39, No. 3: 604—611.

Shekh-Abed, Aziz, Hazzan, Orit, and Aharon Gero. 2021. “Promoting systems
thinking and abstract thinking in high-school electronics students: integration of
dedicated tasks into project-based learning." International Journal of Engineering
Education 37, no. 4: 1080-1089.

Sousa, Armando, and Ana Mouraz. 2014. “Promoting'Soft Skills' from the Start of the
Engineering Degree and the Case Study of the Special'Projeto FEUP'Course."

144



THE ROLE OF EARTH SYSTEM LITERACY IN SUSTAINABILITY
EDUCATION FOR ENGINEERS

S. Basu'’
Department of Chemical Engineering, University College London
London, UK
https://iris.ucl.ac.uk/iris/browse/profile ?upi=SBASU90

Conference Key Areas: Addressing the challenges of Climate Change and
Sustainability; Embedding Sustainabiliy and Ethics in the Curriculum

Keywords: Sustainability competencies, Earth system literacy, Engineering sKills

ABSTRACT

Engineers should be able to demonstrate sustainability competencies transcending
their specialised discipline. But all cross-disciplinary sustainability competencies are
not targeted adequately in engineering education and are often mismatched with
competencies required by engineers in their professional roles. Future engineers
should have an understanding of the environment alongside technical knowledge,
with all engineering design and product showing consideration to sustainability. The
study of the Earth system is relevant to the understanding of environmental issues
and the interplay between the sub-systems of the Earth (atmosphere, geosphere,
biosphere and hydrosphere) . Yet, integration of Earth system literacy in the
engineering curriculum has received minimal attention. This paper discusses the
sustainability competencies in engineering education and, investigates if they can be
addressed through Earth system literacy where weak or lacking. Based on two
geology courses delivered to engineering students focusing on the sustainable
management of different Earth resources with an understanding of their formation
and extraction, it is evident that Earth system literacy can strengthen system thinking
and, strategic and normative competencies in engineers. Most importantly it can
target anticipatory competency that is not addressed adequately in conventional
engineering courses.
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1 INTRODUCTION

Sustainable competency skills for engineers are very important in their professional
lives for problem solving and bringing in engineering solutions relevant to the twenty-
first century. The knowledge, skills, values and attitudes of engineers should
transcend their specialised engineering discipline, with a shift in attitude from
applying known solutions to well-defined problems for system optimisation, to
facilitating system change by addressing complex cross-disciplinary challenges with
no obvious solutions (Leifler and Dahlin 2020). It is crucial that engineers find
sustainable solutions with due attention to global challenges such as climate change,
pollution and loss of biodiversity, often triggered by excessive consumption of natural
resources and the discharge of chemicals into the environment. This can occur at
ant stage of a product development, from its discovery and design to the disposal of
products at the end of its life cycle.

Sustainability education should be leading curriculum development and integrated to
it, encompassing interdisciplinary, social and ethical knowledges. Although this has
received considerable attention recently, engineering education is primarily focused
on technical knowledge (Crofton 2000). Also, there is a mismatch between the
sustainable competencies that engineering graduates possess and those required by
industry. Besides, both qualitative and quantitative aspects of engineering
sustainability are generally introduced to students through stand-alone modules,
without being embedded in the curriculum design to complement the technical
knowledge. In this study, we looked at the feasibility of Earth system literacy bridging
some of these existing gaps in engineering sustainability education.

2 EARTH SYSTEM LITERACY FOR SUSTAINABILITY EDUCATION IN
ENGINEERING

The Earth is a complex, open dynamic system with continuous interactions through
cycling of matter and flow of energy between its interrelated sub-systems
(atmosphere, geosphere, biosphere and hydrosphere). Although the Earth is
continuously evolving, Earth processes (erosion, evolution, plate tectonics) are
unchanging, driven by physical and chemical principles (Ladue et al. 2010).
However, the rates of such processes might change both naturally and due to
impacts from human activities which can result in rapid changes through Earth
systems. The focus of Earth system literacy should be to foster understanding of the
fundamental concepts of Earth systems to enable making informed and responsible
decisions regarding Earth and its resources, to address the global challenges of
changing climate, water shortage and depletion of natural resources. As human
behaviour continues to threaten the sustainability of the Earth subsystems, the
feedback mechanism of the Earth system might allow the subsystems to bounce
back to balance. However, in this process, there can be considerable changes to all
the spheres that will be damaging for human beings (Boyce et al. 2023). It would be
very important to understand the realistic role of humans on Earth towards this.
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Fig. 1. The natural carbon cycle term cycles A) Unperturbed, with the carbon in stock in
the main reservoirs indicated in GtC (gigatonnes of carbon) in parentheses B) Perturbed
by anthropogenic activities with carbon fluxes in GtC/year averaged for the decade
2012-2021 indicated in parentheses. C) Perturbed by CO;, removal (CDR) by
enhancement of CO: sinks through processes such as afforestation and carbon capture
and storage (CCS). Modified after Keller et al. 2018; Friedlingstein et al. 2022; Boyce et
al. 2022.

Earth system literacy is the interdisciplinary study of Earth’s geology with aspects of
biology, physics, chemistry and mathematics. It would be important for engineers to
address the influence of human intervention on the functioning and interaction of the
Earth systems to prevent any disruption. To reduce CO2 emissions some direct
actions for engineers would be, to consider resilience in the infrastructure they
design and build, to improve energy efficiency in any good they manufacture from
refrigerators to automobiles, replace carbon fuels with renewables in the
manufacturing steps, and facilitate CO2 sequestering by capturing and storing the
CO:2 at the point of emission. For sustainability consideration, these approaches
should be based on an understanding of environmental issues, climate change and
resource depletion and the interconnected nature of these challenges, grounded on
Earth system literacy. As an example, the carbon cycle consists of both short (large
fluxes between relatively small reservoirs functioning at decadal scales) and long
(small fluxes between enormous reservoirs accrued over thousands to millions of
years) cycles, (Fig. 1A). The COz is bound or converted by the ocean and terrestrial
sinks and removed from the atmosphere naturally, driven by different geological
processes (Table 1). However, this natural cycle can be perturbed by anthropogenic
activities, leading to negative net CO2 emissions by removal through different
processes (Table 1) and positive net CO2 emissions by combustion of fossil fuels
and cement production (Fig. 1B and C). As one of the six habits of engineering
defined by the National Academy of Engineering, it would be important for engineers
to consider the impact of engineering on environment. The should be able to
recognise any anthropogenic impact and its perturbation to a natural cycle in the
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context of not just the operational carbon footprint for a designed product but the
embodied carbon footprint during its life cycle. Another example is the production of
traction lithium-ion batteries for automobiles, where the impact of mineral resources
need to be considered in the life cycle assessment. Any land disturbance due to
mining activities, release of mine tailings and unused resource extraction such as
copper (Kosai et al. 2021), needs an understanding of basic Earth system concepts
taking into account the geological occurrences of these resources.

Table 1. Geological processes pertaining to carbon cycle and human perturbation to remove
carbon dioxide from the atmosphere

Geological Description (as relevant to the carbon cycle)

processes

Carbonate The breakdown of a carbonate rich rock (e.g. limestone) in contact
dissolution with acidic water to soluable bicarbonate and COa.

Silicate When calcium and magnesium bearing silicate rocks break down
weathering during weathering, it produces alkalinity that can neutralise CO2

emissions by driving the precipitation of carbonate minerals.
Subduction When two tectonic plates converge at a plate boundary, the
denser plate is driven beneath the other, transporting carbon to the
Earth’s interior as organic carbon and carbonates.

Organic Organic carbon buried in marine sediment over millions of years
burial serving as a net sink for atmospheric CO2

Organic The oxidation of organic carbon from sedimentary rocks releases
oxidation COz2 over geological timescales from long term storage.

Carbon dioxide removal processes

Land-based | Afforestation, reforestation, carbon farming, wetland restoration
Marine based | Abiotic approaches based on the properties of the ocean (e.g.
alkalinity enhancement) and biotic approaches based on
photosynthetic organisms in the sea (e.g. seaweed cultivation).

Enhanced An enhancement of the natural weathering of rocks to trap CO2 by

weathering spreading large quantities of selected, finely ground silicate rocks
such as basalt on extensive land area and sea surfaces.

BECC Bioenergy with carbon capture and storage is a process which

extracts bioenergy from biomass followed by the capture and
storage of the CO2 produced during the conversion.

3 OBJECTIVES OF THE STUDY

The main objective of this study is, to assess if embedding Earth system literacy in
the engineering curriculum can benefit the sustainability education of engineers,
beyond the scope of conventional engineering courses. The study will First assess
any gap in sustainability competencies of engineers related to only engineering
skills. It will then identify the specific sustainability competences that can be
developed by introducing engineering students to basic concepts on Earth systems.

148




4 METHODOLOGY

Sustainability competencies integrated to engineering skills are initially assessed
through literature review to identify the gaps in sustainability competencies in
engineering education. Two sustainability focused geology courses delivered
successfully to engineering students in a London University over the last seven
years in a MSc programme on natural resource are then considered to identify
relevant Earth system topics for this study. The two courses focus on the extraction
of Earth resources and their return of waste and pollutants to the environment, with
appropriate methods adopted to deliver geology contents to engineering students
(Basu 2022). The topics covered in these courses and the learning outcomes are
correlated to engineering sustainability competencies to identify if any gap in the
sustainability competency skills in engineering education can be addressed through
Earth system literacy.

5 RESULTS AND DISCUSSION

5.1 The relevance of Earth system literacy to Engineering sustainability
education

Sustainability education for engineers have focused on engineering specific skills
and related cross-disciplinary competencies summarised below (Perpignan et al.
2020; Quelhas et al. 2019):

Knowledge and understanding to develop systemic and critical thinking to enable
solving a complex problem, with an understanding of the environment.

Engineering analyses to enable systemic thinking and collaborative working in
order to solve a complex problem, enabling engineers to identify interactions
between systems and people, integrating sustainability into their performance.
Engineering design to enable solving a complex problem with consideration to
sustainability, taking into account environmental, social and economic factors.
Investigations to enable critical thinking to solve a problem and, develop normative
competence and self-knowledge, with an ability to recognise professional
responsibilities in forwarding sustainability goals and objectives.

Engineering practice that enables critical thinking to solve a complex problem with
abilities of lateral, logical and critical thinking, based on normative and strategic
competencies.

Making judgements to enable critical thinking and develop strategic competence to
contribute to collective action within an organisation, implementing innovative actions
and rethinking of company strategies.

Communication and team working to enable collaborative working and the ability
of transdisciplinary thinking.

Lifelong learning focusing on self-knowledge to reflect on the individual role in the
society to advocate sustainability values and goals.

Clearly, all cross-disciplinary skills needed for sustainability education are not
targeted in trainings focused on just engineering skills. While critical thinking and
solving a complex problem are targeted strongly, collaboration, systemic thinking,
normative competence, self knowledge and strategic competence are weakly
addressed (Perpignan et al. 2020). Particularly, anticipatory competency is not
addressed at all, with a lack of knowledge and abilities that enables contextualization
of engineering solutions in a broader context (Perpignan et al. 2020; Quelhas et al.
2019). Also, there is a mismatch in the sustainability competencies engineering
graduates possess and that required in their professional roles (Yu et al. 2022). It
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becomes important for higher education to consider how to better support
engineering graduates to build their sustainability competencies for the work
place.The eight generic sustainability competencies of relevance to skilled engineers
in their professional roles are, leadership, design, professionalism, lifelong learning,
technical theory, communication, problem solving and teamwork (Yu et al. 2022).
There is an emphasis on interdisciplinary skills for teamwork, understanding and
applying knowledge of natural sciences related to the dimension of technical theory
and designing a system or process taking into account environmental constraints.
Earth system literacy has the potential to develop interdisciplinary skills for engineers
to enable effective collaboration with environmental insights. Based on two
geological courses offered to engineering students, the contributions of Earth system
literacy towards their sustainability competencies are summarised below (Table 2).

Table 2. Sustainability competency skills for engineers built on Earth system literacy

Topic

Key learning
objective and UN
sustainable

development goals

(SDGs)

Intended learning
outcome(s)

Relevant
Engineering
sustainability
competencies

Geology for Sustainable Resource Management and Energy Transition

Rocks and
minerals

Plate tectonics

Subsurface
energy
deposits

Understand the
importance of
geological
materials as
resources.
Addresses UN
SDG 13.

Describe the
interactions
between the Earth
sub-systems,
within the
dimension of deep
time and spatial
scale of geologic
processes.
Addresses UN
SDG 13.

Enable
identification of
hydrocarbon
bearing geological
structures for
exploitation,
recognising
associated risks.
Addresses UN
SDGs 6, 7, 13.

Identify a range of
rocks and minerals,
relating their properties
and uses.

Decouple the natural
decay of Earth
materials, from impacts
of anthropogenic
activities.

Understand the origin
and alteration of rocks
related to Earth
processes.

Locate natural

resources for extraction.

Provide an integrated
view on how the Earth
functions as a system,
with interacting sub-
systems.

Apply geological
concepts to understand
the processes of
hydrocarbon formation
and entrapment.

Critically relate
hydrocarbon extraction
to any associated
environmental issues.

Anticipatory and
deeper system
thinking related
to gradual and
catastrophic
processes and
impacts on
natural
resources.
Deep system
thinking on how
Earth functioned
in the past to
forecast how
conditions might
change in the
future.

Anticipatory,
with an
understanding
of Earth system
processes in
time and space,
across scales of
many orders of
magnitude.
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Underground
storage of CO2
and H2

Mining and
mining life
cycle

Types of ore
deposits (e.g.
magmatic,
hydrothermal,
surface)

Critical metals
and
byproducts for
green
technology

Seafloor
mining

Consider emerging
CO2/ H2
subsurface storage
technologies to
tackle climate
change.
Addresses UN
SDGs 6, 7, 13, 15.

Characterise the
subsurface to assess
the opportunities for
COz2and Hz storage.
Address key issues
around CO2/ H2
subsurface storage,
related to fluid flow and
trapping mechanisms.

Earth Resources and sustainability

Critically consider
the protection of
the environment
during exploitation
of mineral
resources.
Addresses UN
SDGs 6,13,15.
Critcally consider
the sustainable
extraction of
minerals from ore
deposits.
Addresses UN
SDGs 6,13, 15.

Develop an
understanding on
the viability of
sustainable
extraction of
critical metals from
their ore deposits
Addresses UN
SDGs 6, 7, 13.

Critically consider
the environmental
impacts during the
process of deep
sea mining, and
the research gaps
in this field.
Addresses UN
SDGs 13, 15.

Describe the different
stages of mining for
mineral extraction,
considering the
embedded energy and
environmental footprint,
during the life cycle of a
mineral deposit.
Characterise ore
deposits based on their
formation.

Identify potential
environmental issues
associated with
extraction of mineral
resources.

Identify ore deposits
bearing critical elements
for energy transition.
Appraise the factors
controlling the demand
and supply of critical
metals.

Consider the availability
of mineral resources
and the importance of
their recycling.

Give an overview of
seafloor mineralisation.
Identify the
technological and
geologic challenges
associated with
exploration of deep sea
minerals in the context
of ore type and water
depth.

System and
critical thinking
with a holistic
understanding
of the extraction
of natural
resources,
mitigating
environmental
impacts.

System and
critical thinking
with a holistic
understanding
of the extraction
of natural
resources.

Anticipatory and
system thinking,
with an
understanding
of Earth system
processes in
deep time and
space.
Strategic
competence,
with an
integrated
understanding
of the
technological
and economic
impacts of
resource
extraction.
Strategic
competence,
with an
integrated
understanding
of the
technological,
economic and
social impacts
of resource
extraction.
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Environmental, Gain an overview Evaluate environmental Normative and

social and of best practices and societal aspects of = strategic
governance and regulations for Earth’s mineral competence
issues in the mining sector,  resources. with a holistic
mining considering the Identify best practices understanding
social and related to opening, of
environmental operating and closinga  environmental,
impacts of mining.  mine. economic and
Addresses UN social aspects
SDGs 6, 13, 16. of sustainability.

5.2 Earth system literacy in engineering education: Challenges and
opportunities

The learning outcomes from Earth system literacy courses focus on Earth processes
at different temporal and spatial scales, that influence the availability and
sustainability of Earth resources (Table 2). The learning outcomes from engineering
courses focus on the development and design of products, processes and systems
with emphasis on the technical aspects of material choice and energy consumption
(Perpignan et al. 2020). The effective integration of Earth system literacy in
engineering education to reflect on the learning outcomes, will require time and effort
with collaboration between geoscience and engineering educators, proficient in their
respective field, but receptive to the expertise of others. Earth system literacy is an
ongoing process, so specific actions need to be identified to enable engineering
students to gradually acquire knowledge and understanding in this area integrated to
their curriculum. In this context, embedding Earth system concepts in existing
engineering programmes without relying on stand-alone Earth system courses
designed for engineering students would be a major challenge. This can be trialled in
a selected engineering programme within its existing structure, with key outputs
aligned to its core learning outcomes. A suitable programme would be one with
emphasis on sustainability education, with opportunities to flexibly incorporate
innovative methods of teaching. It would be very important to consider the pedagogic
approaches for such implementation, noting that creating contents and designing an
integrated framework for such a purpose will be challenged by students’ diverse
learning experiences and goals depending on their specific engineering field.

6 SUMMARY

Crossdisciplinary sustanainibility competencies including strategic, normative,
anticipatory, and deeper system thinking, can be strengthened and developed in
engineering education by embedding Earth system literacy in the curriculum. Basic
Earth system concepts related to the formation and occurrence of different natural
resources can be introduced in engineering education to expand students’
understanding of sustainability with environmental insights. However, it would be
challenging to embed Earth system literacy in existing engineering programmes
integrated to the curriculum, moving away from stand-alone Earth system courses
for engineers.
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ABSTRACT

The underrepresentation of women in engineering remains a persistent issue despite
efforts to attract more female students. The percentage of UK engineering
undergraduates who are female is published annually, however no institutional
breakdown is given. This scoping study aims to inform the direction of future
research by investigating the nature and possible causes of the distribution of female
engineering undergraduates across the UK HE-sector. Student data gathered from
UK universities by the Higher Education Statistics Agency (HESA) for 2019/20 is
explored using Tableau. Overall, 16% of UK engineering undergraduates are female
but this varies from 5% to 36% for individual universities, with more prestigious
institutions generally having a higher percentage. The findings suggest some
association between gender balance and the level of qualifications prior to university:
in general, the higher the academic achievement on entry to a university the better
the gender balance at that institution while the percentage of women appears to be
independent of the number of engineering undergraduates at a university. The HESA
data also confirm that certain disciplines attract more women and consequently the
subject areas offered by a university can influence its gender balance in
undergraduate engineering. The literature offers several possible explanations for
these findings, but further study is needed to investigate the differences in female
representation at a more granular level, acknowledging the agency and individuality
of both the universities and the students.

1 INTRODUCTION
1.1 Underrepresentation of women in engineering

Underrepresentation of women in engineering remains a persistent issue in the UK
despite substantial efforts to attract more female students. Around 18% of students
studying for a degree in engineering and technology are female compared to 57% for
all degree subjects (Engineering UK 2020). The percentage of UK engineering
undergraduates who are female is published annually, however no breakdown is
given by Higher Education institution (HEI). A review of literature shows substantial
research into why women may or may not choose to study STEM subjects or, more
specifically, engineering, while further research is recommended into where they are
studying (Ro, Fernandez and Alcott 2021). A more even distribution of female
engineering undergraduates across the HE-sector will not increase the overall
numbers, however a scoping study to understand the current distribution can inform
future research e.g. do some universities actively attract women who might not
otherwise have considered engineering while some HEIs are so discouraging that
the potential female students choose non-engineering options?

There is a link between increased socio-economic status (SES) of the family and the
likelihood of enrolment at more prestigious universities (Carpentier 2021), but the
literature is inconsistent regarding gender balance in STEM and the status of a UK
university. Codiroli McMaster (2017) suggests the likelihood of young women
choosing STEM (Science, Technology, Engineering and Mathematics) over other
high-return subjects increases with increased family SES whereas Ro, Fernandez
and Alcott (2021) found a lower level of women’s participation in STEM subjects at
prestigious universities.

The research questions guiding this study are:
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RQ1: How are female engineering undergraduates distributed across UK
universities, by university type and discipline?

RQ2: Are there characteristics shared by universities with equivalent percentages of
female engineering undergraduates?

1.2 Undergraduate engineering at UK universities

In the UK, students apply for undergraduate courses through a central university and
college admissions service (UCAS) by selecting up to five combinations of university
and programme of study. A university specifies its academic entry requirements for
each of its programmes as either A-level (or equivalent) subjects and grades, or a
more generalised ‘UCAS tariff’, consequently students’ application options are
limited by their academic qualifications. It is worth noting that a student is normally
expected to stay at the same institution throughout their degree course and it is also
less straightforward to change ‘major’ than in other HE systems — in fact the concept
of a ‘major’ is less relevant in the UK as engineering is frequently the only subject
studied on the programme (ie without humanities or social science modules as in the
US). Consequently, an application to study engineering and a university’s offer of a
place are major commitments on both sides and carry an element of risk, especially
if the student has not been exposed to engineering at school.

The UK HE-sector became nominally unitary when a binary divide between
universities and polytechnics was abolished in 1992. However, it is widely
acknowledged that hierarchies exist, often subdivided into Russell Group (a self-
selective elite group), the remaining ‘pre-92’ HEls, and those established ‘post-92’.
These categories are often assumed to align with institutional differentiation by
prestige, resource and mission e.g research or teaching focus, academic or
vocational priority, and international, national or local outlook (Carpentier 2021).
Annual tuition fees for all UK undergraduate engineering courses are the same and
are usually covered by a loan through the national student finance scheme (although
Scots attending Scottish universities are currently fully funded). However, the cost of
living in different locations may influence a student’s choice of university.

2 METHODOLOGY

This baseline study analyses data on all UK undergraduates studying engineering in
the academic year 2019/20 - the most recent year unaffected by COVID19 - at the
73 HE providers with the largest cohorts which together cover 95% of the
undergraduate engineering studied in the UK (excluding the Open University which
only offers distance learning) according to submissions to the Higher Education
Statistics Agency (HESA). The dataset, which includes 22 Russell Group (RG)
universities, 20 non-RG from pre-92 and 31 post-92 establishments, includes student
gender and domicile along with the branch of engineering studied, rounded for
anonymity and provided as Full Person Equivalent (FPE) (HESA 2023). The visual
analytics software Tableau is used to explore this large dataset. It is noted that
additional data gathered from university websites was collected in 2022 and this
information may have changed since the students applied for their programmes.

The university characteristics explored are: type of HEI, number of students,
disciplines offered, and programme access requirements (both academic level and
whether physics is required). While these characteristics have all been proposed
anecdotally as influencing the gender balance of university engineering programmes,
others may also be relevant and give opportunity for further study.
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3 RESULTS
3.1 Distribution of female engineering undergraduates by university type

Nationally, the proportion of UK undergraduate students who are female across all
engineering disciplines is 16%. The value for individual universities ranges from 5%
to 36% with Figure 1 showing a bimodal distribution, suggesting there could be two
different categories of universities. Differentiating by RG, pre- and post-92, gives not
two but three categories, indicated by the colours in Figure 1. This shows that RG
universities have, in general, the best gender balance while the newer universities
have the lowest percentage of females on their programmes. The values for pre-92
HEIs that are not RG are more broadly distributed. As RG universities all pre-date
1992, the three categories could be reduced to two by combining RG and Pre-92 as
‘old’ and post-92 as ‘new’ which would better fit the bimodal distribution.

% of engineering undergraduates who are female

Fig. 1. Distribution of universities by percentage of UK engineering students who are female,
indicating university category

The additional characteristics being investigated for RQ2 could be mediating the
relationship between the age of the university and the percentage of females on
engineering programmes. In addition, as university type is a nominal category,
further insight may be gained by exploring some numerical characteristics.

3.2 Engineering disciplines offered

Certain engineering disciplines attract a higher proportion of female students than
others (Engineering UK 2020), with the HESA category of bio-, medical-, and
biomedical (BMB) engineering having the highest percentage of women

nationally. (Prior to 2019, BMB was part of ‘general’ engineering but, with a change
of HESA coding categories, it is now a distinct subset of engineering.)
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Fig. 2. Distribution of universities by percentage of UK engineering students who are female,
highlighting those offering BMB engineering

Figure 2 shows that the universities offering biomedical engineering are likely to
have an above average percentage of female students across all engineering
disciplines. BMB programmes represent a small proportion of the overall study of
engineering but may still provide enough female students to influence the gender
balance of an individual university across all engineering disciplines. Offering a BMB
programme could also be a mediating factor leading to a higher percentage of
females via another mechanism eg a university’s offerings being perceived as more
cutting-edge.

Analysis of the HESA data shows that the national female representation for the five
most populous engineering disciplines is largely repeated at individual university
level with the highest female percentages in BMB, followed by chemical, process
and energy engineering (CPE), then civil engineering, with electrical and electronic
(E&E) and mechanical vying for bottom place. The nature of disciplines offered by a
university could influence the overall representation of women on the engineering
programmes eg the university with 36% women on its engineering programmes only
offers two disciplines, one of which is BMB. It is therefore worth revisiting the
university distribution histogram but this time for individual disciplines, once again
highlighting the different university types.

% of engineering undergraduates who are female % of engineering undergraduates who are female

Fig. 3. Distribution of universities by percentage of UK mechanical and E&E engineering
students who are female, indicating university category
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Of the five disciplines examined, the distribution for mechanical engineering (Fig 3
left) is the closest to the bimodal curve for all disciplines (Fig 1) with a similar
representation by RG, pre- and post-92. In contrast, E&E engineering (which, at a
national level, competes with mechanical engineering for the lowest representation
of women) is the least like Figure 1 with a much less distinct distribution of university
categories. This suggests that a more nuanced approach is needed to understand
why the result for E&E engineering looks so different.

3.3 Number of engineering undergraduates

Another anecdotal suggestion is that the representation of women on engineering
programmes increases with the size of the engineering provision, so a larger cohort
would be expected to have a higher percentage of female students. Figure 4, where
each circle represents an individual university, shows that the 73 universities being
investigated have between 495 and 4415 undergraduates (FPE, subject to rounding)
registered as studying engineering in 2019/20. As the number of students increases,
the distinctions between the ‘old’ and ‘new’ universities become more pronounced,
with the ‘old’ universities having the higher percentage of women. Below 1000
students, the picture is much less clear with some small cohorts at ‘new’ universities
getting substantially better female representation than small cohorts at ‘old’ HElIs.
This suggests that whatever the mediating factor is that is leading to the
differentiation between ‘old’ and ‘new’ universities, there is an additional interfering
influence that negates this for smaller cohorts.

Fig. 4. Percentage of UK students who are female in all undergraduate disciplines as a
function of the total UK undergraduate engineering cohort

3.4 Requirement for physics

The underrepresentation of women on engineering courses has long been
associated with the low percentage of girls taking A-level physics (Engineering UK
2020). Entry requirements for mechanical, civil and E&E undergraduate courses
were gleaned from university websites for the 73 universities under consideration. In
most cases maths was a prerequisite, but physics was only mentioned in a list of
scientific or numerate subjects of which one was necessary. Thirteen universities
had one or more programmes with physics A-level (or equivalent) stated as a
requirement, seven of which are in the RG, five more are pre-92 with only one in the
post-92 category.
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% of engineering undergraduates who are female
Fig. 5. Distribution of universities by percentage of UK students who are female, highlighting
those with a requirement for physics on any engineering programme.

If a university does require physics, this is usually for their mechanical engineering
programmes. It could be hypothesised that these programmes will have lower
percentages of female students, as there is a smaller pool of young women from
which the university can recruit. If this were the case, Figure 5 would show the
universities highlighted as ‘physics required’ towards the left tail of the distribution
whereas they appear across the breadth of distribution curve, implying the
requirement for physics has no clear impact on a programme’s gender balance.

3.5 Entry requirements

The final potential mediating variable is the academic achievement required prior to
university, ie how good are the student’s A-level grades (or equivalent). To make a
comparison, the specified subjects are ignored and account only taken of the grade
levels required, which are then converted into ‘UCAS tariff points’ (UCAS 2023). As
shown in Figure 6, where each circle represents an individual HEI, students with the
lowest tariff will only have access to a small number of post-92 universities. As the
tariff achieved increases, gradually more post-92s and then the pre-92s are
accessible, with RG requiring the highest tariff points.

Fig. 6. Percentage of UK students who are female in all undergraduate disciplines as a
function of the entry requirements in UCAS tariff points

While caution is necessary when considering regression analysis due to the
existence of outliers and because the distribution of universities by percentage of
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engineering students who are female gives a bimodal rather than a normal
distribution, Tableau’s line of best fit (p-value < 0.0001) suggests that the
representation of women increases with the level of the required entry tariff points.
Assuming a relationship exists between the perceived prestige of a university and
the tariff required to apply (Foskett 2010), it can be inferred that, broadly, the higher
the university’s status, the higher the percentage of women on the engineering
courses.

4 CONCLUSIONS

The distribution of UK universities by percentage of engineering students who are
female (Figure 1) is bimodal, suggesting pre- and post-92 HEIs as two distinct
categories. In general, the higher a university’s status (equating to academic
selectivity) the larger the proportion of women. Female representation is independent
of the number of engineering students but is dependent on the disciplines offered by
a university. Of the five most populous disciplines, BMB engineering has the highest
percentage of women, followed by chemical and civil, with mechanical and E&E the
lowest. Only 18% of universities require physics for one or more of their mechanical,
E&E or civil engineering programmes and this does not appear to deter female
enrolment.

The results support Codiroli McMaster’s (2017) identification of a link between family
SES and female STEM study, which could be due to the perceived risk associated
with breaking stereotypical boundaries. Reduced science (or STEM) capital could
also play a role (Archer et al 2015). Females with lower academic qualifications may
lack both self-efficacy and identity if engineering is equated with being either nerdy
or a genius (Starr and Leaper 2019). Alternatively, perhaps men are overrepresented
in the ‘new’ universities - more options may be open to women who possess suitable
mathematical ability while also having good verbal skills, while the men with lower
verbal skills have fewer options (Wang, Eccles and Kenny 2013).

