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Foreword

What kind of future awaits our graduates? Megacities, disruptions caused by expansions in artificial intelligence
and big data, climate crises and (more) global pandemics are a few examples of the grand challenges emerging
in the literature in the past eight years. For instance, the National Academy of Engineering' outlines 14 grand
challenges for engineering in the 21 century, the United Nations? frames 17 Sustainable Development Goals to
achieve by 2030, and the European Commission® advocates for ambitious research and innovation agendas
around missions to address global challenges like climate crises. Worldwide, the vision is shared: addressing
global challenges like these and securing a fair, peaceful, sustainable, and prosperous future for all. Engineers are
central to achieving this vision, whilst engineering education institutions are key actors ensuring the transformation
of educational practices to equip the next generation of professionals with the right set of skills, such as complex
problem-solving, systems thinking and interdisciplinary collaboration.

Transforming engineering education is the theme of the 9" International Research Symposium on Problem-
Based Learning (IRSPBL 2023), convened by the MIT School of Engineering, Harvard’s John A. Paulson School of
Engineering and Applied Sciences, and the Aalborg Centre for Problem-Based Learning in Engineering Science
and Sustainability under the auspices of UNESCO. How can engineering education be transformed so that
students develop the required skills to perform in globalised contexts and address global challenges? What
learning can be shared by higher-education institutions that have embarked on educational transformation
processes? What do other stakeholders in higher education, industry and society have to say about these efforts?
These are examples of questions that will be discussed during the conference, hosted by MIT and Harvard on
21-23 June 2023. The IRSPBL 2023 has collected 55 contributions from 16 different countries, all of which
will be presented during the conference and have been compiled in this book. The contributions cover multiple
relevant topics related to conference themes, namely collaboration with industry, creativity and interdisciplinarity,
development of professional competences, digitalisation and online learning, education for sustainability,
educational innovation and curriculum design, faculty professional development, problem-based learning (PBL)
design and implementation, and student learning. This book represents some of the newest results from research
on PBL and best practices to inspire researchers and practitioners to transform their practice and their institutions.

We would like to acknowledge Prof. Edward Crawley, Prof. Eric Mazur and Prof. Anette Kolmos, honorary co-
chairs of the organising committee, along with Prof. Xiangyun Du, Dr Babi Mitra, Dr Rebecca Nesson and Dr.
Anas Chalah, for their expertise, insightful suggestions and support during the process leading to this book.

We hope that you will find the book useful and inspirational for your future work, and we look forward to meeting
you at IRSPBL, this year and in the future.

The editors,

Aida Guerra,
Juebei Chen,

Rea Lavi,

Lykke Bertel,

and Euan Lindsay

' National Academy of Engineering (2023). 14 Grand Challenges for Engineering in the 21st Century. Available at: http://www.engineeringchallenges.org/challeng-
es.aspx

2 United Nations (2015). Transforming our world: the 2030 Agenda for Sustainable Development. Available at: https:/sdgs.un.org/goals

> European Commission (2018). Directorate-General for Research and Innovation, Mazzucato, M., Mission-oriented research & innovation in the European Union
— A problem-solving approach to fuel innovation-led growth, Publications Office. Available at: https://data.europa.eu/doi/10.2777/360325


http://www.engineeringchallenges.org/challenges.aspx
http://www.engineeringchallenges.org/challenges.aspx
https://sdgs.un.org/goals 
https://data.europa.eu/doi/10.2777/360325
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A design and artificial intelligence undergraduate curriculum
based on project-based learning

Edwin C.Y. Koh

Singapore University of Technology and Design, Singapore, edwin _koh@sutd.edu.sg

Lee Siang Tai

Singapore University of Technology and Design, Singapore, leesiang tai@sutd.edu.sg

Ashraf A. Kassim
Singapore University of Technology and Design, Singapore, ashraf @sutd.edu.sg

Summary

This paper discusses the development of the Design and Artificial Intelligence (DAI) undergraduate degree
programme at the Singapore University of Technology and Design (SUTD), which aims to nurture technically
grounded innovators that can create better design with Al. The curation of both the Design and Al content
within the DAI curriculum was not easy as the programme needs to deliver a strong foundation in both areas
without requiring students to overload additional courses. To address this, the DAl programme uses project-
based learning (PBL) in the curriculum through hands-on design studio courses where students work in teams
on industry-sponsored projects to design solutions. In this paper, the DAI programme is evaluated from a
student self-efficacy perspective to better understand whether the PBL approach embedded in the DAI
programme suffices in increasing student confidence on designing solutions and working with industry. A
series of end-of-term surveys were carried out in this work and the results show that the number of students
with higher confidence level increases with each passing term over the duration of this study. The findings
suggest that PBL can be used as an approach to broaden student learning in a packed curriculum while
supporting the development of student confidence.

Keywords: curriculum design, project-based learning, industry ready, design competency, self-efficacy

Type of contribution: Research extended abstracts

1 Introduction

Artificial Intelligence (Al) is set to play an important role in the global economy (Rao & Verweij, 2017). While
not everyone aspires to be an Al engineer, future jobs across industries will inevitably be influenced by Al
(Bughin et al., 2018). Hence, there is a growing need to produce graduates who are savvy in Al. The Design
and Artificial Intelligence (DAI) undergraduate programme at the Singapore University of Technology and
Design (SUTD) seeks to address this need by nurturing students to become technically grounded innovators
that can create better design with Al. A key principle in the development of the DAI curriculum is to ensure
that students go through rigorous learning in design innovation and Al technology to gain mastery in both
areas rather than a superficial sampling of the two. However, Design and Al are both huge topics that require
substantial amount of time to cover the fundamentals. A mere stacking of traditional Design courses together
with Al courses may lead to a curriculum that requires course overloading for each term. Hence, the DAI
programme uses project-based learning (PBL) (Blumenfeld et al., 1991; Luxhoj & Hansen, 1996) in the

9™ INTERNATIONAL RESEARCH SYMPOSIUM ON PROBLEM-BASED LEARNING (IRSPBL):
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curriculum through hands-on design studio courses where students work in teams on industry-sponsored
projects to design solutions. The key objective is to provide opportunities for self-regulated learning
(Boekaerts, 1999) to broaden and strengthen student learning in both Design and Al topics. In doing so, the
PBL inspired design studio courses also offer a platform to engage students in active learning (Prince, 2004),
increase students’ motivation (Chandrasekaran et al., 2014), and enhance their epistemological development
(Zhu et al., 2019).

In this work, the DAI programme is evaluated from a student self-efficacy perspective to examine whether
the PBL approach embedded in the DAI curriculum increases student confidence on their beliefs that they
can execute the courses of action required to complete a design project with an industry partner (see
Bandura, 1977, on self-efficacy theory). The remainder of this paper is organised as follows: Section 2
presents the DAI curriculum in further detail. Section 3 outlines the methodological approach of this study.
The results from the study and the implications of the findings are discussed in Section 4. Lastly, the
contribution of this work is summarised in Section 5.

2 Adesign and artificial intelligence curriculum

The Design and Artificial Intelligence (DAI) programme at the Singapore University of Technology and Design
(SUTD) is a four-year undergraduate degree programme with eight terms (see Figure 1). Term 1, 2 and 3 are
referred to as the Freshmore terms where all SUTD students take on common core courses such as ‘Modelling
and Analysis’ and ‘Design Thinking and Innovation’. Students who wish to pursue the DAI programme will
take on DAl courses from Term 4 onwards. A unique feature of the DAI curriculum is the four design studio
courses that take place from Term 4 to Term 7 of the programme. These studios allow students to undergo
hands-on experiential learning on real-world issues through industry-sponsored projects. For instance,
‘Product Design Studio’ in Term 4 focuses on training students to design a physical product with an industry
partner (e.g. medical dispensing machine). Similarly, ‘Service Design Studio’ in Term 5 focuses on the design
of an online service application (e.g. online banking app), ‘Systems Design Studio’ in Term 6 focuses on the
design of a material flow system (e.g. queueing system for a hospital), and ‘Spatial Design Studio’ in Term 7
focuses on the design of a physical space (e.g. interior of a museum lobby).

Term 1
Modelling and Analysis
Physical World
Computational Thinking for Design
World Texts & Interpretations
Term 2 Term 3
Modelling Space & Systems Vacation/ Modelling Uncertainty
Technological World Summer Programme Theorising Society, Self & Culture
Science for a Sustainable World Any two Term 3 electives*
Design Thinking & Innovation
Term 4 Term 5
Product Design Studio Service Design Studio Vacation/
Al Applications in Design Machine Learning Internship/
Algorithms HCI & Al Exchange
HASS elective® HASS elective®
Term 6 Term 7
Systems Design Studio Vacation/ Spatial Design Studio
Applied Deep Learning Internship/ Capstone
DAI elective* Summer Programme DAI elective*
HASS elective® HASS elective?®
Term 8 *Science & Technology for Healthcare, Data Driven World, Designing Energy Systems, or
Capstone Spatial Design World
DAl elective® A " o .
DA elective? Humanities, Arts and Social Sciences (HASS) electives
HASS elective® #Elective courses offered by or aligned to DAI

Figure 1: Design and Artificial Intelligence (DAI) curriculum at SUTD

9™ INTERNATIONAL RESEARCH SYMPOSIUM ON PROBLEM-BASED LEARNING (IRSPBL):
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The DAI design studio courses form the core of the design-focused courses in the DAI curriculum. Students
are exposed to design principles and methods and fundamental technical know-how in the early weeks of
each design studio to create awareness and develop curiosity. For example, in the ‘Product Design Studio’,
students will learn design fundamentals covering topics such as design thinking, value proposition design,
product form design, and electronics prototyping, while working on an industry project. In the ‘Service Design
Studio’, students will learn topics such as agile design process, Ruby on Rails framework, and web
technologies for medium-scale cross-platform service, while working on another industry project. The
inclusion of Al technology in the solutions developed is optional as each industry project is unique with its
own requirements. Nevertheless, students are supported by Al-focused core courses in the curriculum in the
form of ‘Algorithms’ in Term 4, ‘Machine Learning’ in Term 5, and ‘Applied Deep Learning’ in Term 6, which
students can tap on and apply in the design studios. In addition, there are two DAI core courses on the
interplay between Design and Al, focusing on the use of Al technology to support the design process. For
instance, the ‘Al Applications in Design’ course in Term 4 covers topics such as the mining of design
requirements from large volume online data, which students can apply in the design studios to reinforce their
learning. The ‘HCl and Al’ course in Term 5 exposes students to the concept of human memory and attention
and can be used in the design studios as well to support the design of user interfaces.

There are four elective slots in the DAI curriculum spread across Term 6, 7, and 8 where students have the
flexibility to pursue more courses in Design and/or Al based on their interests. In Term 7 and 8, senior year
students (4" year) from different degree programmes at SUTD, including DAI, come together to form teams
and work on industry projects through the Capstone course. While the Capstone course offers yet another
avenue for project-based learning, this paper limits the discussion to the core courses unique to the DAI
programme. Further details on the Capstone course can be found in (Pey et al., 2020).

3 Method

This work seeks to evaluate the DAl programme from a student self-efficacy perspective and examines
whether the PBL approach embedded in the curriculum to broaden student learning in a packed curriculum
has an impact on the development of student confidence. A series of end-of-term anonymous surveys was
carried out in this work for this purpose and this section describes the approach taken.

3.1 Survey Sampling

Participants in this study are DAI students and the first batch enrolled at SUTD in September 2020. They
started with Freshmore courses in Term 1, 2, and 3 before embarking on DAI courses from Term 4 onwards.
At the time of writing this paper, the first batch completed Term 5 while the second batch completed the
Freshmore terms. Hence, this study only focuses on the first batch of DAl students as the second batch has
not experienced DAI core courses. Identical end-of-term surveys were carried out at three junctures — Survey
1 was carried out at end of Term 3 (i.e. start of DAl core courses), Survey 2 at end of Term 4, and Survey 3 at
end of Term 5. All DAI students (N = 34) were invited to participate. Out of which, 17 students participated
in Survey 1 (n1 =17), 19 in Survey 2 (n2 = 19), and 23 in Survey 3 (n3 = 23). Participation in the study was
voluntary. No course credits or monetary rewards were given.

3.2 Survey Instrument

The end-of-term survey consists of 2 survey items as shown in Figure 2. The survey items were structured as
questions with verbally labelled response options instead of statements with agree/disagree response
options to avoid acquiescence bias (Saris et al., 2010). A 5-point response scale ranging from ‘Extremely
confident’ to ‘Not at all confident’ was adapted from (Timur & Tasar, 2011) with all response options labelled
as recommended in (Gehlbach & Artino, 2018).

9™ INTERNATIONAL RESEARCH SYMPOSIUM ON PROBLEM-BASED LEARNING (IRSPBL):
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Q1. How would you rate your current confidence level in working with industry partners?
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Not at all
confident

Slightly
confident

Somewhat
confident

Fairly
confident

Extremely
confident

Q2. How would you rate your current confidence level in designing a solution?

Not at all
confident

Slightly
confident

Somewhat
confident

Fairly
confident

Extremely
confident

Figure 2: Survey items

4 Results

A summary of the responses for survey item 1 (i.e. Q1) is tabulated in Table 1. ‘Fairly confident’ was identified
as the mode and medianin Survey 1, 2, and 3. The percentage of respondents who selected higher confidence
level increases over time, with 53% of respondents in Survey 1 selecting ‘Fairly confident’ or ‘Extremely
confident’ (i.e. (8 + 1) / 17 = 53%), 58% in Survey 2, and 87% in Survey 3. While the distribution between
Survey 1 and 2 (i.e. from start of DAl core courses to end of Term 4) and the distribution between Survey 2
and 3 (i.e. from end of Term 4 to end of Term 5) did not differ significantly, the distribution between Survey
1 and 3 was significantly different (Mann—Whitney U = 128.5, n1 = 17, n3 = 23, P < 0.10, two-tailed).