From a statistical point of view, the best way to improve a university’s representation
of women in engineering is to drop mechanical and E&E programmes and increase
the numbers on BMB courses. Clearly this is not a recommended solution and is a
reminder to be wary of quantitative analysis without context. More realistic
recommendations for recruiters are to worry less about girls taking physics A-level
and to take an intersectional approach when promoting engineering, recognising the
different circumstances and priorities of those without the highest academic
achievement.

This study has been limited by FPE and rounding in the HESA data and the lack of
relevant university categories. Future study could address these issues while
monitoring changes in successive academic years both to indicate change over time
and to establish natural variation in gender balance within individual universities.

This scoping study has revealed that some universities with lower academic entry
requirements have a gender balance equivalent to more prestigious universities,
particularly those HEIls with smaller engineering cohorts, suggesting that the
individuality and agency of both the HEIs and the potential students merit further
study. Future research could go beyond the HESA data and explore the influence of
university outreach programmes, ‘women in engineering’ groups, diversity
accreditation such as Athena SWAN, part-time offerings, employer links and
placement opportunities etc.
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1 ABSTRACT

We investigate a concept called PREP — Pragmatic Research on Educational Practice,
with the goal of engaging engineering educators in studying, documenting and shar-
ing their initiatives to improve teaching practices. This concept is compared to other
methodologies where the researcher and educational practitioner sometimes coincide.
The study is based on a pilot, with six participants following the PREP program for three
months, which we study autoethnographically. We also carried out a focus group dis-
cussion (n=12) to investigate to what extent university teachers regard the ideas from
the PREP program as helpful for studying educational activities and sharing what they
do and find.
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2 INTRODUCTION
2.1 Rationale

University teachers play a crucial role in shaping students’ educational experiences
and outcomes. They are responsible for creating learning environments that foster stu-
dent success, including delivering instruction and designing assessments. In the last
decades, there has been an increasing emphasis on evidence-based practice in higher
education (Groccia and Buskist 2011; Council et al. 2012). However, most teachers
involved in engineering education are not educational scholars. They are teaching
practitioners that choose their design based on their situation, traditions, preferences,
and ideas, less often directly based on research (Slavin 2008). There seems to be a
gap between institutional ambitions and the reality for most university teachers involved
in engineering education.

On the other hand, our experience is that plenty of ambitious engineering educators
try out different pedagogical ideas in their teaching and strive to understand the effects
of the implementations to see if they improve the learning experiences, quality, or out-
comes in their courses. They do this within the limitations of their time and the course
they teach. What they learn from this is often only shared with their closest colleagues.

We believe there is a need for a new form of educational study that can fit the time
limitations of higher education teachers. These studies should let them document and
disseminate what they already do when working to improve their courses and trying to
understand the effects. This goes beyond course development work. It means being
part of a community where ideas and results are shared, albeit in a less elaborate
format than in regular educational research. It also means committing to being open
and transparent about the methods used and the results obtained. To avoid publication
bias, it is desirable that also failed attempts are documented and shared.

Results found in this form of study should not be considered equal to regular educa-
tional studies and will not generally meet the criteria of educational research journals.
For example, due to constraints, teachers cannot be expected to set up control groups,
have randomised or large samples, or conduct in-depth interviews. Still, there is value
in documenting studies of this form as they will contribute to a pool of outcomes that can
be accessed by teachers looking for inspiration and researchers looking for collective
patterns. It is also possible that data can be collected from several such projects to be
used in more extensive studies. For the individual teacher, benefits include becoming
part of a community and turning development efforts into visible merit. For the engi-
neering education community, ideas and results gain exposure, enabling higher-quality
education.

In line with this idea, we suggest Pragmatic Research in Educational Practice, PREP
(Bengmark 2022).
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2.2 PREP - Pragmatic Research in Educational Practice

A PREP study has three characteristics. First, it is pragmatic, i.e. it uses what the engi-
neering educator can see or do within his or her teaching practice, most often within one
university course instance. It accepts that ensuring course quality for current students
means that the teacher can most often not have control groups or eliminate conflat-
ing variables. Second, it is research-oriented in the sense that it is systematic, open,
and shared for others to evaluate. Indeed, the main focus is on reporting about the
teaching ideas and on what effects are found so that others can replicate or modify
and share their result. A single PREP report does not constitute a research paper in
the classical sense. However, high scientific rigour can be reached by considering the
cumulative results from several PREP reports. An ambition is that when the volume of
PREP studies on a specific topic reaches some critical threshold, researchers in edu-
cation can use PREP studies as part of more rigorous studies of high scientific value.
Finally, PREP studies are all about educational practice. They spring from aspects
that a teaching practitioner wants to improve or understand by examining educational
issues and ideas in their natural environment.

To support the process of conducting PREP studies, PREP groups consisting of a
handful of engineering educators teaching during the same period are formed. Each
member typically conducts an individual study, possibly in different subjects and at
different universities. The idea is that by describing their PREP study and reporting
on the progress within the group, the members commit to their studies and prioritise
them higher within their work agenda. Also, getting suggestions and ideas from group
members can help in overcoming hurdles.

We recommend that a PREP group meet at least three times, in person or online.
At the first meeting, the kick-off, each member formulates what they want to try out
in their course, some initial thoughts about how the effect should be measured, and
ideas on what data should be used. This can be done by answering the following
three questions: What am | curious about? What am | going to test in my teaching?
What data could help me determine the effect? The other group members react with
ideas, suggestions, or references. At the second meeting, mid-course, the members
report on their progress, maybe by answering the following questions: What have |
done so far? What do | plan to do in the near future? What is stopping me? The other
group members help with ideas on how to continue. The third meeting is to support the
analysis of the data. Each member describes the data found and their interpretation of
it. This is then discussed with the group.

Finally, each member completes their reports. To facilitate this step, reports follow a
template filled in online and stored in a designated PREP repository that is searchable
and public. The template has the following eight parts: 1. Title; 2. Microabstract; 3.
Personal data, including name and contact details; 4. Course information, including
subject content, level, size, and a description of the intervention or aspect studied; 5.
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The study, including the purpose and study questions, data collection, and analysis;
6. Results and conclusions, such as quotes, graphs, tables, and the author’s inter-
pretation of the data; 7. Practical implications such as things to avoid; 8. Other, e.g.
references to proven experience or literature. The documentation of a PREP study
emphasises the description of the teaching activities, as these need to be understood
by educators from other regional or organisational traditions for them to be able to
reproduce the teaching activities.

The threshold for publishing, i.e. documenting a PREP study, differs from that of regu-
lar scientific journals. For example, unsuccessful or incomplete studies are welcome:
as long as they are well-documented, the ideas behind unsuccessful or incomplete
studies may interest others. There are lessons to be learned from why a study was not
completed. Studies with unclear results are also welcome, as the results may become
clearer through replications.

2.3 Research questions

This study investigates how engineering educators view PREP as a tool for studying,
documenting and sharing their teaching practice. Hence, we have formulated the fol-
lowing research questions.

RQ1 What are the benefits of PREP, according to engineering educators, i.e. what
aspects of the PREP program do they consider to be helpful for studying, docu-
menting and sharing their pedagogical ideas and practices?

RQ2 What aspects of the PREP program need improvement, according to engineering
educators?

3 OTHER METHODOLOGIES AND PROVEN EXPERIENCE

Several well-established research methodologies focus on improving teaching and
learning practices and where the researcher and educational practitioner may coin-
cide. Design-Based Research, DBR, is a methodology that involves the iterative de-
velopment and testing of educational interventions in authentic educational settings
(Anderson and Shattuck 2012). Design Experiments and Design Research are estab-
lished methodologies that involve the intentional design of educational interventions or
systems and seek to generate evidence for the effectiveness of these activities (Cobb
et al. 2003). Action Research is a methodology that involves the active engagement of
practitioners in conducting research to inform their practice. It uses a cyclical process
of reflecting, planning, action, and observing and aims to improve practice through self-
reflection and self-directed inquiry (Noffke 2009; Ivankova 2015). Finally, there is the
scholarship of teaching and learning (SoTL) which is a process that involves six steps:
framing an investigation question, identifying a relevant teaching/learning framework,
devising an intervention, conducting the investigation, producing a result with some
form of public artefact and inviting peer review (Trigwell 2021).
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All these methodologies have similarities with PREP as they involve practitioners and
their daily educational settings, not least in Action Research which explicitly involves
the practitioner in doing the research, while this may be the case also in the other
methodologies. SoTL has significant similarities with PREP as it encourages practi-
tioners to research their teaching. However, there are some major differences. One is
that PREP does not expect iterative development within a single PREP study. lItera-
tions are left for consecutive PREP studies, maybe by other authors. In PREP, there is
also no need for new designs or interventions. Although this may be the focus in some
PREP studies, others may study what is already happening within a course. The main
difference compared with all the above methodologies is that PREP moves some of the
responsibility for the scientific process from individual authors to the PREP community.
An individual PREP study does not meet the scientific rigour expected by studies us-
ing the other methodologies mentioned above, including SoTL (Boshier 2009). PREP
recognises that university teachers face challenges in finding time and expertise to
conduct high-standard educational research. It offers a more pragmatic approach that
does not require extensive planning or intervention development. However, in PREP,
replications play a significant role. Hence, each PREP study needs a detailed descrip-
tion of the teaching activities studied to make replications possible. Finding patterns
among replications and similar studies can be the task of meta-studies. Several PREP
studies together can form the basis for more carefully conducted scientific studies.

In practical fields, such as education or health care, practitioners also rely on Proven
Experience. This refers to the knowledge and insights gained through years of practice
and reflection, shared among colleagues. While proven experience can offer valuable
insights and inform teaching practices, it lacks the systematic and transparent nature
of educational research. PREP offers a more structured approach that aims to be a
systematic and transparent research process together with a structured way of dissem-
inating the results.

In summary, PREP offers a novel approach that engages teaching practitioners in ed-
ucational research and development at a level less demanding than existing research
methodologies but more systematic and transparent than proven experience.

4 METHODOLOGY

Two data sets are collected, one from a pilot where a group of educators followed the
PREP program and one from a focus group discussion about PREP with engineering
educators.

4.1 The pilot

An autoethnographic study is a form of qualitative case study that explores the re-
searchers’ personal experiences and reflections on a particular phenomenon. Data
can be collected through a combination of self-reflection, interviews with others, and
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analysis of relevant documents (Le Roux 2017). This method was chosen to get an in-
side view of the possibilities and obstacles when studying teaching practices following
the PREP process.

A PREP group was formed with six educators from three universities. The group com-
pleted a full PREP cycle during a three-month period in the spring of 2023, including
the three meetings recommended for a PREP group and the documentation of studies.
The four authors of this paper were part of this activity, in this text referred to as the
PREP pilot or just the pilot. In focus was what helped and hindered the participants
in their attempts to complete their studies and document them. During the process,
the authors continuously reflected on how the PREP process influenced their teaching
practices and educational research activities. This was subsequently discussed and
documented in this report.

4.2 Focus group

A focus group is a qualitative research tool that involves a group of participants en-
gaging in structured discussions facilitated by a researcher. This method allows for an
in-depth exploration of participants’ perspectives and experiences and promotes group
dynamics and interaction that can generate rich data (Gibbs 2012).

A focus group session was conducted as part of a pedagogical conference at a techni-
cal university. This was a convenience sample as the participants chose this session
voluntarily. At the beginning of the session, the participants were asked for consent
to participate in this study. The focus group consisted of 12 university teachers in en-
gineering education from one and the same university, active in various disciplines.
Among the participants, three had no prior experience conducting research connected
to their teaching, six had participated in studies but never shared educational research
results with others, and the remaining three had completed and presented educational
research findings at conferences for teaching practitioners.

The focus group session used a structured interview guide developed by the researchers.
To let each participant develop their own understanding, the participants were asked
to respond to the questions individually first, either digitally or on paper. The interview
guide included both multiple choice questions, where the participants had to take a
stand, and open-ended questions that aimed at collecting a wide variety of ideas and
experiences expressed by the respondents, both concerning engagement in educa-
tional research related to their teaching practice and their opinions about the PREP
program. The moderator facilitated the discussion, encouraged participants to share
their thoughts and experiences, and probed for further elaboration when needed. The
data from the focus group session consisted of the answers given in writing and notes
taken by the researchers during the session.

The data from the focus group discussion was analysed by the authors and compared
with the experience from the PREP pilot.
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5 RESULTS AND DISCUSSION
5.1 RQ1: Benefits of PREP

The analysis of the focus group discussion yielded three challenges that engineering
educators see regarding their engagement in educational research on their teaching
practice. These are lack of time, lack of know-how, and lack of motivation. The focus
group data and experience from the pilot both point to aspects of the PREP program
that may help overcome these challenges.

The focus group discussion pointed to lack of time as a significant challenge when it
comes to conducting educational research. Busy schedules, heavy workloads, and
other professional commitments left participants with limited time to engage in educa-
tional research activities. Time was also clearly a struggle for the members participating
in the pilot. Of the six members of the group, four took part till the end of the process.
Three of these have so far completed their PREP documentation, reflecting a lack of
time. However, none of them believes they would have had time to complete a regular
educational research study during that period.

The focus group found the PREP approach to be simple and time effective as it builds
on existing activities. The extra time needed, on top of what is already invested in the
course development, is kept to a minimum. Not being expected to do a full educational
study makes it more feasible, as many engineering educators do not have time ded-
icated to educational research in their job description. None of the people engaged
in the pilot had special time designated for participation in the PREP. However, us-
ing things that they wanted to do as course development, with some additional time
invested, four of them completed the cycle. One of the authors that completed the
documentation estimated that the time used for filling in the template was two hours.

Another challenge that surfaced in the focus group discussion was the lack of expertise
in educational research. Participants felt that conducting educational research required
specific skills and knowledge that they did not possess regarding research design, data
collection, and data analysis.

That a PREP study is not expected to live up to the high scientific standards of regular
educational research reduces the barrier, according to the focus group. Participants
found it encouraging that a PREP study may become part of collective evidence to-
gether with other PREP studies. The focus group also touched upon the possibility
that the lack of expertise can be partly compensated by the collaborative nature of the
PREP approach, as colleagues provide ideas and support. Engaging in discussions
and receiving feedback from peers may help them refine their ideas and improve their
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pragmatic research projects. Even if all the members of the pilot had some experience
in educational research, they had great help from each other, in particular getting ideas
on data collection and suggestions on literature to read.

A third challenge for engineering educators is a lack of motivation to do educational
research. As teaching practitioners, the focus group claimed that their main motivation
is to develop their teaching. The focus in PREP on educational practice can therefore
be a bridge if convinced that engagement in pragmatic research can be a valuable
professional development activity that enhances teaching quality. The relevance of the
projects for their teaching practice was a great motivator for all members of the pilot.
Three of them studied aspects of their ongoing course that they wanted to improve to
make teaching and learning better. The fourth member changed PREP projects mid-
way in order to shed light on questions raised during discussions at the PREP meetings,
using data that had been collected during a previous course but had not been properly
analysed and documented.

Another aspect that can boost motivation, according to the focus group, is the social
aspect of PREP, i.e. being part of PREP groups. This was definitely the case for the
members of the pilot. Knowing that one soon shall tell the group about the progress
was often the reason the pilot members took the next steps in their studies, despite
very full work schedules.

Finally, the question of recognition was also discussed. Regular educational research
is most often recognised in the academic system but takes an effort that is beyond
what many engineering educators can muster. On the other hand, doing course de-
velopment fits into their work life but gives no visible academic reward. That a PREP
study in the future could be perceived as a merit within their academic community and
contribute to career advancement, was seen as a valuable aspect of PREP for the par-
ticipants in the focus group. For the members of the pilot, there is not yet much career
merit from their PREP studies, but their drive was to contribute to give it recognition in
the future.

5.2 RQ2: Improvements needed

During both the focus group discussion and the pilot, aspects of PREP that need im-
provement were discussed. From these discussions, we have extrapolated two major
concerns, scientific rigour and the governing of PREP.

Participants in the focus group expressed concerns about the scientific rigour of PREP
studies. Indeed, there was a concern that professional educational researchers or
others would object if engineering educators did educational research with lowered
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standards. One member asked: If a PREP study does not meet scientific standards,
what is its value? However, since educational science is a collective negotiation where
one research study seldom settles the dispute, there is also a need for reproduction and
contrasting views involving many scientists and studies in regular educational science.
We argue that PREP studies can contribute to such a negotiation through meta-studies.

In PREP, there is no explicit demand to include references to the research literature.
This is provocative, according to some members of the focus group. Not acknowledg-
ing what is already known would be unacceptable in regular research. However, the
level of connection to previous research in PREP studies may vary. Some might build
their study’s design on research they refer to. Others may want to replicate an earlier
study without delving into the scientific literature that was the foundation for the original
study. We argue that such studies should be included as they also have an essential
role within the PREP program. On the other hand, meta-studies, using PREP studies
as study objects, definitely need a good foundation in the literature.

Hence, if we want to get support for PREP among practitioners and educational re-
searchers, it has to be made very explicit that people involved in PREP are not sloppy
researchers. They are practitioners involved in pragmatic research that puts the weight
of evidence on the shoulders of the community of researchers. If claims are to be made
using PREP studies, it has to involve meta-studies conducted in rigorous scientific man-
ners. Itis important that the PREP program does not contribute to a devaluation of the
scientific method in the eyes of research colleagues or the general public. Instead, it
should contribute to raising the value of educational research among practitioners, and
among other stakeholders, as they see teachers striving to understand their teaching
practice and a community collaborating and collecting bits of evidence on the effects
of teaching practices.

The focus group discussed how the coordination of PREP programs should be organ-
ised. There seems to be a need for an organisational body responsible for running a
repository, accepting submissions, developing the document template, and connecting
people to form PREP groups. This was also discussed during the pilot. The discus-
sions led to the following conclusions.

There is a need to continue to develop the documentation template from its current
form to ensure usefulness for both authors and readers of PREP studies. Submit-
ting a PREP study should be as simple as filling in the template online. There needs
to be a basic review system to avoid spam and unsuitable material in the repository.
Another question is, if and how to evaluate the quality of PREP studies to guide read-
ers. Maintaining and administrating peer review is time-consuming. An alternative
could be a system of endorsements or citations by members of the community. Also,
the repository should be publicly available, but with login for submissions. It should be
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well-structured and easy to search, both when searching for a relevant study and when
gathering collections of related or similar studies. Each study, or collection of studies,
should be easily referenced by researchers in a manner that is stable over time.

The power of sharing data within the PREP community was discussed in the focus
group and during the pilot. That would enable using data from many PREP studies to
form bigger data sets that can be used for regular research. This was considered an
attractive idea with great possibilities. However, it is not included in the PREP program
suggested here due to ethical issues which need further investigation.
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ABSTRACT

Lifelong learning (LLL) is in focus in all European countries. Workforce upskilling and
reskilling are seen as central elements in ensuring national competitiveness.

Universities are main players in this effort but often find it difficult to find sustainable
models for LLL activities, in terms of e.g., economy, student intake, and academic resources.
Collaboration between universities can be one possible way forward to overcome such
obstacles, and given the enhanced post-Covid digitalization is also increasingly made
possible, even across borders. However, many universities also find such collaboration
challenging, e.g., due to outdated legislation, lacking financial predictability, lacking
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academic capacity, or other factors. Studies done by the authors indicate that universities’
perspectives are seldom present in the literature when barriers and enablers for LLL
participation are analysed. This motivates us to particularly consider a university perspective
here.

This paper analyses responses to a questionnaire sent to 28 Nordic and Baltic universities,
collecting information about successes, opportunities, and barriers for formal (i.e., ECTS-
awarding) university-level LLL with professional content within engineering and technology.
The respondents were management representatives representing an institutional view and
having good knowledge of the institution's LLL offer (e.g., further education centre
managers and LLL coordinators). 19 institutions answered, mostly with free text. Our
analysis is done following constructivist grounded theory using an open and focused coding
approach. The main aim is to identify the main barriers and success factors seen by the
universities for upscaling LLL activities, and subsequently to suggest strategies for alleviating
barriers and facilitating success factors.

1 INTRODUCTION

Lifelong learning is not a new concept. It emerged in the late 1960s and early 1970’s; the
European council published a series of 15 studies called Permanent Education (Jean-
PierreTitz 1995). UNESCO (United Nations’ Educational, Scientific, and Cultural
Organization) published a report called Learning to be: the world of education today and
tomorrow where the commission laid stress above all on two fundamental ideas: lifelong
education and the learning society. Since studies can no longer constitute a definitive
'whole', handed out to and received by a student before he embarks on adult Life, ...,
educational systems must be thought out afresh, in their entirety, as must our very
conception of them. (p. xxxiii (Faure et al. 1972)). In the early 1990s, there was a renewed
interest in lifelong learning, which was observed in both Europe and the United States. This
renewed interest was brought about by a new wave of studies and reports that helped
popularize the concept of lifelong learning. It also became a topic of national policy
discussion, especially as the world faced increasing global competition and economic
restructuring towards knowledge-based industries.

Lifelong learning is a broad term that presents a challenge when it comes to defining itin a
specific manner. Its association with other similar concepts, including but not limited to
lifelong education, permanent education, recurrent education, continuing education, adult
education, learning organizations, and the learning society (a society where learning is all-
encompassing), adds to this difficulty. While some individuals perceive lifelong learning to
involve learning from childhood and early schooling, others view it as an ongoing process of
adult education. In the EU, the definition of LLL is: Lifelong learning encompasses all learning
activities undertaken throughout life with the aim of improving knowledge, skills and
competences, within personal, civic, social or employment-related perspectives.(Eurostat
2022) In this paper, we will have a narrower focus on formal learning taking place after a
learner’s initial education and offered as credit-giving activities by higher education
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institutions. This is a subset of what the EU calls Adult learning. However, since the general
term used in the call for papers is Lifelong learning, we will use that term in this paper.

A lot of research has been done on identifying enablers and barriers for adult learners to
engage in lifelong learning (see e.g. (Roosmaa and Saar 2017)). Barriers have been
classified as either institutional (encompassing institutional practices and procedures that
discourage or prevent participation), situational (covering barriers tied to a person’s life
situation), dispositional (referring to personality traits or personal qualities) (Cross 1981),
or informational (lack of availability and awareness of relevant information) (Darkenwald
and Merriam 1982). Broadly speaking, although there are nuances and differences
between countries, different groups of learners, etc., the majority of studies indicate that
the two most important barriers for adult learners to engage in LLL are time and cost. These
two barriers can combine institutional, situational, and dispositional aspects.

However, education providers’ perspectives —including research on barriers and enablers
for engaging as a provider of LLL offerings - seem to be mostly lacking or are under-
communicated in the literature. Most research papers found on LLL seemingly make the
implicit assumption that a relevant menu of LLL offerings is already available, and then go
on to discuss barriers and enablers for participation as seen from the learners’ perspective.
Very few studies have been found on barriers and enablers for providing LLL offers, as seen
from the providers’ perspective (an exception is (Aerts et al. 2020), which studies factors
that affect LLL both from the learners’, employers’, and universities’ point of view).
Furthermore, very few research papers have been found on how LLL offerings should be
designed and delivered to maximize relevance for learners and employers and to stimulate
participation.

2 METHODOLOGY
Our main research question is

What are the opportunities and challenges linked to (trans)national
cooperation on lifelong learning seen from the university perspective?

The focus of our research is the Nordic and Baltic countries since they have a quite common
structure and culture of education.

An obvious way to collect data that can help us answer the research question would be
(semi-structured) interviews. However, to get more data points and due to time constraints,
we decided to send out a questionnaire with mostly open-ended questions focusing on 1)
successes, 2) unused/little-used possibilities for offers, 3) ideas for new offers, and 4)
barriers to the facilitation of lifelong learning. All four areas focused on three spheres of
influence on lifelong learning: offers where the institution itself controls the offer (called
institutional), offers where several institutions within the same country influence the offer
(called national) and offers where several institutions from different countries influence the
offer (called trans-national).
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2.1 Respondents

The questionnaire was sent out to 28 Nordic and Baltic universities, all members of the
NORDTEK network (www.nordtek.net). An email invitation was sent to the institution’s

representative; typically a rector or a dean from the institution. The questions were
designed to be most easily answered by a person with good knowledge of the institution’s
offer within LLL (for example a manager of a further education centre, or a lifelong learning
coordinator). If an email invitation recipient judged someone else to be in a better position
to answer the questions, (s)he was asked to please forward our invitation to this person.

Table 1: Invitations and answers per country

Finland | Latvia Norway | Denmark | Sweden | Island | Estonia | Total

Invited 7 3 4 2 9 2 1 28

Answered |3 3 2 2 8 0 1 19

Apart from the open-ended text questions, a few background questions were added
focusing on the use of digital learning in LLL, and the origin of new initiatives for LLL (top-
down or bottom-up).

2.2 Analysis

The 19 responses were analysed based on a qualitative exploratory theory, using an open
and focused coding approach (Stebbins 2001). The purpose of the analysis was to find
common themes for opportunities and challenges wrt. institutional, national, and
transnational LLL. As the data was answers to open-ended text questions focusing on the
themes, we used a more focused approach to coding than e.g. Charmaz's constructivist
grounded theory framework (Charmaz 2014)

3 RESULTS

In this section, we will analyse the responses based on the three spheres of collaboration:
Institutional, national, and transnational. In addition to that, we will focus on general
guestions like the strategic focus of the institutions, and their teaching models.

3.1 General results

Half of the universities have a strategy for LLL. Many of the strategies have a focus on
finding ways to “do” LLL. NTNU writes as an example Action 12: NTNU must clarify
responsibilities for its EVU activities (‘EVU’ is the Norwegian acronym for ‘continuing and
further education’). This gives the impression that the institutions are aware of LLL, but it is
still in the early stages.

III

Adult learners have different obligations than “traditional” young students. Thus, more
flexible ways of studying are needed, which seems to be something the institutions are also
aware of. As seen in Figure 1, more than 40% of the institutions offer at least 50% of their

LLL online. It looks as if most of the teaching for LLL takes place in a hybrid format.
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At the universities, the new initiatives for LLL come mostly from individuals/groups of
faculty members but the university management is also initiating LLL activities, see Figure 2.

All of the respondents focus (naturally) on funding. It is difficult to include LLL in the
traditional university funding model (typically based on the number of produced ECTS
points, graduated students, ...). Many of the universities are members of university alliances
funded by the EU, where the alliance has (part of) its focus on LLL and thereby funds (part
of) the LLL offers. Other examples are funding by learners or businesses, as well as
EU/national projects with a special focus on LLL.

Figure 1: Digitalization in LLL.

Figure 2 Who initiates new LLL offers?
3.2 Institutional
Success factors and opportunities

All of the universities who answered have experience with LLL. Their discussion of
institutional successes mainly focuses on two overarching dimensions: the target group and
the delivery method. The degree of success is measured through customer satisfaction
surveys, the number of participants enrolling and/or completing, or perceived societal
impact. Success factors mentioned include long-term funding predictability, built-in
flexibility in - and modularization of - the LLL offerings, active collaboration and relation-
building with stakeholders in the private or public sector, cross-disciplinary collaboration
between faculties or universities, and professionalization of the university’s LLL services
(e.g., wrt. marketing and branding, administrative support, development of digital platforms
and tools). The same factors were also mentioned by several universities when discussing
institutional opportunities (for strengthening LLL) that are so far unused or little used.

Several of the universities have good examples of LLL offers to support the fulfiiment of
competence demands for targeted professions. Typically, however, these are not in
engineering-related topics, but in topics that fulfil requirements for teachers (primary or
secondary) or healthcare professionals. There were no reports of successful, institutional
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offers within engineering, even though all the universities included in the survey have
engineering programmes in their regular education portfolio.

The universities also experiment with new ways of teaching within LLL. Several talked about
successes when using mobile learning or, more generally, online, asynchronous teaching
formats. Several also see experimentation with new delivery formats and pedagogical
approaches, including micro-credentials, as one of the so far under-used opportunities for
strengthening their LLL portfolio.

One respondent noted that flexible ways of participation could be an opportunity by
allowing LLL to participate in “normal” courses on a listen-in basis. It could then be optional
for the LL learner to take the exam or not (she could for example obtain a certificate of
participation instead).

Challenges and barriers

The absolutely most problematic factor reported by respondents is the financial aspect,
which is closely related to the current funding or business models and legislative regimes for
LLL, as well as to market needs. There are examples of national rules where some LLL offers
are state-funded and some are not, based on the topic — e.g., LLL in engineering is not state-
funded, while LLL for teachers and nurses is. The currently available funding models are in
general perceived as unclear, unnecessarily limited by legislation issues, not economically
sustainable, and not reflective of the changing and increasing demands in LLL. Several of the
universities also mention the “culture clash” between their usual “free” education and the
LLL “market”.

Some respondents also indicate that it is a challenge in itself for universities to track and
understand the market needs and demands, both concerning content, format, and scope.
This also means that it can be hard for universities to predict the attractivity of a given LLL
offering and in particular the development of demand over time. Furthermore, the current
development time of new LLL offerings is pointed out as a problem - a shorter time-to-
market is needed to match the industry’s expectations and needs.

Another common challenge is the lack of institutional resources, especially the time that
academic personnel can spend on LLL. Their workload is divided mostly between research
and teaching, where the teaching focus is mainly on the “normal” courses and students.
Furthermore, respondents note that there are currently no strong incentives or career
recognition for most academics to change this modus operandi to accommodate more LLL.
Some also mention that university teachers typically do not have pedagogical competence

on how to teach or supervise learners who are at a later stage of their career.

The lack of a general university strategy for LLL is also mentioned by some as a challenge
(see 3.1). Itis pointed out by some respondents that such a strategy should involve strong,
long-term collaboration with clusters of strategic partners, and a stronger emphasis on
scalable commissioned education if it is to be economically sustainable and viable in the
long run.
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One respondent focuses on the quality of LLL offerings. A lot of free courses have been
provided with local or European money, but many of the courses were perceived to be of
bad quality. This may demotivate learners from participating in paid LLL courses.

3.3 National
Success factors and opportunities

Some of the institutions have experience in participating in national LLL offerings where
they are part of a consortium of universities. AlImost all of these experiences reported are
positive. Two good examples are the flexible LLL offer from IT-Vest, a collaboration between
Aarhus University, Aalborg University, and the University of Southern Denmark (it-vest
2023), and FiTech, a collaboration between seven Finnish universities of technology (FiTECH
2023). Success factors mentioned include the facilitation of a good collaboration
environment between participating universities, active national governance and strategy
development on LLL, and — as in the institutional case — flexible delivery and modularization
of the LLL offerings. For flexibility and modularization, one respondent suggested that there
could be value in the development of a joint national platform where smaller LLL modules
could be marketed across institutions and chained together in cross-institutional learning
paths progressing towards desired competence profiles.

The most important benefit seen by the respondents in going from an institutional to a
national LLL offer is the possibility to widen the range of choices for learners so that they
can have more chances to fulfil their demands and requirements for competence. This
effect is in fact examplified clearly within the field of technology and engineering: Whereas
no institutional successes were reported in this field, both the above examples of successes
on the national level are within technology and engineering, as are several others.
Management, artificial intelligence, sustainability, and digital transformation are also
mentioned as topics where there is a market demand or societal need which can be better
served through national collaboration.

National collaboration may also lift the burden for each university and make better use of
the sparse resources. Some of the respondents find that collaborating with other
universities makes it easier to develop and run courses and programmes based on the needs
of professional networks and student associations. Lastly, several of the respondents find
collaboration (e.g., university alliances) and joint platforms for marketing LLL to be a way to
make the offerings more visible to potential students.

Challenges and barriers

Several of the challenges and barriers on the institutional level are also relevant on the
national level. The most problematic issue related to national collaboration within LLL is
again the financial aspect. Several respondents mentioned the (lack of) stability in the long-
term financing of LLL. Some also focus on a (currently unmet) need for a national
marketplace or marketing platform for LLL offerings.
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Some of the respondents also point to a lack of stable market interest. As one respondent
puts it: When the labour market is cool, there is no money for LLL, when it is hot, there is no
time for LLL.

Competition and fragmentation among universities, the diversity of the higher education
sector (consisting of both universities, university colleges, and other types of institutions), as
well as national regulation guidelines are also mentioned as barriers. Regulation issues, e.g.,
accreditation demands, can make collaborations very difficult. In addition, several of the
other challenges and barriers which were mentioned on the institutional level also
constitute barriers on the national level, e.g., the lack of institutional resources, and the too-
long development time of new LLL offerings.

3.4 Transnational
Success factors and opportunities

In general, it is fair to say that not many of the respondents seem to see much potential in
transnational collaboration. This is the survey question with the fewest number of answers,
and several respondents comment that they do not have a strategy for international
collaboration on LLL. However, some point out that a joint platform for marketing LLL
offerings could just as well be transnational as national, and that this could give even more
shared offers for learners across borders. Sustainability, technology, and digitalization are
mentioned as areas where there could be potential.

Furthermore, several of the universities participate in international (notably European)
university alliances and mention a potential for LLL collaboration within these alliances. To
what extent the alliances - which are still relatively young - will be focusing on LLL remains
to be seen, but they do provide an organizational frame around the collaboration. Other
respondents give examples of MOOCs where the platform (e.g., FutureLearn) enable the
student to choose between several offers from different institutions.

Two respondents have a concrete example of an offer in a “hot topic” (in this case Al),
where some of the students can get credits but the offer is open to everyone (from around
the world, and at all ages).

One of the universities experiments with micro-credentials, and ways to bundle these into a
complete program. They see a collaboration between them and other universities in
offering micro-credentials as a way to make more offerings and thereby give students a
better and larger choice of topics.

Challenges and barriers

Most responding universities do not yet have a strategy for international/transnational LLL.
LLL is in general not seen as very important and where it is, an institutional focus is often
seen. Most of the aforementioned barriers to institutional or national success still hold also
in an international perspective. In addition, respondents point to the increase in
administrative and legislative obstacles (e.g., evaluation of prerequisites for international LL
learners, national legislative differences) when one goes international as a potential
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showstopper for transnational collaboration on LLL. In particular, LLL legislation typically
focuses on national requirements and demands which may vary between countries.

Furthermore, understanding the international market needs and matching them to one’s
institutional strengths is mentioned as a prerequisite for successful international LLL
operation.

A final challenge would be to find a way to promote LLL offers across national borders to LL
learners. Several mention a current lack of a common, transnational (e.g., Nordic or Nordic-
Baltic) platform to promote offers. Also, there is a need for making it easy for learners to
collect credits and combine these into a degree if needed.

4 DISCUSSION AND RECOMMENDATIONS

Universities have a long history and are used to slow changes in their student intake. They
have been teaching engineers for many years, and have an expectation about the number of
new students (and that they will come). This is rooted in the funding model for all the
universities in this study. On the other hand, LLL is considerably more unpredictable. Many
of the obstacles are focused on how to tackle the dynamic “market” and the more “static”
funding models. If universities are to succeed in becoming more active in offering LLL
activities, there is a need for funding models that acknowledge the different circumstances
for LLL.

The tradition from a university is that, once you have a permanent position, you are there
“for life”. Universities must accept that LLL activities are much more difficult to predict and
place in “a five-year plan”. Universities need to be more agile and adjust their resources
according to the demand. It might be argued, given recognized global trends, that this also
increasingly will be true for their regular degree programme portfolios.

The regional (or national) market for specialized (technical) LLL activities is small. Many of
the universities can see that and are willing to engage in transnational collaborations so that
a better balance between supply and demand can be made. In many cases, however, the
legislation focuses on national demands and requirements (proving that you have the right
prerequisites for a given course is often evaluated by the learner having passed another
course, accreditation focus on national demands, teaching must be in a specific language,
...). Easier ways for universities to collaborate transnationally must be established.

Universities also find it difficult to market their LLL offers. Several good national examples
are seen (e.g. FITECH (FiTECH 2023) or Part-time Master in IT (it-vest 2023)). It would indeed
be beneficial if such LLL platforms are extended to a transnational scope, or to include
more topics.

Universities are (slowly) starting to focus on LLL. The focus so far seems mostly to be on
offers offered by individual universities. However, university alliances (e.g., the European
University alliances supported by the EU) can be starting points for transnational
collaboration. This is something that potentially can contribute to overcoming both the low
or unpredictable number of students and the lack of teaching resources.
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ABSTRACT

Covid pandemic was unprecedented in modern education but is not expected to be
unique, therefore increased attention should be paid to accurately analyse its effects
on education. Calculus is an important undergraduate mathematics course in
engineering programmes, which gives the foundation for engineering subjects like
mechanics or electronics. Unfortunately, recent experiences show that the
performance of students admitting after the pandemic has deteriorated dramatically in
recent years.

This research aims to analyse the changes in performance and attitudes of first-year
students in the aftermath of the pandemic. In our research, we investigated the
performance and learning habits of three groups of first-year mechatronics and energy
engineering students during Calculus-1 and the related Mechanics subject.

The “2018 group” studied maths traditionally, whereas the “2020 group” took online
education in the last months of high school and the first year of university. The “2022
group” spent two years of high school at home in remote learning (the significant 10-
11th grades, for maths competence), but received in-person education at the
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university. Learning habit and performance of the students were monitored using
EduBase online educational platform.

The results of both the qualitative and quantitative analysis have revealed that online
education during the pandemic changed the learning habits of the group in 2020 and
had only slight effects on their performance in Calculus and Statics. However, for
group 2022, where the pandemic affected high-school maths studies, the performance
at the university has fallen dramatically resulting in an increased drop-out rate after
the first semester.

1 INTRODUCTION

Covid pandemic was unprecedented in modern education, but is not expected to be
unique, therefore increased attention should be paid to analyse its effects on education
accurately. At the peak of the Covid-19 pandemic, more than 1.6 billion students were
affected by school closures worldwide. Our experiences with the current situation may
be helpful in the event of similar cases. As part of the Memory of the World (MoW)
Programme, UNESCO (2020) has called on Member States to increase the
documentation of information on Covid. Four key areas have been identified:
documents based on educational, social, scientific and artistic values. In response to
this call, several studies have been published, and it is widely accepted that lock-down
cause significant losses in education (UNESCO 2020), (Kuhfeld and Tarasawa 2020),
(Kuhfeld et al. 2020).

There are serious concerns that short-term learning losses experienced immediately
during the lockdown and online education may continue to accumulate as students
return to school, leading to significant and lasting losses. Andrabi et al. analysed the
effect of the earthquake of 2015 in Pakistan four years after the earthquake, comparing
households close to the fault line with those further away that was not affected by the
earthquake. Schools in the affected area were closed for an average of 14 weeks.
Four years later, however, children living in the affected areas were not only three
months behind but had the equivalent of a 1.5-year lack of schooling (Andrabi et al.
2021)

1.1 The effect of Covid on engineering higher education

Several analyses have also been published on the impact of the COVID-19 epidemic
on university education and students' performance. The lockdown and online
education have particularly affected engineering programmes with a large number of
laboratory and practical subjects, which are effective in a traditional, face-to-face
format. One of the most important aftermaths was the decrease in knowledge levels.
Online teaching made it difficult for students to concentrate, and many found it difficult
to adapt to the digital learning environment. The lack of interactivity and relationships
between students also had a negative impact on students’ mental state and learning
outcomes. After the lockdown of the dormitories, many students felt isolated and had
fewer opportunities for social interaction. Emotional stress and loneliness also affected
the students' mental health.

Additionally, institutions were not sufficiently prepared to detect fraud following the
sudden changeover. In several cases, this led to exceptionally good results compared
to previous years.

However, the impact of the Covid pandemic varied between different groups of
students. Students who had financial difficulties or who did not have a suitable learning
environment (e.g. internet access, IT devices) at home faced greater challenges than
those who had better a comfortable learning environment at home.
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In the recent study of Kaffenberger the long-term effects of Covid are investigated on
the education system (Kaffenberger 2021). Kaffenberger attempts to make predictions
about the long-term consequences that the education system may face due to the
learning disruption caused by the pandemic. It is predicted that learning disabilities
may have long-term effects on student achievement and social inequality. The article
suggests measures that should be taken to avoid such long-term consequences,
including digital education, expanding educational services and improving educational
infrastructure, which could improve student achievement and reduce social
inequalities.

1.2 Motivation and goals

In Hungarian higher education Calculus is the most important undergraduate
mathematics course in engineering programmes, which gives the foundation for
engineering subjects like mechanics or electronics. It is important to mention that in
Hungarian engineering higher education, Calculus is typically taught over 3-4
semesters, and includes also topic of algebra, linear algebra and differential equations.
Unfortunately, recent experiences show that the performance of students admitting
after the pandemic has deteriorated dramatically in recent years.

In our research, we investigated the results and learning habits of three different
groups of first-year mechatronics and energy engineering students during Calculus-1
and the related subjects in Mechanics: i) the “2018 group” called pre-COVID, ii) the
“2020 group” called COVID-group with online education and iii) the “2022 group” called
post-COVID group.

In 2018 the “pre-Covid” students’ secondary school and first-year university studies
were not affected by the pandemic. The class of 2020 received online education from
March to May in their final year of high school, and this continued in their first year of
university. The third group started university in 2022 in attendance education and
received online education in the last two years of high school. These two years are
when Hungarian students can choose the two subjects that are relevant for their
further studies and study them in higher contact hours in advanced level.

In Hungary, the university admission procedure is partly similar to that in many Central
and Eastern European countries, as students take a nationally standardised A-level
exam at the end of secondary school. Each university determines which subject results
are accepted during the admission process. In engineering higher education, this is
typically physics, computer science or chemistry. The aim of the A-level exam is
therefore to test the knowledge required for the chosen higher education programme.
The A-level exam can be taken at advanced or intermediate level. The results of the
A-level exams are converted into points and, together with the additional extra points
(e.g. for language certificate, national competitions), are evaluated on a 500-point
scale.

In the first week of the semester, first-year students at our university take a
mathematics entrance test consisting of 15 four-point multiple-choice questions from
the level of the intermediate mathematics examination. For the first semester Calculus
in Mechatronics, the minimum score required is 25 points.

2 DATA

In this study, three different classes of the mechatronics and energy engineering
courses were investigated through their performance and learning habits in the
Calculus 1 course. The number of groups and the results of the admission and
entrance tests are summarised in Table 1 and Fig. 1.
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Table 1. Participants of the investigated Calculus 1 course

2018 2020 2022
Number of students 120 134 173
Average entrance points 458.62 445.96 454.71
Standard deviation of entrance point 23.22 30.20 26.78
Average of entrance test (Test 0) 39.38+10.71 | 46.02+8.84 | 36.14+12.04
Percentage of Passed at Test 0 12% 97% 18.5%
Percentage of Failed at Test 0 88% 3% 81.5%

Fig. 1. Relative frequency of a) entrance points and b) entrance test (Test 0) results
for all classes 2018, 2020 and 2022

2.1 The “2018 group” — pre-Covid

In the class of 2018, 118 students were admitted to mechatronics (admission point:
451) and 46 to energy engineering (admission point: 389) programmes. The students
included in our study are those who took the basic Calculus 1 course. This means 120
students with an average admission score of 458.62 points and a standard deviation
of 23.22 points.

Since nearly all students studied mathematics at an advanced level in high school and
furthermore, many of them took advanced A-levels, thus they had no problem in
meeting the 40% minimum on the entrance test (Test 0). Only 12 students failed to
achieve the required 25 points.

2.2 The “2020 group” — Covid

In the class of 2020, 162 students were admitted to mechatronics (admission point:
433) and 77 to energy engineering (admission point: 349) programmes. The students
included in our study are those who took the basic Calculus 1 course. This means 134
students with an average admission score of 445.96 points and a standard deviation
of 30.20 points.

This year, students took the mathematics entrance test (Test 0) online in their homes
using the Moodle system of the University. The results were unlikely too good. More
than 50% of students got excellent results (above 85%). Only 4 students scored below
40%, one of whom achieved 100% on the make-up test, also online. The results of
this assessment cannot be considered relevant to our study.
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2.3 The “2022 group” — post-Covid

In the class of 2022, 227 students were admitted to mechatronics (admission point:
429) and 73 to energy engineering (admission point: 348) programmes. The students
included in our study are those who took the basic Calculus 1 course. This means 173
students with an average admission score of 454.71 points and a standard deviation
of 26.78 points.

In 2022, the entrance maths test (Test 0) was very poor. Out of 173 students, 32
students failed to score at least 25 points on the in-person test. However, on the
several make-up possibilities, most students passed this test. This year was the first
time that students who had not studied advanced mathematics in high school.

3 RESULTS

The EduBase online learning platform, which has been used successfully in
mathematics education for almost 10 years, allows us to monitor not only the
effectiveness of our teaching but also the time students spend learning
(www.edubase.net 2023), (Szilagyi et al. 2020), (Berezvai et al. 2019). Both interactive
exercises and homework assignments from calculus subjects are available through
EduBase. Students receive homework assignments on a weekly basis and also have
the possibility to do further exercises. As we have parameterised exercises, a virtually
infinite number of exercises are available in any topic of the subject. In a previous
study, we analysed the variation of practice time for the first-year class of 2020 and it
was found that the average time did not decrease as the semester progressed, in
contrast to the pre-pandemic experience, when students did not have enough time to
practise in the last weeks of the semester and only did homework (Sipos et al. 2022).

In 2016, with the introduction of EduBase in Calculus education, the aim was to change
students' campaign-like learning habits (reduced to the days before tests and exams)
and move them towards distributed learning pattern (where the student works on the
course material during the whole semester, preferably several days a week).

3.1 Analysis of learning habits

In each of the following figures, the blue colour indicates the “pre-Covid class” starting
in 2018, the red colour the “Covid class” starting in 2020 and the green colour the
“post-Covid class” starting in 2022. The figures illustrate how the Calculus 1 homework
submissions and learning times evolved throughout the three investigated semesters.

Fig. 2. Average time spent on homework per day of the week for each class

Figure 2 shows the average time spent on solving homework by day of the week. It
can be clearly seen that the classes affected by Covid (2020 and 2022) spent more
time on solving homework, which can be explained by the weaker input parameters
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(incomplete basic knowledge, lower average skills, lower admission scores). Note that
the pre-Covid and post-Covid classes show a similar trend. During the pandemic,
weekends were merged with weekdays. The elimination of weekend social and family
programs increased the probability of solving homework on weekends.

Fig. 3. Average time spent on homework per week of the semester for each class

Figure 3 shows the time spent on solving homework by week during the semester.
The high learning time of the first week of the 2020 class (red curve) is related to the
topic of Analytic geometry, which covers a lot of the material from high school and
which was emphasized in the online high school education and therefore, students
needed more time to complete their homework in comparison to the other classes.
The low value of the 7th week for the 2022 (green) group can be explained by the fact
that there are midterm tests in almost all subjects, and for this group this became so
stressful that there was less time to complete regular homework.

Fig. 4. Average performance of homework per week of the semester for each class

Figure 4 demonstrates the effectiveness and shows interesting results that might seem
contradictory. It is perhaps surprising to see the relatively good performance of the
“2020 group” most affected by the pandemic. Still, it is worth looking at this in
conjunction with Figure 5, which shows the proportion of homework submitters as a
function of time. For the Covid group (red curve), it can be seen that the number of
submissions is decreasing, and the success rate is also lower. For them, however, we
found that the practising throughout the semester was balanced, which may explain
the smaller drop in their performance on the tests.

Figure 6 shows the percentage of days on which students submitted the most
homework. It can be seen how the pre-Covid (blue) and post-Covid (green) groups
tend to deal with homework immediately before the Monday deadline, while the Covid
group (red) had a higher submission rate after the seminar days (Wednesday and
Thursday). This can be explained by the heavy workload during the year, with many
contact hours. During in-person education, our students usually spend a lot of time on
campus. Looking also at Figure 2, it can be seen that on a daily basis, students
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studying in attendance spent more time completing the homework on weekdays and
left the submission for the weekend.

Fig. 5. Percentage of students submitting solutions per week of the semester for
each class

Fig. 6. Percentage homework distribution per day of the week for each class
3.2 Analysis of performance

In the following, the performance of each class was assessed using Calculus and
Statics results. Statics is also a mandatory course in the first-year curriculum, which
covers the basics of Mechanics including the concept of force-systems, equilibrium,
stress-resultants etc. This subject is considered to be most “Math-based subject” as
the students are expected to apply the mathematical techniques, they learned in
Calculus 1 when solving statics problems, (e.g.: 3D vector operations for force system
reduction, differentiation and indefinite integration of stress resultant functions, definite
integration for centre of mass calculations). Statics tests always consist exclusively of
numerical problems, which can be used to test not only mechanical but also
mathematical knowledge. The statistical results of each test are summarized in Table
2. In Figure 7, the first two rows show the results of the first and second tests in
Calculus 1, while the last two rows show the results of the first and second tests in
Statics (there was no second test in Statics in 2020). If we compare the distribution of
the test results and the entrance point distribution in Figure 1, it can be clearly seen
that there is an increasing spread in the admission scores, which also means that the
knowledge of the cohort is becoming more heterogeneous. The negative effect of the
pandemic is clearly visible in the Calculus 1 results. The distribution of the pre-Covid
and Covid year classes is still similar, but a slight difference in the mean value is
observable. For the post-Covid group, a significant increase in poor results is clearly
detectable. For the first Statics test, we also see an increase in the proportion of poorer
results. Whereas for Statics Test 2, the results are notably different from the others:
the post-covid results show a small improvement compared to the pre-covid results.
This deviation is due to two reasons: i) Test 2 usually consists of easily algorithmizable
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tasks, and ii) after the failures in Test 1, students were given extra preparation
materials and online practicing opportunities as an intervention, which could have
helped them to reduce the deterioration of the results.

Table 2. Statistics of the Calculus and Statics test results

2018 2020 2022
Calculus Average 64.14+14.17 | 47.08+17.29 | 41.89+24.15
Test 1 Failed 4.16% 30.93% 40.31%
Good result 30% 11.04% 10.47%
Calculus Average 61.61+£17.43 | 55.02+18.56 | 25.07+21.03
Test 2 Failed 5.83% 13.25% 69.10%
Good result 21.66% 23.21% 2.09%
Statics Average 68.16+18.82 | 61.50+26.13 | 51.27+23.89
Test 1 Failed 5% 17.29% 30.81%
Good result 49% 39.84% 23.25%
Stat Average 53.36+27.47 N/A 58.57+29.52
Sanes Failed 27% N/A 23.12%
Good result 30% N/A 45.08%

Fig. 7. The relative frequency of Calculus and Statics test results
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4 CONCLUSION

In our paper, the impact of the pandemic on three different groups of students was
revealed. It can be concluded that Covid has a severe and a long-term impact in
engineering higher education. Since online education affected the entire school
system, the effect of Covid due to the insufficient mathematical education in
elementary or high school will be a long-lasting phenomenon in the future. However,
we cannot stop at detecting the effects, and we need to take measures to reduce the
negative impacts. At the Budapest University of Technology and Economics, we see
the need to provide a catch-up course in addition to the self-study materials, which.
have already been implemented in the spring semester of 2023. The analysis of the
results is still ongoing as the semester is not finished yet, but the first impressions
shows that the intervention had a promising result and seems to be an adequate help
to compensate for the handicap caused by the pandemic.
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ABSTRACT

There is a growing interest in engineering education that the curriculum should
include collaborative design projects. Collaboration and collaborative learning imply
a shared activity, a shared purpose, a joint problem-solving space, and mutual
interdependence to achieve intended learning outcomes. The focus, in this study, is
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on engineering students’ collaborative group practices. The context is a design
project in the fifth semester of the problem-based Architecture and Design
programme at Aalborg University. Students’ collaborative work in the preparation for
an upcoming status seminar was video recorded in situ. In our earlier studies video
ethnography, conversation analysis and embodied interaction analysis have been
used to explore what interactional work the student teams did and what kind of
resources they used to collaborate and complete the design task on a moment-
moment basis. In this paper we report from a one-hour period where a group of four
engineering students do final designs in preparation for the status seminar. Using
recorded multi-perspective videos, we have analysed students’ fine-grained patterns
of social interaction within this group. We found that the interaction and collaboration
was very dynamic and fluid. It was observed that students seamlessly switched from
working individually to working collaboratively. In collaborative work students
frequently changed constellations and would not only work as a whole group, but
also would break into subgroups of two or three students to do some work. Our
results point to the need to investigate group practices and individual and
collaborative learning in design project groups and other collaborative learning
environments in more detail and the results challenge a naive individual-
collaborative-binary.

1 INTRODUCTION
1.1 Importance of design education in engineering

The ability to develop and design products, processes and systems and demonstrate
the capacity for teamwork and collaboration have become essential requirements for
an engineering degree in many countries. For example, the Swedish national
university regulations require that to be awarded an engineering degree, students
must “demonstrate the ability to develop and design products, processes and
systems [and] demonstrate the capacity for teamwork and collaboration”. For this
reason there has been a growing interest that engineering education should include
collaborative design projects and this requirement is included in the CDIO-standards
(e.g. Crawley et al. 2014; Edstrom and Kolmos 2014)

Given that design-based learning activities have become a key component in
engineering education, there is a need to better understand students’ learning
processes within design projects. Moreover, within design projects it is also
important to better understand how students develop the “capacity for teamwork and
collaboration”, i.e., how they become skilled in collaborative design work.

1.2 Teamwork and collaboration

However, collaboration and cooperation are often not always clearly distinguished
and the nuances are often lost in the definition of the concepts. In line with
(Dillenbourg 1999), Stahl (2013, 2016), and others, we see cooperative learning as
an activity there students divide up group work and then put the individual
contributions together, whereas in collaborative learning students do the work
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together. Collaboration and collaborative learning implies a shared activity, a shared
purpose, and a mutual interdependence to achieve the intended learning outcomes
(Dillenbourg 1999). Stahl (2013, 2016) argues that in studies of collaborative
learning it is important to focus on small group phenomena and to use the group as a
unit of analysis. According to Stahl, collaborative groups build knowledge through
shared understanding, co-construction, and interaction in a joint problem space.
Furthermore, he proposes that studies on teamwork and collaboration build on post-
cognitive theories. Thus, a project group in a collaborative design project can be
seen as a community of inquiry. Indeed, students’ cognition in an engineering design
project (Brereton 2004) has been seen as an example of “distributed cognition” (e.g.
Goodwin 1995; Hutchins 1995), since achievements do not only arise from
individuals thinking, but also through collaborative thinking distributed among the
members in the design team and from the use of epistemic tools (Goodwin 2018).

1.3 Short literature review and our earlier studies

Although more than 30 years has passed since Tang and Leifer (1991) argued for
the use of video recordings and interaction analysis (Jordan and Henderson 1995) to
study group design activity the dominant empirical method to investigate students’
design processes have until recently been variants of “think-aloud” exercises with
verbal-protocol-analysis (Craig 2001) mostly with individuals in artificial settings
(Bernhard, Edstrom, and Kolmos 2016) with tasks that were completed in rather
short time, i.e. one to two hours (e.g. Atman et al. 1999; Atman et al. 2007; Cardella
et al. 2008). To our knowledge, Campbell, Roth, and Jornet (2018) seem to be one
of the rare cases that, beside our own studies have studied engineering students’
design process using interaction analysis. There exist, however, studies using other
forms of ethnographic methods to investigate students’ design process in naturalistic
educational settings. For example, using audio-recordings (e.g. Gilbuena et al.
2015), video-recordings (e.g. Goncher and Johri 2015; Campbell, Roth, and Jornet
2018), and photos and field-notes (e.g. Juhl and Lindegaard 2013).

In our own previous studies, we have made video-recordings and studied a design
project in the fifth semester of the PBL-based Architecture and Design programme at
Aalborg University. We found that the fifth semester students displayed epistemic
fluency (Markauskaite and Goodyear 2017) by fluent use of a rich repertoire of
bodily-material resources, working both “by hand and by computer”, as epistemic
tools to think collaboratively in design activities (Bernhard et al. 2019; Bernhard,
Davidsen, and Ryberg 2020; Ryberg et al. 2021) and develop a professional
dialogical space that is not only being manifested in verbal discourse but also in the
previously mention resources (Davidsen, Ryberg, and Bernhard 2020). Moreover,
we have analysed and discussed the different knowledge forms embedded and
emerging in students’ collaborative and embodied interactions (Ryberg, Davidsen,
and Bernhard 2020).

In the literature regarding collaborative learning the composition of the studied
collaborative group(s) is commonly static and does not change (e.g. Borgford-
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Parnell, Deibel, and Atman 2013; Menekse et al. 2017). However, when we were
analysing videos of students’ interactions in our earlier studies we also noticed that
students approached a particular design problem in shifting subgroups of one, two or
three students or as a whole group. This implied that the collaborative group, indeed,
was not static. As this, to our knowledge, was not well discussed in the literature we,
in a recent study (Bernhard, Davidsen, and Ryberg 2023), investigated the dynamics
of collaborative work in students’ group practices in a design project. We found that
the patterns of collaboration were not static, but indeed displayed a myriad of
different patterns. Also the group members transition in and out of ‘private
conversations’ and dialogue about the design.

In this study we focus the dynamics of individual and collaborative work by the four
female students in the group that was carried out for an hour starting 44 minutes into
the group’s meeting. This part was selected as it displayed a rich and fluid repertoire
of individual and collaborative work in different constellations. Our research question
was how could we describe and understand the dynamics of students’ individual and
collaborative work in the studied one hour of a design meeting?

2 SETTING AND METHODOLOGY
2.1 Setting

The setting of this study is the Architecture and Design (A&D) programme given
within the frame of the Aalborg problem-based learning (PBL) model which was
created in response to the call that engineering programmes should include
collaborative design projects of varying length and complexity. The A&D programme
includes elements of architecture education, but also builds on knowledge, skills, and
competencies from engineering. In the Danish context this was a novel approach
when the programme started in the 1990s, as traditionally the fields of architecture
and engineering are separated. The creation of the A&D programme was an attempt
to combine the “technical theoretical” knowledge of engineering with the “aesthetic
and artistic” artisanship of architecture, to create a new interdisciplinary education.

The data analysed in this paper is from a period 14 days into a project work where
fifth semester A&D students are tasked with designing an office building for an
external partner. The particular session studied is where a student group (group 3:
four females, two males) is preparing to take part in a formal review session the next
day. After the review session the groups have approximately four weeks left to
complete their design of the building. The preparation for the review session was
selected for analysis as it is what Jordan and Henderson (1995) refer to as a natural
unit of analysis — limited in time and with a particular purpose.

The main workspace for the group was encircled by a fixed wall with windows, and
two “walls” consisting of whiteboards, pinboards and blackboards. One of the “board
walls” is used for various design ideas and sketches with each board having a
particular type or category (e.g., printed computer designs or drawings). The other
board wall is used as a calendar and overview of tasks (with different colour-
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codings). In the midst of the group space is the “working table”, which is littered with
paper, sketches, laptops, models, iPads, bottles etc.

2.2 Data collection and method for analysis

To achieve a rich picture of students’ individual and collaborative work and enabling
studies to increase our understanding of engineering students’ learning processes in
collaborative design projects we have recorded the interactions within the group
using five digital camcorders (including one body-mounted GoPro camera) during
the complete session (Jordan and Henderson 1995; Heath 2016; Goodwin 2018;
Tang and Leifer 1991; “Big Video”, e.g. Mcilvenny and Davidsen 2017). In this case
the session lasted almost six hours. In this study we have focused on the work, and
interactions, by the four female students in the group that was carried out for an hour
starting 44 minutes into the group’s meeting. This part was selected as it displayed a
rich and fluid repertoire of individual and collaborative work in different constellations.

Fig. 1. Still pictures from videos displaying first individual work (pictures a and b)and a
transition to a dyad between Ina and Mette (c and d).

For the purpose of this study recorded videos were viewed and analyzed by coding
in which constellations students worked (e.g., individually, in subgroups, or in whole
group). Furthermore, students’ membership in subgroups were noted, and it was
noted the time constellations changed. To count as a member of a constellation a
student had to actively display participation either verbally or bodily. Fig. 1 display a
transition from individual work by all female students to a dyad between Ina and
Mette and continued individual work by Sine and Heidi (corresponding to episodes
19 and 20 in Fig. 2). It should be noted that the students speak Danish and students’
expressions have been translated to English. The first author is a native Swedish
speaker, but understands Danish quite well and the second and third authors are
native Danish speakers.
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Although parts of the videorecorded interactions have been transcribed, the
transcripts have not been used in this part of our analysis. The reason is that
standard transcripts primarily display the verbal part of interactions and to identify
collaboration patterns we found it to be essential focus on embodied interaction.