Table 1: Survey responses for Question 1 — working with industry partners.

Confidence level

Survey ID for Q1 Not 'at all Slig.htly SOme.what Fairly Extrgmely
confident confident confident confident confident
Survey 1 2 2 4 8 1
Survey 2 0 1 7 9 )
Survey 3 0 0 3 19 1

A similar trend can be seen in the responses for survey item 2 (i.e. Q2) shown in Table 2. ‘Fairly confident’
was also identified as the mode and median in Survey 1, 2, and 3. The percentage of respondents who
selected higher confidence level increases over time as well, with 53% of respondents in Survey 1 selecting
‘Fairly confident’ or ‘Extremely confident’, 68% in Survey 2, and 78% in Survey 3. The distribution between
Survey 1 and 2 and between Survey 2 and 3 did not differ significantly. However, the distribution between
Survey 1 and 3 was significantly different (Mann—Whitney U = 130.5, n1 =17, n3 = 23, P < 0.10, two-tailed).

Table 2: Survey responses for Question 2 — designing a solution.

Confidence level

Survey ID for Q2 Not at all slightly ~ Somewhat Fairly Extremely
confident confident confident confident confident
Survey 1 1 3 4 9 0
Survey 2 1 0 5 13 0
Survey 3 0 1 4 16 ’
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5 Closing remarks

The Design and Artificial Intelligence (DAI) degree programme at SUTD uses project-based learning to
broaden student learning in a packed curriculum. This paper examines whether the PBL approach embedded
has an impact on the development of student confidence in terms of designing solutions and working with
industry through a series of student surveys. The results show that the number of students with higher
confidence level increases with each passing term over the duration of this study, suggesting that PBL can be
used as an approach to broaden student learning in a packed curriculum from a student self-efficacy
perspective.

Acknowledgement: The authors would like to thank Zerline Tan for collating the survey data.
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Summary

This study aims to explain the activities of universities within Continuing Engineering Education (CEE) by
conducting a mapping study based on data from different technical universities in the Scandinavian countries
and Mexico. The main objective is to explain the patterns related to current CEE practices, the trends
identified in cross-collaboration, and the new paradigm for the flow of knowledge between universities,
companies, and professional workers.

Keywords: continuing engineering education, educational innovation, lifelong learning, industry 4.0,
professional development.

Type of contribution: Research extended abstracts.

1 Introduction

Organisations such as the World Economic Forum (WEF) and the Organisation for Economic Cooperation and
Development (OECD) have published international reports related to the future of work, the reskilling
revolution, and the relationship between Employment, Skills, and Workforce Strategy for the Fourth
Industrial Revolution (Hughson & Wood, 2020; Ratcheva et al., 2020). The conditions of rapid evolution in
Industry 4.0 and its accelerated technological advances seem to require more research in CEE in the
universities themselves so that graduates develop a lasting culture of lifelong learning (Zhang et al., 2020).
The CEE should be considered a great ally to achieve not only the upskilling and reskilling update in the
technical and technological competencies of Industry 4.0 but also for the formal and informal training in the
skills and competencies that professionals require throughout their engineering careers. Additionally, there
is still the unresolved problem of the impact of COVID-19. Post-COVID issues posed new challenges for
education in general and severe problems for the CEE (for example, the accelerated implementation of
digitised versions of some processes and the difficulty of virtually carrying out specific training) (Nayak et al.,
2022). The interest in this work started during the 18th World Conference on Continuing Engineering
Education in June 2022, where "A Panoramic View of the State of Continuing Engineering Education in
Europe" was discussed and put into perspective, i.e., to Mexico. Thus, the main objective of this study is to
describe the different cultures, processes, and CEE approaches, practices, and trends identified in cross-
collaboration between universities, companies, and professional workers. The study considered different
layers: macro factors (national and international) that refer to other countries and their contexts: labour
market and education system; and meso factors (learning providers) that refer to the different providers and
organisations, considering the management of the programs. The scope of this study does not allow any
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analysis of the micro factors (individual) that refer to the individual level construct, such as psychological and
socio-cultural, demographic, and economic factors. The study considers two Research Questions on the way
to identify the patterns related to current CEE practices and trends:

RQ1: What is the current panorama of CEE in countries of two geographically independent regions:
Scandinavia (Denmark, Norway, Sweden, Iceland, and Finland) and Latin America (Mexico)?

RQ2: What trends and innovative practices related to CEE are ongoing in those regions?

2 Methodology

The literature non-systematic literature review carried out in the present study is a review that seeks to
identify linkages among Higher Education Institutions, industry, and society. The keywords for the search,
derived from the RQs mentioned above, were "continuing education”, "continuous professional education”
and "engineering". However, the study limited the search to the Scopus database and the last ten years
(2013-2022). As a result, we found only 46 document results using the search term "continuing engineering
education" and 135 document results using the search terms "continuous professional development" AND
"engineering" AND "computer sciences"”, with the following characteristics:

e Three publications with the European Commission as Funding Sponsor (2016, 2020, and 2021) exist.

e Regarding universities, the TOP 10 were: Oklahoma State University (n=9); Aalborg University (n=9);
University of Johannesburg (n=8); Koch Engineered Solutions Institute SM (n=7); John Zink Institute (n=6);
University of South Carolina (n=6); University of Limerick (n=6); The Open University (n=6); Trinity College
Dublin (n=5); University of Leicester (n=5).

e Of the 28 articles published in 2022, 7 are chapters belonging to the book "Continuing Engineering
Education Handbook" (https://doi.org/10.52305/ZRNH8663).

The data collection resulted from descriptive document analysis, e.g., global, national, and institutional

reports and whitepapers. We analysed those documents to identify CEE activities and thus give voice and

meaning to the data and further highlight trends and the future of CEE based on the CEE mapping.

3 Mapping of the Scandinavian countries CEE

3.1 Panorama of the CEE in Scandinavian countries

CEE activities across Scandinavian universities are diverse, as the Nordic STEM Report (2021) reflects. We
interviewed CEE staff from nine Scandinavian universities in Denmark, Sweden, Iceland, Finland, and Norway,
who describe the contemporary practice and imaginaries regarding the future of CE. The number of
participants in postgraduate education in Scandinavia is limited. In 2021, 1220 individuals participated in
continuing education (CE) in Denmark out of a population of around 5,8 million. Likewise, there has been a
tendency to prioritize CE in the humanities and social sciences instead of engineering and natural science
courses. When describing the Scandinavian CEE praxis, two organisational approaches emerge. The "open
university" (OU) courses are managed centrally and constitute accredited and continuously scheduled
classes. The accreditation of the OU corresponds to the European Qualifications Framework (EQF), equalling
EQF levels 6 and 7, which is the BS.C and MS.C degree. OU covers MBAs, Diplomas, Open Seat-, Full Time on
Part, Time courses, and Single Subjects, partly funded through government funding. This situation reduces
the financial burden on the participants but heightens the formal obligations for CEE activities.

Additionally, the requirements depend on national legislation and constitute specifications for admission and
conduction of CEE. An example of this is the admissions requirements for an MBA, which is a BSC and two
years of work experience, or for the Empty Seat courses, where participants can take up an empty seat for
cheap and participate in ordinary BS.C. and MS.C. courses and receive credits if they fulfill the requirements
and exams. According to the Scandinavian universities, the problem with OU courses is the limited flexibility
due to the formal regulations. Universities bypass these limitations through commercial courses (CC), which
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are organised internally at the university or through university external holding companies. Commercial
courses are often not accredited or state-funded, but participants or employers finance them.
Commercialised CEE includes a range of products such as workshops, single courses, micro-credentials, or
MOOCs spanning hours or days, to more extended programs such as commercial MBAs. Besides increased
flexibility, universities emphasise the advantage of new revenue through CC. The synergy between BS.C. and
MS.C. level and CEE courses is typical for the Scandinavian CEE. Specific for CEE is the use of Problem-Based
learning, group work, and utilisation of teachers from industries to ensure that the CEE meets the
professional needs of adult learners and companies.

3.2 CEE trends in Scandinavian countries

Looking into the future of CEE, Scandinavian universities believe that CEE will constitute an essential part of
the university's activities and business. The fact influences the political discussions, e.g., Aalborg Universities
(AAU) strategic agreement with the Danish government, where AAU pledged to provide new CE courses
within the engineering field. Academic staff also consider CEE as having a vital role in the future "[...] maybe
in the future we have as many [...] ordinary students as we have continuous learning students".
Scandinavian universities need better organisational structures, e.g., by creating holding companies,
streamlining administrative systems, and implementing new incentive structures. The situation raises a
conscious wish to move away from CEE based on the individual employees' passion and playing a minuscule
role on an institutional level. Instead, having CEE constitutes a vital role in the university strategy. The
interviewed universities agreed on the need for better cooperation between universities and the private and
public sectors. The universities wish to utilise a dialogue-based approach to facilitate collaboration through
market research, student networks, and courses aimed at adult learners with a non-formal educational
background to ensure that CEE reflects professional needs. Finally, the universities underscored the need for
flexible CEE activities, making CEE easily accessible for companies seeking a competence boost by
implementing digitalization and micro-credentials. There exists an agreement that universities must utilise
CEE to facilitate personal development and lifelong learning as in current society, individuals spend evermore
years in the labour market "[...] if we're going to work until we're 70, we have to have a system that can
handle 45, 50-year-old engineers coming back and taking a one-year master's degree to reskill because what
they studied 25 years ago isn't valid anymore".

4 Mapping of the Mexican CEE

4.1 Panorama of the CEE in Mexico (Macro Level)

Data for the first quarter of 2022 from the National Occupation and Employment Survey (ENOE) shows that
the number of employed professionals in the country is 10.5 million. Of the total population in Mexico, 237
thousand 617 students are currently studying a specialty, master's degree, or doctorate, according to data
from the National Information System of Educational Statistics in Mexico of the federal Ministry of Public
Education. According to the Organization for Economic Cooperation and Development (OECD), in Mexico,
there are about 6.6 million people, representing 0.7 percent of the total population, who have a master's
degree, and about 400,000 have a Ph.D. degree, representing 0.1 percent of the total population. Master's
degrees in business or MBA are in great demand, so there are different rankings for this type of study. To be
considered among the most prestigious and significant rankings worldwide, business institutions must have
accreditation from the Association to Advance Collegiate Schools of Business (AACSB), the Association of
MBAs (AMBA), or the European Quality Improvement System (EQUIS). The rankings evaluate the school
based on its students' results at the end of their studies. It is possible to review the methodology of each
ranking in detail on the official websites of said publications. Elements such as the requirements for the
selection of students, and their average GMAT scores, salary increase, job growth and success, networking,
and entrepreneurship index, perception compared to other business schools, consider the quality perceived
by recruiters, and the return on investment against the cost of tuition, among others. Only two Mexican
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Institutions belong to the QS Global MBA Rankings, Latin America 2022: EGADE Business School (with an
overall score of 65.3) and IPADE Business School (with an overall score of 50.2).

4.2 The case of Tecnologico de Monterrey and CEE trends in Mexico

EGADE (Graduate School of Business Administration) Business School is part of the 1% of business schools
worldwide that have obtained triple International accreditation: it has been evaluated and endorsed by the
three prominent accreditation organisations worldwide (AACSB, AMBA, and EQUIS). EGADE School currently
has three internationally positioned programs in the main rankings: the Full-Time MBA in Innovation &
Entrepreneurship, the Master's in Finance, and the Master's in Business Management, which was ranked #1
in Mexico and LATAM for the second consecutive year. Regarding the CEE options at Tecnologico de
Monterrey, the program most required by engineers (minimum two years of professional experience) is The
Master's in Engineering (MCl), which seeks to face the current challenges of a global society: overpopulation,
hyperconnectivity, and the irreversibility of climate change and loss of natural resources; and The Master's
in engineering management (MEM) that is aimed at engineers employed in large multinational companies
and seeks to develop communication, leadership, and project management. In the last admission of EGADE
Business School students, the master's degrees in business had the following distribution of students: MBA,
39% of engineering students; MAF students, 33% of engineering students; MBD, 49% of engineering students.
One of the trends integrated into the master's programs at Tecnologico de Monterrey is the incorporation of
courses, micro-courses, and webinars by professors on engineering topics such as Logistics Trends and Supply
Chains, as well as Machine Learning Models in risk management in the MBA and the MAF; and the issue of
the Impact of Analytics on the Transformation of the Company, in the MBD. These topics are complemented
by carrying out real projects with companies where students put into practice the knowledge taught in the
classroom. It is interesting to highlight the inclusion of technologies for learning through educational
innovation in various courses, alternative learning such as cybersecurity in business, virtual introduction to
Virtual Reality inindustry, and introduction of blockchain for business to reinforce knowledge and even obtain
a certificate.

Additionally, a virtual campus in the metaverse opened last year. Considering the Meso level, some of the
most innovative CE trends we can mention are related to the aspects of didactics and the modular structure
of the programs. Two examples of the Tecnologico de Monterrey educational strategies are Massive Flexible
Digital Masterclass Model (MFDM) and distance programs with LIVE interactions. MFDM follows a
masterclass approach using challenge-based learning and flipped classrooms as pedagogic techniques to
promote the development of competencies and skills. LIVE are online programs that combine two types of
learning, synchronous and asynchronous.