The study was conducted under the ethical guidelines in place at Aalborg University
and at Linkoping University in accordance with Danish and Swedish laws. Informed
consent forms were signed by each research participant. In this paper, participants

have been given pseudonyms to protect their anonymity.

3 RESULTS
3.1 General findings

Before the analysed session the students had eaten breakfast together and as whole
group (including two male students Anders and Sven). As one of the female
students, Heidi, has just returned from being away there is a lot informal talk in the
beginning. At the beginning of the work session the two male students leave the
main room to work with their tasks at another place while the four female students
remain at the groups main working space. For an hour (actually an alarm clock is set
to mark timings) they work together in shifting constellations. An overview of the
coding of the constellations is displayed in Fig. 2, with each student colour coded.
Contrary to our previous study, in this study we have also included students’
individual work in our coding as represented in Fig. 2. After the hour the group splits
up and Sine and Heidi leaves the room at 1:44 while Ina and Mette remain in the
room and work together until lunch-time. At 3:20 the whole group reconvene first to
eat lunch together and after finishing lunch to coordinate and finalise designs and
plan the presentation during the upcoming review seminar. An overview of the whole
meeting can be found in Bernhard, Davidsen, and Ryberg (2023).
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Fig. 2. Timeline for students’ collaboration in the project meeting displaying their different
forms of collaborations during the meeting as seen in the main group room. Each student is
colour coded making their participation in different constellations visible. The scale on the
time axis is hour and minutes from the beginning of the session. Episodes are numbered in
line with numbering in Bernhard, Davidsen, and Ryberg (2023).

The analysis presented in Fig. 2 clearly display that the students for a considerable
extent work individually. However this individual work is interspersed with several
longer and shorter collaborations in dyads and triads in shifting constellations. Some
“‘whole group” discussions in this group of four can also be seen. Furthermore, a 10 s

pause was observed between the dyad in episode 22 and the triad in episode 23. In
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a similar vein we usually observed pauses of 5 — 10 seconds in the interactions
when students shifted from participating in one constellation to another as for
example in episodes 30 — 33. Episode 11 also represent a very short, but distinct
episode of individual work, between triads in episodes 10 and 12. In these short
pauses the students would typically have a quick look in their computer, on a note, or
to a drawing. To not clutter Fig. 2 to much we have usually not represented these,
very short, pauses in the Fig.. Nevertheless, we think that these pauses are
important in the interactions and for the collaborative work as they allow the students
to check their drawings and notes.

3.2 Examples of different individual and collaborative constellations

In the first example we can in Fig. 1a above see the female students Ina, Heidi,
Mette, and Sine working individually (episode 19) around the group’s main table. Ina
is trying to resolve an issue with conflicting design requirements by making drawings
and trying things out with a Styrofoam model (Fig. 1b). After a while, in Fig. 1c she
calls for Mette’s attention. Mette, still sitting on her chair, “rolls” over to Ina’s place.
Here we can clearly see the initiation of a dyad between Ina and Mette both by their
verbal exchange and by the embodied action in form of a physical movement of
Mette to Ina’s place. It can also be seen that Heidi and Sine continue to work
individually.

a. b.

Fig. 3. Episodes 22 and 23 — Ina and Mette (a dyad) continue their discussion from
episode 20 turn to Sine (a triad) to be allowed to make adjustments.

In Fig. 3a continuation of the discussion between Ina and Mette in Fig. 1c — 1d is
displayed. However, Mette have now “rolled” back to her place and Ina has walked
over to Mette’s place at the table. They make use of CAD, photos, and different
gestures to discuss the issue at hand. In Fig. 3a it is displayed how they make use of
photos of different buildings as a resource in their discussion. However, as a change
might affect what Sine is working with, she is addressed by Ina in Fig. 3b. The dyad
Ina-Mette (episodes 20 and 22) is changing into a triad Ina-Mette-Sine (episode 23).
Heidi is still working individually. It should be noted that Ina and Mette are silent for
10 s before addressing Sine.

As is shown in Fig. 1c — 1d Mette oves over to Ina’s place around the table to move
back to her place in Fig. 3a. Instead Ina have in Fig. 3a moved over to Mette’s place
and is standing behind her. In our analysis of the video-recordings we have seen

other, similar, movements among the students in their interactions. Even during the
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phase that followed the one hour period analyzed in this study we observed that the
collaborative patterns were not “static”, but the students made “guest visits” for co-
ordination purposes. Thus, we not only observed different constellations of individual
and collaborative work but also observed fluidity in “spatial” constellations. In Fig. 4
we have made a “spatial” representations of the collaborations presented in Fig. 1c —
1d and 3a — 3b.

S /@ ///
a. b. C. d. N
Fig. 4. Spatial representation of collaborations: a) represent the collaboration in
Fig. 1c, b) represent the collaboration in Fig. 1d, c) represent the collaboration in
Fig. 3a, and d) represent the collaboration in Fig. 3b. Dashed encirclements show

collaborations and arrows show movements. | = Ina, S = Sine, H = Heidi, and M =
Mette.

For space reasons we are not able to present more example although we have
analyzed the whole, one hour, session as can be seen in Fig. 2.

4 CONCLUSION AND DISCUSSION

This study set out to answer the research question how could we describe and
understand the dynamics of students’ individual and collaborative work in the studied
one hour of a design meeting?

A limitation of this study is that we hitherto only have had time to do an in-depth
study of the group practices in one collaborative design group. This somewhat limits
the conclusion that can be drawn. Nevertheless, we argue that anyway several
conclusions can be drawn from our findings. In the literature (e.g. Borgford-Parnell,
Deibel, and Atman 2013; Menekse et al. 2017) intra group practices in static groups
are reported. On the contrary we found, by analysing video-recordings, that the fine-
grained patterns of students’ social interaction within the observed collaborative
design group to be complex and dynamic and it display fluidity as well as structure
(cf. Sgrensen 2022) as the students during the day worked in many different
constellations. It was observed that students often changed constellations and break
into subgroups of one, two or three students to do some work and to congregate
later as a whole group. Thus, we found that the patterns of collaboration in groups
practical day-to-day work were not static but displayed a myriad of different patterns.
To our knowledge, this study and our previous study (Bernhard, Davidsen, and
Ryberg 2023) is one of the first studies to report this fluidity of constellations and to
report complex collaborative patterns in students collaborative group work.

Furthermore, in line with the observation by Ryberg, Davidsen, and Hodgson (2018,
240), we also noted that the distinction between cooperative and collaborative work
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seem to blur when we studied students’ interactions in detail as they, in their
activities, alternated dynamically between individual, cooperative, and collaborative
patterns of work. Thus, our results challenge a naive individual-collaborative-binary
and a naive cooperative-collaborative distinction. Rather, the observations made in
this study might imply that individual work might be an important element in
constructive and skilled collaborative work.

Thus, our results points to the need to investigate group practices and individual and
collaborative learning in design project groups and other collaborative learning
environments in more detail. It would be important to better understand which
features (e.g., collaborative patterns, skills needed by students, etc.) are important
for successful learning and good collaborative work in students’ collaborative design
projects and how these can be fostered and developed in engineering education. We
have collected a large corpus of video data from A&D-students at Aalborg University
in their first, fourth and fifth semesters. Thus, we have an excellent empirical material
to continue study the questions raised by this study.

For engineering education researchers to be able to make more realistic and sound
pedagogical recommendations, and for engineering educators to make sound
decisions, they need to have a good understanding of how students’ design
processes play out in reality. As already mentioned, a limitation of this study is that
we hitherto only have had time to study the group practices in one collaborative
design group and it limits the pedagogical recommendations we can make based on
our empirical material. Still, one conclusion is that localities where collaborative work
is taking place need to be designed, or adapted, for flexible group work and another
tentative conclusion might be that instructors should encourage fluid collaboration
patterns in students’ collaborative work.
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ABSTRACT

As engineering education is a professional education, it should prepare students for
working life. However, there are obvious limitations to the amount of content that is
possible to cover and the authenticity of the learning environments. In this study, we
investigate the students’ awareness and perception of these limitations by answering
the following two research questions: What competencies do the students view as
work-life relevant? How do students reflect on their opportunities to learn these
competencies? The context of the study is the five-year Master of Science in
Engineering and Computer Science at KTH Royal Institute of Technology.
Throughout the programme, the students attend a programme-integrated course with
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four reflection seminars including written assignments each year. In their fourth year
they wrote reflections on their perceived work-life readiness and 38 of these
reflections were analysed thematically in this study. We find that students expressed
an elaborate view of what constitutes work-life relevant competencies. They readily
identify learning experiences in the programme where they have developed such
competencies, for instance through projects. They also show an understanding that
there are limitations in the ability of the university environment to achieve fully
authentic learning experiences. Many students see it as their own responsibility and
necessity to complement their education with other opportunities for work-life
relevant learning, such as hobby projects or internships. Others seem relaxed about
any gap they may have in their work-life preparation and expect to learn on their first
job.

1 INTRODUCTION
1.1 Preparing Engineering Students for Working Life

Engineering is a professional education and much work in the engineering education
research community focuses on work-life relevant competencies (see for instance
Buckley et al. 2022; Passow and Passow 2017; Trevelyan 2007, 2010; Jonassen et
al. 2006) and, consequently, how education can better prepare students for working
life (Crawley et al. 2014). In engineering education programmes, educators make
efforts to address the knowledge and understandings, skills and abilities, and
judgements and approaches that the graduates will need in working life. Even in
many theoretical courses, the relevance of concepts is explained with reference to
their practical use. Some parts of the education are organised to resemble
professional practice, for instance project-based learning activities (Edstrom and
Kolmos 2014). Still, there are limitations to the authenticity that can be created within
the university environment, and within the scope, resources, and confines of an
educational programme. Because of these limitations, it is necessary to question to
what extent students are actually prepared for working life and studying the matter
empirically can provide valuable feedback to educational programmes. This is often
done from the perspective of the industry (Radermacher et al., 2014), but prior
research has also been studied from a faculty perspective (Magnell and Kolmos
2017; Magnell, Geschwind and Kolmos 2017). Here, the issue is instead investigated
from the perspective of students. This helps us better understand how they perceive
their education which is important since it does not have to correspond with the
perception of the faculty or the industry.
This study also serves as a starting point for a longitudinal research project
investigating the students’ progression from university into working life. In this
project, a group of students will be followed from the later part of their education
through their first year of working life. These students will be interviewed three times,
once while finishing their master's thesis, and then twice during their first year of
work (cf. Brunhaver et al. 2017). At this point, however, the students who participate
in this study still have one year left before graduation. Guided by the following two
research questions, we analyse written reflections addressing work-life relevant
competencies.

e What competencies do the students view as work-life relevant?

e How do students reflect on their opportunities to learn these competencies?
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However, it can be worth noting that as with all studies investigating perceptions, the
students’ view of work-life relevant competencies does not necessarily align with the
actual relevant competencies.

In this paper, the term competency refers to a combination of knowledge, skills and
dispositions situated in a relevant context. This definition corresponds to the
competency model presented by Frezza et al. (2018).

2 METHODOLOGY
2.1 Context and Participants

The context of the study is the five-year Computer Science and Engineering
programme at KTH Royal Institute of Technology. The first three years of the
programme result in a bachelor’s degree and the final two years in a master’s degree
in computer science. The programme contains courses that are mainly technical, as
well as courses or learning activities that specifically support the students in
developing professional skills such as communication and project work. One such
course is the Programme Integrated Course (PIC) which aims to strengthen the
programme coherence by allowing the students to reflect on the programme design
and programme progression, and by addressing relevant topics such as study
technique, ethics, ergonomics, procrastination, and mental health (Kann, 2019). The
five-year programme contains two longitudinal PIC courses, one that spans over the
first three years, and another over the final two.

In the PIC course, students are divided into groups, mixing students from all years
enrolled in the course. For instance, in the second PIC, groups consist of 16-18
students from years four and five. Each group has a mentor from the computer
science faculty who remains with the group throughout the course. Each year of the
PIC consists of four seminars, addressing different topics. Before the seminar, the
students read some preparatory material and write a reflection of 500-1000 words.
They also read and give feedback on a selection of the other students’ reflections.

2.2 Data collection

In this study, we analyse reflections written for a PIC seminar on the topic “Future of
Computer Science as a Profession’. The students were instructed to write about
their own work-life readiness and the computer science skills and knowledge that
they believe will be important in the future. The instruction was to take both the
preparatory reading (Radermacher et al. 2014; Rainie and Anderson 2017; Loui and
Miller 2008; Vinuesa et al. 2020) and their own experiences from the programme into
consideration. While the reading probably helped the students deepen their
reflections, it likely also influenced what they brought up as relevant. Our dataset in
this study is limited to reflections submitted by the fourth-year students. Of the 111
students, 38 gave voluntary consent allowing their reflections to be used in this
study. This selection could potentially affect the diversity and content of the
reflections.

2.3 Thematic Analysis of the Student Reflections

To answer our research questions, we have taken an inductive data-driven approach
following the framework for reflexive thematic analysis by Braun and Clark (2006;
2019). The analysis was done by iterating through the data several times. We started
out by familiarise ourselves with the data, by reading through the reflections while
making notes in the margins. We then coded the data, initially with pen and paper
before going over the reflections again using the qualitative analysis software NVivo.

205



Through each iteration, some of the codes changed as we started to reach a better
understanding of the material. This made it easier to group the codes into themes,
which was also done iteratively as we finalised the coding and discussed the results.
For example, the theme theoretical subject competencies consisted of codes such
as fundamental CS, theoretical knowledge, algorithms and mathematics. All final
themes for the two research questions are presented in the results section below.

RESULTS

In this section, we present the themes from the analyses of the student reflections for
each of our two research questions. Excerpts from the interviews are used to further
illustrate the themes and to protect the students’ anonymity we have given them
gender-neutral pseudonyms.

2.4 Work-Life Relevant Competencies

In the students’ discussions of work-life relevant competencies, we generated the
following six overarching themes: practical subject competencies, theoretical subject
competencies, engineering problem-solving, interpersonal and personal
competencies, authentic project-related competencies and adaptability and self-
regulated learning. Each theme is presented in detail below. The subject
competencies in this context are related to computer science, but their nature is not
unique to CS.

Practical Subject Competencies
These competencies relate to the practical aspects of the engineering major, in this
case, computer science. Students bring up specific topics, such as version control
and unit testing, proficiency in different programming languages, interacting with
databases, cloud computing, etc. One student discussing these types of
competencies was Alex, who worried they might be lacking:
‘I unfortunately find that | personally will be lacking in several of these skills when
graduating. This includes areas like testing, databases, debugging and configuration
management.” — Alex

Theoretical Subject Competencies
In this theme, students emphasise the theoretical areas of their education. This
includes mathematics and theoretical aspects of computer science, such as
algorithm design, theoretical knowledge about databases, different programming
paradigms etc. Many students believed these competencies to be some of the most
important ones to acquire at university since they are likely to stay current and act as
a foundation when learning other competencies in the future. In Robin’s words:
“I think it is more important to have the theoretical background and fundamentals than
the ability to use specific software.” — Robin

Engineering Problem-Solving
Engineering problem-solving was frequently brought up as a foundational and future-
proof engineering skill. The students also view it as a broad competence, closely
connected with several of the other themes. One student motivating the importance
of the theme was Kim:
“Problem-solving is a very broad skill that will likely always be incredibly important, as
almost all work as an engineer in any field will include problem-solving.” - Kim

Interpersonal and Personal Competencies
This theme contains necessary competencies that students often categorise as

“professional”, “soft”, or “non-technical’. These include communication, collaboration,
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creativity, critical thinking, ethical consideration, project and time management,
intercultural competencies etc. Andrea motivates how proficiency in these
competencies can aid work related to more technical themes:
“Soft skills such as the ability to learn and adapt, communicate and work in a team are
just as important now and will continue to be in the future. These skills ensure that the
employees can apply their technical skills in a more effective and profitable way.” —
Andrea
Several students also provide concrete examples of when competencies from this
theme are crucial. Jessie, for instance, commented:
“And sometimes you don’t even want to do what the client says they want, you need to
understand why they want something, and perhaps offer a different and better
solution.” — Jessie

Authentic Project-Related Competencies
This is a broad theme covering the bigger picture of engineering. It focuses on how
successful work in real, full-scale engineering projects requires multiple subject
competencies used together. Students point out the big difference between their
small homework problems or course projects and the projects that they will be part of
when they enter the workforce. Such projects have more dependencies and the
students might be given tasks that they rarely encountered during their education.
Students brought up, for example, that they would need to be able to work with large
code bases, follow industry standards, and handle production environments and
deployment which they rarely, if ever, encounter during their degree.
“I do think the ability to use different types of software and understand the big picture
of things will be important.” - Robin

Adaptability and Self-Regulated Learning
This theme captures competencies related to the concept of life-long learning which
the students describe as crucial for work in technology since the industry changes
quickly. This was one of the more frequently mentioned competencies. One of the
students who stressed it was Noel:
“One valuable skill is the ability to learn on your own, which makes it much easier to be
a lifelong learner. This will make it possible to faster adapt to new advances in
technology and in the field.” — Noel

2.5 Opportunities to Learn the Work-Life Relevant Competencies

In this section, we present the four themes related to the second research question
which addresses where and how the students think these competencies, which they
had identified as work-life relevant, could and should be learned. The four themes
were: learning within the education programme, learning at work or internships
during the education, learning through their own projects and learning at work after
graduating, and are described in detail below.

Learning within the Education Programme

The students naturally brought up their education programme as a place for
developing several of the work-life relevant competencies. However, they also
acknowledged challenges associated with teaching certain competencies in higher
education due to both the lack of time and sufficiently authentic learning
opportunities. This especially affected the authentic project-related competencies as
well as some aspects of the interpersonal and personal competencies since there
will be additional requirements in “real world” settings. Noel, for example, points out
that although they practice aspects of communication, there are other aspects which
are covered less in the programme:
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“Furthermore | probably lack skills working with customers, although | have done that

in other jobs | have not done it in regards to software development. However, | feel like

we practice communicating without using too much technical jargon etc.” — Noel
The students also identified a number of practical subject competencies that they
believed could have been taught more efficiently, for example by using more current
software. However, they predominantly address the lack of progression that is
caused by little focus on the necessary competencies in mandatory courses as well
as the lack of assessment of these competencies. This requires the students to keep
practising on their own or manage to choose the right elective courses (which can be
difficult since they do not always know what is taught in the courses and what they
need to focus on). Despite these issues, the students generally agreed that the role
of the university was to provide a foundation consisting of theoretical subject
competencies, problem-solving and adaptability and self-requlated learning which
many claimed their education programme had succeeded with. In Charlie’s words:

“I understand that the courses mainly aim to build a foundation in the topics covered

and | still think overall the learning outcomes are beneficial for the students taking the

courses.” — Charlie

Learning at Work or Internships during the Education
Since the lack of authentic learning opportunities was the main reason why the
students believed they would not develop all necessary competencies to a
satisfactory level, they naturally suggest the workplace as an additional learning
environment. Several students mentioned that they either had software-related jobs
on the side and/or that they had, or planned to, participate in summer internships in
order to complement their degree. As mentioned by Elliot, internships can also help
students experience what work-life entails:
“Summer internships have enabled me to apply the skills | have learnt in university,
deepening them while obtaining a better understanding of what is expected of me so
that | can further prepare myself for life after graduation.” — Elliot

Learning through their Own Projects
Another common strategy to lessen the competency gap is to pursue personal hobby
projects or to participate in open-source projects. By creating their own projects, the
students are also able to build portfolios which can be used to showcase both their
technical skills and project planning. Additionally, open-source projects can be an
opportunity to experience work in large codebases and to coordinate one’s work with
other developers. Noel is one of the students advocating for learning through
projects and especially points out that this could be a way of learning different
development tools which relate to both the practical subject competencies and
production competencies.
“I believe that my own skill gap could be fixed by [...] creating projects on my own. One
possibility could be to start contributing to open-source projects since that would force
me to learn different development tools.” — Noel

Learning at Work after Graduating

As mentioned above, many students seek opportunities for authentic learning
opportunities by working on the side, participating in internships or learning on their
own through hobby projects or open-source projects. However, we see that this is
not applicable to everyone since they do not think that they have the time, energy or
opportunity to participate in these activities. For some, their studies already take up
all their time, while others have other jobs (not related to computer science) on the
side and need the income. Some students express stress over this, while others
were more relaxed. They were well aware that they would not be “fully trained” when
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graduating and some even argued that it would take years of work experience until

they reach sufficient proficiency in the practical competencies, as illustrated by Alex:
“I think there are a lot of skills that can only be obtained through practical experience in
the industry, skills that also do not simply arise five months into the work-life, but skills
that will require perhaps a couple of years of professional experience.” — lliah

Some also point out that their prospective employers are aware of their need for

additional training. Sasha explains:
“There’s also a reason why companies have “junior” and “senior” developers, it's okay
to not know everything in the beginning and learn on the job. After a few years you will
have learnt a lot and are hopefully ready to help the new graduates who are in the
place you used to be.” — Sasha

3 DISCUSSION AND CONCLUSION

Throughout the reflections, students show insight both into what competencies are
relevant for working life and how these competencies can be acquired. They
acknowledge that there are limitations to the authenticity that can be achieved within
the learning environment at university and that this will affect their level of proficiency
in some of the competencies when graduating. They also recognise that it would be
impossible to learn everything that could be useful within the timeframe of their
degree and that some skills and knowledge would be outdated when they graduate
anyway due to the fast pace of the industry. Because of this, they primarily see the
university as a place to build a theoretical foundation in their discipline and to learn
how to obtain new knowledge and skills when needed which will be crucial in their
future work-life. When students reflect on their acquisition of the necessary work-
related competencies, they identify three responsible stakeholders: themselves, the
university and their prospective employers. Between these three, we find that they
express a balanced view of their shared responsibility. The university is responsible
for providing high-quality education within its limitations, and although the students in
this study were overall satisfied, many also point out that there is room for
improvement. Since the university is not able to provide a fully authentic learning
environment, the students argue that part of the responsibility has to be placed on
their prospective employers to continue providing opportunities for learning and
training when they start working. They also point out that there are a vast number of
different branches and software within computer science which could be relevant
when working at a company, making it impossible for them to be proficient in
everything and able to execute all necessary work tasks. This further motivates why
their employers will have to accommodate continued learning and training. Finally,
many students recognise that they themselves have to take responsibility for their
acquisition of some competencies to complement their university studies. They seem
to accept their own responsibility and show awareness of a wide set of opportunities
for learning.

They see opportunities for learning on their own, for instance through hobbies or
open-source projects, or through work or internships in parallel with their degree.
This can however be difficult for some students, either due to economic reasons or
time and energy limitations. Some state that they are unable to do anything extra
beyond their studies.

As mentioned previously, this study does have limitations. The data consists of
student reflections which were guided and influenced by preparatory reading.
However, the students related the reading to their own experiences in the
programme and many students also disagreed with the reading. Further, the
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students knew that their reflections would be read and commented on by their peers
and mentor, hence it is possible that they may have underplayed their insecurities.
The voluntary selection of students may have additionally increased the bias in
favour of students who were proud of their assignments and felt that they displayed
maturity. In the future longitudinal part of the study when we interview a sample of
these students, it is possible that we may get to hear some more vulnerable views.
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ABSTRACT

Universities open their doors to society, inviting the complexity of the world to enter
engineering education through challenge-based courses. While working on complex
issues, engineering students learn to deal with different kinds of uncertainty:
uncertainty about the dynamics of a real-world challenge, the knowledge gaps in the
problem, or the conflicting perspectives amongst the people involved. Although we
know from previous research that students are likely to encounter these uncertainties
in sustainability challenges, which metacognitive strategies they use to deal with
them is unclear.

We interviewed nine MSc students at the end of a challenge-based course at a
Dutch university of technology. We asked the students how they dealt with
uncertainty in collaboration with the commissioner, their student team, and the
teachers. The interviews were analyzed through grounded, consensus-based coding
by two researchers.

Preliminary results show students use three main strategies. First, the different
perspectives from peers in their team inform the position of the student. Second,
students find expectation management of the commissioner essential, yet students
struggle with how to do this in a professional and timely way. Third, students frame
the uncertainties they encounter as part of the learning process, which allows them
to accept the possibility of failure.

This study provides first insights in metacognitive uncertainty strategies and
suggests those strategies should become a more prominent topic in coaching
students. When uncertainty becomes an explicit part of challenge-based education,
students learn to deal with both the known and unknown in the transition to a
sustainable society.

1 INTRODUCTION

Much of the future of engineering eduction lies in the ability of universities to respond
to the sustainability challenges of the world (Sterling 2004). Although society has
increasingly been aware of the dangers of global warming and the human
contribution to it since the 1970s, the impact of sustainability on education is being
described by scholars only since the start of this century. In the past two decades,
the idea that higher education needs to change significantly to become sustainable
has led to the investigation of new pedagogies and competencies for sustainable
development (Thomas 2010).

The ability to deal with uncertainty is one of the competences in sustainable
education that contributes to the development of new pedagogies (Ingold et al.
2018). The complexity of sustainablity challenges fosters three different kinds of
uncertainty: the dynamics of a real-world challenge, the knowledge gaps in the
problem, or the conflicting perspectives amongst the people involved (Brugnach et
al. 2008). Those uncertainties and the strategies to deal with them are difficult to
discuss or model in lectures, case-studies, or essays, they require students to gain
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experience with the complexity of problems outside of the conventional learning
environment (Wehrmann and Van den Bogaard 2019). Pedagogies such as
challenge-based learning (CBL) allow students to practice with the uncertainties of
open-ended sustainability challenges in real-life (Gallagher and Savage 2020).

Strong teacher guidance is crucial to the success of learning to deal with uncertainty
in CBL. Because CBL relies on the self-directed learning of students, teachers
scaffold the skills students need in the process of problem solving (Doulougeri et al.
2022). Previous research shows that if this is not done properly, these kind of
problem-based learning environments have the risk of failing (Kirschner, Sweller,
and Clark 2006). To provide guidance on uncertainty strategies, teachers require
insights on how students recognize and approach uncertainty in CBL courses.

Although we know from previous research that students are likely to encounter
uncertainties in CBL, which strategies they use to deal with them is unclear. In other
words, we know what students are learning, but we do not know how they learn it.
For teachers to be able to guide the complex process of learning in sustainability
challenges, we need a better understanding of how students deal with uncertainty in
challenge-based courses (Kirschner, Sweller, and Clark 2006).

In this qualitative study, we investigate the question: What uncertainties do students
encounter when working on sustainability challenges and how do they deal with
them? We interview nine MSc students at the end of a challenge-based course at a
Dutch university of technology. The research is embedded in the theory of
metacognition, which we shortly introduce in the next section (2). In section 3, we
explain the analysis and coding process of the interviews. The results in section 4
first present the uncertainties students talk about in the interviews and then the three
groups of strategies we found they use to deal with them. Finally, we discuss what
the implications of this study on uncertainty are for the development of engineering
education and sustainability education in the future.

2 THEORETICAL BACKGROUND

Sustainable education is not just about the accumulation of new knowledge, but also
about the process of learning (Thomas 2010). Such knowledge about learning
processes or, in other words, the awareness and control of one’s own thinking is
called ‘metacognition’ (Flavell 1979). Metacognition is a large field of study
encompassing psychology and behavioral, learning, and cognitive sciences and our
short discussion of the theoretical background here only offers a small glance at the
literature.

Metacognition consists of two distinct, but connected elements: (1) the awareness
and knowledge of the self and (2) the conscious control and regulation of cognition.
Self-directed learning strategies, such as organizing information or asking help from
peers, are metacognitive ways to control the process of thinking (Zimmerman 1989).

Uncertainty arises from what we do not know, whether this is because knowledge is
not available, contested, or unpredictable (Brugnach et al. 2008). Therefore, to be
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able to recognize uncertainty, students need to be aware of the limits of their own
knowledge. This requires at least the first element of metacognition: awareness of
one’s own knowledge. Then, to deal with uncertainty students need to be able to
self-regulate their learning, while taking into account what they do not know. To the
best of our knowledge, a study investigating specific metacognitive strategies to deal
with uncertainty in sustainable education has not been done before.

3 METHODOLOGY
3.1 Case study

We researched student experiences on uncertainty in a challenge-based course for
urban sustainability at a university of technology. The 24 ECTS course is part of a
two-year MSc program in the Netherlands. In the course, students work in groups of
four or five students on a real-life challenge in urban sustainability. Each team is
guided by both a coach from university, who offers academic expertise and assesses
the students’ work, and a commissioner from practice, who is providing the case.

3.2 Data collection and analysis

We conducted in-depth, semi-structured interviews with nine students, each from a
different team. The students were selected by an open call amongst all student
teams to participate in the research voluntarily. We analysed the answers to the
question ‘how did you deal with uncertainty during the course?’ and the answers to
the clarifying questions the researcher asked during the interview.

Two researchers coded the answers in a consensus-based coding process. In the
first cycle of coding, the first author created the code book through open coding with
30 codes from 75 quotations. The second researcher used this code book for the
second cycle of coding and added 8 codes. Those 38 codes were grouped in two
categories: uncertainties (the things students found to be uncertain) and strategies
(what they did to deal with those uncertainties). Quotations could have multiple
codes, if, for instance, an uncertainty and a strategy to deal with that uncertainty
were mentioned in the same sentence. Because of the small group of students in
this study, we only present the codes that were mentioned by more than one
student.

Table 1. Overview of the codes that were mentioned by more than two students in the

interviews.
Code group | Code Description
Uncertainties | Changes during the Through new insights during the project, the student would
project have made other decisions when looking back.

Conflict commissioner | Challenges, tensions, or conflicts that arise from working with
the commissioner.

Unclarity assignment Unclartiy about the expectations of assignments.

Usefulness results Uncertainty about the quality of the outcome and the
usefulness for practice.

Lack of knowledge Student was unable to find certain answers or information.

Expectations Students are confronted with their own expectations of the

course turning out different in reality.
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Unclarity roles Searching for the position of the student or student team in
collaboration with others.

Strategies Attitude Student describes dealing with uncertainty as a specific attitude
towards not knowing (embracing uncertainty).
Conversations Talking to the commissioner about uncertainty (for instance in
commissioner roles or differences in expectations).

Conversations coach | Talking to the coache about uncertainty (for instance to clarify
assignments).

Conversations team Discussing challenges with other team members to resolve
them or get a better understanding of them.

Acceptance of conflict | Accept that conflict can be part of the process.

Learning process Framing the uncertainties or challenges as a valuable part of
the learning process.

Persistency Stick to the plan and convincing others of this direction.
Understanding other Empathy towards others that might have caused uncertainty.
perspectives
Acceptance of failure | Accept that certain knowledge is not available.
Relativism Student describes embracing or accepting the not knowing.
Taking a break Going home early or taking a walk.

4 RESULTS

4.1 Uncertainties

In the interviews, we found sixteen different uncertainties, seven of which were
mentioned by more than one student (Fig. 1). The most often mentioned uncertainty
was ‘changes during the project’ (7 times). As new insights arose while working on
the challenges, it caused students to rethink their previous steps. Student 1 said:

‘If we had known beforehand that the commerical applicability of wood
would not have been wortwhile to research, | think we would have
focused much more on the reuse of material within the municipality.
Because the entire financial motive [to research this] fell away.’ [1:16]

In this context, two students said they believed unpredictability was an inherent part
of doing research. For example, student 6 said:

‘I know that it is alright not to know what direction the research is going,
for whatever reason.’ [5:2]

The second most mentioned uncertainty students experience was about conflict with
the commissioner (6 times). Also codes such as ‘unclarity roles’ and ‘expectations’
refer to uncertainty in collaboration with the partner from outside of the university.
Especially at the start of the course, students said they struggled with managing the
expectations of the commissioner and giving direction to the research.

Furthermore, students experienced uncertainty in the usefulness of the results for
the commissioner (4 times). The applicability of the results in practice was an
important goal to some of the students. Student 1:

‘In my case, the uncertainty was mostly the quality of the data and the
applicability of the results.’ [1:1]
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When students mentioned that the assignment was unclear (5 times), they talked
about different assignments in the course. Student 7 said to experience stress
because of unclarity on the assignments in all stages of the project.

‘At the start, we did not know what we had to do. In between, the
uncertainty was about what we were going to make for the
commissioner. At the end, we had difficulty deciding what to write down
in the report.’ [6:3]

Changes during Conflict Unclarity Usefulness Lack of Expectations  Unclarity roles
the project  commissioner  assignment results knowledge

S B N W b U1 O N

Fig. 1. Bar chart showing how often students mentioned specific uncertainties in the
interviews.

4.2 Metacognitive strategies

Within the 22 coded strategies (Fig. 2), we found three groups: talking about
uncertainty, developing a specific attitude to deal with uncertainty, and practical
strategies for managing uncertainty.

First, the most prominent strategy to deal with uncertainty for the interviewed
students was to talk about it, whether this was in conversations with the
commissioner (6 times), coach (6 times), or their team members (5 times). Different
uncertainties were resolved in those discussions. In conversations with the
commissioner, students talked about the unclarity of roles in the process or managed
expectations about the results. In conversations with the coach, students sought
clarity on the assignments and avise on how to deal with their role and the role of the
commissioner in the process. The conversations in the team were also about all
these relational uncertainties, bus at the same time students also discussed
uncertainties arising from tasks. Student 4, for example, said:

‘Especially from the moment we divided the tasks, if it was unclear to
one of use how to proceed, we discussed together.’ [4:4]
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Fig. 2. Bar chart showing how often specific strategies to deal with uncertainty were
mentioned by the students in the interviews.

Furthermore, students talk about their attitude towards uncertainty (7 times) as a way
to deal with uncerainty. Student 3 said about embracing uncertainty:

[...] so part of dealing with it [the uncertainty] was also kind of letting go
of the idea that you needed to know stuff before you could move on, or
you could decide to just kind of accept it.” [9:2]

Similar to student 3, several students mention acceptance specifically as part of their
strategy to deal with uncertainty, for instance, accepting the possibility of failure (3
times) or accepting that conflict is part of the process too (4 times). Two students
said that failure or conflict were part of the learning process in the course. Another
attitude towards uncertainty we found was ‘relativism’ (2 times), when a student
doubts to what extent the world is knowable. Student 1 said:

‘I'm quick in thinking, | don’t know things, than all of it is nonsens.’ [1:11]
One student described how the change in attitude led to different actions in the
project:

‘If you do not know the answer to something, you find a way to accept

this and deal with it and find a different way to approach the problem.’
[5:1]

Four times ‘persistency’ was mentioned as an attitude towards uncertainty. Those
students describe how they tried to persuade others of their story, solution, or
interpretation of the problem.

Finally, students mention several practical strategies to deal with uncertainty, such
as taking a break (2 times) when feeling stuck or to ask for feedback (1 time). One
student said to make use of examples of the reports from last year in the course to
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deal with the unclarity of the assignment. Such metacognitive strategies are often
related to uncertainty in specific tasks.

5 DISCUSSION AND CONCLUSION
5.1 Discussion

The unpredictability in sustainability challenges is one of the most common
uncertainties to the students we interviewed. Brugnach et al. (2008) ascribe this to
the complexity of the societal transitions that sometimes show non-linear and chaotic
behavior. For them, accepting these dynamics as they are and embrace the notion
that their unpredictability will not change in the foreseeable future is the way to deal
with this kind of uncertainty. Attitudes accepting conflict and failure that the students
in our study adopted correspond with this, yet were not the only attitudes students
fostered towards uncertainty.

Students’ attitudes towards uncertainty not only seem to be highly individual and
personal, but also depending on the kind of uncertainty they are confronted with.
Dealing with a lack of knowledge, because, for instance, data or people were not
accessible, could lead to students responding with the flexibility to seek other
approaches to achieve their goals or relativism, where students lost some of their
confidence of what they were doing was still going to succeed.

‘Seeking social assistance’ is one of the self-regulated learning strategies defined by
Zimmerman (1989) that is clearly recognizable in the results from our study as
‘conversations with commissioner, coach, and peers’. At the same time, students
perceive the collaboration with a commissioner as a source of uncertainty related to
‘multiple knowledge frames’ (Brugnach et al. 2008). The coach is only mentioned in
relation to seeking strategies to deal with uncertainty but not a source of uncertainty
itself. This shows that different roles within CBL also have a different function in the
learning process.

Several authors have found explicit teaching of metacognition to be effective (Perry,
Lundie, and Golder 2018; Muteti et al. 2021). Additionally, the instruction of teachers
becomes more effective when those teachers are aware of the learning strategies of
students (Newell et al. 2004). Therefore, metacognition in sustainable education
seems to be a key area for further investigation in order for teachers to guide the
process of choosing the right strategies.

5.2 Limitations and suggestions for future research

This study is limited by its explorative and qualitative character. The in-depth
interviews that form the heart of the methodology are necessary to get to difficult to
measure concepts such as uncertainty and attitude. However, the conclusions
presented here should be seen in the context of a single case study in a graduate
(MSc) programme, where students are relatively academically mature. Such an in-
depth qualitative study with only nine students prepares qualitative and quantitative
research on a larger scale. That research is necessary to present the metacognitive
strategies we found with more clarity. Furthermore, research on how to explicitly
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teach metacognitive strategies could offer support to teachers in their changing role
as coach in CBL courses.

5.3 Conclusion

This study provides first insights in metacognitive uncertainty strategies used by
students in challenge-based education. In nine in-depth interviews, we asked
students which uncertainties they experienced in the sustainability challenge they
worked on and how they dealt with those uncertainties.

The results show students use three main strategies. First, conversations with
commissioners, coach, and their team members allow students to gain a better
understanding of the uncertainty. Second, students develop different attitudes
towards not knowing. Third, students use practical strategies, such as taking a break
or asking for feedback, to deal with uncertainties related to specific tasks.

Although this study is small scale and more research is necessary to get a better
understanding of uncertainty in the context of CBL, it underscores the importance of
conversations between commissioners, coaches, and students as part of the
learning process. Furthermore, the implications for engineering education based on
this study are that dealing with uncertainty helps to grow selfawarenes and are very
much dependend on the self-regulated learning strategies students employ.
Ultimately, selfknowledge allows students to critically reflect on what they know, on
what they don’t know and, most importantly, on what they can know. It is the task of
this generation of students to anticipate what knowledge is needed to make strategic
next steps towards a sustainable society.
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ABSTRACT

Every student has a unique combination of experiences, resources and social
networks related to engineering, called ‘engineering capital’, derived from Archer’s
concept of ‘science capital’. The engineering capital gathered throughout life creates
a backpack that impacts someone’s aspirations to study engineering, as well as the
performance and persistence in the programme itself.

Engineering technology is one of the most homogeneous fields within the STEM
domain, being mostly white and male. To stimulate a more diverse engineering
technology field, this research paper investigates the relationship between the level of
engineering capital and gender or migration background, as well as the influence of
engineering capital on aspiration and performance within the engineering technology
field.

Through an online survey, last-year secondary education pupils in math/science tracks
(N = 490, March 2023), and first-year engineering technology students (N =391,
October 2022) in Belgium were asked about their engineering capital, and engineering
aspiration (pupils) or performance (students). Results disclose little difference in
engineering capital, engineering aspiration, or engineering performance for students
with a migration background. However, female pupils appear to have less engineering
capital than male pupils, and in need of more engineering capital to gain an interest in
engineering technology compared to male pupils. Once women start the engineering
technology program, engineering capital does not influence female students’
performance differently than male students. It is possible that only those with a heavy
backpack of engineering capital find their way to the program. That is why it is
important that educators stimulate students’ engineering capital.

1. INTRODUCTION

Two of the challenges faced by the engineering field are a shortage of engineers and
a lack of diversity among engineers. Tackling the diversity problem can help solve the
shortage of engineers by tapping into a bigger pool of talent. Diversity is not only
important to attain more qualified engineers and prevent a loss of talent, it also
enhances the work quality, enabling the industry to thrive. The more diverse the field,
the more diverse the perspective, experiences and knowledge that are represented,
which makes it easier to cater to the needs of the whole population (Page 2019).

In many countries, we see a recurrent pattern of the engineering field lacking women
and people from non-dominant cultural background (Charles and Bradley 2009).
Understanding why STEM-interested students do not enter the engineering field and
why some groups struggle more than others during engineering education programs
is essential to promote more diversity in the profession.

The concept of ‘science capital’ is one element to understanding this problem (Louise
Archer et al. 2015; Moote et al. 2021). Children and adolescents who have access to
a strong science capital, through science support, knowledge, and attitudes, have a
higher chance of achieving a science degree (Louise Archer et al. 2012; Aschbacher,
Li, and Roth 2010). Science capital is often intertwined with other forms of capital,
such as social or cultural capital. As a result, it can perpetuate the reproduction of
privilege, or contribute to vulnerability (Moote et al. 2021).

This paper shifts the focus from science to engineering, by seeking an answer to the
following research questions: RQ1 ‘does the level of engineering capital varies
according to gender or migration background?’; RQ2a ‘does the level of engineering
capital influence aspiration and performance within the engineering field?’; And RQ2b
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‘does the relationship between engineering capital and engineering
aspiration/performance change according to gender or migration background?’.

2. THEORETICAL FRAMEWORK: THE CONCEPT OF ‘CAPITAL’

2.1. Cultural and Social Capital

Bourdieu expanded the theory on social reproduction beyond the economic factor by
including other forms of capital. He argued that social, cultural, and symbolic capital
were vital to the transfer of societal power from generation to generation (Bourdieu
1986). In this paper we will focus on the first two: (1) Cultural capital refers to subtle,
unwritten rules, values and knowledge structuring the social world. Access to cultural
capital comes from both material (e.g., books, music instruments) and immaterial
things (e.g., learning a new language, visiting a museum). (2) Social capital represents
the network that surrounds someone, such as family, teachers, or friendships
(Bourdieu 1986).

How capital is distributed and valued is determined within a certain social context,
which Bourdieu called field. It is the social space in which an individual acquires capital
and develops a habitus (Bourdieu 1986). The habitus can be seen as embodied capital
that is shaped by socialization and influenced by individual characteristics like gender
or ethnicity (Nash 1990).

A unique set of experiences shape how individuals interpret the world around them
and outlines what seems possible and/or desirable, guiding behaviour, actions, and
choices (Bourdieu 1986; Nash 1990), e.g., an educational trajectory. Bourdieu defines
educational success in relation to the cultural capital that was previously invested by
the family, i.e., social capital. Of course not only the level of capital is important, but
also the precise content. Educational systems are often based on the dominant culture
in society, which means that capital gained at home through conversations and
experiences is perpetuated in the classroom. Children who’s capital and habitus are
in line with the dominant culture in society will be viewed as smarter and more
accomplished by others, and will navigate and flourish more easily in that society.
While children who embodied a different habitus compared to the dominant culture will
have more trouble fitting in (Nash 1990; Bourdieu 1986; Martin, Simmons, and Yu
2013).

2.2. ScieNce Capital

By looking at science education with a Bordieusian lens, Archer et al. (2012) learned
how science-related capital, i.e., science capital, influences science aspiration,
participation and performance. Science capital represents the backpack that people
carry, filled with both social and cultural capital related to science (Louise Archer et al.
2015). Having access to parents’ knowledge, encouragement from teachers, and own
experiences with science can help to prevent struggling in school, and develop a
strong science identity, which will improve the ability to persist, even when struggling
(Gonsalves et al. 2021).

To measure science capital, Archer et al. (2015) focused on three theoretical aspects,
namely: habitus (their science attitudes), social capital (parents, teachers,
conversations, etc.), and cultural capital (media consumptions, science-related
activities, etc.).
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2.2.1. Engineering capital

While having an extensive impact on society, engineering is one of the most
homogenous fields across several countries (Charles and Bradley 2009). To improve
the engineering aspiration and/or persistence of a more diverse group, we need to
understand what influences engineering attitudes.

Research from Moote et al. (2020) showed that science capital was correlated with
engineering attitudes (0.423), however, not as much as with science attitudes (0.779).
To gain a better understanding of capital that is more focused on engineering, the
focus is shirted from science capital towards engineering capital, by altering the
questions about ‘science’ to ‘STEM’ or ‘engineering’, depending on the context.

2.3. The reproduction of social privilege

If having more science capital can make it easier to earn a degree in a science field,
it is prevalent that those who have less science capital, will have more difficulty to get
there. When looking at the often homogenous groups of STEM students being from a
middle or high class family, often white, and male (depending on the field), we can
wonder why this homogeneity prevails (Moote et al. 2021).

Students from a long-term educated family, especially in a science field, have more
chance to build science capital, and are therefore often overrepresented in science
education (Dorie et al. 2014). People with a migration background more often belong
to a shorter term educated families, resulting in lower level of science capital that is in
line with the dominant culture. Even when they have a lot of interest and talent for
science, they will be less likely to see themselves as a scientist, let alone choose or
persist in a scientific domain (DeWitt et al. 2011; Aschbacher, Li, and Roth 2010;
Gonsalves et al. 2021).

The same goes for women, who less frequently pursue a science degree compared
to men (Moote et al. 2021). In Western society, science is associated with cleverness
and masculinity (Louise Archer et al. 2020). From the age of 6, girls already perceive
their own intelligence lower than the intelligence of boys, leading them to pursue less
activities connected with cleverness (Bian, Leslie, and Cimpian 2017), science or
engineering being one of these. Not only do they underestimate their own intelligence,
the general bias of science and STEM being for boys, lead to more encouragement
for boys from their surroundings and results in less science capitals for girls. The girls
who do find their way to STEM often need a stronger conviction, or habitus, wanting
to study science and go against the grain of what society (unconsciously) expects from
them (Louise Archer et al. 2020; Aschbacher, Li, and Roth 2010).

When children or adolescents do not have access to science capital through their
parents or resources at home, school becomes an important source of science capital.
Educators in secondary school, but also at the university, can give guidance, support,
and encouragement when needed (Martin, Simmons, and Yu 2013). When it comes
to engineering, it is difficult to know what skills or preparations are needed for a degree
in engineering, especially when parents are not familiar with what engineering is, or
even with the university system. Educators play a crucial role in guiding students
towards their desired path (Dorie et al. 2014; Martin, Simmons, and Yu 2013).

3. METHODOLOGY

3.1. Participants

This study is based on two surveys. The first was conducted in October 2022 (N=343
after cleaning; 36 female; 20 with a migration background) among first-time
engineering technology students at KU Leuven, Belgium. First-time students are first-
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year students who enrol right after completing high school. The students who wanted
to participate had the opportunity to voluntarily fill in the survey during one of their
classes. Later in this paper we will refer to the results from the bachelor of engineering
technology with ‘ET’.

The second survey was conducted in March 2023 (N=443 after cleaning, 203 female;
58 with a migration background) with last-year pupils in science or math tracks, across
ten secondary education schools. The pupils voluntarily completed the survey during
class, or during a free moment, except for two schools where the pupils could conduct
the survey online at home. Later in this paper we will refer to the results from
secondary education with ‘SE’.

3.2. Analysis

After conducting a descriptive analysis of the data using boxplots or comparison of
means, a multiple regression analysis was performed. When comparing means, in the
form of a table or boxplot, the Wilcoxon test with Holm adjusted p-value was used to
identify significant differences. The aim of the regression analysis is to examine the
relationship between sex and migration background as independent variables,
engineering technology aspiration (SE) and performance (ET) as dependent variables,
and engineering capital as both dependent and independent variable. Section 3.3
explains how these variables are defined and measured. Additional independent
variables are added to the model as control variables depending on the target group,
namely: secondary education study field (SE), parents education level (SE & ET), and
language spoken at home (ET). However, we will not focus on the control variables in
this paper.

When talking about a determination coefficient, the given number will always represent

the adjusted R2. Due to lack of space, the full regression tables are not included in the
paper, but are available upon request.

3.3. Concepts:

3.3.1. Independent variables

The university database was used to enrich the ET dataset with demographical
variables. The same logic is applied to question the SE pupils about their
demographical background. A short explanation per variable is found below.

Gender/Sex: Measured by the sex on someone’s passport (ET) or their self-reported
sex (SE). This means that we do not have any data on someone’s gender identity,
although it must be noted that, in Belgium, it is possible to change the registered sex
from the age of 16.

The term ‘gender’ is used when referring to the literature and research questions, since
this is more commonly used.

Migration background (MB): Following university guidelines, respondents are
considered to have a migration background when they themselves, one of their
parents or at least two grandparents, are not born in with a Western-European
nationality?

Engineering capital: Question from Archer’s et al. (2015) scale to measure the
concept of science capital were translated to Dutch and altered to focus more on
STEM of engineering. The scale consists of preferences, practices, and social
connections, related to STEM or engineering. Every question was weighted according

2 List of Western-European nationalities used by the university: Belgian, British, Danish, German, Finnish, French,
Irish, Icelandic, Liechtenstein, Luxembourg, Dutch, Norwegian, Austrian, Swedish, and Swiss nationality
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to their theoretical significance (e.g., having a parent as an engineering has more
impact than having an aunt as an engineer) and given a score ranging from 1 to 5
(Moote et al. 2020). The total sum was rescaled to a scale of 0 to 60.

Control variables: Education level of the parents; form of education; field of study in
secondary education (only for SE); language spoken at home (only for TE).
3.3.2. Dependent variables

Engineering aspiration: Last year pupils were asked about their interest in studying
engineering technology on a 5-point Likert scale.

Engineering performance: The students Grade Point Average (GPA), measured in
percentages (0-100), is used to address the student’s performance. In this paper, the
GPA of January 2023 were analysed.

4. RESULTS: A LOOK INSIDE THE (FUTURE) ENGINEERING STUDENTS
BACKPACK

4.1. Distribution of engineering capital
4.1.1. Boxplots

Secondary education (SE)

The boxplots in figures 3 and 4 show the engineering capital in SE and gives an insight
in how engineering capital is distributed according to sex and MB. In figure 3 we see
that female pupils have a significantly lower engineering capital compared to male
pupils. The minimum and maximum for the female pupils is also lower than this of the
male pupils.

For MB, the median of the category non-MB is slightly lower than the category MB,
however, the Wilcox test does not show any significant differences.

Figure 3: Boxplot of engineering capital in Figure 4: Boxplot of engineering capital

secondary education according to sex secondary education according to migration
background

*** p<.001

Engineering Technology (ET)

The results of the ET students indicate that male students have a slightly higher
median and more variance in their group than female students. Students without a MB
also score higher compared to students with a MB. However, both comparisons are
not significant.
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Figure 5: Boxplot of engineering capital in Figure 6: Boxplot of engineering capital in
Engineering Technology according to sex Engineering  Technology according to
migration background

4.1.2. Linear regression analysis

Secondary education (SE)

The regression models show the impact of the demographic variables on the
engineering capital. The results indicate that female pupils have a significantly lower
level of engineering capital compared to male pupils by 3.01 points, or 2.92 when
controlling for the other variables. Pupils with a MB, however, did not show any
significant impact on the engineering capital compared to pupil without a MB.

It is important to note that when looking at the determination coefficient, the model
including sex and MB has an explanation value of 2.7%, which is mostly due to sex.
The model with all the control variable has an explanation value of 9.7%, hence, pupil’s
study field and the education level of their parents probably have a bigger influence
on their engineering capital.

Engineering Technology (ET)

When analysing results for ET, no significant effects are observed. Even when adding
all control variables, the determination coefficient (adj. R?=.009) shows that the
independent variables added to the models are not explaining the variance in the level
of engineering capital effectively.

4.2. Engineering aspirations in SE

4.2.1. Comparison of means

Since interest in ET is measured using one scale, we analyse mean scores instead of
a boxplot. Male pupils appear to have a significant higher interest in engineering
technology compared to female pupils. Pupils with a MB have a slightly higher interest
in engineering technology compared to pupils without a MB.

Table 1: Interest in engineering technology means, st.dev., and Wilcox test results

SE Mean - interest Engineering Technology Standard deviation
Sex | Female 1.86" 0.98

| Male 2.98** 1.29
Migration background ' NoMB 241 1.29

| MB 2.84% 1.25

p<0.05%; p<0.01**; p<0.001***

4.2.2. Linear regression analysis

The linear regression models show a significant effect for female pupils, where they
have a lower interest in engineering technology than male pupils. This effect is
weakened by adding engineering capital to the model (from B = -1.13; to B = -0.96).
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Engineering capital also has a significant effect on the interest in engineering
technology. For every point increase in the level of engineering capital, the interest in
engineering technology increases with 0.07. No significant result was observed for
students with a MB.

Interestingly, a significant interaction effect was observed between engineering capital
and sex (B =-0.03), meaning that their combined effects are greater than their sum of
parts. The main effect for sex did not remain significant after adding the interaction
effect, while the main effect for engineering capital did remain significant (8 = 0.07).
This indicates that sex moderates the relationship between engineering capital and
engineering aspiration.

The determination coefficient for the model looking at sex (adj. R* = 0.19) or
engineering capital (B = 0.18) have a variance explanation of almost 20%. The last
model where the control variables have been included has a variance explanation of
30%. When adding the interaction effect this is increased to 31%, indicating a slightly
larger proportion of the variance in engineering aspiration being explained.

4.3. Engineering performance in ET

4.3.1. Boxplots

For engineering performances, male and female students performed similarly, while
students without a MB score higher compared to students with a MB. However, there
are no significant differences.
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Figure 7: Boxplot of engineering performance Figure 8: Boxplot of engineering performance
in Engineering Technology according to sex in Engineering Technology according to MB

4.3.2. Linear regression analysis

The linear regression models of the GPA of engineering technology students do not
show any significant effects for sex or MB on their GPA. However, engineering capital
does have a significant effect. For every point increase in engineering capital, there is
an increase of 0.43 on the GPA. This effect stays similarly when controlling for the
other variables. Nevertheless, the variables added in the model seem inadequate to
predict engineering performance, since the variance explanation is only 1.9%.

5. DISCUSSION AND CONCLUSION

This paper sought to investigate the relationship between engineering capital and sex
or migration background, as well as between engineering capital and engineering
technology aspiration in secondary education (SE) or performance in engineering
technology (ET).

To answer the first research question ‘does the level of engineering capital varies
according to gender or migration background?’, it is important to make a distinction
between secondary education and higher education. While there were no significant
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results for ET students, results for pupils in SE showed a difference in engineering
capital based on sex, where female pupils had a lower engineering capital compared
to male pupils. However, the regression model showed that sex explained only 4,4%
of the variance in pupils engineering capital.

For the second research questions ‘does the level of engineering capital influence
aspiration and performance within the engineering field?’ And ‘does the relationship
between engineering capital and engineering aspiration/performance change
according to gender or migration background?’ we can conclude that engineering
capital does influence both engineering aspiration and performance, but that it is not
always moderated by sex or migration background. The level of engineering capital
has a significant positive effect on engineering performance, but this effect is not
moderated by sex or migration background. Engineering aspiration is also positively
and significantly influenced by engineering capital. However, an interaction effect
showed that this relationship is moderated by sex, where female pupils need more
engineering capital compared to male pupils to develop an interest in engineering
capital.

We can conclude that female pupils have a lower engineering capital compared to
male pupils and need more to gain engineering aspiration. This helps to explain that
only a small group of women chooses to study engineering technology. Possibly due
to the fact that only women with enough engineering capital choose to study
engineering technology (see RQ1), there are no differences in performance between
men and women once they enter the program. Unfortunately, we did not find enough
significant results for the pupils and students with a migration background to form any
conclusions.

Following the literature, a stronger connection between engineering capital and
engineering performance was expected. Literature shows that engineering, or
science, capital increases the chance of success in engineering education programs
(Zhang 2021; Moote et al. 2021), which was only slightly visible in this study. For
engineering aspiration, a clear connection with engineering capital was observed,
including a moderation of the respondents sex This is in line with the literature that
says that women need a stronger conviction to study engineering than men
(Aschbacher, Li, and Roth 2010; L. Archer et al. 2020).

These conclusions need to be considered with precaution, due to the small numbers
in our target groups. A difficulty that pops up when doing quantitative research on
underrepresented groups. It would be opportune to address this matter further in
qualitative research to get a better understanding of how engineering capital
influences students. This approach could also give room for a focus on intersectionality
between several characteristics, such as women with a migration background, for
which the groups were too small in this study.

When wanting to improve the diversity in engineering programs, it is important to also
focus on the pupils that were not blessed with a heavy backpack full of engineering
capital and to make sure to support them and stimulate their engineering capital once
they do find their way to the engineering program. Educators can take up the role of
improving science capital for a diverse group of students in the form of teaching,
museum visits, but also support and encouragement.
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ABSTRACT

This paper presents preliminary analyses to assess the content of student research
conducted through a digital construction course offered to engineers and built
environment professionals in Ireland since 2020. The course aims to upskill
employed, mature students with a one-year intensive study period in Building
Information Modelling (BIM/Digital Construction), and ultimately enable them to earn
an honors-level Bachelor of Science degree. Obtaining this degree requires the
student to produce a research dissertation, and the course helps students use
research and research-thinking to answer pressing questions they encounter in the
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Architecture, Engineering, and Construction (AEC) context. The paper briefly
discusses context of Technological University Dublin’s BIM courses, the rationale
behind offering these courses, and how they address the shortage of BIM knowledge
in Ireland. Work reported in this paper involved the collection of the full text of all BIM
BSc dissertations and preliminary, systematic content mapping—using titles and
keywords provided by the student authors—to identify themes across the body of 59
BIM BSc dissertations submitted to date. This foundation will support subsequent
work to assess the quality and usefulness of research from the BSc as well as MSc
BIM courses, and BIM research published by university staff.

1 INTRODUCTION

This paper provides preliminary analyses as a step toward assessing the value—to
industry and society—of student research conducted via a bachelor’s level digital
construction course offered in Ireland since 2020. The course at Technological
University Dublin (TU Dublin) provides employed, mature students with a one-year
intensive study period (60 ECTS over 12 months) that runs alongside and
interweaves with their daily work in Architecture, Engineering, and Construction
(AEC) and ultimately yields the student an honours-level Bachelor of Science (BSc)
degree (Level 8 on the Irish credentialing framework).

This BSc in Building Information Modelling (Digital Construction), aims to upskill
individuals and inject new knowledge and skills across the Irish construction sector,
enabling more effective practice regarding Building Information Modelling (BIM) and
BIM Management (BIMM). BIM and BIMM are tools for creating and managing digital
graphic representations and textural data regarding physical and functional
characteristics a building or assembly. They are vital for AEC practitioners to learn,
as they promote efficiency, reduce errors and inconsistencies, and drive innovation
in design, construction, operations and maintenance phases of a project, thus
contributing to a more sustainable and productive construction industry.

Obtaining a Level 8 degree in Ireland requires the student to produce a research
dissertation, and this BSc course helps students use research skills and research
thinking to answer pressing questions they encounter in the AEC context. Whereas
our previous paper [1] summarized existing research on BIM education as context to
situate this study in the literature, this paper provides a preliminary analytical
mapping of the topics explored via formal research methods by our BSc level
students over a three-year period.

The overall study of which this is part will help us assess quality and usefulness of
research emanating from the BSc BIM course, identify pertinent themes across the
set, and identify gaps or shortfalls in our coverage. This can help focus work more
productively in the future, as we compare students’ work with the prior studies of
what has been researched by academics in Ireland [2, 3]. The work will support a
larger effort to assess the degree to which BIM research produced at all levels in this
institution (by BSc, Master’s, and PhD students as well as academic staff) is helping

234



meet industry and societal needs, enhance the use of BIM in Ireland, and facilitate
change across Ireland’s AEC sector.

1.1 Prior work supporting this study

As noted above, this proposal builds upon preliminary work, published via the
American Society for Engineering Education, on “Infusing Research Know-How into
the Construction Sector: Pedagogies to Support Digital Construction in Ireland” [1]
which explained existing strategies for the implementation of BIM at national levels,
and pedagogies that can be used to support this shift toward digital construction. The
paper started by discussing BIM adoption globally, the increasing use of BIM in
Ireland, and the need for BIM education in Ireland. It then explained why research is
needed to move the adoption of BIM forward and discussed how student research
can support implementation of BIM in industry. It next described TU Dublin's
scaffolded approach for supporting student researchers, and proposed a general
plan to systematically map all BIM research produced at this institution.

1.2 Background on the university’s BIM courses

TU Dublin, one of the leading BIM education providers in Ireland, offers BIM courses
that teach students how, among other things, to conduct publishable research
studies to enhance the AEC sector in Ireland. The university has a Master of Science
(MSc) degree program in applied Building Information Modelling and Management
(aBIMM) in addition to the honors BSc in BIM/Digital Construction. The BSc and MSc
degree courses, housed within the School of Surveying and Construction Innovation,
use a scaffolded approach to support students in learning research skills.