5 Findings and Discussion/Conclusion

Though there has been public recognition of the need for lifelong learning in engineering education, CEE still
needs scholarly attention. The purpose of this study was to deliver a mapping of contemporary practises and
imaginaries regarding the future of CEE in Scandinavia and Mexico. Firstly, it is necessary to emphasise the
different educational traditions on a macro level. In Scandinavia, CEE encompasses formal and informal
postgraduate education, whereas CEE constitutes courses at MA/Ph.D. level in Mexico. This difference in
conceptualization may reflect that getting a tertiary education is more widely spread in Scandinavia than in
Mexico, creating a different understanding of CE (UNESCO Institute for Statistics, 2016). When researching
CEE, it is necessary to keep this conceptual discrepancy in mind. Financing and administration of CEE is
another point of difference at a macro level. CEE in Mexico is developed as a part of the university focal point
and financed by the participants, and the welfare state partly subsidises the CEE in Scandinavia.

To attain greater flexibility, Scandinavian universities look to developing CEE, which places the financial
burden on the learner but enables more flexible CEE initiatives. The administration and organisation of CEE
still constitute a minor role compared to regular BS.C. and MS.C. courses in Scandinavia. However, the
interviewed universities articulate desires towards better administrative and incentive structures, ensuring
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that CE will make up a more significant role on an institutional level in the future. Although CEE refers to two
different levels of education across Scandinavia and Mexico, the mapping reflects a common goal with the
development of CE in engineering. Not only does CEE secure upskilling for the individual learner and
companies, but the significant role of CE in humanities, social sciences, and business may point towards a
need for non-traditional competencies, such as business and communication skills. Those options are ideal
for individuals seeking professional development in engineering. This change in professional profile through
CEE will be examined in future work by the authors of this paper. At a meso level, both Scandinavian- and
Mexican technical universities implement problem- and challenge-based learning to ensure the professional
relevance of the courses offered to the participants. Collaboration with corporations is put forward as the
way to ensure the relevance of CE in the upskilling of engineers and create the possibility for corporations to
utilise CEE to implement problem-solving- and collaboration skills as a part of a professional profile. The need
for collaboration put forward new demand for flexible CEE courses, fitting the schedule of companies and
working adult learners. Both Mexican and Scandinavian universities put forward the use of digital- and
blended learning and short formal and in-formal courses, such as micro-credentials, workshops, and flexible
masters, to meet the demands for flexibility. At the Micro level, we observe that the tradition of "social
purpose,” in which CEE is a lever for empowerment and emancipation, has passed to a "learning to earn
money", in which CEE is a lever for economic growth and global competitiveness. Perhaps this is why one of
the trends in continuing education for engineers is to seek to develop knowledge and skills in business issues
to complement the technical knowledge learned at the university. In that way, workers can potentiate
opportunities to occupy senior management positions in corporate or possibly detonate their enterprises to
generate jobs.
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Summary

Hanyang University ERICA (Education-Research-Industry Cluster at Ansan, Korea) has employed the Industry-
Coupled Problem-Based Learning (IC-PBL) model for all engineering majors since 2017. IC-PBL differs from
general PBL in that industry problems are directly brought and presented to students, and industry experts
provide mentoring, feedback, and evaluations of students’ problem-solving process and results. To facilitate
professors to develop IC-PBL multidisciplinary convergence courses, we have established special interest
groups (SIGs). From 2017 to 2022, a total of 13 SIGs were organized as part of convergence education
research. From these, “G-Capstone Design: Convergence Technology in the Non-face-to-face Era” was
selected as the best SIG case in engineering education. This case is meaningful in that it is a convergence
between five majors and utilizes an online-offline convergence education environment. Furthermore, it has
excelled in that it has expanded and connected the case of development and operation of convergence
subject to interdisciplinary convergence research projects of national research institutes and connected
learners to careers through their participation as researchers. Through this case, we would like to share the
innovation and development direction of engineering convergence education.

Keywords: engineering education, PBL (problem-based learning), IC-PBL (industry-coupled problem-based
learning, SIG (special interest group), interdisciplinary convergence

Type of contribution: Best practice extended abstracts

1 Industry-Coupled Problem-Based Learning (IC-PBL)

Problem-based learning (PBL) is a student-centered teaching approach in which students learn by solving a
real-world problem (Barrows, 1996). Specifically, students foster problem-solving and collaboration skills by
working on an authentic problem in a group (Hmelo-Silver, 2004). According to social demands emphasizing
problem-solving skills, PBL is being applied in various disciplines, including engineering, medicine, humanities,
and design (Park et al., 2020).

Hanyang University ERICA (Education-Research-Industry Cluster at Ansan, Korea) introduced the IC-PBL
model to all majors in 2017 with the educational goal of strengthening students' creative convergent
problem-solving skills. IC-PBL stands for industry-coupled problem-based learning, which can be
differentiated from general PBL in that industry problems are directly brought and presented to students,
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and industry experts provide mentoring, feedback, and evaluations of their problem-solving process and
results (Kim et al., 2022).

2 IC-PBL Special Interest Group (SIG)

The IC-PBL special interest group (SIG) is a research community of professors with a shared interest in
developing multidisciplinary convergence IC-PBL courses. The research period of the SIG is six months.
Professors regularly meet to determine the course's title, objectives, and scope and develop problem
scenarios. In addition, comprehensive IC-PBL courses, such as learner team formation strategies, instructor
team teaching strategies, and evaluation methods have been designed. At Hanyang University ERICA, a total
of 13 IC-PBL SIGs were held from 2017 to 2022 with 37 professors participating. Six of the 13 SIGs were related
to engineering.

Table 1: List of IC-PBL SIGs for developing interdisciplinary IC-PBL subjects

No. Year Departments Research topics Subjects
1 2018  Software, Engineering Development of a fu.ndralsmg robotto Intelligent robot crash
spread donation culture lab
) 2018  Software, Engineering RQS: Education on using embedded the = Embedded operating
Linux-based robot software platform system
3 2018  Business, Engineering Industrial pr.oductlon process analysis Smart fac.tory
and improvement plan simulation
. . . R&D industry in th
Engineering, Fostering ICT/Al convergence talents for iNdustry in the
4 2019 . e . .. era of the fourth
Pharmacy, Software innovation in the bio-medical industry . . .
industrial revolution
Engineering, Business G-capstone design:
8 . & ’ OPEN Education-Research Practice for convergence
5 2020 Design, Software, L )
. Cultivating Convergence Talents technology in the non-
Science
face-to-face era
IC-PBL+ course development for Artificial intelligence
6 2021 Software, Engineering  artificial intelligence-based earthquake analysis for disaster

early detection method development

response

3 Abest case of IC-PBL SIG: G-Capstone Design

3.1 The course design

The IC-PBL SIG called G-Capstone Design aimed to design an innovative curriculum that combines software
engineering technology for on-site service and business management for marketability. As shown in <Table
2>, five professors from different majors designed the graduate-level convergence curriculum for teams of
graduate students from various majors to carry out industry problem-based projects for developing
innovative problem-solving skills.

Table 2: Participants of SIG for G-Capstone Design

Professors Affiliated majors Lecture areas
1 Electronic engineering Robot design
2 Ocean science Acoustic signal processing
3 Software engineering Software design
4 Business management Management

9™ INTERNATIONAL RESEARCH SYMPOSIUM ON PROBLEM-BASED LEARNING (IRSPBL):
TRANSFORMING ENGINEERING EDUCATION 2023 13



Collaboration with Industry

5 Visual communication design ul, UX

SIG research activities were conducted through nine research meetings for six months from September 2020
to February 2022. <Table 3> shows the contents of research activities and the progress of the course design.

Table 3: Research activities

Rounds Major topics Contents
Confirmation of application platform and operation method
1 P-school planning -A new platform with enhanced interaction
Kick-off meeting -Graduate school first semester or 1-year course using the
capstone design method
Major search for curriculum Major seminar for course convergence
2-6 planning and detailed planning - Topic lectures on major areas by 5 participating instructors
(internal university members) - Seminars by inviting experts in related industries
Interim report
P-school interim reporting SIG research process, goals, progress sharing, and feedback
7 session Application to open the course in the first semester of 2021
Opening of new courses Course name: G-Capstone Design

(Fusion Technology in an Untact Society)

Contents of the 6-week educational program made by each
of the participating professors

Confirmation of detailed contents

Submission of a final educational program

P-school interim reporting
8-9 session
Opening of the new course

3.2 The course implementation

For the G-Capstone Design course, Hanyang University Hospital was selected as the industry, and Professor
Ji of the Department of Otorhinolaryngology participated as an industry expert. The course was operated for
2 hours of theory and 2 hours of practice in the spring semester of 2021, in which students developed medical
robots through convergence technology in the non-face-to-face era. A total of 12 graduate students
participated in the class (four design majors and eight science and engineering majors). Lectures were
conducted by three professors participating in the SIG and an online-based team teaching format using
Z00M was employed. Additionally, practice, field visits, and project execution were conducted offline. The
composition of the course operation according to the IC-PBL stage is shown in <Table 4>.

Table 4: Course implementation

IC-PBL steps Week Contents Operation methods
Understanding 1-2 Orientation & identify a problem Zoom online lecture
the problem Assemble the project team & plan the project
(lecture) Lectures on creative thinking to derive ideas
Theory (lecture) 3-6 Android-based web programming lecture Zoom online lecture

Design thinking
"Temi" robot features a lecture
Do It Process lecture to establish a business

model
Solution 7-8 Presentation of five ideas per team Zoom online presentation
Presentation Confirmation of final idea by revising and Faculty evaluation

supplementing
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Practice 9-15 Acoustics theory and practice lecture Practice in a designated
Robotics basics and Arduino practice classroom
Carrying out the project
Final evaluation 16 Final presentation Zoom online Presentation
and reflection Faculty evaluation

Until the eighth week, the students analyzed the presented problems, took online practice theory lectures,
and prepared for the interim presentation. During this time, they visited university hospitals, mid-sized
hospitals, and small private hospitals and explored the pain points of doctors and patients through user
research. A survey of specialists was conducted to derive the components of the medical robot system in the
non-face-to-face era, focusing on the functions that can be used by existing robots and those required for
medical robots. The students presented the role of the robot and the design of the medical environment for
using the robot from reservation to inquiry, medical treatment, and finally prescription. Professors provided
feedback for realization through the midterm evaluation and suggest concrete solutions in the final
evaluation and presentation

3.3 The course result

As a result of the G-Capstone Design course, students developed a remote-control robot service scenario
that can be applied to a telemedicine environment. Professors and industry experts evaluated that while
students developed service scenarios using the “Temi” robot well, it was desirable to implement only simpler
and more useful robot functions. As for the students' main opinion on the course results, it was possible to
improve the digital change of the medical market, and the on-site understanding and the role of the robots
is also essential, but based on user research, they found that it was essential to reflect the difficulties of non-
face-to-face situations between patients and medical staff.

The results of this course are meaningful in that they are valuable in to universities, students, and society.
First, from the university perspective, this course contributed to fostering talents who can cultivate the
convergence thinking required by the current society combining knowledge and ideas from the five
departments. Second, from the students' perspective, a sense of learning achievement was encouraged by
applying their proposed service robots as solutions to industry problems. In addition, as the results of
education were extended to research fields, students had opportunities to participate in research and write
papers. Third, from the social perspective, this course provided direct and immediate problem solutions to
the industry by developing a remote-control service scenario for non-face-to-face treatment using robots.

4 Implications of G-Capstone Design for fostering convergence talents

4.1 Convergence between five majors

This SIG project took the development of convergence subjects to instruct advanced convergence talents
aiming for future technologies that converge software, design, and management fields in the fields of science
and technology. The majors of electronic engineering and marine engineering, which can actively utilize
information and communications technology, were set as application areas. The majors of software
engineering, design, and business administration are meaningful in convergence education in providing not
only convergence knowledge and technology but also technology-based service, aesthetics, and
marketability as educational content.

4.2 Convergence between the online and offline educational environment

The class consisted of theory and practice: theory was conveyed via online lectures, and the site visits and
practice were designed by an offline team. It is excellent that the online/offline environment was converged
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and operated according to the characteristics of the contents of the convergence class and the activities of
the instructor and the learner.

4.3 Expansion into national research projects

By expanding the SIG Convergence Curriculum Development Research, this SIG was selected for the
“Interdisciplinary Convergence Research” of the 2021 National Research Foundation of Korea's Balanced
Academic Development Support Project. This is significant in that subject research has expanded to a
national-level study that can propose a model for interdisciplinary subject convergence.

4.4 Career advancement for students

Through “Interdisciplinary Convergence Research,” the scope of research to the aspect of cultivating student
careers was expanded. There were outcomes in which students who participated in the education went on
to postdoctoral programs or were hired as researchers. It is meaningful that the outcomes of the class differ
from other cases in that it is helpful for students’ careers and advancement.

5 Conclusion

Due to COVID-19, convergence of new technologies is needed. Because technology advances rapidly, it is
impossible to keep up with social demands unless the paradigm of university education changes. To
adequately prepare for the era of the 4th Industrial Revolution, it is essential to develop convergence subjects
that aim for exchanges between various disciplines. Nevertheless, several barriers exist.

First, there are difficulties for professors to set the scope of team teaching for convergence subjects. For
curriculum development and operation, it is necessary to secure joint research time for continuous discussion
among participating professors.

Second, identifying the exact needs of the field to solve IC-PBL problems is very difficult for students. This
issue could be solved to some extent by visiting the site. For industry-coupled PBL operation, it is necessary
to provide sufficient opportunities for students to investigate and observe the field in-person.

Third, this case was limited to the conceptual design level because there was not enough time to run the
hardware design course within one semester. It is necessary to improve the academic system so that long-
term convergence projects at the university level can be carried out and classes with a high level of
implementation can be operated.

6 References

Barrows, H. S. (1996). Problem-based learning in medicine and beyond: A brief overview. New Directions for
Teaching and Learning, 68, 3—12. https://doi.org/10.1002/t1.37219966804

Hmelo-Silver, C. E. (2004). Problem-based learning: What and how do students learn? Educational Psychology
Review, 16(3), 235-266. https://doi.org/10.1023/B:EDPR.0000034022.16470.f3

Kim, Y., Kim, C. M., & Park, K. (2022). A study on IC-PBL (Industry-Coupled Problem-based Learning) and
learning performance measurement in higher education institutions. Korean Business Education Review,
37(6), 101-131. https://doi.org/10.23839/kabe. 2022.37.6.101

Park, H., Lee, H. & Jang, J. (2020). Case study on design and implementation of job training program based
on one-day, one-problem approach. Korean Journal of Human Resources Development, 23(2), 139-167.
https://doi.org/10.24991/KJHRD. 2020.06.23.2.139

9™ INTERNATIONAL RESEARCH SYMPOSIUM ON PROBLEM-BASED LEARNING (IRSPBL):
TRANSFORMING ENGINEERING EDUCATION 2023 16



Collaboration with Industry

Work-In-Progress: Reforming Engineering, Science and
Technology Education in Kenya

Leonidah Kerubo
Professor, Faculty of Science and Technology, University of Nairobi, Kenya, lkerubo@uonbi.ac.ke

Thomas Ochuku Mbuya

Professor, Faculty of Engineering, University of Nairobi, Kenya, tmbuya@uonbi.ac.ke

Erastus Abonyo
Architect, Faculty of Built Environment, University of Nairobi, Kenya, e.o.abonyo@uonbi.ac.ke

Marc Zolver
Foreign expert, Directorate of University Advancement and Institutional Development, University of Nairobi, Kenya
ExpertiseFrance, AFD group, France, marc.zolver@expertisefrance.fr

Summary

Kenya is among the leading economies in East Africa but faces challenges, nationally, such as high
demography, low access to Education, inadequacy between educational programs and the job market, and
internationally, such as the climate change and its dramatic impacts. To tackle these multiscale challenges,
Kenyan higher education institutions are committed to transforming their academic framework.

In particular, the University of Nairobi (UoN), top-first in Kenya, launched a strategic plan with a specific focus
in Engineering, Science & Technology (ES&T). Its concretization is threefold: enabling infrastructures by
constructing innovative buildings; systemic transformation by upgrading programs, embedding societal
stakes, strengthening multi-disciplinarity, supporting innovative and entrepreneurial spirit; enhanced
companies’ involvement in governance and strategy, Education, Research and Innovation.

UoN will blend its experience and practices with the ones of its international partners, such as from France
amongst others. It will define achievable objectives and indicators to monitor and assess this transformation.
Aware of the risks and challenges, UoN expects to increase its impact on civil society to tackle the economic
and environmental challenges and increase its graduates' employability and impacts at regional and
international levels. The UoN initiative shall place the university at the forefront of ES&T Education
developments in Africa.

Keywords: Enabling infrastructures, Curriculum transformation, Industry-Academia linkage, Innovation,
Higher Education in Africa.

Type of contribution: Best practice extended abstracts

1 Introduction

In East Africa, Kenya is one of the most stable and rapidly growing economies, regularly achieving more than
5% growth per year in the last decade (World Bank, 2022). In addition, like many other countries, Kenya is
aware of the future dramatic impacts of climate change. To sustain its growth and to prepare for future
challenges, a national strategic plan (Kenya Vision 2030) has been developed and is being implemented with
a series of reforms in the economy, society and public policy. Split into 4-year-long medium-term plans, all
sectors are addressed with clear objectives and indicators in, for example, infrastructures, ICT, Education,
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public services, and labour market. In the (Medium term plan 2018-2022, 2018), there is a specific focus in
higher and technical Education with the development of key programs in Science, Technology, Engineering
and Mathematics (STEM), the empowerment of the National Research Fund, The National Commission for
Science, Technology and Innovation, and the Kenya National Innovation Agency. One of the major targets is
to increase Research and Innovation engagement up to 2% of the GDP.

Nevertheless, Kenya faces many challenges in its journey to becoming a middle-income, resilient and green
economy by 2030. With 50% of its population under 20 years old, the pressure on the educational system
and the job market is tremendous. The access rate to Higher Education remains low (up to 15%), and is
accompanied by a high dropout rate around 10% per year. In addition, it is well known that the impacts of
climate change will be dramatic worldwide but worse in Africa. Although Kenya wishes to develop its
resilience and its economic capacities through ES&T, it has been reported by (Mukhwana et al, 2016) that
there is low attractiveness of this sector, especially with regard to the training programs and the poor
employability of its graduates as reported by (Federation of Kenya Employers, 2018) and (SOFRECO, 2019).

In response to these gaps, the Kenyan Higher Education sector is engaged in strategic reforms whose
overarching goal is to promote the ES&T sector through improved infrastructures and implementation of
relevant curricula developed in consultation with industry and societal stakeholders. In particular, UoN
launched master and strategic plans (University of Nairobi, 2015-2018) that include specific attention to ES&T
as key drivers for development and resilience. The plans interconnect 3 parts:

- The infrastructure by constructing a new innovative Complex, totalizing more than 30,000sqm, called
the "Engineering & Science Complex" (ESC), where spaces and their distribution will play an active role;

- A systemic transformation of Education, Research and Innovation;

- Enhanced industry-academia linkages within the activities of the Complex.

International cooperation will be active, blending local experience and practices from UoN with the ones of
its international partners, especially from France, where industry-academia linkages are well developed and
efficient, namely CentraleSupélec (CS) from Université Paris-Saclay (UPSaclay), and the ParisTech group (PT).
In addition, CS and UPSaclay have very recent experience in building new campuses, which shall benefit the
UoN ESC. The whole project is supported by a sovereign loan for the construction, topped up by a grant for
cooperation, both from the French Agency for Development.

2 Enabling infrastructure

Most university campuses are historic (some multi-centenary) and embedded in a classical vertical vision of
Education and Science. In that vision, Education is rather a top-down process, from professors to students,
and Science is structured in independent domains. University campuses follow this vision with separated and
mono-function spaces and buildings. Education is well separated from Research, academia from
administration and services, professors from students, even researchers from each other. In such
configurations, multi-disciplinarity, interconnectivity and serendipity - amongst other best practices - are not
welcome and need specific efforts to be effective.

However, many universities have adopted a new vision of cross-enrichment between people, activities and
domains. They have created new, open and multi-functional spaces where creativity and serendipity are
enabled, and new pedagogies take place. Some universities, such as CS in France (Figure 1), have even had
the chance to reimagine and build totally new infrastructures adapted to the new practices. Such existing
benchmarks and UoN internal and external stakeholders’ consultations, led to the main driving principles
for the architectural programming of the ESC with a shared core centre for Education, Research and
Innovation, multi-connected and full-fledged flexible - with modular classrooms and sizeable
amphitheatres, adaptable and multi-functional spaces - embedded in a multi-users and open innovation
ecosystem. It includes a creativity centre (makerspace/fablab), a team-project platform, and incubation

9™ INTERNATIONAL RESEARCH SYMPOSIUM ON PROBLEM-BASED LEARNING (IRSPBL):
TRANSFORMING ENGINEERING EDUCATION 2023 18



Collaboration with Industry

areas. It hosts trans-disciplinary centres of excellence in key research areas for sustainable development,
all together interweaving student’s life spaces, services and administration.

Figure 1: benchmarked multi-functional building (CS, France, 2017).

The construction shall remain locally inspired and adapted (culture and climate), with green and
sustainable certification, including a smart building management and maintenance through Building
Information Modelling. After the (feasibility study, 2020) and UoN preliminary architectural works,
international calls for tender will be published in 2023. The result is expected to become a regional and
international benchmark, inspiring future campus development in Africa.

3 Systemic transformation

In conjunction with the new ESC, UoN proposes a challenging plan to engage people, faculties and students
in an academic reform in the ES&T area. It is well known in our community that, in the challenging context
of sustainable development, but in a more volatile, uncertain, complex and ambiguous world (Kamp, 2016),
ES&T education requires new pedagogies, new practices and more societal stakeholders’ involvement. UoN
wishes to address this reform in systemic and multiple concrete ways through its Directorate for
Advancement, the Faculty of Science and Technology and the Faculty of Engineering, by developing:

Problem and Goal-based learning (PGBL): actual curricula in ES&T, especially in Kenya, often remain too
theoretical and far from the corporate world. They have a limited practical component and competence
development. They also fail to keep pace with the ultra-fast life-cycle of technologies and sometimes fail to
deliberately address the UN global sustainable development goals (SDGs).

Inspired by international examples, such as in North America (MIT in USA with its NEET program, MCGill in
Canada with its international bachelor), Europe (CS & PT in France with their strong corporate linkages,
Aalborg in Denmark with its PBL approach), the UoN reform proposes stronger and deeper student’s
exposure to real-life and complex problems, especially industry-based and goal-based projects. This new
PGBL approach mixes STEM with Social & Human Sciences, multi-cultural individuals and teams, in an agile
approach that focuses attention to problem solving, stakeholders’ concerns and client relation, uncertainties
management, planning and business canvas, entrepreneurship, challenges and impacts.

The PGBL activities will be organized from week-long activities (possibly twice a year) with focused workshops
and challenges (complexity, creativity, teamwork, SDGs awareness) to semester or year-long competitive and
integrative projects. It will involve the UoN academic teams, helped by internal and external stakeholders
from the public and private world, working with teams of students.

Immersion with companies/organizations: Students are often disconnected from the professional world.
Hence UoN will multiply real experiences in companies and organizations through visits, placements and
internships of different durations and levels along its programs, and possibly develop apprenticeship. The
latter may be challenging in the local context, as it is mainly dedicated to technicians. However, developing
higher-level apprenticeships (such as in France) may benefit both students and companies.

In addition, job-oriented competencies will be addressed specifically with student professional preparation,
thanks to transversal professional workshops and tracks during their studies (such as entrepreneurship,
project management, applied research, production and supply chain), where specific inputs from companies
are expected to better prepare them for the job market.
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Innovation and Entrepreneurship: the ESC and its activities will allow students and faculties to train and
experience the concepts and processes involved in Innovation and Entrepreneurship. The new curricula will
embrace the basics of Innovation and Entrepreneurship to be learned by most students, to advanced tracks,
following up and coaching for the more mature and innovative individuals and teams, allowing them to create
businesses and jobs further. The environment, open to students and faculties, will include classical fab
lab/maker space (inc. rapid prototyping facilities), incubators for start-ups and their scaling-up, a transfer
office to accelerate research outputs to the market, and will generate regional and international
competitions and investments (hackathons, pitches, investors/business angels’ meetings...). Based on local
and international human resources, especially in cooperation with the Kenyan National Innovation Agency,
CS and PT, a team will be set to develop and scale up this new transversal environment.

4 Enhanced Industry-Academia linkages

UoN, and more generally, higher education institutions in Kenya, strongly believe in the added value of
bringing companies and professional organizations inside the university. It is not only a key for financing
activities but also a key to training the students more adequately for their future careers and to engaging
faculties in transferring research to the market. By inviting companies within the ESC, physically by opening
its spaces and intellectually by letting them participate in Education, Research and Innovation, UoN wishes
to open up its programs and to generate synergies between the professionals, the students and the faculties.
The companies, then strongly connected to their future human resources and to high academic resources,
will have more opportunities to be active in Education, giving practical lectures and study cases, offering
projects and placements, developing mentoring and coaching, and organizing events and visits. Companies
will also be closer to Research, the Centres of Excellence and be engaged in their activities. They will be in
position to benefit, mobilize and support teams and PhD programs through chairs and scholarships, and they
will be invited to sustain the value chain of innovation from labs to market. The students will in turn develop
their competencies and employability and, together with faculty members, be more connected to innovation,
the job market, the economic and societal challenges.

Professionals from the companies and stakeholders from civil society will be invited to the governance of the
ESC, especially in its Management Board and its Advisory Committee. This involvement aims to impact on the
strategic orientation of the ESC and its teams and give inputs from the external and challenging world to the
content of studies, better balancing knowledge, competencies (hard and soft) and employability. Eventually,
executive Education and Lifelong Learning will link professionals and academics. On the one hand, the ESC
will develop a needs-oriented executive Education, for better professionals and, at the same time, leveraging
resources. On the other hand, the ESC will propose Lifelong Learning to individuals to accelerate and multiply
its impact on the Kenyan society, from the youngest to the eldest.

5 Monitoring and assessment

UoN is initiating a long-term challenging and ambitious transformation in ES&T to enhance its capacities and
its impacts on society. To follow it up correctly and timely, UoN is developing a quality assurance scheme
where the activities are discussed, defined and controlled. The scheme involves a "project team" under the
authority of the Vice-Chancellor, with leaders and experts with specific roles and duties, a project
documentation with all the processes and their acknowledgement, the chronogram of the ESC and the
accompanying reform, and the semester-based budget. The breakdown follows six dimensions with the
design and construction of the ESC, its governance and business plan, the curricula development, the
research activities, the industry-academia linkages and its internationalization. Objectives and Key
parameters follow the breakdown and are yearly defined, controlled, and possibly corrected. Being a public
entity, UoN is subject to controls and audits from the Kenyan National Treasury and the Ministry of Education,
and AFD, as the main funder.
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6 Risks and challenges

UoN strongly believes in the values of the reform for its own development and for the one of Kenya, but
remains aware of the risks and challenges. A recent study (McGowan et al., 2022) identified key questions
for the success of such reform as follows:

What are the drivers of the initiative, and how is it accepted? Academics, who may consider the approach
as top-down, may develop some reluctance against the project. However, on the one hand, the facts about
the national economic situation and its sustainability are convincing enough to believe in the necessity of
reform. On the other hand, UoN is trying to identify and empower local "champions" within the faculties.
These champions will be key to connecting the governance of the project to the actors.