Both courses require students to draw from and generate formal research. BSc
research at TU Dublin provides a synthesis of existing publications on a topic of
relevance in Ireland, resulting in a research paper to a “starter” conference paper
standard. In the three years under review, the students had an eight-week course on
basic research skills where they developed a plan for conducting their research
(generating a research question and aligning it with three objectives, supported with
specific methodologies) followed by one semester to conduct the study and write the
dissertation. Given this short period of time, students were advised against
conducting interviews or surveys but this was assessed on an individual basis.
Nevertheless, some of the work is seen as valuable to the wider industry and some
studies have been brought forward for presentation and publication at conference [4-
6]. Beyond the BSc, BIM research produced by TU Dublin students and teachers
includes conference papers, industry reports, and MSc and PhD thesis studies.

1.3 Rationale

TU Dublin’s BIM courses help address Ireland's recognized deficit in number of BIM-
knowledgeable construction professionals. The courses provide working practitioners
with experience using BIM in the context of discipline-specific modelling and
multidisciplinary coordination. BSc research projects encourage students to
implement a proposed solution to an industry-relevant context or within their
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organization. For the BSc, taught modules titled “Work Based Learning” and
“Research Skills” help students identify and define industry-related problems relevant
to their organizations that can be explored using formal research methods. Explicit
goals are that the research output be relevant to the student’s employment setting,
foster their career development, support their life-long learning and self-directed
enquiry, and bring new ways of distilling answers into practice, thereby infusing
industry with research know-how plus the BIM skills related to modelling,
collaboration, communication, project management, and reflective practice. By
equipping BIM students with research skills such as problem framing, literature
review, and synthesis, the courses aim to develop future leaders for the field of BIM.

Engaging in BIM-related research projects BIM can help students develop their
understandings of BIM technologies, standards, and processes as well as potential
advantages of the technologies, how to collaborate effectively across sub-disciplines
of AEC, and how to identify and address the challenges faced by industry
stakeholders in adopting BIM. Students who are working in the AEC industry while
they study can immediately share their new knowledge with colleagues as they apply
it in practice.

With the BIM BSc course, launched in February 2020, now firmly in place and
producing graduates, now is an optimal time to study and assess the quality and
usefulness of our BSc research outputs. Our initial exploration will lay groundwork for
subsequent, more extensive study of all BIM research generated at TU Dublin.

2 METHODOLOGY

This paper represents a second step in a larger study to systematically map and
rigorously analyze all BIM-related research documents produced at TU Dublin, the
first step being a review of pertinent literature [1]. The overall study uses practices
for systematic mapping identified by Booth and Grant [7] and, within engineering
education research, by Saunders-Smits and Cruz [8].

The methodologies employed to date have included narrative literature review [1],
collection of all BSc dissertations submitted for graduation, import of this BSc dataset
into NVivo, and preliminary analysis of the BSc titles and keywords. After importing
the files, we ran NVivo a query to determine word frequency across the keywords
and titles, including stemmed words. Then we tabulated the results of all terms
occurring five or more times. We critically analyzed the results, assessing each term
identified by NVivo and looking to see where there were overlaps based on the wider
content where the term appeared. This allowed us to group terms, and begin to see
themes and levels of concentration in coverage of various topics. For this paper we
assessed the titles and keywords of 58 dissertations (we note that one dissertation
was not formatted properly for inclusion in this analysis as it did not provide a title,
keywords, nor abstract).
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3 RESULTS

NVivo-indicated the most frequently used works were variants of BIM, a finding that
is unsurprising. Fifty-five of the students used Building Information or BIM in their title
or keywords. The other terms used with highest frequency were: construction (33
counts, used in the title and/or keywords of 17 students), implementing (17 used by
13), management (17 by 8), Ireland (16 by 14), lean (16 by 7), HBIM (14 by 7), and
design (13 by 10). Figure 1 provides a cloud of word frequencies.

Fig. 1. Word cloud of most frequent words, considering titles and keywords only

Drilling down and assessing how each of the terms was used in context allowed us
to identify themes, or areas of concentration in the work, as shown in Table 1, which
highlights meaningful concentrations of topics. We see that 20 of the students had a
major focus on national-level issues—frequently applying research on other
countries to the Irish context. Many dissertations focused on implementing or
adopting new processes or workflows in construction, and using new tools and
software, particularly in architecture and design. Students showed concern for
improving industry, especially practices in small and medium sized enterprises
(SMEs), implementing lean and efficient practices, and using BIM in facilities
management, heritage conservation, modular prefabrication, energy retrofits, and
data centers (as Ireland has a high concentration and growing number of such
centers). Other commonly investigated topics involved the public, digital engineering,
integration, benefits and barriers, automation, collaboration, technologies, structural
design, and cost.

Table 1 shows the terms in descending order based on the total number of students
using the term in the title or abstract.
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Table 1. Most frequent BSc dissertation topics

term # students|occurrences
BIM or Building Information 55 228
Ireland or Irish 20 23
Construction 17 33
Implement* or adopt* 17 26
Process* or workflow* 17 20
(BIM) Tools, software, or Revit 15 23
Architectur* or design 11 20
Sector or industry 10 12
SMEs or enterpri* 9 6
Lean or efficient 8 18
Facilities [or] management 8 15
HBIM, heritage, historic, or
conservation ! 35
Prefabrication or modular 5 13
Energy or retrofit* 5 13
Visual programming 4 15
Data cent* 6 13
Public 6 9
Digital 6 8
Engineering 5 6
Integrate* 5 5
Benefits 4 7
Barriers 4 7
Automate 4 9]
Collabor* 4 5
Technolog* 4 5
Structural 3 9
Cost 2 5
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* connotates allowance for various endings.

Boldface indicates items grouped together based on qualitative
analysis of the context in which terms were used.

4 CONCLUSIONS

We believe that research and reflective practice are essential for the evolution of the
digital construction field and that research generated by students and academics at
our university is enhancing the knowledge base in Ireland. We further believe that
learning to conduct research helps make students more effective practitioners they
grow in skill and confidence and start to visualize themselves as leaders. They
contribute in new ways to their companies and to improving the practice of
construction in Ireland. The analyses presented in this paper constitute one step
toward helping us verify the value and research of the BSc course, and confirm the
success of teaching BIM BSc students how to conduct research.

Work conducted to date provides a straightforward mapping of the terrain. Later
steps will include analysis of the abstracts produced, objectives stated, and
methodologies utilized by students, to include MSc in addition to BSc thesis work.
Most prior BSc studies have synthesized existing literature to generate new
knowledge—for the student and for society at large—by integrating across sources,
and also comparing and contrasting existing cases. Many of the students have
generated new models, workflows, frameworks, or processes as a result of
comparative study. Others have chosen to apply synthesized literature to a new
case; and a number of students have employed action research methodologies.
Overall, literature review, case study, and action research have been the primary
methodologies used.

Of the 59 BSc dissertation studies completed since the 2020 course launch, three
have been further developed, presented at conferences, and published in
proceedings [4-6]. One generated a new framework to achieve energy-efficient
design [4], one optimized a workflow to facilitate structural design [5], and one made
recommendations to enhance Ireland’s estates management within the health care
sector.

The reported analysis of BSc work will inform our subsequent, larger study—a
systematic review of all BIM research originating from TU Dublin which will assess
coverage of topics, identify gaps, and evaluate the quality and usefulness of the
accumulated work. This particular mapping of BSc documents has enhanced the
research team’s skill in applying systematic review methodologies to help us achieve
higher aims in the future. We will subsequently critique the quality and depth of
research produced across this institution, summarize key findings, and generate
recommendations for BIM research and BIM industry in Ireland.
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ABSTRACT

This paper presents a study aiming at characterising engineering freshmen’s
performance in modelling tasks, as well as the strategies they adopt to execute them,
before and after taking a 3-D modelling course. 97 freshmen in a French engineering
school were asked to produce 3-D models of a part, using three views and the product
development platform Onshape. The accuracy of their models was assessed using
geometrical, dimensional and functional criteria. The students’ performance was also
investigated with regards to their modelling strategies. We characterised more
specifically the strategies they adopted to constrain the overall length of the part, and
pierce the central key groove. We complemented this experiment with spatial
visualisation and spatial orientation tests, to explore the potential relation between
modelling performance and spatial ability. We identified two strategies for piercing the
key groove and three for defining the total length of the part. We observed that the
latter was linked to the students’ spatial ability, unlike the key groove piercing strategy.
We observed a significant increase in the number of students who adopted an efficient
strategy to define the length of the part after the 3-D modelling course. This increase
seems to indicate that more students were able to take into account visual information
regarding size. We nevertheless observed a lack of progression in the ability to
dimension this element accurately. This confirms the unchanging need for teaching
students, as well as pupils, how to read and interpret 2-D information.
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1 INTRODUCTION

Product design aims at manufacturing great volumes of goods, in short lead time, at
low costs (Geronimi et al. 2005, 118). Nowadays, designers use Computer Aided
Design (CAD) tools to produce dynamic trustworthy complex representations of
objects, making “manufacturing more time and cost-efficient” (Brown 2009, 54). This
professional practice has greatly impacted the curricula of the schools where
mechanical design is taught: descriptive geometry and engineering graphics have
been replaced by 3-D modelling courses (Ault and John 2010, 13). In 2016, the French
government decided to investigate the impact of the increasing role played by digital
tools on learning, by sponsoring research programmes addressing this issue’.
EXAPP_3D, an e-FRAN project, aimed at better understanding how multi-purpose 3-
D modelling software was used by learners at different levels of schooling. This project
provided the opportunity to investigate spatial ability and its possible inferences as a
necessary ability in French engineering education. More specifically, this work aims at
studying how engineering freshmen’s modelling performance and strategies evolved
following an introductory 3-D modelling course. A secondary objective is to explore
whether the initial performance is linked to spatial scores.

2 RESEARCH CONTEXT
2.1 Teaching 3-D modelling

3-D modelling courses have a twofold aim: they must teach students how to use 3-D
modellers, as well as how to best use them (Rynne and Gaughran 2007, 59): students
need to learn not only how modellers work and the functions they offer, but also
efficient strategies that enable them to make the most of parametric modelling
(Chester 2007, 23; Rynne and Gaughran 2007, 57). Commands are specific to a
modeller, whereas strategies can be used in any modeller (Hamade, Artail, and Jaber
2005, 306). Unlike learning software commands, learning efficient strategies is difficult
as there are several ways of designing an object (Bertoline et al. 2009, 416). The
difficulty lies in developing strategies which are time-efficient and limit the number of
mistakes (Bhavnani, Reif, and John 2001, 230).

Creating an object in a 3-D modeller follows a procedure, which can be observed in
professional practice (Hartman 2005, 11) and in modelling courses (Bertoline,
Hartman, and Adamo-Villani 2009, 640):

e Choice of a sketch plane in a 3-D space,

e Sketching of a 2-D profile on the chosen plane,

e Dimensioning and constraint of the sketched profile,

e Application of a feature to the 2-D profile, or part of it.

The effective use of CAD tools therefore requires strategic knowledge (Bhavnani, Reif,
and John 2001, 229), mathematical and computing knowledge (Ye et al. 2004, 1454),
the ability to break down a solid into elementary geometrical parts (Rynne and
Gaughran 2007, 55), and that to understand numerical representations relating to size,
shape and orientation (Bertoline et al. 2009, 6).

2 Espace de formation, de recherche et d’animation numérique (e-FRAN) projects are supported by the
Ministére de 'enseignement supérieur, de la recherche et de I'innovation.
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Modelling performance can be measured by assessing the accuracy of the models,
and the strategies used (Chester 2007, 30; Steinhauer 2012, 47): these can be
observed for example in the feature tree, which shows the final order of the sketches
and the features used to produce the model.

2.2 Spatial ability

The ability to understand, recognise, and manipulate 2-D and 3-D representations has
been named spatial ability (Linn and Petersen 1985, 1482; Lohman 1993, 3). It is often
subdivided into several factors; the most quoted factors are spatial visualisation and
spatial orientation (McGee 1979, 889; Hegarty and Waller 2004, 175). Tartre (1984)
bases her classification on this distinction, which separates skills requiring the mental
manipulation of shapes, from those involving the perspective of the viewer (6). She
subdivides the two factors depending on the portion of the shape is involved: regarding
spatial visualisation, she refers to Kersh and Cook’s distinction (1979, in Tartre 1984,
8) between mental rotation, where the whole shape is manipulated, and mental
transformation, which involves part of an object. Similarly, spatial orientation can be
divided into the reorganised whole category, which concerns the “organization and
comprehension of an entire pictorial representation or a perceptual change from one
representation to another” (Tartre 1984, 16). On the other hand, the part of field
category describes “the relationship of part of a representation to the whole field, either
presented visually or imagined” (20). Tartre’s classification is illustrated in Figure 1.

Spatial skills
I 1
Spatial Spatial
visualisation orientation
Mental Mental Reorganised Part of the
rotation transformation whole field

Fig. 1. Adapted from Tartre’s spatial skills classification scheme (1984, 27)

These skills are often assessed through psychometric pen-and-paper tests (Eliot and
Macfarlane Smith 1983). We will present here five tests, which aim at measuring one
of the components of Tartre’s classification.

The Mental Rotation Test (MRT) (Vandenberg and Kuse 1978) and the Revised
Purdue Spatial Visualization Tests: Visualization of Rotations (R PSVT:R) (Yoon
2011) aim at measuring mental rotation. The Special Aptitude test in Spatial Relations,
better known as the Mental Cutting Test (MCT) (College Entrance Examination Board
1939), seeks to evaluate mental transformation. These three tests involve mental
manipulation of 3-D objects.

The Purdue Spatial Visualization Test: Visualization of Views (PSVT:V) (Guay 1976)
aims at measuring the change of perspective. The Closure Flexibility Test (Concealed
figures) Form A (CFT) (Thurstone and Jeffrey 1956) solicits the ability to isolate a
shape embedded in a larger figure. These two tests come under spatial orientation,
as they ask respondents to recognise and understand shapes.
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Performance at spatial tests has been linked to academic success in Science,
Technology, Engineering and Mathematics (STEM) (Wai, Lubinski, and Benbow 2009,
827): these disciplines require students to visualise, manipulate and understand 2-D
and 3-D shapes. More specifically, several studies have demonstrated a relationship
between spatial performance and 3-D modelling (Steinhauer 2012, 47; Branoff and
Dobelis 2012, 40).

2.3 Research question

3-D modelling courses hold a two-fold objective: teaching students how to use 3-D
modellers, and how to use them efficiently. The objective of this study is to characterise
engineering freshmen’s performance in modelling tasks, as well as the strategies they
adopt, before and after taking a 3-D modelling course. As spatial ability has been
described as a predictor of success in 3-D modelling, a secondary goal is to explore
the potential relation between students’ spatial ability and their modelling performance,
before they undertake a modelling course.

3 METHODOLOGY
3.1 Participants

The experiments were scheduled at the beginning of the year, and at the end of the
first term of the first-year course. The participation of the students varied according to
the assessment. In this paper, we will describe the performance and strategies of the
students who took part in all the experiments.

Our sample consisted of 97 freshmen in a French engineering school, aged between
18 and 21, mean 19.9. There were NF = 20 [20.6%] women and NH =77 [79,4%] men.

French engineering students join a school after taking competitive entry exams
following two-year intensive preparatory courses, the first two years of a university
degree, or obtaining a two-year vocational qualification. 54 [55.7%] students had been
exposed to technological content prior to joining the school, whereas 43 [44.3%] came
from courses deprived of technological content. 86 [88.7%] students had some
experience with 3-D modellers, when 11 [11.3%] had none.

3.2 Instruments and procedure

3.2.1 Modelling experiment

In September 2019, the students were asked to produce 3-D models of a part, using
three views, one of which included dimensions, as illustrated in Figure 2, and the online
product development platform Onshape (Hirschtick et al. 2014). We decided not to
use technical drawings, as some of the students lacked a technical background and
might find the drawings difficult to interpret. The students were first asked to follow a
tutorial to learn how to use the software. They completed the same modelling task in
December 2019, that is to say at the end of the first term, during which they received
a 10-hour 3-D modelling course using the CATIA software (Dassault Systémes 2012).
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Fig. 2. Modelling assessment

Technical drawings were generated to assess the students’ models, using
geometrical, dimensional and functional criteria, the details of which are illustrated in
Figure 3. We allocated a further point for the trimming of excessive elements. The total
score was 35.

Fig. 3. Modelling assessment criteria

The students’ performance was also investigated with regards to their modelling
strategies. We observed 3 different procedures for constraining the total length of the
part:
e Strategy 1: defining it as a combination of different elements, as illustrated in
Figure 4;
e Strategy 2: defining it as a unique dimension, as illustrated in Figure 5;
e Strategy 3: not allocating it a dimension.

Fig. 4. Length defined as a combination Fig. 5. Length defined as one dimension

We finally consulted the feature tree to observe the sequence of sketches and
extrusions, to determine the strategy the students adopted to pierce the central key
groove. Two behaviours were identified: some students pierced it in one or several
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extrusions without filling it, while others did it in several extrusions, some of which led
to the obstruction of the key groove. The latter group pierced the central key groove,
filled it with a further extrusion and pierced it a second time. This strategy is illustrated
in Figures 6 and 7.

Fig. 6. Piercing of the central key groove Fig. 7. Obstruction of the central key groove
Spatial tests

In September and December 2019, 97 freshmen took a battery of five spatial tests
under the following testing times:

e PSVT:V: 20 minutes, according to the description in Eliot and Macfarlane Smith
(1983).

e MRT: 3 minutes to complete each part. They were separated by a 3-minute
break. Such timing was deemed appropriate for our sample by one of the
authors (Allan R Kuse, e-mail to author, June 25, 2018).

e MCT: 20 minutes, as prescribed in the instructions.

e R PSVT:R: one hour for timetabling reasons. This aligned with the author’s
indication that most students complete the test in 30 minutes (So Yoon Yoon,
e-mail to author, May 16, 2018).

e CFT: 10 minutes, according to the instructions (Thurstone and Jeffrey 1965).

The instructions of the tests were translated in French, except for the MRT whose
French version was available (Albaret and Aubert 1996), so that English ability would
not affect student performance. We used the pen-and-paper versions of the tests. The
students answered directly on separate answer sheets for the PSVT:V, the MCT and
the R PSVT:R, but answered on the question papers and reported their answers on
the answer sheets after the test, for the MRT and the CFT. The students were
instructed to not guess the answers. The scores were calculated according to the
instructions.

3.2.2 Data analysis

We first checked the normality of the distribution of the scores for the spatial tests and
the modelling assessments by using the Shapiro-Wilk test (Shapiro and Wilk 1965) in
SPSS (IBM Corp. 2021). Only the CFT scores followed a normal distribution. We
consequently opted for parametric tests for the CFT and non-parametric tests for the
other assessments:

e Spearman correlations were calculated to explore the link between modelling
performance and spatial scores. They were completed with the study of scatter
charts to check the validity of the correlations (Kinnear and Gray 2015, 290).

e The sign test was used to compare the evolution of the modelling scores and
strategies, as it is deemed more robust than the Wilcoxon signed-rank test
(Kinnear and Gray 2015, 174).

e The Kruskall-Wallis test (Kruskal and Wallis 1952) was used to compare the
performance of groups of students according to their modelling strategies, for
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the PSVT:V, the R PSVT:R, the MRT, and the MCT. One-way ANOVAs were
performed to compare CFT scores between groups of students according to
their modelling strategies. When a significant result was observed, box plots
were generated to interpret the result.

4 RESULTS

We will first present the results for the initial performance, followed by those regarding
the performance measured at the end of the first term, and finally the results
concerning the evolution, or lack of, in performance and strategies between the two
sets of experiments.

4.1 Initial modelling performance and strategies

4.1.1 Accuracy of the model

As mentioned in paragraph 2.2.2, most students obtained high and very high modelling
scores when they first joined the school. The descriptive statistics are available in
Table 1. This can be partly explained by the fact that most students had some prior
experience with 3-D modellers.

Table 1. Descriptive statistics for the modelling assessments

Testing date Mean Median Star.1d’?1rd Minimum Maximum
deviation

September [31.16 33.00 4.64 12 35

December 32.85 34 3.12 13 35

4.1.2 Dimensioning of the length of the part strategy

A majority of the students (n = 70; 72.2%) split the total length into several dimensions,
some of them (n = 15; 15.5%) did it by dimensioning the length between the two ends
of the part, while other students (n = 12; 12.4%) did not dimension enough elements
to constitute the total length of the part. Furthermore, 51 [52.6%] students defined the
total length of the part successfully, when 46 [47.4%] students did not. These results
seem to indicate that a minority of the students did not fully exploit the information in
the view with the dimensions. They also show that about half the students failed to
determine the length successfully, whether they did not enter enough dimensions to
define it, made a mistake in calculating it, or entered the wrong overall dimension. This
suggests a lack of understanding and/or interpretation of the information given in the
view with the dimensions.

4.1.3 Piercing of the central key groove strategy

A majority of the students (n = 88; 90.7%) pierced the central key groove without
refilling it, whereas a small number did (n = 9; 9.3%). This indicates that the latter
group failed at analysing the volumes which compose the part, and consequently at
efficiently planning their modelling activity.
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4.1.4 Relationship between the students’ spatial ability and their modelling performance

Except for the CFT scores, our sample’s spatial performance was fairly high. The
details can be found in Table 2. This result can be explained by the fact that French
engineering school students are recruited through highly selective processes and that
they join the school after two-year courses with mathematics, physics, chemistry
and/or technological courses (Charles et al. 2019, 240). The difference in the CFT
scores may be due to skills developed outside of formal education.

Table 2. Descriptive statistics for the spatial tests

Highest Standard
Spatial test| possible Mean Median . Minimum | Maximum
deviation
score
PSVT:V 30 25.48 27.00 4.98 5 30
R PSVT:R 30 25.75 26.00 3.71 11 30
MRT 20 13.34 14.00 4.03 0 20
MCT 25 16.93 18.00 4.83 5 25
CFT 196 99.86 100.00 26.53 22 160

In Table 3, we observe significant positive relationships between modelling and spatial
scores, except for the MRT.

Table 3. Spearman correlation for spatial scores in function of modelling scores

Dependant variable | Independent variable s p
PSVT:V 0.34 0.001**
R PSVT:R 0.31 0.002**
Modelling scores MRT 0.16 NS
MCT 0.31 0.002**
CFT 0.24 0.017*

Note. rs= Spearman’s coefficient; p = p value.

On the scatter charts in Figures 8-11 , we observe that modelling scores starting from
25, that is about 95% of our sample, are more or less gathered around the correlation
axis. This explains that the correlation coefficients are weak despite the significant
result.
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Fig. 8. Scatter chart of the modelling and  Fig. 9. Scatter chart of the modelling and the
the PSVT:V scores R PSVT:R scores

Fig. 10. Scatter chart of the modelling and Fig. 11. Scatter chart of the modelling and
the MCT scores the CFT scores

4.1.5 Relationship between the students’ spatial ability and modelling strategies

The Kruskall-Wallis test reports a significant relationship between the performance at
the PSV:T (p < 0.01), the RPSVT:R (p <0.05), the MCT (p < 0.01), and the choice of
strategy for defining the overall length of the part. On the other hand, a nonsignificant
result is obtained for the MRT. The results are described in Table 4.

Table 4. Relationship between the length-definition strategy and the PSV:T, the RPSVT:R,

the MRT and the MCT
Spatial test v(2) p
PSVT:V 10.19 0.006™*
R PSVT:R 7.32 0.026*
MRT 3.43 NS
MCT 12.487 0.002**

Note. y* = test statistic; () = degree of freedom; p = p value.

The one-way ANOVA comparing the CFT scores and the length-definition strategy
indicates a significant result: F(2,94) = 6.24; p = 0.003. The box plots in Figures 12-15
show that the students who used Strategy 1 and 2, i.e. by constraining the length in
one or several dimensions, obtained the best scores at the PSV:T, the R PSVT'R, the
MCT and the CFT.
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Fig. 12. Box plot of the PSVT:V scores Fig. 13. Box plot of the R PSVT:R scores

according to the L strategy according to the L strategy
Fig. 14. Box plot of the MCT scores Fig. 15. Box plot of the CFT scores
according to the L strategy according to the L strategy

The Kruskall-Wallis test does not produce a significant result regarding the relationship
between the performance at the PSV:T, the R PSVT:R, the MRT and the MCT and the
key groove piercing strategy. We obtain a similar result with the one-way ANOVA for
the CFT. These results suggest that spatial ability is not involved in the capacity to
select the correct surface when extruding.

4.2 Evolution after the CAD course

4.2.1 Accuracy of the model

The sign test indicates a very significant result (p < 0.01) in the evolution of the
modelling scores. The boxplots in Figure 16 show that the students’ performance
increased, and that the distribution of scores narrowed at the end of the term.
Nevertheless, a few students progressed but underperformed at both assessments.

Fig. 16. Distribution of modelling scores before and after the modelling course

We calculated the amount of progression which can be attributed to the practice effect,
that is “any change or improvement that results from practice or repetition of task items
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or activities” (American Psychological Association n.d.), as we used the same
modelling task for both experiments. The increase in performance described in Table
5 (0,50) is greater than the practice effect, which accounts for 0.2c improvement for
identical tests, taken at an interval greater than three months (Hopkins 1998, 140).
This suggests that part of the progression is due to the teachings the students
received.

Table 5. Assessment of the practice effect

Mean gain Standard deviation Mean gain / Standard deviation
1.7 3.4 0.5

Unlike this overall progression, the number of students who defined the total length of
the part did not evolve significantly: 53 [54.6%] students defined the total length of the
part successfully, when 44 [45.4%] students did not. This suggests the CAD course
helped the students model more accurately in general, but did not have an impact on
the students’ ability to either define, or calculate the total length of the part accurately.

4.2.2 Dimensioning of the length of the part strategy

The sign test to compare the number of students according to their length-defining
strategy indicates a significant result (p = 0.015): the bar charts illustrated in Figures
17 and 18 show that more students used the combination strategy (Bar 1 in both
illustrations) at the end of the term, that is to say they dimensioned several
components of the overall length after calculating them; whereas fewer students failed
to dimension the length of the part (Bar 3 in both illustrations).

Fig. 17. Distribution of the length-defining  Fig. 18 Distribution of the length strategies-
strategies before the modelling course defining after the modelling course

4.2.3 Piercing of the central key groove strategy

The sign test to compare the number of students according to their key groove piercing
strategy indicates a nonsignificant result, although fewer students (n = 3; 3.1%)
obstructed the central key groove at one point of their modelling activity in December.
This result may be due to the very low number of students (n = 9; 9.3%) who had this
problem in the first experiment.

4.3 Limitations

The results presented here are limited by the methodology we adopted:

e As participation in the experiments was voluntary, it is possible that the students
in our sample are characterised by a certain motivational profile and/or a certain
aptitude for 3-D modelling. This was controlled with a Mann-Whitney U test to
compare the performance of the students on the CAD course assessment
according to their participation in the experiments. It showed a nonsignificant
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difference in performance between the students who took part (n = 123; 91%),
and those who did not (n = 12; 9%).

e The order of the tests in our spatial battery may have affected the performance
of the tests placed after the first test: the students may have acquired
knowledge in the first test(s), which may have benefited their performance in
the later tests (Kinnear and Gray 2015, 241). A random order of the tests would
help to counterbalance this effect.

5 SUMMARY AND ACKNOWLEDGMENTS

This paper aimed at characterising engineering freshmen’s performance in modelling
tasks, as well as the strategies they adopt, before and after taking a 3-D modelling
course. Our sample’s initial modelling performance, which was fairly high, is
significantly correlated to their spatial ability at four of the tests in our battery, although
the coefficient is quite low. Furthermore, we observe a significant result for the link
between spatial performance at four of the tests in our battery and the strategy for
defining the total length of the part, that is not reflected in the relationship with the key
groove piercing strategy. These results seem to indicate that spatial skills are more
involved in the identification and comprehension of basic geometric information such
as numerical representations relating to size, shape and orientation (Bertoline et al.
2009, 6), than the breaking down of a solid into elementary geometrical parts (Rynne
and Gaughran 2007, 55). Our results also demonstrate the relevance of using spatial
orientation tests to explore the relationship between spatial ability and 3-D modelling,
when most studies tend to use spatial visualisation tests (Steinhauer 2012; Branoff
and Dobelis 2012). In this study, both our spatial orientation tests were linked to
modelling performance and strategy, unlike the MRT, a visualisation spatial test. The
CFT especially has been relevant in identifying links between spatial ability and 3-D
modelling performance and strategies in some of our other experiments (Charles
2023).

Our study shows a positive impact of the CAD course on the students’ overall
modelling performance and strategy, as more students adopt a length-defining
strategy at the end of the term. These findings tend to confirm the transferability of 3-
D modelling skills form one modeller to another (Hamade, Artail, and Jaber 2005, 306):
3-D modelling strategies acquired in the CAD course using CATIA were observed in
the experiment using Onshape. However, we can notice that this change of strategy
is not more efficient in producing the accurate dimension. This suggests that more
work needs to be done on basic 2-D geometry relating to size and understanding of
2-D representations of 3-D objects at the engineering education level. This also
confirms previous studies which have argued for more geometry to be taught in earlier
education (Duroisin 2015; Maier 1996), so that students come fully equipped when
they enter engineering education.
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However, while academic well-being has been regarded as an important indicator of
student persistence in their current study and learning outcomes, limited studies have
explored engineering students’ academic well-being and other supportive factors in
engineering education. While several studies have examined how well-being is
constituted and how it can be measured from medical, mental health, and eudaimonic
philosophical perspectives, understanding engineering student academic well-being
from social-cognitive and sociocultural aspects is also important. This is because well-
being is not only influenced by personal feelings and perceptions, but also dynamically
framed by interpersonal relations, as well as contextual and institutional conditions. To
increase retention and help engineering students to become agentic professionals, it
is desirable to help them to become proactive and purposeful learners in their studies.

Thus, aimed at filling in this literature gap, this study will adopt the Q methodology to
explore how engineering students perceive the sources contributing to their academic
well-being in a Danish university. Suggestions will be proposed to optimize future
curriculum design to support student academic well-being.
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1 INTRODUCTION

In a post-pandemic learning era, students’ academic well-being in higher education
has gained attention due to its significant influence on students’ persistence in their
majors, learning experience, academic performance, and competence development
(Huaman and Berona 2021; Korhonen et al. 2014). Academic well-being refers to
students’ views and behaviors contributing to doing well in an educational context and
their academic life satisfaction (Donohue and Bornman 2021; Shek and Chai 2020).
Understanding students’ academic well-being and related impact factors enables
educators to help students have better learning experiences and become agentic
professionals by optimizing the current learning environment. In engineering
education, a rich body of literature has conceptualized and measured students’ well-
being from diverse perspectives ranging from philosophy and psychology to medicine
and mental health (Castro-Sitiriche et al. 2012; Danowitz and Beddoes 2020; Telang
et al. 2021). Such efforts provide insights into complex components of students’
academic well-being, nevertheless, it remains unclear how the learning environments
foster and support students’ academic well-being by providing various sources for their
learning. Thus, this study explored how engineering students perceive the supportive
sources of their academic well-being, particularly, in PBL contexts. Methodologically,
the study contributes to the current literature by adopting Q methodology to provide
insights into students’ subjectivity related to the attainment and improvement of their
academic well-being. The research question in this study is:

What are the contributing factors to engineering students’ academic well-being from
engineering students’ perspectives?

2 RESEARCH CONTEXT

This research project is carried out at a leading Danish University that adopts a
systemic PBL curriculum design for both undergraduate and graduate engineering
programmes. In each semester, students are expected to gain 15 European Credit
Transfer System (ECTS) credits from courses and projects separately. In this systemic
PBL practice, students become the center of learning by identifying, analyzing, and
solving real-life problems in teamwork, while educators take the role of supervisors to
facilitate students’ learning process. Within this context, students’ engagement in the
learning environment, with multiple human and non-human resources has a significant
influence on their learning outcomes, competence development, learning experience,
as well as academic well-being. While the academic benefits of a systemic PBL
curriculum design on students’ learning experience and competence development
have been reported (Kolmos et al. 2021), more attention is needed to explore in which
ways students’ academic well-being could be supported in this specific learning
context. Thus, as a part of a research project on academic well-being, this paper
presented a pilot study using a 31-item Q-sort to explore students’ perspectives of
sources fostering their academic well-being. This study has received ethical approval
from the university.

3 METHODOLOGY

Q methodology is primarily concerned with exploring subjectivity by providing a holistic
understanding of participants’ internal viewpoints (Ellingsena et al. 2010). It has been
identified as a “quali-quantological” method because it enables researchers to gain
qualitative findings through applying statistical analysis methods (Parker and Alford
2010). Prior studies identified five steps in conducting Q methodology (Ellingsena et
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al. 2010; Brown 1980), which are 1) identifying the concourse; 2) developing a Q set
with representative statements; 3) specifying the respondents (P-set); 4) implementing
Q sorting and post-sorting activities; and 5) conducting factor analysis and
interpretation.

3.1 Concourse and Q Set Development

In this study, the Q concourse, which refers to a collection of all conceivable
statements related to a specific topic (Brown 1980), was developed using a theoretical
framework of sources fostering students’ academic well-being. Based on a literature
review on academic well-being in higher education and validated by the authors’ prior
study (Chen et al. 2023), this proposed framework contains two domains, including
internal sources and external sources. Specifically, internal sources refer to students’
personal values and attitudes, such as intrinsic motivation, autonomy, intention, and
self-efficacy, that support their academic well-being throughout the study process
(Lewis et al. 2009; Stanton et al. 2016; Schmidt and Hansson 2018). External sources
focus on the supporting factors from the learning environment that foster students’
academic well-being, including interactions with peers, interactions with professionals,
support from family and friends, and available resources from the learning
environment (Larcus et al. 2016; Trolian et al. 2022; Yukhymenko-Lescroart et al.,
2015).

Table 1. Q set of sources for engineering students’ academic well-being

Domains Themes Statements

- Enjoying what | study

- Feeling motivated in my study

- Aspiring for a good career through my academic work

- Choosing my study program following my interest
Personal values| - Taking responsibility for my own learning process

- Developing professional competencies through my study
- Working with people from diverse backgrounds

- Feeling financially secured for my study

Internal - Having a balance between study and my personal life

sources - Monitoring my academic growth to reach my goals
- Being able to solve academic problems
- Having clear goals for my academic success
- Managing my time well
Agentic actions| - Making decisions based on what | think is important
- Challenging myself to reach my full (academic) potential
- Being able to accomplish academic tasks well
- Being able to manage stress related to academic work (e.g., stay calm
[during exams, work towards deadlines, etc.)

- Communicating with my peers efficiently
- Expressing my opinions comfortably in group discussions
- Developing teamwork strategies together with my peers

Interactions ; ;
iaT h - Reflecting with my peers on our progress toward common goals
within learning - P
environments | - Makmg cc:-_ntnbuhons to thg team
- Experiencing mutual trust in my study context
- Feeling comfortable in the physical study environment
External - Feeling my performance is fairly assessed in my study context
sources - Sharing my academic experience with my family

- Communicating efficiently with my instructors/supervisors
- Sharing my academic experience with my friends outside my study
External - Communicating with professional communities (e.g., industry,
support lcompanies, associations)

- Having access to needed resources (literature, databases, software,
library services, etc.) in my study

- Having access to student support/consulting services at the university

With the guide of this theoretical framework, a 37-item survey was designed and
validated in the authors’ prior empirical study (Chen et al. 2023). An initial concourse
was further revised and condensed by the research team and later reviewed through
two rounds of expert review and one round of student review and pilot, in which
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process six statements were deleted because of overlap or irrelevance. The final Q
set for this study contained 31 statements, shown in Table 1.

3.2 Data Collection and Analysis

With a Q set extracted from the concourse, this study identified engineering students
as the respondents (P-set) (McKeown and Thomas, 2013). Participants were recruited
from a mechanical bachelor program with students in their fourth-semester study.
Among 43 students, 13 students volunteered to participate in this Q study and
provided effective responses, including one female, ten males, and two students who
preferred not to specify their genders. This is an acceptable number to provide various
perspectives in Q methodology.

With the Q set of various sources printed on individual cards, a paper-based version
of the Q sorting activity was completed by the participants. They responded to the
following condition of instruction: “Based on your experience, what aspects/factors
contribute to your academic well-being”, and then ranked the statements from “most
relevant” (+4) to “least relevant” (-4).

After the Q sorting, participants were invited to answer several post-sorting questions,
including their background information (e.g. gender, semester, nationality, and
discipline), and the reasons for their choice of the two most/least ranked items.

Table 2. Results of the factor analysis

Part. No. | FactorGroup | Factor 1 | Factor 2 | Factor 3
Factor One
10 F1-1 0,6983 0,0292 0,1947
9 F1-2 0,6415 0,4285 0,1256
3 F1-3 0,6225 0,1433 0,4468
13 F1-4 0,6102 0,1421 -0,1102
4 F1-5 0,5813 0,3937 —-0,3991
12 F1-6 0,5186 0,3347 0,2150
5 F1-7 0,5170 0,1065 0,3119
Factor Two
6 F2-1 0,1502 0,9053 0,2550
11 F2-2 0,1321 0,8092 0,3110
Factor Three
8 F3-1 0,0032 0,1111 0,7686
7 F3-2 0,4272 0,3594 0,5901
Unloaded Statements
2 F1-8 0,3771 0,2363 —-0,0363
1 F2-3 0,1981 0,4015 —0,0426

The last step in Q methodology is factor analysis and interpretation. Using centroid
extraction followed by theoretical rotation (Brown 1980), factor analysis was conducted
via a Q-analysis software named KADE to identify correlations between the sorting
results from participants. A three-factor extraction solution was decided, based on
statistical standards and meaningful interpretation of participants’ viewpoints (Brown
1980). The results of the factor analysis, explaining 55% of the opinion variance, are
reported in Table 2.

4 RESULTS

This section illustrates three different viewpoints emerging from the Q sorting and
factor analysis. The numbers of statements are indicated in brackets, along with the
assigned values in the specific factor array. For example, #1/+4 means that statement
1 has the value of 4 in the factor array of the specific viewpoint. “D” shown in the
brackets indicates a significantly distinguishing statement from other factors (p-value
< .05), while “D*” refers to a higher level of significance (p-value < .01).
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4.1 Viewpoint 1 — Doing academically well while maintaining a healthy balance

Seven participants, including one female and six males, loaded significantly on
Viewpoint 1, accounting for 23% of the variance. These students highlighted internal
aspects contributing to academic well-being, which focused on developing their
academic competence and maintaining a healthy study-life balance, as the most
relevant source to support their academic well-being. As a majority group of
participants, students in Viewpoint 1 emphasized their ability to accomplish academic
tasks well (#2/+4, D*) and solve academic problems (#1/+2, D*). They also valued a
healthy balance between study and life (#10/+4, D*), which distinguished them from
other viewpoints. This perspective was further reflected in their post-survey questions,
as one wrote, “/ need to have a good balance between school and my life because my
free time is important to me, otherwise | would feel burnt out (F1-1)”.

In general, participants in this group ranked external aspects less relevant to fostering
their academic well-being. In particular, they did not value peer support (#6/-1; #7/-1),
interdisciplinary/intercultural teamwork (#22/-4), or mutual trust in their learning
context (#15/-2, D), as supportive sources for their academic well-being. As explained
by Viewpoint 1 participants in the post-sorting questions, these external sources were
not considered a priority from a technical point of view, such as to become a good
engineer in the future, while academic qualities were highly valued in the engineering
field. Thus, they did not feel that the physical learning environment nor teamwork skills
had an impact on their academic well-being. Further, a few other aspects were ranked
less relevant to their academic well-being, such as making decisions based on what
they thought was important (#17/-2, D*), feeling financially secured for their study
(#19/-1, D*), and taking responsibility for their learning process (#29/-1).

4.2 Viewpoint 2 — Enjoying the study with intrinsic motivation

Viewpoint 2 comprised two participants (one male and one preferring not to say) and
accounted for 19% of explained variance. In comparison to Viewpoint 1, participants
in this group also highlighted the contribution of internal aspects to their academic well-
being, but with different emphases. Viewpoint 2 participants highly valued their intrinsic
motivation, emphasizing the enjoyment of study (#21/+4), and personal feelings of
being motivated (#23/+4). They were also distinguished from other viewpoints by
engaging in actions that developed their professional competence (#9/+3, D) and
challenged themselves to reach their full potential (#31/+3, D*). As one wrote, “Feeling
motivated and enjoying what | study is quite important to me, and it helps me to keep
studying when courses become difficult.”

Unlike respondents from Viewpoint 1, Viewpoint 2 participants pointed out the
contributions of external aspects to their academic well-being. They were
distinguished from other viewpoints by emphasizing the importance of the physical
learning environment for their academic well-being. They needed to feel comfortable
in this environment (#13/+2) and have access to needed resources (literature,
databases, software, library services, etc.) (#14/+2, D).

While communication with instructors and supervisors (#27/+1, D) was valued by
Viewpoint 2 participants, communication with teammates (#3/-3), family (#5/-3), and
friends outside their study (#20/-3) was identified as irrelevant sources to their
academic well-being. According to these participants, these aspects were neither
important nor helpful for academic learning and well-being.
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4.3 Viewpoint 3 —Peer learning in project team

Viewpoint 3, explaining 13% of the opinion variance, contains two male students. In
contrast with the other factors, participants in this group highly valued the external
support from teamwork and peers to foster their academic well-being. Specifically,
they highly ranked four statements relating to teamwork, including developing
teamwork strategies together with peers (#6/+4, D*), communicating with peers
efficiently (#3/+3, D*), making contributions to the team (#8/+3), and experiencing
mutual trust in the study context (#15/+2, D). While participants in other groups
identified working with people from diverse backgrounds as the least relevant source,
participants in Viewpoint 3 ranked this statement as a positive source.

Although these external sources related to teamwork and peer support were highly
valued, other external sources of support from the learning environment were ranked
low by Viewpoint 3 participants. They devalued the need for having access to needed
resources (#14/-2, D*) and receiving student support/consulting services at the
university (#16/-4)for their academic well-being. Accordingly, they emphasized the
importance of the immediate learning environment over the broader institutional
environment.

In the domain of internal aspects/sources, similar to Viewpoint 2 participants, students
in this group also emphasized the enjoyment of study (#21/+4), making decisions
(#8/+3), and taking responsibility for their learning process (#29/+2) which may be
related to their teamwork environment. However, different from students in other
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groups, internal sources related to agentic actions were assigned less relevance to
their academic well-being, including developing academic competence (#1/-1; #2/-2),
aspiring for a good career through their academic work (#25/-3, D), and challenging
themselves to reach their potential (#31/-1, D). They did not value setting goals (#4/-
3; #28/-4) as a highly relevant source to support their academic well-being, as
explained by one student: “I don’t care much about my academic goals. Sometimes it
only makes me feel stressed.”

In sum, in terms of sources contributing to academic well-being, Viewpoint 3
participants valued intrinsic motivation (e.g. enjoyment and autonomy) more than
extrinsic motivation (e.g. expectations of a good career and competence
development). In the domain of external sources, they highlighted the support from
peers and teamwork, while contributions of the broader learning environment to their
academic well-being were limited.

4.4 Consensus Statements

Several consensus statements were identified among the three viewpoints, as shown
in Table 3. In the domain of internal sources, students in the three groups agreed that
monitoring their academic growth to reach their goals was an irrelevant source for their
academic well-being. In the domain of external sources, their feelings of being fairly
assessed in the study context were ranked high among all three groups, indicating the
importance of assessment procedures for academic well-being. Furthermore, two
statements related to communication with professional communities and families were
both identified as irrelevant sources to academic well-being. For one, engineering
students in their first two years of study have not yet established relationships and
networks with professional communities, while becoming independent from family
relationships may be a typical happenstance in the transition to the university context.

F1 F1 F2 F2 F3 F3
No. Statement Q-8V | Z-score | Q-8V | Z-score | Q-8V | Z-score
Communicating with professional
5* | communities (e.q., industry, -2 -0,819 -3 -1,307 -1 -0,477
companies, associations)
. | Reflecting with my peers on our
7 progress toward common goals -2 -0,561 0 0 0 -0,159
Developing professional
d competencies through my study ! 0.510 3 1,310 1 0.160
. | Feeling my performance is fairly
" assessed in my study context 3 1,048 2 0,871 2 0,819
. | Feeling comfortable in the
13 physical study environment o 0.416 2 0.871 0 0
+ | Sharing my academic experience
20 with my family -3 -1,987 -3 -1,307 -3 -1,296
23 | Feeling motivated in my study 3 1,077 4 1,740 1 0,810
Being able to manage stress
related to academic work (e.g.,
24 stay calm during exams, work 1 0,520 3 1,310 2 0818
towards deadlines, etc.)
Communicating efficiently with my
27 instructors/supervisors -1 -0,470 1 0,440 -1 -0,850
+ | Monitoring my academic growth to
28 reach my goals -3 -1,090 -2 -0,871 -4 -1,638
. | Expressing my opinions
30 comfortably in group discussions. ! 0.447 ! 0.436 0 0

Table 3. Consensus Statements
* All Listed Statements are Non-Significant at p<0.01, and Those Flagged with an * are also Non-
Significant at p<0.05)
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5 DISCUSSION AND CONCLUSION

This paper illustrates various engineering students’ perspectives of supportive sources
for their academic well-being in a PBL context. While many participants valued the
support of internal sources for fostering their academic well-being (Stanton et al. 2016;
Trolian et al. 2022), others emphasized the contributions of external sources, such as
peer support and teamwork (Schmidt and Hansson 2018; Trolian et al. 2022). Based
on the findings, this study highlighted the importance of educators and universities to
provide students with various sources when designing the curriculum, which enables
them to choose and use these available sources based on their subjectivities to foster
their academic well-being (Trolian et al. 2022). As a pilot study, one limitation of this
study is the small sample size. The results only reflected 13 participants’ viewpoints,
while students who were not involved in this study might have different opinions.
Future studies will be conducted with more participants and in different learning
environments for a wider representation of viewpoints on sources of academic well-
being.
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ABSTRACT

Peer mentorship is a relationship between two people who are at a similar level. In
this study, the setting is academic, namely peer mentorship amongst undergraduate
engineering students. Within peer mentorship, participants aim to help one another
through various activities, such as sharing information, helping motivate, providing
advice, lending support, etc. The outcomes of peer mentorship are generally positive
and mutually beneficial for mentors and mentees, but the focus of peer mentoring
research in undergraduate engineering has primarily been focused on implementing
and evaluating formalized peer mentoring efforts, not necessarily on the needs of
students who may be in these relationships. To better understand students’
perceptions, students at a western institution in the United States were surveyed
during Fall 2020, early in the COVID-19 pandemic.

Of the 223 completed student survey responses, 79 indicated that they currently had
a peer mentor when provided a definition and examples of peer mentorship. These
79 students were asked to describe their peer mentor both in terms of attributes
(e.g., race, gender identity, year in school, first generational status, and major) and
characteristics (e.g., enjoyment of engineering, value placed on engineering, career
interests, extracurricular interests, hobbies, and effort exerted in engineering).
Analysis of these student descriptions can provide recommendations of what may be
important to students when finding their own peer mentors or peer mentoring
advisors when attempting to formally match mentors to mentees.

' D. Christensen. Email: darcie.christensen@mnsu.edu

265



1 INTRODUCTION
1.1 Form and Function of Mentorship

In the past 20 years, the definition of mentoring has turned from the perception of
mentoring being largely transactional and unidirectional with the mentor being
thought of to steer the relationship and bestow information, an apprenticeship of
sorts, toward more of a mentorship where the relationship between the mentor and
mentee are more of a focus, meaning the mentor and mentee are helping each other
in a reciprocal and mutually beneficial way (National Academies of Sciences
Engineering and Medicine 2019). The types of mentorships acknowledged and
observed now can include many different structures and developments; for example,
a single mentor working with a single mentee formed from a formal assignment at
work, a group of mentors with a single mentee formed by friendship and networking,
online peer communities formed through an organization, etc. (National Academies
of Sciences Engineering and Medicine 2019). Regardless of the mentorship
dynamics and formation, the perspective is now that both the mentor and mentee
play a role in the psychosocial and career support of one another.

With this shift in the scope of what is considered mentorship, the benefits of peer
mentorship have been increasingly recognized. Peer mentorship includes a
relationship between two people who are at the same or nearly the same level of
experience where they are helping one another in their development (Colvin and
Ashman 2010). This development, similarly to traditional mentorship, is aimed at
psychosocial and career development (Collier 2017; National Academies of
Sciences Engineering and Medicine 2019). In the context of this paper, this will be
undergraduate engineering students at a western institution of the United States that
are involved in peer mentorship to support one another psychosocially and in their
academic career. Peer mentors may serve as a: (1) connecting link between their
mentee and their university; (2) peer leader in motivating to do well academically and
to be involved; (3) learning coach in improving personally and academically; (4)
student advocate in listening and being a helper; and (5) trusted friend in connecting
and caring (Colvin and Ashman 2010). Peer mentorship can provide powerful
outcomes for both mentors and mentees in spaces such as identity development,
increased productivity, belonging, degree attainment, achievement, satisfaction, and
retention, which can be especially important for minoritized populations (National
Academies of Sciences Engineering and Medicine 2019).

1.2 Matching Mentors and Mentees

One of the six practices for effective mentoring as recommended by The National
Mentoring Partnership is matching and initiating (Garringer et al. 2015). Matching
and initiating is creating mentoring relationships through pairings or groupings, and
then supporting in the beginning of the relationship (Garringer et al. 2015). This
requires decisions about how to best pair mentors and mentees as well as arranging
the initial meeting(s) of the mentor and mentee (Garringer et al. 2015). When
considering the dynamics between mentors and mentees, similarities and
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differences in their deep and surface level identities are the two primary
considerations. Surface-level identities would be considered attributes that may
easily determinable such as age, gender, race, etc. (National Academies of Sciences
Engineering and Medicine 2019). Deep-level identities would be considered
personalities, goals, attitudes, interests, etc. (National Academies of Sciences
Engineering and Medicine 2019). Blake-Beard et al. (Blake-Beard et al. 2011) found
that even though STEMM students perceived that having a mentor of the same
gender or race would be somewhat important and they reported receiving more help
from those of their own gender or race, academic outcomes, efficacy, and
confidence were not any different between mentorships of those of the same race or
gender and those who were a different race or gender. This is also in line with the
research review of The National Mentoring Partnership (Garringer et al. 2015).
However, there may be a level of interpersonal comfort and confidence that could
come through role modelling by having someone of the same gender and/or race as
a mentor, so considering these surface-level similarities in matching are still
suggested (National Academies of Sciences Engineering and Medicine 2019;
Garringer et al. 2015). Within this study, mentees share their description of their peer
mentor(s) through both surface- and deep-level similarities and differences, which
will be expanded upon more below.

2 METHODOLOGY
2.1 Instrument & Rationale

The research instrument used in this study is described in terms of its validity,
content, and administration are found in Christensen (Christensen 2021). The
exploratory mixed-methods instrument that was created and employed to determine
students’ needs regarding peer mentorship (Christensen 2021).

After providing consent to participate in the study, students were given a definition
and example of undergraduate engineering peer mentorship. They were then asked
to provide whether they currently had a peer mentor or not, also indicating if this peer
mentor was within the same institution and/or engineering or not (Christensen 2021,
258-59). The students were presented an additional block of questions depending
on whether they had a peer mentor or not. The analysis in this paper was focused on
one of the questions posted to those who did indicate they had a peer mentor, which
was as follows (Christensen 2021, 246-47):

You indicated that you currently have a peer mentor. Please describe who
your peer mentor is.

This can include both attributes (i.e., race, gender identity, year in school,
first generational status, and major) as well as characteristics (i.e.,
enjoyment of engineering, value placed on engineering, career interests,
extracurricular interests, hobbies, and effort exerted in engineering).

It is noted that these definitions of attributes and characteristics may be interpreted
differently depending on the context, but for the sake of this study, the definition that
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was constructed and provided to the intercoder agreement team is that an attribute is
something used as a symbol of particular person, office, or status. A characteristic
was defined as something representing values or qualities of a particular person.
This is also the reason examples were given to students of attributes and
characteristics that would fall under each.

2.2 Research Question

By having students describe their peer mentor in terms of both attributes and
characteristics, student preferences for a mentor may be explored when matching
mentors and mentees. To determine the prioritization of the separate attributes and
characteristics that came up in student responses, the research question for this
study was, “What are the self-described characteristics and attributes of peer
mentors as told by mentees?”

2.3 Recruitment

All IRB approval, recruitment, and survey participation procedures are described in
Christensen (2021). When asked “Do you currently have a peer mentor?”, 79
participants responded “yes”. Only 1 (1.2%) of those 79 respondents left their
response blank for the question of interest. The demographic information for the 79
participants was considered representative of averages in the United States and
more specifically the university the study was conducted at (Christensen 2021;
Christensen and Villanueva Alarcén 2022a; 2022b). Specific demographic
information for the 79 participants who did have a peer mentor as well as the entire
223 participants who submitted complete responses can be found in (Christensen
2021; Christensen and Villanueva Alarcon 2022a; 2022b).

2.4 Research Team Positionality

The positionality of the research team as well as efforts to keep the interpretation
bias-free are described in all previous publications surrounding this same instrument
(Christensen and Villanueva Alarcon 2022a; 2022b; Christensen, Villanueva Alarcon,
and Corrigan 2023; Christensen 2021) and were employed also in this study. The
first author’s position has shifted from that as a role of insider earlier publications to
that of an outsider (Herr and Anderson 2015) since she is no longer a student at the
institution of interest and is now an assistant professor in a different undergraduate
engineering program. The second author continues to provide expertise in the
realms of mentorship, teaching, and research to support analysis related to peer
mentorship.

2.5 Qualitative Analysis Procedures

The goal of the qualitative analysis of student descriptions of the characteristics and
attributes of their peer mentor was to find what may be most identified by students.
As such, a phenomenological-approach was employed, similar to the other studies
conducted by Christensen (Christensen, Villanueva Alarcén, and Corrigan 2023;
Christensen and Villanueva Alarcén 2022b; 2022a; Christensen 2021) with some
differences in coding procedures.
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For the first round of coding, the first author randomly chose 40 of the 79 participant
responses to perform initial coding using the coding system of two codes:
characteristics and attributes. The definitions and examples were provided to
another researcher as a code book for intercoder agreement. Provisional (i.e.,
coding starting with set codes with flexibility to add, subtract, or expand) and
simultaneous coding (i.e., applying two or more codes to same participant response)
(Saldafna 2013). Based on the two researchers’ coding experiences, it was decided
that sub-codes were needed to deepen the analysis.

Sub-coding (i.e., detailing data into categories) was employed in the second round of
coding (Saldana 2013). The provisional subcodes were the examples given to
students for attributes and characteristics, but additional subcodes allowed
emergence of other codes throughout the analysis. The first author performed this
additional round of coding then approved it through the student researcher who
supported intercoder agreement. Consensus was gained on the coding applied to
student responses. As such, the first author was then able to apply the newly
established and agreed upon coding scheme to all 79 participant responses. The
sub-codes were only applied once for each participant’s response even though they
may have mentioned something within that code multiple times for a peer mentor or
they mentioned something for more than one mentor.

3 RESULTS & DISCUSSION

The finalized coding categories with sub-codes, which include but are not limited to
the examples given to students in the definition, are presented in Table 1 with
frequency counts for each. Of the 404 total codes, 48% of the codes were within the
realm of attributes and 52% were within characteristics. It should be noted that these
codes relate to any mention of these attributes or characteristics with no regard do
whether it was a positive or negative mention of that given attribute or characteristic.

Based on these results, it is shown that the five examples of attributes given in the
definition to students were within the top six most frequent attributes coded with first
generational status being the least frequent (i.e., 7.6% of participant responses).
This is somewhat expected since major, year in school, gender identity, and race
may be more easily distinguished through common conversation and appearances
than first generation status. The unexpected answer within the top six attributes was
courses. Courses were mentioned in 36.7% of participant descriptions, which
included both being students in the same course or having a teaching assistant who
became a peer mentor within a course.

The six examples given in the definition to students were within the top eight most
frequent attributes coded. The ability of the student to provide quality advice and/or
support to students, which was an emergent code separate from the examples
provided to students, appeared with the same frequency (i.e., 36.7% of participant
responses) as effort exerted in engineering. Career interests appeared in 30.4% of
participant responses. “Friend” was another emergent code in the top characteristics
that appeared in 10.9% of student responses. Hobbies, extracurricular interests,
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value placed on engineering, and enjoyment of engineering all appeared in less than

25% of student responses.

Table 1. Coding scheme for qualitative analysis with main codes (i.e., attributes and
characteristics) and sub-codes as listed with frequencies.

Attributes (main code) Characteristics (main code)
Sub-code Freq. | Sub-code Freq. | Sub-code Freq.
major* 49 advice/support 29 intelligence 4
year in school* 44 effort* 29 motivation 3
gender identity* 34 career interests*® 24 formally assigned 2
courses 29 friend 23 informally assigned | 2
race* 24 hobbies* 19 interests 2
first generation* 6 extracurricular interests* 14 time demands 2
marital status 2 values® 14 respect 1
religion 2 enjoyment of engineering® | 13
socioeconomic status | 2 personality 10
stage of life 1 relation/living situation 10
transfer status 1 study group 9

Total Attributes | 194 Total Characteristics | 210

Note: *indicates examples given to students in question prompt definition

To better visualize the overall magnitude of these sub-codes, a word cloud was
generated (“Free Word Cloud Generator” 2021). It should be noted that some sub-
codes were shortened or hyphenated to allow phrases to be included without being

overly burdensome.

Figure 1. Cloud map emphasizing the magnitude of each coding category given according to
the size of text (“Free Word Cloud Generator” 2021).

Three overarching themes that the coders garnered from this analysis is that

students are going to lean toward some sense of convenience, which may come
from someone they already spend time with (e.g., in the same courses and/or major,
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friends, relation/living situation closeness [roommate/fiancé], study group). This also
allows a mutual benefit to be acquired in the relationship, which is appreciated by
students. An additional theme is that students may not recognize that mentorship is
happening or its power. Finally, someone with strong motivation, effort, and goals
(e.g., major, effort, career interests) seemed to resonate strongly with peer mentees.
Representative quotes for each of these themes are shown in Table 2.

Table 2. Representative Quotes of Themes. All

Theme

Representative Quotes

Sense of
Convenience
and Desire for
Mutual Benefit

e “We are both super busy and don't have as much time to commit to
engineering stuff, but together with our limited time we are still able to
accomplish a lot. We have different hobbies and different career interests, but
she is literally the only reason | have survived one of my classes this
semester.” (Participant 5)

“He is majoring in computer science and is as far along as | am. | am minoring
in computer science so we have a lot of the same classes. | also help him with
math a lot because | am farther ahead than he is in math. We have similar
career interests and hobbies. We play video games together and have started
our own business together. He tries very hard in his degree it's harder for him
to understand certain subjects than it is for me, so | am able to help him with a
lot of things.” (Participant 69)

“There is a girl in my engineering class that | have grown close with. We have
become friends and awesome study partners. She excels at somethings that |
am not good at and | excel at somethings that she is not good at. Overall we
help each other understand what is going on in all of our classes.” (Participant
30).