Does a shared vision exist amongst the stakeholders? The importance of an existing shared vision is well
known in Project Management. Since 2019, UoN has run meetings and participative workshops to build and
share this vision, mostly with the internal stakeholders. A new phase started in 2022 to engage with external
stakeholders, namely the corporate world, which will have a key active role.

Are resources and incentives correctly anticipated? A good part of the project falls under the French Agency
for Development funds. The sovereign loan for the construction and the grant for cooperation with French
institutions are the two main financial instruments. UoN will also develop its participation in international
calls, such as the European programs. Partnerships and donations from organizations and the business
community will also be crucial. In addition to funds, UoN will develop professional incentives for faculties and
staff, such as teaching recognition, training programs and international mobility, accelerated career
evolution...

What will be the transformative learnings? At the end of the day, in addition to enhancing student
employability and impact, the project shall bring better and new know-how and competencies to the
university's human resources. Lessons will be learned during the long-term transformative process and will
be capitalized in order to make the whole university a "learning and entrepreneurial university".

The UoN project team does not underestimate these risks and challenges. This is why this work-in-progress
paper is aiming at sharing the UoN experience, attracting interest and generating debate on this quasi-unique
initiative of excellence in Africa. The ESC itself and the cross-enrichment between local practices and
international ones are expected to be very productive and fruitful and hopefully efficient and impactful.
Lessons learned and added values shall be many and worth to be studied and compared with other projects
of this kind amongst our universities.
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Summary

In this contribution we discuss the progress and achievements of the first three and half years of the Tracks
initiative for reformed education at Chalmers University of Technology. In Tracks, the education is designed
to give students opportunities to develop inter-disciplinary competencies and to follow individualized study
tracks. The purpose of Tracks is also that Chalmers, in collaboration with strategic external partners, shorten
the lead times for changing the education to embrace new technologies, emerging materials and concepts
and to offer a meeting place for education, research, industry, and society. Three and a half years into the
initiative, we conclude that the initial intentions have been achieved. In addition, the project brought
unexpected positive effects in, e.g., terms of opportunities for newly recruited faculty and collaboration with
sports associations and athletes.

Keywords: interdisciplinary education, educational development, agile development, industry involvement

Type of contribution: Best practice extended abstract

1 Introduction

Chalmers University of Technology (hereafter “Chalmers”) primarily offers program-based education in
engineering, science, business, shipping, and architecture, from bachelor’s to master’s and doctoral level
with about 11,000 full-time students. The program portfolio includes 3-year BSc in Engineering, and 5-year
MSc in Engineering and MSc in Architecture, and 2-year international masters’ programs. In February 2019
Chalmers launched Tracks, a ten-year long initiative for reformed learning and learning environments. The
basic idea of Tracks is to offer opportunities for students, faculty, and external stakeholders to meet, learn
and co-create across disciplinary boundaries (cf. the New Engineering Education Transformation (NEET) at
MIT (Crawley, Hosoi & Mitra, 2018)). An essential part of Tracks is project-centred learning supplemented
with short on-line modules that provide teaching and training in professional skills, covering project
management, working in interdisciplinary teams, critical thinking, innovation, ethics, and equality. Chalmers’
organization have identified three, inter-connected, trends that are likely to affect the university’s role in
society:
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e Complex societal challenges with greater demands on competence to work across disciplinary
boundaries,

e Changed expectations of and on students, including lifelong learning, and

e Shorter lead times for (digital) technology development, and emerging new materials.

To respond to these trends, the aim of the first three-year phase of the Tracks project was:

e To create an offer of inter-disciplinary courses, open for all students at Chalmers. The courses should
prepare students to contribute to the solution of today’s and future complex societal challenges. 300
students should be enrolled in the courses per academic year.

e To develop all courses within Tracks in close cooperation with research, and industry and society.

e A process to swiftly change course content and learning outcomes.

e Support to faculty to teach in an interdisciplinary setting and in using physical and digital learning
environments for active learning.

e To create learning environments for active collaborative teaching and learning.

Drawing on the experiences of the management group of the initiative, this paper will describe the progress
and achievements of the first three and half years of the Tracks initiative. The impacts on students and faculty
and how Tracks is used to collaborate with industry, society and academia will be exemplified and discussed.

2 Status of development and implementation

The education within Tracks is primarily delivered as elective courses which allow students to create their
own study tracks based on their interest, complementing the rather strict program-based format outside
Tracks. To avoid disciplinary barriers and to ensure that Tracks is open to all students and faculty regardless
of organizational affiliation, Tracks courses do not belong to any specific programme, school, or department.

Tracks courses are proposed by faculty in an open application process. The courses must be linked to current
research and/or societal challenges, be open to and attract students from several educational programs and
disciplines, contain inter-disciplinary projects that require different competencies from the students, and
have teaching teams with teachers with different backgrounds and competencies. Courses can also be added
through requests and suggestions from industry, society, and academia.

A Tracks course needs to guide students through an entire development process, from needs and ideas to a
model or prototype in an implementable condition that can be evaluated. Such models or prototypes may
consist of a service, an algorithm, a product, or a concept that can be physical or digital. The courses are,
thus, platforms for training development methodology, developing professional engineering skills as well as
to deepen science, math, and technology knowledge. A major part of the learning in Tracks occurs through
inter-disciplinary projects that require contribution from students with different competences, both self-
directed during project work and as planned activities in which students teach peers on their subject area.
Additionally, all courses have external stakeholders that the students need to interact with which contributes
to develop their inter-disciplinary abilities.

A Tracks course is guaranteed to be delivered at three occasions, after that the future of the course is
evaluated. The course could either be granted a new round within Tracks, be discontinued, or be transferred
as whole or in part to the ordinary program-based course offer. Hence, Tracks is not only a state-of-the-art
course palette but also a system for developing new program courses to develop the programs.

The initial strategy was to develop the Tracks concept and implement it into the education system
simultaneously and focus on early incremental developments. To accomplish this, a flexible and agile
management structure (Enelund & Henricson Briggs, 2020) was set-up and external stakeholders were
involved in an advisory board to provide advice and input and to verify that development is continuously
relevant to industry and society.
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Tracks courses cover a wide range of subjects, from research-related courses such as Building and
programming a quantum computer to society-oriented courses such as Technology, politics & the society. A
particularly relevant set of courses is Emerging energy technologies comprising five courses. These are Solar
energy: From photons to future societal impact, Carbon capture, utilization and storage - A path towards
negative emissions, Fuel cell systems, Structural battery composites: Realization and multifunctional
performance, Rechargeable battery systems and Batteries: From materials to manufacturing. The complete
Tracks course catalogue can be found at (Current courses within tracks). Still after three and a half years,
there is a steady influx of new course proposals.

Another part of the Tracks initiative is a learning environment for design, build and test, and experimental
learning. This learning environment is called Chalmers Fuse (hereafter “Fuse”), a name that reflects the
environment's cross-border activities where actors from different programmes, disciplines and sectors are
integrated to learn, develop, research, test and innovate. Fuse is a 2000 square meters makerspace and
innovation lab, and a meeting point for education, research, industry, and society. Fuse has workshops for
metal, wood, surface treatment, electronics, textile and rapid prototyping, studios for film, sound and VR,
computer lab and physiology lab as well as project and study spaces and a large event hall. Tracks courses
are given the highest priority to use the learning environment, but it is also available to other courses and
projects, subject to availability. Fuse was designed and set-up in collaboration with students and is
maintained by staff together with the student association T-RAX. T-RAX has the responsibility for Fuse after
school hours and during weekends. The board of T-RAX consists of sevens students from different programs.
They all have licences to operate the machinery and hold training courses for other students. Moreover, they
assist start-up companies in making models and protypes and help the staff in Fuse during periods of heavy
workloads. Students in Tracks courses use Fuse extensively. In addition, there are weekly events with external
visitors and collaborative projects, such as partnership events, Hackathons and challenges, workshops, school
visits, as well as design, build and test events for start-ups.

3 Impact and responses
3.1 Students

The first Tracks course was taught in April 2019 with 12 pioneering students. The number of courses has since
increased to 29 and the number of students that have taken a Tracks course is about 850 in November 2022
out of which 345 in the final year of phase one. Overall, the courses have had students from all Chalmers
master's programs and almost all undergraduate programs but also PhD students, alumni, and professionals.

Most students choose Tracks courses either as electives within their program or as extracurricular courses.
Student feedback has so far been very encouraging and reaffirms the concept. Students appreciate to
collaborate with other students, alumni and faculty from different disciplines and backgrounds that have
similar research and societal interest. The courses get very high evaluation rates in course surveys, e.g., in
the spring semester 2022 the mean value of overall impression was 4.6 out of 5. A free-text comment that
illustrated this result was “I loved it! | learned so much from this and my thinking was always challenged in a
good way. | have gotten a whole new way of thinking that i don’t think | could have gotten without this kind
of work.”

3.2 Faculty

Tracks provides an education platform and resources that enables faculty to be very creative in developing
interdisciplinary learning experiences. The open call process for faculty to suggest new courses offers
possibilities to propose courses connected to teachers own research or their personal or societal interest as
well as testing of pedagogical ideas. This has been an attractive opportunity especially for recently recruited
faculty who might otherwise have had difficulties to get their own course in the rather immobile program-
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based education system. For new faculty to get to know students and interest them for their research and
ultimately recruit students for master’s theses and doctoral studies is an appreciated possibility.

The teachers have come from all Chalmers departments, and during the academic year 2021/22 there were
40 external participants in the form of guest lecturers, supervisors and clients from academia, industry, and
society. In Tracks, teacher teams consisting of faculty without prior relationships have evolved around the
common interest in a certain theme or problem. Sometimes this has happened deliberately trough
matchmaking and sometimes the teams have formed spontaneously. This has led to (un)expected spin-off
effects such as new research collaborations forming new research questions.

The Tracks leadership team together with a specialist in university teaching have structured evaluation
meetings with all examiners in Tracks courses. In general, the teachers are very satisfied with the format but
report difficulties with individual grading in team projects and supervision of teams with different
backgrounds. Teams consisting of students with different academic levels has been a particular challenge. In
order to support faculty to deliver courses in the Tracks format there are on-line modules on professional
skills aimed at both faculty themselves and students. In addition, Tracks has individual coaching, support in
writing papers for educational conferences, and thematic workshops on topics such as individual grading in
student teams and constructive alignment.

3.3 Industry and society

Chalmers has intense collaboration with industry and has an always ongoing discussion with strategic
industry partners on educational issues such as new important subjects and areas, lifelong learning and
collaboration on BSc and MSc projects. With regards to Tracks, industry has expressed great satisfaction with,
and see great benefit in, the outcome of Tracks, in particular that the students graduate well prepared for a
career where interdisciplinary teams are the norm. They are also very satisfied that they have been welcomed
to co-create and suggest new courses, and that their employees can take part as clients, teachers, and course
participants. One example is the creation and teaching of courses within fuel cell and battery systems which
went from idea phase to course start in three months. In these courses, professionals from Chalmers’ partner
companies participated together with, and on the same conditions as, ordinary students in mixed teams. This
was very well received by both by professionals and students. There is also a strong collaboration between
Tracks and Swedish sports associations such as the Swedish ski association, the Swedish athletics federation,
and the Swedish swimming federation, with whom we can design student projects regarding physiology,
equipment analysis and development, and who also have great interest in collaborating on research projects
in which we share and analyse massive amount data, e.g., from the Fuse physiology lab where elite athletes
can test their limits and evaluate their technique using high end technology. Moreover, Fuse is an asset for
Chalmers in collaboration with elementary and high schools and has been used in events designed to increase
the interest in STEM education.

4 Findings and discussion

Research on Tracks has indicated that the interdisciplinary study experience created within Tracks may be
challenging to students that are not used to open problem- and solution spaces (O’Connell et al., 2022).
Students, e.g., experienced difficulties and frustration when formulating a project idea. However, in many
cases, these difficulties also inspired students to develop “effective collaborative coping strategies, leading
to progress and learning." (p.10) This points towards the need to enable students to engage in real
collaborative work and to find balance within Tracks to support students in learning new skills while also
providing real “desirable challenges” (O’Connell et al., 2021). These considerations also open for thinking
about the diversity in how students experience and are affected by the Tracks initiative, both in relation to
their personal identities and to their educational background. The right balance of challenge and support is
different for every student and thus needs to be considered in relation to the student body that is choosing
Tracks. An analysis of the material used to recruit students found that the tracks student is “described as
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simultaneously especially employable and especially committed, for example to solving real problems on the
level of society and with an impact on the future" (Larsson and Johansson, 2022, p. 4). These ways of
appealing to students may hold contradictions in relation to diversity since concepts such as excellence and
brilliance may carry certain connotations. However, there is also great potential in that Tracks is offering
students that are on non-traditional study paths alternatives to the streamlined program structure. Two
ongoing research projects connected to Tracks are in the process of investigating these issues further.

In conclusion, three and a half years into the project, Tracks has delivered as planned. Using Tracks, Chalmers
can offer interdisciplinary education linked to current research and societal challenges to students from
different programs, disciplines, and backgrounds and with teacher teams consisting of faculty from different
disciplines and with external stakeholders. The flexibility in the Tracks format has been exploited to swiftly
start new courses with the aim to embrace the rapid technological development and the demands from
industry regarding, e.g., electrification and digitalization. Tracks’ learning environment Fuse has been
established as a home for the Tracks courses and a meeting place for research, education, and external
partners.