Lack of
Recognition of
Mentorship

“My peer mentor is a man | have had a large amount of classes with as our
degree plans are almost identical. He is someone that | have spent large
amounts of time with working on various assignments and problems within our
classes that we share. Outside of our engineering interactions there is not
much. We are friends, but with the amount of time we both spend on school it
is ends up becoming the focal point of everyone of our interactions. | personally
see nothing wrong with this as it has been incredibly constructive for me and
hopefully for him as well. We do joke around and have casual conversation, but
we mostly motivate one another to excel within our respective field.”
(Participant 8)

“I have never had an assigned peer mentor, but | feel like every semester |
make a friend or two that | have a bunch of classes with and they really fill that
role. Though I'm friends with a lot of the guys and have a few that | would
consider peer mentors, the women I've met in engineering have helped me
more than anything! They're usually at the same point as me, sometimes in my
major sometimes not and even though we don't always have similar career
goals or interests we always have a similar passion for engineering.”
(Participant 53)

Strong (e.g.,
motivation,
goals, effort)
Students
Resonate with
Mentees

“She works really hard and takes school seriously so | know that she knows her
stuff and will give me quality advice, not just the first thing that comes to her
mind.” (Participant 6)

“I have a few friends in my study group | consider to be mentors. They are all
smarter than me, but still good friends. There is about half females in the study
group, and | am better friends with them than the males. They all are devoted
to their families, and most have spouses and a few have children.” (Participant
32)
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3.1 Recommendations & Implications

Based on the aforementioned results, there are a few recommendations and
implementations to be recognized regarding peer mentorship. For the first theme of
students leaning toward some sense of convenience for who their mentor is,
mentees valued the mutuality of benefit in the relationship, particularly around
interest convergence. This is an important theme as we didn’t recognize a strong
need of race or gender being central to mentor/mentee matching conveyed by
students even though they may have mentioned the race or gender of their mentor.
Interest convergences amongst departments of engineering can be centralized
around not just technical aspects (e.g., engineering clubs, professional societies,
etc.), but they can also be centered around personal interests (e.g., sports, arts,
video games, etc.) to be able to conveniently connect students. For this, it is
recommended that engineering departments try to intentionally coordinate events
with centralized campus entities to bring together engineering groups to that. While
many of these personal connections can happen organically, there does appear to
be value provided in formalizing some of these initiatives at the department and
institutional levels.

There is a level of mutual reciprocity that can come through these peer relationships.
It does not necessarily matter that one student is stronger academically or more
involved extracurricularly. It does not necessarily matter that students are the same
major or at the same point in their academic career. It should be continually
emphasized that together, mentors and mentees can accomplish more because no
one person is able to know or do everything.

Second, students may not recognize all the mentorship that is happening since they
may only have casual or very compartmentalized connections to these mentors with
a lack of formalization, but they do recognize the significance of these relationships.
A recommendation for this theme is to intentionally bring forth knowledge from
upper-level students to students in lower-levels to share knowledge and insight
regularly. For example, bringing in students as both peer mentors and
undergraduate teaching assistance may allow students to more regularly identify
mentors who can help them navigate their educational processes with more ease.
Another example can be an assignment created by an instructor where students are
tasked to interview upperclassmen with the intent to help them navigate their class or
overall undergraduate research experience. While these activities may appear
simplistic, these examples highlight that these types of organic connections do not
require many resources to make large impacts on students’ success.

Students may need help in recognizing and capitalizing on these relationships. As
mentioned by participant 8, it can be “incredibly constructive” to have a mentor, even
if you may not interact with them in all spaces. When considering matching mentors
and mentees, it may be advantageous to allow for choice and matching to happen in
various spaces, allowing students to find someone who can help them in one specific
area as needed without the expectation that they need to just have a single mentor
that can do everything. Advising can also play a role in this, whether formal
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academic advisors or faculty advisors and mentors, to encourage and help in
networking efforts.

Lastly, there is a sense that there is a benefit to having a strongly motivated and
intelligent peer mentor. Students really focus on the support and advice that can be
given by their peer mentor, which may be a result of who the mentor is as a person
and what they value. These things should be considered if formally matching
mentors and mentees.

As these considerations are made in our development of a culture of peer mentoring
either through formal or informal needs, we can see that there is a need for certain
characteristics and attributes to be considered depending on the needs of both the
mentor and mentee. As we better consider this matching in a flexible way, students
can continually find and benefit from a variety of mentors instead of getting focused
on just one mentor who is the lone source of all support.

3.2 Limitations & Future Work

This survey was given under COVID-19 pandemic circumstances, so it is recognized
that this may have influenced student responses. There were limitations to the short-
answer, anonymous format of the question analyzed since it was very limited in the
scope it was able to cover. With students being offered definitions of attributes and
characteristics, obviously those were some of the top codes, but we did see that
students emerged with other characteristics and attributes that were important to
them in highlighting the description of their peer mentor. Because of the format, the
research team could not further ask for elaboration or clarification in areas of
interest. The responses also were not considered in conjunction with any participant
demographic information or other responses to qualitative questions. Future work
could allow these combinations of results to be further pursued. Future work will also
explore additional insights about the needs and perceptions of those with a peer
mentor versus those who did not have a peer mentor.

4 CONCLUSION

By exploring descriptions of peer mentors from those students who currently felt that
they had a peer mentor allowed for the emergence of things that should be
considered when matching, initiating, and encouraging mentorships. Students really
resonate when there is a mutual reciprocity in their relationships, allowing
themselves to receive support but also to give support. Students may also have
difficulty in recognizing the importance of the mentoring relationships they do have,
regardless of how casual they may seem. Students also appreciate when their
mentors show strong motivation, drive, and value, which helps them to push
themselves as well. These findings further confirm the benefits of peer mentorship
and the wide variety of positive means that peer mentorship can come by. This
speaks to the need for students to have many mentors for the various spaces they
are involved in and have choice and flexibility in their mentors. Students do not need
to be the “same”, but any positive connections created for students are meaningful.
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ABSTRACT

Starting with the research question ‘Does engineering outreach work?’ this paper
looks at the often ‘sticky’ subject of the validity of engineering outreach in UK High
Schools. It examines how Engineering Outreach Activities are conceptualised by
external bodies (RAEng., 2016) and critiques the complex range of practical
experiential engineering educational interventions offered in school (Neon, 2023,
STEM learning, 2023). Drawing upon the findings of, what is, a small single strand of
a much larger multi-method, longitudinal analysis of Engineering Education Outreach
Activities provided across the West Midlands region of the UK (LBEEP, 2023) ], the
paper provides a unique insight and descriptive analysis of engineering outreach in
schools.
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The findings section comprises a comparative analysis of the socio-economic
background of schools before looking at the gender breakdown of outreach
participants. The various engineering interventions provided are briefly discussed
before consideration is given as to how sustainable current engineering outreach
activities are. Finally, in questioning whether the UK’s current approach of providing
engineering education experiences in the form of what are often idiosyncratic, short-
term episodic activities, the paper questions the financial, pedagogic and practical
wisdom of confining engineering education to ‘outreach’. The conclusion suggests that
it's time for a sea-change in how we, as a society, teach children and young people
about engineering and suggests that perhaps it is time to embed the subject into more
established areas of study such as maths and science but also in history and social
science.

1. INTRODUCTION

Launched during an unprecedented time in UK (and indeed global) history, the Lord
Bhattacharyya Engineering Education Outreach Programme (LBEEP) kicked off at the
beginning during the Autumn term of 2020. Midway through a series of ‘lockdowns,’
the Covid19 Pandemic wreaked havoc across society, resulting in a two-year period
whereupon home schooling and working became the norm for many. As few children
physically attended school during this time, parents became teachers and teachers
were forced to reconceptualize how and what was taught. This had a notable impact
on LBEEP. Originally planned to last for five years, to say that the first half of the
outreach activities were ‘interrupted’ by Covid19, would be an understatement. Yet,
LBEEP continued. Engineering Education activities were offered during the short
periods of time when lockdown was lifted and, in some cases, ‘home schooling’
activities were offered. This discussion paper reflects upon almost three years of
outreach activities. Setting the wider context before briefly comparing different
activities and considering the sustainability of engineering outreach as part of what
schools offer.

2. THE LBEEP ENGINEERING EDUCATION OUTREACH PROGRAMME:
WHAT IS PROVIDED TO WHOM?

Located in the West Midlands region of the UK, LBEEP is provided in an area where
there are 2,726 Secondary Level Education Institutions. In the region, there are 14
different Local Authorities that are currently responsible for educating 971,332 pupils
aged 11-18 years. A socially and culturally diverse area, schools were selected to
participate in LBEEP on the basis of the percentage of pupils from higher-than-
average number of children from poorer socio-economic backgrounds. One key
indicator used in the UK to measure socio-economic background is the percentage of
children in receipt of free school meals (FSM). Across England, an average of 22.9%
of pupils receive FSM. In the wider West Midlands this figure is 24.4%; whereas in
the areas where LBEEP schools are located it is 29.9% (Fig 1).

277



Figure 1: Local Authorities of the Wider West Midlands Region: Pupils receiving free-
school meals (FSM) by gender.

Number of Pupils

Local Authority Number Average Boys Girls All Percentage
of Els Percentage of Total
FSM
520 35.2% 107,802 104,327 212,129 21.8%
Coventry* 130 25.4% 30,950 6.2%
117 25.7% 24,008 4.8%
11,858 24,813
Herefordshire 113 15.2% 12,955 2.6%
29,613 61,342
Sandwell 130 30.1% 31,729 6.3%
21,864 44,500
Shropshire 186 14.2% 22,636 4.6%
19,672 40,569
Solihull* 89 23.0% 20,897 4.2%
Staffordshire 446 17.7% 62,898 12.6%
Stoke-on-Trent 108 31.8% 20,703 4.2%
Telford and Wrekin 85 24.4% 16,636 15,656 32,292 3.3%
Walsall 130 33.0% 27,962 26,764 54,726 5.6%
278 17.6% 46,713 44,991 91,704 9.4%
Wolverhampton 121 37.0% 24,944 24,685 49,629 5.1%
273 18.0% 45,298 43,369 88,667 9.1%
*Areas where LBEEP Schools are located

2.1 LBEEP Participating Students: Gender & Geographic Area

Now in its third year, LBEEP has provided a range of outreach activities to high
school pupils within its catchment area since September 2020. Whilst participating
schools were originally selected before the project began, the numbers of pupils
taking part in LBEEP activities varies from year to year. In the first year of the project
Birmingham attracted participation from the highest numbers of female and male
pupils, in year 2 it was Nuneaton. This is shown below in Figure 2
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Figure 2: Geographic Spread of LBEEP & Gender of Participants
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2.2 Engineering Focus of LBEEP Activities

LBEEP schools applied for funding to provide numerous engineering-focused learning
activities, with Aero-Astro Engineering proving to be the most popular in the first two
years of the programme. Perhaps not surprisingly, given the geographic location of
the West Midlands, Vehicular & Electro-Electric Engineering also proved popular.
Figure 3 shows the number of successful funding applications per activity.

Figure 3: Type of Engineering Covered by LBEEP 2020/ 21 & 2021-2022 (Excluding
General Engineering)

2020-2021 2021-2022

10 12
8 6
4 3
9 9
5 4
8 5
9 3
8 9
9 7

It is important to note that the above displays numbers relating to funding applications
in relation to individual schools. In many instances a school applied for funding for
several projects, often in the same area of engineering. The number of individual
projects offered are better displayed below in Figure 4 as part of the discussion about
sustainability which looks at the nature of projects as opposed to the type of
engineering funding was applied for.
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3. DISCUSSION: IS ENGINEERING OUTREACH SUSTAINABLE?

The importance of providing sustainable engineering outreach activities comes to the
fore when examining the numbers of university students studying STEM subjects in
general and engineering in particular (Smith et al., 2022). Figure 4 provides an insight
into the number of engineering outreach activities offered per year across the
programme in terms of sustainability. Column 2 provides an insight into the potential
sustainability afforded provided by the activities funded, whilst columns 3, 4, & 5
indicate how many activities were funded in each area per operational year. In
classifying the below, the sustainability of activities was classified thus: Socially
Sustainable [S] — such projects include sustainability from an educational sense:
Economically Sustainable (E): Environmentally Sustainable (Ev).

Figure 4: The Sustainability of LBEEP Funding

Sustainability

Capital High levels of [E] [S]. Limited [Ev] depending on the nature of
investment individual project

Competition Limited [Ev] in some — depending on nature of competition. 17 18 16
Lacking sustainability in other areas due to necessarily high

attrition rates — competitions based on winners at each stage.

STEM club Limited [S] [E] [Ev] — due to low numbers of participants in 15 | 1% | 10
individual STEM clubs (tendency to be exclusive)

General Capacity for high levels of [S] [E] [EV] in all areas where 7 18 8

curriculum funding focused on curricular enhancement.

Externally Little or no sustainability due to bespoke and episodic nature 11 7 4

provided of events

workshop

Visit Little or no sustainability due to bespoke and episodic nature 4 9 2
of visit

External talk Little or no sustainability due to bespoke and episodic nature 2 1 1
of talk

Total 54 69 33

This brief insight into engineering outreach encapsulates schools whose student body
comprises a higher-than-average percentage of pupils living in socio-economic
deprivation (evidenced in Fig 1 showing the percentage in receipt of FSM). This not
only makes the need for a sustainable approach to be offered in terms of the future
employability of pupils (i.e., Social Sustainability) but also makes the need for the
funding to be spent wisely with the needs of future cohorts of children equally as
important as those currently enrolled (Social and Economic Sustainability). An analysis
of LBEEP applications identified a high number of requests to purchase equipment
that can be re-used. This included a range of engineering education ‘kits’, 3D printers
and computer tablets (the numbers per year are given in row 2 ‘Capital Investment'.
Investing in equipment which can be reused on a longer-term basis suggests a
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commitment to longer-term engineering education, indicating that many of the schools
adopted a sustainable approach to LBEEP.

In addition to purchasing equipment, a relatively number of the schools entered pupils
in ‘STEM’ competitions, with almost half of the applications in year 3 relating to such
activities. As competitions tend to be time-limited, often focused upon a single event
or experience, such projects tend to be less sustainable. Indeed, the very nature of a
school competition inevitably results in high numbers of ‘attrition’ (dropouts) at each
stage — possibly turning children ‘off engineering for good?

Funding for STEM clubs, which generally attracted lower numbers of pupils account
for between one-fifth and just under a third of funding applications across the three
years of the project. Whilst sustainable in the sense of continual provision and potential
long-term impact on participating pupils, the small numbers of pupils who engage with
STEM clubs means that such activities lack social and economic sustainability.

Finally, funding for single visits to local museums and other places of interest such as
car manufacturers also necessarily involved a single event as did external funded
talks. Again, the sustainability of these activities, in terms of the longer-term impact on
young peoples’ perceptions and subsequent life and education choices is difficult to
determine.

4. CONCLUSION AND RECOMMENDATIONS

This descriptive conceptual paper refers to a small piece of work that is very much an
ongoing strand of a much larger project. Concurrently, two PhD theses are exploring
the educational impact of engineering outreach. One of the major challenges faced
by this programme of outreach is that it started at the same time as the unforeseen
Covid19 Pandemic brought the country (and globe) to a standstill. Despite causing
unprecedented change to how education was provided over a period of at least 2
years, the research findings thus far suggest that teachers tried their hardest to find a
way of providing outreach even when most pupils were being home educated.

In conclusion, the emerging findings from this small study indicate that there is a need
for the engineering outreach activities offered under the auspice of LBEEP to continue.
However, taking account of the findings and considering broader debates in this area
it is not unreasonable to postulate that it may be time for a sea-change in how we, as
a society, teach children and young people about engineering. Engineering Outreach,
even a large programme such as LBEEP can only ever ‘scratch the surface’ —
excluding more pupils than including them.

One important emerging recommendation is that the LBEEP programme be extended
to include primary schools. This would enable children to gain some insights into
engineering and applied science before they move to high school, hopefully sparking
their engineering imaginations a few years ahead of the time when they are forced to
select their GCSE options (currently around age 14 years). Moreover, there is little
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doubt that it is time for secondary and primary education to embed engineering into
the more established areas of study such as maths and science but also in history and
social science. This would enable children to become aware of the important role
played across all areas of society by engineering, whilst providing the means by which
engineering imaginations can be sparked at an early age!
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ABSTRACT

Feedback literacy is an emerging concept. It is seen as an individual competency that
facilitates taking an active role in contemporary feedback processes. As such, it is a
valuable skill not only in the classroom, but also in students' future professional lives.
This paper reports on a qualitative study of a learning intervention embedded in a lab
series, aimed at developing first-year engineering students’ feedback literacy. The
intervention consists of a short e-learning module, a one-hour workshop, and two peer
feedback assignments. The design of this interventional study is based on the
comparison of an experimental group with a control group. Both groups participated in
focus group discussions after the intervention (n=55). Findings were complemented
by data from reflection logs collected at the end of the semester describing students’
most important feedback experience (n=42). The results suggest that the learning
intervention contributed to the understanding of the key concepts and principles of
feedback literacy. Moreover, students in the intervention group appear to value their
peers better and recognise their valuable contribution in the feedback process.
Although students realise that easily applicable feedback, such as minor corrections,
make a limited contribution to their learning, they still often prefer it because of the
minimal time effort required. Based on the findings, the paper concludes with
recommendations for both individual courses and entire programmes, such as
encouraging reflection, and supporting students in storing and revisiting feedback.
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1 INTRODUCTION

Over the past decade, there has been a shift in the way feedback is perceived in
education. Scholars reoriented the transmission-focused view on feedback towards a
learning-focused view in which students play an active role (Henderson et al. 2019;
Winstone and Carless 2019; Boud and Molloy 2013; Molloy, Boud, and Henderson
2020). Feedback is thereby seen through the lens of social constructivism as a
partnership between teachers, students, and peers (Thurlings et al. 2013; Winstone
and Carless 2019). Engineering education also recognises this, and students must
increasingly take charge and responsibility for their own learning (Diefes-Dux 2019;
Jaeger and Adair 2018; Wallin and Adawi 2018). To take on the active role in the
feedback processes, students need requisite skills and capacities, which has been
termed ‘student feedback literacy’ (Sutton 2012; Carless and Boud 2018; Nieminen
and Carless 2022). In their seminal paper, Carless and Boud (2018) defined student
feedback literacy as “the understandings, capacities and dispositions needed to make
sense of information and use it to enhance work or learning strategies” (2018, 1316).
It therefore refers to the ability of students to understand and use feedback effectively
in order to improve their learning. Since students’ capacities partially depend on how
teachers create their learning environments, the term ‘teacher feedback literacy’ was
also defined in a similar way as “the knowledge, expertise and dispositions to design
feedback processes in ways which enable student uptake of feedback and seed the
development of student feedback literacy” (Carless and Winstone 2020, 4). Discussion
of exemplars and engaging in peer feedback are proposed as two well-known learning
activities that can be re-focused more explicitly towards developing student feedback
literacy (Carless and Boud 2018). Purposeful selection and well-aligned discussions
of exemplars put teachers in the lead of highlighting key aspects of quality work by
clarifying the reasoning, while showing that quality is manifested in various ways
(Sadler 1989; To and Carless 2016). Next, engaging in peer feedback is often more
beneficial than only receiving feedback, as it involves developing evaluative
judgement, both about the work of peers as about own work, which can eventually
reduce the need for external feedback (Nicol, Thomson, and Breslin 2014). Therefore,
this paper reports on a study in which a learning intervention containing analysis of
exemplars and peer feedback was embedded in a technical lab. The aim of the
intervention was to support the development of student feedback literacy. Based on
reflection logs and focus group discussions, the effect of the intervention and students’
general attitudes towards feedback are discussed.

2 METHODOLOGY
2.1 Participants

All freshmen from the 2022-2023 academic year of the Faculty of Engineering
Technology (KU Leuven) at De Nayer Campus were considered in this study (n=66).
Two lab groups (n=28) were assigned as intervention groups, while the other three lab
groups (n=38) remained as control groups. A reference group was also included in the
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study, comprising of 67 freshmen who were enrolled in the academic year 2021-2022
in the same programme at the same campus.

2.2 Context

All freshmen involved in this study were enrolled in an integrated module. During the
first weeks of the semester, professional competences are taught in full-group lectures
in the auditorium. During the rest of the semester, these competences are practised
in an integrated way in technical lab sessions with smaller groups. In the first semester,
the focus of professional competences is on HSE (health, safety, and environment),
professional communication, academic writing skills, information skills, critical
reflection, and feedback literacy. As part of the topic on academic writing, the rubric
that will be used to assess students’ academic writing skills was explained and good
and bad examples were discussed.

The lab topic that is used to test the learning intervention consists of two three-hour
lab sessions, complemented with a mandatory preparation through an online prelab
module, and report writing after each session. The reports must be submitted per team
and are therefore a responsibility of the entire team. At the beginning of the first
session, the rubric for assessing students’ academic writing was briefly reviewed with
students of the reference groups (academic year 2021-2022) and control groups
(academic year 2022-2023). Students in the intervention groups (academic year 2022-
2023) practiced the rubric more thoroughly on an exemplar, as will be described later
in this paper. In academic year 2021-2022, a combination of teacher feedback and
peer feedback was used with students in the reference groups. In academic year
2022-2023, the control groups received only teacher feedback, while the students in
the intervention groups only engaged in peer feedback, as discussed in the section
about the learning intervention.

2.3 The learning intervention

The intervention consisted of 3 main elements: (1) a short e-learning module, (2) a
one-hour workshop, and (3) two peer feedback assignments, one after each lab
session. Firstly, the e-learning module introduced students to the key concepts and
principles of feedback literacy, including its definition by Carless and Boud (2018). As
part of the module, a knowledge clip was used to highlight similarities between the
technical topic of the lab and feedback processes. Secondly, a workshop was
organised at the beginning of the first lab session, and students were divided in teams
for the remainder of the lab topic. They discussed several introductory questions within
their team, such as “What is feedback?”, “What is the function of feedback?”, “What
effect does feedback have?” and “Where and from whom does feedback come?”. After
the team discussions, the questions were discussed amongst the full lab group to
develop a shared definition of feedback and to link it to the feedback literacy definition
by Carless and Boud (2018, 1316). To continue the group discussion on feedback
literacy and bring in different angles, PollEverywhere was used so that students could
anonymously “score” the feedback literacy level of ten authentic student quotes by
clicking emoticons on the standard PollEv ‘emotion scale’. The quotes were carefully
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selected from earlier collected student data. Some exemplary quotes include: (1) “/
used to think that feedback was a tool for teachers to indicate whether you are doing
well or not, but actually | have come to realise that it is so much more than just a few
sentences about what you are doing. | started doing more with feedback, both
feedback at school level, and feedback in my personal environment. Thinking more
often and longer about the feedback | get and really thinking about it. | did that much
less before.”, which was selected to demonstrate a change in the student mindset and
to expand the view of feedback as being limited to an educational setting; (2) “When |
receive feedback, | put it on a list. Then, when | make or revise an assignment, | keep
this list alongside me and check whether | have taken into account all these aspects |
have done wrong in the past. This way, | know that | am already less likely to make
mistakes in this area.”, which was selected to stress the active role of the student in
organising feedback so that it can be reused in the future and to discuss options on
how to do so; and (3) “About two weeks back, we received our first feedback on the
report. | must admit that at first sight | was unpleasantly surprised. On reflection, |
noticed that the feedback were all thoughtful and correct comments. Consequently, |
felt obliged to correct these errors.”, which was selected to bring in the emotional
aspect and to emphasise that it is fine to put feedback aside when it comes in hard,
but that it is necessary to pick it up again afterwards for feedback to be effective. Next,
the rubric for assessing academic writing was reviewed, and students practiced it
using an exemplar report of the same lab topic that was specifically crafted to contain
both good and bad examples. Afterwards, the strengths and weaknesses of the
exemplar were discussed within the lab group. Finally, the students were instructed
about the further timing of the lab series and the practicalities of the peer feedback
assignment.

2.4 Data collection

At the end of the semester, two separate methods of data collection were used: (1)
students wrote a reflection log, and (2) focus group discussions were organised.

Firstly, 54% of students (n=36) from the reference groups, and 64% of students (n=42)
from the intervention and control groups (n=18 and n=24 respectively) submitted a
reflection log through the university’s portfolio system and agreed to share their data
based on informed consent. In this reflection log, students used an open text field to
describe a personal feedback experience that they believe contributed the most to
their learning in the past semester. Students also used checkboxes to indicate some
general aspects related to the feedback experience, such as the context to which the
experience was linked (i.e., exercise session, exam, lab report, presentation, etc.), and
who was involved in generating the feedback (i.e., teaching staff, peers, themselves,
or others).

Secondly, five focus group discussions were organised with the students of the
intervention and control groups. The group discussions were organised within the
different lab groups, lasted 1 to 1.5 hours, and were allocated in the students' class
schedule. A semi-structured format was used, where the facilitator’s involvement was

287



minimized to prompting questions and summarizing discussions to keep focus and
spark further discussion amongst participants. To keep participants engaged, they
were regularly asked to move within the room to take a stand regarding various
statements and then explain why, such as “Would you consider yourself as active or
rather passive during feedback processes.”, and “Do you pay attention to the transfer
of feedback from one learning experience to another?”. In the intervention group, all
students (n=28) participated and agreed to share their data based on informed
consent. In the control group, 71% of students (n=27) participated in the group
discussions and agreed to share their data.

2.5 Analysis

Both the data from the reflection logs and the focus group discussions were used to
evaluate the effect of the learning intervention. The data from the reflection logs were
mainly used as quantitative data, where the general aspects of the feedback
experiences were summarized by counting the information marked through the
checkboxes. The information in the open text field, further describing the feedback
experience, was used as supportive qualitative data, and was analysed to see to what
extend it supported the quantitative data collected through the checkboxes. Data from
the focus group discussions were further used to show students’ general attitudes
towards feedback. The focus group discussions were transcribed verbatim and
thematically analysed using Nvivo. An inductive coding approach was used. The
transcript was first read in depth multiple times while writing down initial codes, after
which it was fully coded.

Ethical approval for this study was obtained from the university’s Ethics Committee
(G-2020-2354 and G-2022-5693) and participants have consented to be part of this
research. They were informed that their participation was voluntary, and that the
analysis would be conducted anonymously. All data were collected in Dutch and
translated by the first author after analysis.

3 RESULTS AND DISCUSSION
3.1 Effects of the learning intervention

The aim of the intervention was to support the development of student feedback
literacy, relying on two well-known learning interventions: discussion of exemplars,
and engaging in peer feedback. Since the students in the intervention groups used a
rubric to assess their peers’ academic writing of lab reports, these elements were
expected to be present in the students’ reflection logs. Table 1 shows an overview of
the total number of reflection logs received from each group, detailing (1) the number
of students who indicated the process of writing a lab report as their most important
feedback experience, and (2) the number of students who indicated both the process
of writing a lab report and the involvement of peers. The percentage-numbers hereby
refer to the full sample size. For example, 36 reflection logs were collected from
students from the reference group. From this group, 21 students (58%) wrote about a
project report as being the topic of their most important feedback experience. Of the
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36 students, 8 students (22%) wrote about the project report and claimed the
involvement of peers in their most important feedback experience. The wording ‘peer
feedback’ is explicitly not used in Table 1, as it would suggest the didactic format of
using peer feedback assignments, while these reflection logs also contain references
to peers outside of these structured assignments.

Table 1. Overview of the reflection logs about a project report involving peers

Reflection logs Reflection logs REIEEE 225
Academic year Group about a lab report
(total) about a lab report : !

and involving peers
2021-2022 reference n=36 n=21 (58%) n=8 (22%)
control n=24 n=4 (17%) n=2 (8%)

2022-2023

intervention n=18 n=11 (61%) n=8 (44%)

Based on the available data, it appears that the process of writing a lab report was
claimed more often as their most important feedback experience by students who were
engaged in peer feedback, i.e. the students of the reference group (58%) and the
students of the intervention group (61%), as opposed to the students in the control
group (17%). By organising peer feedback, each individual member of the team is
required to use the assessment rubric to analyse reports from other teams. The use
of the rubric also emerged during the focus group discussions with the students of the
control groups. Despite being discussed extensively in the full-group lecture in the
auditorium, and although the submission form in the Learning Management System
reminded students of the marking information and included the link to the assessment
rubric, the majority of students from the control groups surprisingly commented that
they did not use the rubric before submitting their reports. Since students were free to
choose their most important feedback experience for their reflection log, the data
suggests that engaging in peer feedback and analysing the assessment rubric
contributes to students’ learning. Further research should indicate whether it
subsequently also motivated students to participate in writing their team report as a
joint effort, rather than allowing one student to focus on the writing.

As expected, Table 1 further shows that students in the reference and intervention
groups more often claim involvement of their peers in their chosen feedback
experience, 22% and 44% respectively, compared to only 8% of students in the control
group. Analysis of the data in the open text fields describing the feedback experience
shows that the two students in the control group describe personal interactions with
peers, such as “receiving hints on how to use specific functions in Word” when writing
reports, and “that they had to be clearer during writing as their text was not fully clear
to the own team members”. Furthermore, although eight students of the reference
group indicated peers as being part of the peer feedback process, none of them
acknowledged their peers in their further description, opposed to seven out of eight
students of the intervention group explicitly acknowledging peers with quotes such as
“It's great to get feedback from a fellow student and not always from a teacher,
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because fellow students sometimes look at it from a different angle and you can also
learn a lot from that”, “In doing so, fellow students help raise my level’, and “For me,
the most important feedback is the help and feedback from my fellow students.” This
suggests that the learning intervention contributed to students understanding of the

value of peer feedback.

Next to that, it was observed during the focus group discussions that students from
the intervention groups had a broader view of feedback. They spontaneously
mentioned examples outside an educational context, such as feedback from a coach
while playing sports. Even when attempts were made to elicit such contexts from
students from the control groups by asking about "other situations" or prompting that
they needed to "think broadly”, they did not mention it until literally asked if none of
them played sports. Since all students acknowledged the value of feedback from a
coach while practicing sports, having a broader view of feedback and thinking of
analogies outside of the educational context, could also motivate students to engage
more with feedback within their programme.

3.2 General attitudes towards feedback

The focus group discussions revealed students' personal trait about openness to
feedback. When asked about what they would do if they received conflicting feedback
information from multiple sources, students from the intervention groups recalled their
experiences with peer feedback. They initially accredited the contribution of peers with
claims as “feedback from a student is not inferior’, but also demonstrated some
reluctance by statements as “fellow students have the same knowledge as you, but
okay, if they have experienced it in a different way... it might provide a different scope”.
In case of conflicting feedback, students would still put teachers’ feedback first
because “those are trained for that’ and “students place less importance on it’. Where
students of the intervention groups make a distinction between the level of expertise
of peers and teachers, students of the control groups directed the discussions towards
the influence of the accessibility of different teachers: “there are teachers and
professors with whom | can ask my questions directly, but with others | might not”, and
“in course X, for example, asking a question is a completely different situation from
course Y. In course Y, you can actually hardly do that’. Overall, students from both the
intervention and control groups, consent that in the end they will mainly use the
feedback “they understand the most’ or the feedback “which is the easiest to apply’.

Most students, both in the intervention and in the control groups, showed a preference
for easily applicable feedback because “that's going to work faster as you also correct
immediately without the need for reading it again”. Discussions quickly reveal that
students experience a high workload within their overall curriculum: “It requires a lot
of work and time. If you want to do everything perfectly, all 