Unexpected positive outcomes include that newly recruited faculty has found Tracks as an arena to teach,
develop and merit pedagogically as well as to recruit students. The sports associations and athletes have
discovered Tracks and especially Fuse, which has resulted in new projects and collaborations as well as in
publicity and marketing of Chalmers in new channels. The admission of professionals to Tracks courses and
mixing them up with program students has become a successful part of the professional education at
Chalmers. Finally, students testify that through Tracks they have had the opportunity to innovate, evaluate,
test, and improve innovations. Many students have also obtained jobs at partner companies or have been
recruited as thesis workers and doctoral students.
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Summary

Rural education requires the use of learning models that facilitate the integration of its population into
education. Torca's model of the PEAMA Sumapaz program at the Universidad Nacional de Colombia uses a
transdisciplinary project-based learning (PBL) model to assist in undergraduate preparation during the first
semesters in various academic programs. Students admitted to various academic programs makeup groups
of 6 or more students. They carry out their learning in their subjects during the first four semesters and carry
out a social project located with the intervention of the community of these areas. Project work faces
challenges since each group member comes from different subjects and programs. This work presents the
results of the project work during 2022, applying a 108 statements questionnaire to 34/47 students from the
second semester. The PCA analysis reduces to 53 perception variables and eight components. The model
shows that students learn from developing performance and commitment.

Keywords: Project-based learning, Humanitarian, Principal component analysis, culture, transdiciplinary

Type of contribution: Research extended abstract.

1 Introduction

The Universidad Nacional de Colombia designed the Special Program for Admission and Academic Mobility,
PEAMA, in 2007 to support access to education in the Colombian border areas in Arauca, Leticia, San Andrés
Islands and San Andrés de Tumaco. With this program, the University actively facilitates that inhabitants in
those regions get professionals, developing the region of influence of these venues. Subsequently, in 2016
the University extended the program to the rural areas of its four main Andean campuses, Bogotd, Medellin,
Manizales and Palmira. In Bogota, the District Education Secretariat provides resources for this program.

The PEAMA Sumapaz program offers access to rural education in Bogota to mitigate the rural and school
difficulties of young people who pass secondary education. This program began in the populated centre of
Nazareth in the Sumapaz paramo, located more than 85 km from Bogotd, about 3 hours away by conventional
vehicle. It started with a project-based learning model explained in detail by Ordofiez et.al. (2017; 2020), and
applied until 2021 inclusive. With this model, there are about 123 students, 39 still in the Peama while 84
have moved to Bogota Campus (Peama Sumapaz, 2022).

In 2021 during the COVID-19 Pandemic, the program was extended to other rural areas of the district
territory, first in Ciudad Bolivar and then starting in 2022 in the town of Torca north of Bogota. This territorial
expansion increased the academic offer from 10 programs to 14. Consequently, the PBL model changed from
one that blends courses and projects to another with courses within the project. The Torca model uses
situated transdisciplinary PBL, with the traditional principles of PBL models such as Aalborg's (De Graaff &
Kolmos, 2003; Kolmos & De Graaff, 2015).. It includes the participation of students from various academic
programs, professors of various specialties, and community actors. Therefore, it integrates various disciplines
of basic sciences and engineering, social and agricultural sciences (Rodriguez-Mesa, 2022). The academic
model has a project work with students from various programs, two facilitators and teachers. Its debut takes
place beginning in 2022.
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2 The Torca Model

In the Torca model, students carry out a project-work oriented by a set of problems of situated social origin.
Students compose groups of 8 to 10 members. These members belong to different academic programs and
therefore are studying different subjects. Each of them must achieve the Learning Outcomes of their subjects
involved in the project. That constitutes the multidisciplinary feature of the project.

The problem is the starting point of knowledge, and it is real. Students must analyse a set of local problems
whose solution process leads to propositional knowledge of the subjects. As each subject addresses different
topics, during the problem analysis, students must include several relevant aspects, originating sub-problems
connected in some way to each other. Students first address this aspect of problem formulation during the
first five weeks of the 16-week term.

Three actors are involved in this process: the student, the teacher, and the local community. The students
are the ones who carry out the analysis. The teacher’s guide students about the problem from the point of
the problem requirement for getting ILOS in their subjects. At the same time, the community is like an owner
and potential user of the product outcome. The latter can be a person, group of people, local group, or
association.

The students must interact with these two actors to formulate the problem and reach a process for the
solution. As it is a formulation of problems, they must set limited objectives in time and the respective work
methodology for the project. Then make the work report in the scientific format.

To facilitate relations with the community and teachers, the Torca model introduced two types of facilitators.
The first is a facilitator to support transversal skills. The other is a chancellor, a facilitator to help formulate
the problem regarding the community's needs, the student's abilities, and the problem's analysis.

The chancellor is a professional who can find social problems in the community, build relationships with
members, and help in the relationship between the project group and the community. In addition, he should
help students reflect on the problem and encourage any conversation with the actors involved while realising
the solution to the problems formulated in the project.

The other facilitator is also a professional in charge of promoting the project's work and helping during the
project's progress. In addition, this facilitator is also responsible for knowing the progress status of the project
and keeping the teachers informed of the relevant aspects of the project during its completion.

3 Methodology

The Revealed Cultural Factors Questionnaire, QFR, collected students' perceptions about their project work.
Data helps to find the predominant behaviour in the project work by Component Analysis, PCA. It has 108
cultural variables on a 5-point Likert (Rodriguez-Mesa, 2021).

The QFR was sent to 47 participating students from 14 second-semester programs to determine the
predominant factors in the group, divided into eight project groups. In addition, the questionnaire was
distributed online with the Google Forms tool, reaching 34/47 responses, with a Cronbach's alpha reliability
of 0.97. These students are in economics, zootechnics, linguistics, philology, social work, anthropology,
geology, agronomic, agricultural, civil, mechanical, electrical, electronic, and mechatronic engineering.

The data was processed using PCA, leaving 53 variables grouped into eight components. The results of the
perception of the students' work are in Table 1. The columns show eight orientations that characterized the
project work.
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Table 1. Students' perception about their orientation of the project work of the Peama Sumapaz program
according to the results of the PCA.

Perfor. Cohesion Learn. Commit. Interdep Teacher Motiva. Leader

Believes in be productive 0,98

Trusted in the performance of the project 0,9

Knew the objective goals of the project 0,86

High performance 0,84

Works with standards 0,84

There was commitment 0,81

The group is high-performing 0,81

Were united 0,79

Commitment 0,7

Effectivity 0,7

Roles 0,63

Respect differences and contributions 0,63

Try high quality 0,62

Self-confidence 0,57

Mutual Influence 0,54

Very productive 0,52

Understanding explanations 0,89

Mutual support knowledge 0,85

Received motivation 0,8

Received explanations 0,74

Reflected on ideas 0,71

Communicate with social networks 0,69

Work as a team with IT 0,68

Support each other emotionally 0,61

Learned from the course 0,89

Define a real-life problem 0,86

Help understand the solution 0,69

Learned to work in groups 0,67

had a function 0,57

Personal interactions 0,55

Strong commitment 0,83

The project encourages course activities 0,71

The report evidence and limits contribution 0,62

Use knowledge from other courses 0,62

Meet individual commitments 0,59

The product reflects contributions made in class 0,59

Non-focused on learning from partners 0,54

Dependence from others 0,8

Dependence to others 0,74

Work as a team in all activities 0,7

Not aware of the tasks -0,68

Commitments according to knowledge and abilities 0,61

Focused on teaching others 0,53

Grade scale Oriented 0,94

Pass Oriented 0,9

Working with teacher's pressure 0,81

Work under pressure from others 0,59

Work for non-academic reasons 0,79
Work to maintain the reputation 0,78
Working on a project is better than taking classes 0,54
Having a leader 0,77
Work independently on the report and join themes -0,66
Individual work helped partners 0,52
N=34/47, p=.73, a=.91

4 Discussion

Rodriguez (2021) found, in 2017, using this same procedure, that the students of Peama 2017 in the previous
PLB model had six orientations of group work: Collaboration, cohesion, teacher's orientation, dialogue and
roles. It showed that cohesion was positively associated with collaboration, dialogue, and role but negatively
with passing orientation. In Torca's Model, collaboration is the performance factor. It is positively associated
with cohesion efficiency, interdependencies, and commitment but negatively with teacher orientation. The
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first ones are coherent with group work, but the incidence of teachers is affecting the work. In Torca's model,
teacher intervention affects the quality and collaboration of project work (Table 2).

Table 2. Correlation between group work orientation in Torca Model.

Perform Cohesion Learning Commitment interdependence Teacher Motivacion Leader
Performance 1 0,5 0,28 0,09 0,06 -0,26 -0,02 0,11
Cohesion 0,5 1 0,28 0,15 0,24 -0,28 0,05 0,14
Learning 0,28 0,28 1 0,13 0,18 -0,09 -0,08 0,13
Commitment 0,09 0,15 0,13 1 0,23 0,06 -0,16 0,06
interdependence 0,06 0,24 0,18 0,23 1 0,06 -0,03 -0,06
Teacher -0,26 -0,28 -0,09 0,06 0,06 1 0,09 0,03
Motivation -0,02 0,05 -0,08 -0,16 -0,03 0,09 1 0,01
Leader 0,11 0,14 0,13 0,06 -0,06 0,03 0,01 1

The group's performance exceeds the constructs of Katzenbach et al. (2001). In addition, students perceive
that the product was produced productively, with commitment and distribution of roles.

Cohesion is a perception of carrying out group activities and achieving group objectives (see Carless & de
Paola, 2000).

Learning in groups was characterized by the positive effect that the group had and the definition of the
objectives of the problem, meeting with the model's goals.

The commitment component refers to a relationship between the project and the course. That is due to the
students must include the class topics. According to the students, their product has shreds of evidence. That
is coherent with mutual dependencies between the task during the problem analysis, which expends six
weeks of work from different subjects. As this indicates, the students knew what each one had to do.
Therefore, interdependence and commitment are mutually associated.

The orientation to the teacher indicates that the students worked under pressure and wanted to get a grade
and pass the subject. Since the community intervenes in the model, there is additional pressure from the
environment, that is, from the rural community.

Motivation is extrinsic, as indicated by the three factors. Reputation and non-academic appear as essential
elements, perhaps because the students worked with rural actors involved in the project, which could be
diverting attention towards the project tasks, as could be indicated by the negative association with
commitment. However, this aspect needs further investigation.

Group work is leader-oriented. Relevant variables are the perception of leadership, task dependency, and
that individual work helped with project work. Here it is not known if that leader was a member of the group
or perhaps the chancellor or facilitator. The latter since the association of leadership with the other variables
is low.

In Torca's model, teacher intervention seems to be affecting the performance and cohesion of project work.
During project work, several teachers of different subjects make reflections with some group members,
causing the project performance to decline, moving students thinking to other perspectives to the problem
solution or process. While the students meet, they make process decisions. However, students with a
traditional behaviorism background tend to change their minds since they feel pressure due to grades or
passing subjects, as indicated by load values in the Table 1.
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Finally, although the students worked on a project and found the solution, the PCA and the students'
perception do not guarantee that they achieve ILOs for several subjects. Although this paper does not show
students' grades, the teachers' reports evidence the acquisition of learning by subject.

5 Conclusion

The Torca model works for the project according to students' perceptions, meaning learning acquisition and
problem-solving skills. In addition, the model integrates members from several disciplines.

Group members have performance, commitment, cohesion, task interdependence, and the desire to work
for the community. At the same time, the presence of teachers in project work negatively affects project
work.

These indicators require the completion of a confirmatory study and specific evaluation on the effects of the
teachers and facilitators.
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Summary

Recent years have seen a growing interest in how student groups regulate their learning when taking part in
collaborative and interdisciplinary project-courses that are increasingly becoming popular in Engineering
Education programs. While there is a rich research landscape on self-regulated learning, more empirical
studies are needed on social regulation of peer-learning in collaborative group work. This study addresses
this gap by conducting a narrative comparative case study to document shared regulation in three student
groups from three project-based courses. Qualitative data was collected through interviews with members
from those interdisciplinary groups working on real world challenges. The interviews were analysed for
regulation episodes and synthesised into narratives representing key aspects of the groups regulative
behaviours. The results are expected to highlight numerous instances of social regulation of learning within
the various groups’ at different stages of the project. Preliminary results presented here demonstrate
challenges faced by a group when attempting to socially regulate their learning, underlining the importance
of scaffolding for collaborative learning. Findings from the full study will highlight the important role that
social regulation processes play in group learning and add to the current understanding of the interplay
between different modes of social regulation in groups.

Keywords: Social Regulation of Learning, Collaborative Learning, Interdisciplinary Groups, Socially Shared
Regulation, Co-Regulation

Type of contribution: Research extended abstracts

1 Introduction

Current Higher Education (HE) initiatives increasingly emphasize the need to develop students’ teamwork
skills through interdisciplinary and intercultural group work. Collaborative learning activities in education can
help to create learning experiences that are distinct from learning experiences in one-to-many lecture-based
activities. Research has reported positive effects of collaborative learning (e.g., Johnson & Johnson, 2009),
however it is important to consider the general structure within collaborative learning activities. In
engineering education, larger, semester based, collaborative learning activities are increasingly designed as
project work where students work in groups on specific, oftentimes, authentic problems over several weeks
(Gavin, 2011). This approach emphasises peer-learning, in active and self-regulated forms (Gavin 2011). Peer-
learning encompasses a wide variety of educational strategies and activities, focusing on learning through
active help and support among learners with equal status (Griffiths et al.,1995). In this way, peer-learning
moves the focus from independent learning towards interdependent learning, where students develop skills
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to plan, organise, work, and evaluate their learning together (Boud, 2001). However, for effective
collaborative learning to take place, groups must engage in both the co-construction of knowledge and social
regulation of learning (Summers & Volet, 2010).

Regulation of learning refers to activities such as planning, goal setting, evaluation, and self-instruction and
requires learners to view their learning as dynamic, a process that they can take control of, as opposed to
learning being something that happens to them as a result of teaching practices or their environment
(Zimmerman, 2015). In terms of collaborative learning, there is a common misconception that simply taking
part in group work will lead to collaborative learning (Summers & Volet, 2010) and until recently both
teaching practice and research have ignored the regulatory dimension of learning: how does effective social
regulation in group work foster collaborative learning, and which factors influence it? This question is
particularly pertinent for interdisciplinary project work, which is being increasingly implemented in
Engineering Education curricula (Hadgraft & Kolmos, 2020). In this paper, we address this gap, by comparing
the regulation of learning in three interdisciplinary group projects. Our research question is:

How do student groups taking part in interdisciplinary group projects regulate their learning?

Theoretically, we build upon the emerging literature on social regulation of learning (SoRL), which extends
the rich tradition of theoretical and empirical work on self-regulated learning (SRL) (Hadwin et al., 2017).
While SRL provides a lens onto how an individual regulates and processes their own learning (e.g.
Zimmerman, 2015), it is increasingly recognized that SRL is not able to address questions about the social
dimension of learning. Thus, in recent years, an increasing number of studies have examined SoRL. Studies
on socially shared regulation of learning (SSRL) and/or co-regulation of learning (CoRL) have identified various
regulatory areas, categories, coding schemes and frameworks (e.g., Miller & Hadwin, 2015) conceptualizing
SoRL. Many focus on metacognition, but some include the regulation of motivation, behaviour, or emotion
(e.g., Rogat & Linnenbrink-Garcia, 2011). For this paper, we will consider two modes of social regulation:
CoRL, and SSRL. CoRL is the regulation of one person by another agent (Hadwin et al., 2017). For CoRL to be
successful, group members need to be aware of each other’s skills, knowledge and personal goals and provide
support and guidance when needed (Miller & Hadwin, 2015). CoRL as a process can be initiated by one or
more individuals by requesting regulation, prompting others to regulate, or technology prompting regulation
(Hadwin et al., 2017). It should be noted that CoRL can help or hinder SRL and SSRL (Hadwin et al., 2017).
SSRL is the joint regulation of a group’s learning; it requires negotiation for consensus within a group about
task goals, plans, and ongoing strategic adjustments (Hadwin et al., 2017). For SSRL to be successful the group
needs to be metacognitively aware of its joint goals and how to work together towards achieving said goals
(Miller & Hadwin, 2015). However, previous research has predominantly sought to identify regulated learning
in mono-disciplinary groups and not interdisciplinary ones, as in this ongoing study. Similarly, previous
research predominantly discussed instances of regulation in isolation and not as a series of developments
within a project.

Empirically, we examine social regulation in three group projects, part of interdisciplinary courses within
Tracks, a major educational initiative by Chalmers University of Technology in Gothenburg, Sweden. Tracks
courses are open to all students across the university, are project-based and intended to be multi- or
interdisciplinary in nature (Enelund & Briggs, 2020). Thus, students meet and learn collaboratively across
programme boundaries and take on relevant challenges with a basis in real-world problems together. The
courses in this study are all one semester in duration and at master’s degree level. All three courses started
with a more theoretical lecture part after which students were placed in groups of 2-4 for the project work.
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2 Methodology

As the field of SoRL is still quite new, researchers are experimenting with different ways to observe and record
instances of social regulation, often employing a variety of qualitative methods to ensure richness of data
(Hadwin et al., 2017). To examine our research question, we conducted a comparative narrative case study
of SoRL in three interdisciplinary group projects . Narrative case studies are qualitative case studies in which
the researcher collects data (in this case interviews) from one or several individuals about a specific event or
events (the interdisciplinary group project) in order to retell and analyse the story (Baron & McNeal, 2019).

We collected data through five qualitative, semi-structured student interviews (Cohen et al., 2011) at the end
of courses that ran in the same semester. The interviewees were selected through convenience sampling and
came from a variety of engineering disciplines and national backgrounds, informed consent was gathered.
During the interview, participants described different phases of the project and how the group approached
different forms of regulative activities such as planning, monitoring and evaluation, including motivational
and socio-emotional aspects. The interviews were held over Zoom, recorded, and transcribed for analysis.

Initially, the first author analysed the interviews using Miller & Hadwin (2015)’s definitions for SRL, CoRL, and
SSRL as an analytical framework, to identify and code regulation episodes. Then co-authors compared the
identified episodes with the original interview data to ensure reliability. Next, these episodes were formed
into clusters related to similar events across groups (e.g. planning the project). These were then summarized
into narratives that describe how groups regulated learning throughout the semester (names are fictive).
Narratives allow for data to be presented in a readable format highlighting aspects relevant to the research
guestion (Cohen et al., 2011). Finally, the narratives were jointly interpreted to highlight the different forms
of social regulation across the groups, including specific episodes worth highlighting. In this work-in-progress
paper, we present as illustration two narrative episodes from a group of three students conducting an
interdisciplinary project in a course on battery development for transport.

3 Preliminary results
Episode 1 — Hans, Saoirse and John plan the project

Hans, Saoirse and John began their project with a group meeting after approximately six weeks of lessons on
the topic. Their discussion aimed at setting a possible goal and a plan for the project, but they faced some
disagreements: Hans’ ideas were felt as too ambitious by Saoirse and John, both in terms of the level of
knowledge and skill in the group and in terms of time. Additionally, because neither had specific expertise on
the topic, all three felt insecure about which potential challenges they could encounter in the project,
meaning that they struggled in making an accurate and realistic plan. Eventually, after negotiations, they
came to an agreement on a number of goals, one of which was related to a measurement strategy. However,
when they presented their idea to their supervisor, it transpired that their plan was unnecessary, since a
measurement tool had already been designed and only needed more work. The supervisor suggested that
they use this existing design to create and test battery samples. This change in the group’s goal led to further
disagreements as they now had adjust their plan, including for instance what types of tests they should
conduct on the batteries.

“it was also clear that we didn't quite sort of understand each other | think in terms of like a, one person
thinks it's, this [plan] is going to be taking way too much time already. The other person thinks it's like, this
[plan] doesn't answer at all the question that we were supposed to answer and so on.” — Hans
Despite extensive discussions among them, the group couldn’t come to an agreement and so individuals

turned to the supervisor:
“at that point we were really pulling different directions and it sort of felt like everybody was just trying to
get the support of the supervisor on like their idea.” — Hans
The group eventually came to an agreement, but the disagreements had a negative effect on Hans who
experienced a drop in motivation when his suggestions on goals were rejected by Saoirse and John.
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Interpretation

The episode illustrates how the group used SSRL to formulate goals and a plan to achieve them and despite
conflicting views/opinions they eventually reached an agreement. CoRL from the supervisor saw the goal and
plan rejected and replaced by a new goal. The group attempted to use SSRL and CoRL via discussions within
the group and with the teacher to formulate a plan to achieve the new goal but were unable to reach
consensus. Group members then tried to implement aggressive CoRL as they attempted to push their plan
on the group by convincing the supervisor to support their plan. The achievement of a consensus on the plan
and goals through discussion hints towards successful SSRL, though a negative effect on motivation was
noted.

Episode 2 — Knowledge acquisition
The course topic was outside the three students’ disciplinary background, so they found it challenging to plan
their work on the project. In addition to the compulsory lectures, their supervisor gave them scientific papers
on the topic to help them in the initial phases of the project. The group members read these papers
individually, using their own reading strategies:

“We got like a set of five or six papers from our supervisor, that she asked us to read and | think most of us

did, I'm not really sure everyone in our group read the papers”-Hans

Devising a plan and relevant strategies improved as the project progressed and the group learned more about
the topic, and on final reflection they felt the initial uncertainty was ultimately not a problem. In addition to
the lectures and the reading, the supervisors were available to provide immediate help if needed, which
helped lessen the impact of any knowledge gaps.

Interpretation

This episode reveals how the group failed to engage in social regulation after the supervisor used CoRL to try
and help the group overcome knowledge gaps. Instead, the group members used individual SRL rather than
a form of social regulation. The quote demonstrates how little shared monitoring of the group’s learning was
applied at this early stage of the project, when the group had little knowledge of each other and the topic.
The supervisors continued to co-regulate the group during the project when requested.

4 Concluding discussion

We aimed to examine how student groups regulate their learning in interdisciplinary group projects, using
narrative case studies of empirical basis. Given the ongoing nature of the research the results and their
implications are limited but nevertheless illustrate the potential social regulation as a framework to interpret
learning dimensions of effective project work. For example, their ability to successfully socially regulate the
planning stage of the project was limited by their joint lack of experience in the subject area, including
different views on the task and its required effort, and the lack of initial support from the supervisor in terms
setting up strategies for collaboration. As evidenced by work on “desirable difficulties” or “desirable
challenges (O’Connell et al., 2021), this is not necessarily a barrier to learning as such, but it increases the risk
of students employing strategies that limit or even counteract the expected benefits of collaborative learning.
Inthe presented case, this was indicated on several occasions, e.g. attempts of aggressive co-regulation when
goal needed to be readjusted, and individual learning (reading) rather than group learning, impacting the
students’ ability for further regulation (Rogat & Linnenbrink-Garcia, 2011). Interestingly, while other studies
have reported similar episodes of aggressive co-regulation (e.g. Rogat & Linnenbrink-Garcia, 2011), our case
is unique in that individuals tried to use the supervisor as external figure of authority to push for their ideas
about goals and strategies. Further, we observed a lack of shared monitoring in the knowledge acquisition
process during the initial stages of the project, with little effort invested to ensure that all members
understand the topic: another indication of poor social regulation (Rogat & Linnenbrink-Garcia, 2011). Finally,
it is also relevant to observe how the supervisor’s attempt to support the group by replacing the group’s
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hard-won goal agreement caused regulation challenges in the group. Altogether, similarly to the studies on
self-regulation (e.g. Cervin-Ellgvist et al., 2020), these findings underline the importance of scaffolding both
the process of knowledge construction and of collaborative learning regulation, to enable student groups to
apply effectively engage in interdisciplinary projects entailing problem-based learning. Eventually this group
managed to overcome their initial struggles as they became more familiar with each other and the project,
though this is not the case for all groups investigated in this project. As our research is progressing, we will
present and further discuss episodes of regulation and their implications for research and practice.
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Summary

Digitalisation is transforming the way engineering is both taught and practiced. Professional engineers need
to learn how to work in a primarily digital work, and pedagogies such as PBL are increasingly popular due to
their ability to provide authentic learning experiences for student engineers. These trends place increasing
pressure on how universities support students in learning the underpinning technical content that is critical
to an engineering degree. At Aalborg University, we are exploring the flexibility offered by microcredentials
as a way of supporting our students in their project-based learning, providing pathways to recognise the
independent and co-curricular study that is so critical to both PBL and their future professional practice. We
also see significant potential for a more fine-grained curriculum to promote multidisciplinary learning
between humanities and the STEM fields to align with AAU’s mission driven research agenda.

Keywords: PBL, Microcredentials, Multidisciplinarity
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1 PBLis increasingly prevalent

As we move into the 21 century, engineering degrees are increasing moving their focus to the the 21%
century skills that graduates will need to succeed in practice. There are many reports that investigate these
skills and make recommendations on how those skills should be achieved (eg. Graham 2018, ACED 2021). A
common theme that emerges from these reports is a need for the curriculum to move from a traditional
lecture driven model towards a more problem-based curriculum. Problem based learning is not new in
engineering, however it does appear to be the newly dominant paradigm when newly established
engineering programs are concerned, with a number of innovative new programs adopting PBL as their core
philosophy (eg. Lindsay & Morgan 2021, Ulseth et al 2021).

PBL comes in many flavours (Chen et al 2021) with implementations that range from inclusion of projects
into traditional courses, stand-alone PBL courses within degrees, or entire curricula focussed around a spine
of PBL experiences. Regardless of the type of PBL implementation, students still need to develop competency
in the underpinning technical fundamentals. In course level programs this competency is the core driver of
the majority of the curriculum. At institutions with program level PBL, this competency is delivered in the
support of the PBL, but it is often still delivered in the style of traditional programs.

It is the latter model that is used at Aalborg University (AAU), with all semesters built around the same
structure (Figure 1). They are driven by a large PBL project, which is worth 15 ECTS, or half the load. These
projects are typically conducted in groups of 4-7 students and run the whole duration of the semester.
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Figure 1: The Aalborg Semester Model

These projects are supported by more traditional courses, each of which is worth 5 ECTS. The role of these
traditional courses is to provide the key knowledge that all students in that discipline should require at that
stage of their professional development, however it is impossible for these courses to provide all of the
necessary underpinning technical content. It is essential that students go beyond their classwork to seek
specific knowledge relevant to the specific project they have defined.

This search for knowledge is inspired by the Danish concept of udsyn — the philosophy of looking beyond
one’s own environment and discipline. Students are expected to seek knowledge because it is required, but
also because they are inspired; there is not an expectation that the technical courses will (or should) be
sufficient for them to complete their projects.

At AAU, independent study can often be as much as a third of the overall volume of learning in a PBL project
— a volume equal to one of the traditional courses. However, this independent study is not structured like
these courses. It does not have the explicit guidance as to what resources to explore, nor the quality
assurance that the information they are seeking can be trusted. It does not require them to contextualise
their project by seeking knowledge outside the purely STEM domain. It does not even have to take place in
an academic context — students can and do draw upon co-curricular learnings such as internship experiences.
Further, students do not receive any explicit recognition for the learning that they do in the course of their
independent study.

The nature of PBL is that it requires students to be flexible and adaptable in the way that they seek the
necessary knowledge to apply in their projects. Increased flexibility of learning for all teaching models is an
emerging consequence of the COVID-19 pandemic. Universities are increasingly looking for ways to support
and recognise alternative ways of learning by their students, leading to a disruption of traditional patterns of
learning.

2 Delivery of technical fundamentals is being disrupted

Over the last decade, higher education institutions throughout the world have undergone a continuous
digital transformation that is obvious and necessary (Sjoberg and Lilja, 2019). The digital transformation has
accelerated even further during the COVID-19 pandemic. During the pandemic it has become clear that there
is a need for new approaches to teaching where digital technologies are integrated, if we are to keep up with
the times and not conveniently fall back on the more traditional teaching approaches within higher

9™ INTERNATIONAL RESEARCH SYMPOSIUM ON PROBLEM-BASED LEARNING (IRSPBL):
TRANSFORMING ENGINEERING EDUCATION 2023 40



Creativity and Interdisciplinarity

education. The universities are therefore under pressure in terms of what they must be able to do and how
they do that. This pressure will no doubt affect how we in higher education connect with employers, partners
and students to successfully form the digital transformation.

If we want to move forward in the digital transformation the maturation of the universities is important, and
it is vital that we aid the way we perceive and think about ourselves as organisations. In Kreemmergaard
(2019) it is described how the crucial part of the digital transformation is not the technologies themselves;
the crucial thing is “the value we can create for our customers...” - in the case of HE, our students. Technology
should instead be considered as way in which we can bring even more value to our students.

If moving the digital transformation forward is also something to which the university should contribute, we
have to be familiar with the way in which the technologies affect the world within the organisation and make
sure to use the technologies in innovative ways: "(...) In the digitally mature company or organization, the
technologies are an integral part of mission, vision, etc. (...)" (Kreemmergaard 2019, pp. 22). However, few
organisations are at that maturity level. To aid this process, Kremmergaard (2019) developed a model for
conceptualising digital maturity levels, identifying five different generations of maturity (Table 1).
Organizations in different generations use and perceive digitalization differently, ranging from using it as a
means for supporting existing practice through to using it as a way of driving new organizational models of
operation.

Table 1: Five generations of IT and digital maturity (Inspired by Kreemmergaard 2019)

IT?

that are similar?

services to create

Gen. 1 Gen. 2 Gen. 3 Gen. 4 Gen. 5
Digitization is Self-service and | Process Services in new New integrated and Proactive
about automation improvement and ways and co- coherent services personalised services
integration of front creation
and backend
systems
Preoccupied by How do we How do we How do we How can we use our | How can we apply
support our implement new develop new own and other technology and data
practice with systems? (digital) services systems, data and to personalised

hyper-relevant,

of manual
handling

processes and new
IT systems

new
competencies and
collaborative
relationships

value, and new
forms of
organization with
many partners

coherent services? occasional proactive,
services?
Culture and Maintaining To do what we Doing the right Seek new Seek new contexts
mindset existing already do better - thing — bold and collaborations and and patterns and
practices low risk and experimental ecosystem mind set | insights
"known projects”
Changes Use IT Instead New work Change culture, New ways to create New ways to interact

with technology,
work, learn, think and
make decisions and
choices

Table 1 illustrates that many universities were in generation one before the pandemic. It was often used to
support face to face activities, but was seldom the driver of the activities themselves. The pandemic was a
decisive reason why many higher education institutions were forced to invest more in the digital
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transformation whereby the emergency remote instruction helped to move the organizations to generation
two in the model. Post COVID, we now find ourselves in a situation where we, as universities, must decide
whether we must stagnate in relation to the development and perhaps fall back to the level before COVID-
19, or we must follow the digital transformation and lift the organizations to a whole new level. Moving
forward towards the next generations, initially generation three is largely about the organizations starting to
experiment and collaborate with each other but also with our students. Around the world there are several
examples of digital approaches within higher education, delivering engineering degrees and there are even
examples of programs taking the digital native approaches to the next level (Morgan et al, 2021).

Increasing levels of digitalisation of the curriculum will require changes to the traditional model of higher
education. In traditional institutions, where lectures are the primary method of delivery, this change will
necessarily be disruptive as digital delivery displaces traditional face-to-face contact. In PBL-driven
institutions, however, the transition has the potential to be transformative in a positive way. The PBL learning
environment is uniquely suited to exploit the opportunities offered by the higher levels of the Kreemmergaard
framework; the asynchronous, on-demand nature of a fine-grained digital microcredentials is ideal for
supporting learning in PBL environments.

3 Digital Microcredentials can support PBL

The push towards increased flexibility in delivery is persisting beyond the impact of the COVID-19 pandemic.
Many institutions within higher education are starting to work more structured with the digitization of
teaching material and have introduced microcredentials in different areas — in relation to curriculum and
other (Selvaratnam & Sankey, 2019). Universal standards for microcredentials are just emerging (Council of
the European Union, 2022), with institutions exploring this space on their own initiative. Aalborg University
is one of these places.

Through our PBL digital program (and other initiatives) we have been developing online resources and
microcredentials to better support student learning. We have built micros in areas such as energy use in
building, laboratory safety orientations and cryptography. These have been initially developed to support
learning within their respective courses and draw upon a range of assessment approaches varying from self-
assessment to project exams. The next stage is for them to be deployed in direct support of PBL projects.
This will give us materials that we can share around the university, and to the outside world. Students will
know that these resources are quality assured and they will get recognition when they complete these
materials as part of their independent study.

AAU is particularly keen to promote stronger integration between the STEM and the humanities and social
sciences disciplines. The challenges facing the world as identified through the UN SDGs all have technical
solutions at their heart; but they are also problems where the technology will not be enough. Embedded
microcredentials provide an opportunity to share knowledge across the STEM / social sciences / humanities
borders, but in fine-grained enough quanta for that knowledge to be applicable to the projects involved. It is
hoped that this knowledge exchange will help bring faculty together across disciplinary boundaries as well.

This approach does not need to be limited to microcredentials that are developed at AAU. Students already
search broadly for the knowledge to support their projects; where this knowledge already exists in
microcredentials these can be imported into our curriculum. This approach also allows for collaboration with
industry partners in the development of curriculum that can support the learning of our students as well as
the professional development of their employees.

4 Conclusion

The COVID-19 pandemic has highlighted the need for universities to move away from traditional models of
instruction that rely upon synchronous in-person classes. This has accelerated the trend of adopting
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alternative pedagogies such as PBL that are better able to provide students with the authentic learning
experiences that they need to be prepared for practicing in an increasingly digital future.

The move towards newer curriculum models raises questions about how students should engage with the
technical fundamentals of their disciplines; and the future requirements of this engagement increasingly look
like the past and present of microcredentials. On-demand asynchronous fine-grained technical content
aligns better with the needs of a PBL curriculum and is more authentic to the learning habits and lifestyles of
contemporary student engineers.

Embracing the affordances of microcredentials offers significant opportunities for future curriculum
development beyond just the flexibility of delivery for students. Microcredentials also offer the opportunity
to support greater multidisciplinary collaboration and exposure to different ways of learning. Digital
microcredentials can also serve as the building blocks on which the higher-level capacities of learning
analytics and personalised instruction can be built.

Not everything within an engineering curriculum can be digitalised; but for the parts that can and should, the
pathway forward aligns with contemporary work in microcredentials, and there are significant opportunities
to learn from the experience of microcredentials as we move forwards to more digital native engineering
curricula.
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Summary

This paper defines and discusses the meta disciplines and their institutional implementations at a university.
The meta disciplines refer to such fields of study as systems, design, and computing, which focus on meta
theories and methodologies that may empower research and education across many if not all traditional
disciplines such as engineering, architecture, medicine, business, and government. | consider three
experiments at MIT to build intra-organizational units of meta disciplines, including the Engineering Systems
Division, Schwarzman College of Computing, and Morningside Academy for Design. Their organizational
design increases the dimensionality of knowledge to be learnt and created throughout MIT. The development
and use of meta theories and methodologies may empower learning and exploitation in traditional disciplines
while also fostering their interactions for emergence and innovation. Universities may explore new meta
disciplines and novel implementation models to address the needs of future education and research.

Keywords: Meta disciplines, Systems, Design, Computing, MIT

Type of contribution: Best practice extended abstracts

1 Introduction

Our world is faced with many growingly complex and uncertain “wicked problems” (Rittel and Webber, 1973)
such as COVID and climate change. As we enter the fourth industrial revolution, the fusion of the cyber,
physical, and biological worlds induces new societal challenges to ethics, equity, and human values in the
prevalence of ubiquitous computing and artificial intelligence (Schwab, 2017). Such wicked and new
challenges involve intertwined technological, social, economic, and political factors that co-evolve and
stakeholders with heterogeneous views and dynamic interactions.

Such emergent challenges would require continual design and experimentation of novel solutions, which are
social-technical, systematic, and evolvable (de Weck et al, 2012). The complexity and uncertainty we face
may have reached the level that human intelligence alone would be unable to effectively understand the
intricate problems and come up with systematic solutions. Meanwhile, artificial intelligence (Al) beyond
singularity (Kurzweil, 2005) may offer new capabilities to augment design creativity and Al-driven innovation
to address those complex challenges (Luo, 2023).

These suggest the necessity and importance of design, systems and computing in engineering education,
research, and innovation. Engineers of the future, regardless of disciplines, may benefit from mastering
design, systems, and computational thinking and applying them to problem solving and innovation in their
fields of practice. We anticipate engineers who are leaders to design and experiment with the aid of artificial
intelligence for human-centred social-technical system-based solutions to complex challenges and for
innovations that drive civilization toward a sustainable future.

Design, systems, and computing themselves appear to be specific fields to study, while they are also
ubiquitous in and essential for many if not all fields of study. Herein, we call them meta disciplines. Many
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academic societies and journals have been dedicated to developing these meta disciplines. The development
of theories and methodologies in the meta fields require drawing upon, synthesize, and unify the
observations, understandings, and methodologies in different traditional fields. In turn, the theories and
methods developed in meta fields, such as design thinking and design science (Dym et al., 2005; Papalambros,
2015), system dynamics (Sterman, 2001) and network science (Newman, Barabasi, & Watts, 2006), and deep
learning (LeCun, Bengio, & Hinton, 2015) and large language models (Wei et al.,, 2023), can empower
education, research, and practice across many if not all traditional disciplines such as engineering,
architecture, medicine, business, and government. The relations and interactions of meta and traditional
disciplines are depicted in Figure 1.

Meta Disciplines

Design
Systems H|g!1 dlmensmnafl
learning and creation
Computing
Apply meta theories and Synthesize and unify
methodologies to traditional disciplinary

empowering traditional studies to develop meta
disciplinary studies theories & methodologies

Engineering
Architecture
Medicine
Business
Government

Traditional Disciplines

Figure 1: Relations and interactions between meta and traditional disciplines

Despite the high-order values of the metal disciplines for traditional disciplines, it remains ambiguous how
to embed meta disciplines in the organizational structure of a university for them to empower traditional
disciplines while advancing themselves at the same time. In this paper, we analyse three experiments at MIT
to build intra-organizational units (see below) on meta disciplines, including

1) Engineering Systems Division (ESD)
2) Schwarzman College of Computing (SCC)
3) Morningside Academy for Design (MAD)

We briefly review the missions and operational models of the three organizational unites, analyse their
commonalities and differences, and assess their challenges and prospects. It is important to note that, we do
not consider them as golden standards but experiments of a university for organizational learning,
transformation, and evolution.

2 Meta Disciplines at MIT
2.1 Engineering Systems Division (ESD)

ESD was founded in 1998 to focus on the engineering of complex systems and broaden engineering education
(Roos, 1999). ESD addresses the societal and industrial needs for new theories underlying many socio-
technical systems, such as global manufacturing, multi-modal transportation and sustainable energy, and
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unified methodologies for designing and managing them against growing complexity, emergence, and
uncertainty. ESD hosted a PhD program in Engineering Systems and several master programs, e.g., System
Design and Management, Technology and Policy Program. About 50 faculty members were associated with
ESD through dual or joint appointments with traditional departments or schools. In 2011, ESD was the third
largest graduate program in the School of Engineering and gained the right to hire ESD-only faculty. In 2015,
MIT launched the Institute for Data, Systems and Society (IDSS) to integrate ESD and the Laboratory for
information and Decision Systems (LIDS) and focus more on data science for social-technical systems
analytics, design, and management (de Weck, 2016).

2.2 Stephen A. Schwarzman College of Computing (SCC)

SCC was founded in 2018 with a mission to not only strengthen computer science, Al and computing-related
fields but also discover the power and develop the applications of computing in every field of study, while
also ensuring the future of computing is shaped by insights from other disciplines. The college is named after
The Blackstone Group chairman Stephen A. Schwarzman, who donated $350 million of the college’s $1.1
billion funding commitment. The college is an institute-wide academic unit that works alongside MIT's five
Schools, with a focused home for computer science and Al education and research. It plans to host 50 new
faculty positions, including 25 in computer science, Al and decision making located within the college as core
faculty and 25 shared with other departments. It aims to educate students in every discipline to be
“bilingual,” and able to responsibly use and develop computing technologies to help design and make a better
world.

2.3 Morningside Academy for Design (MAD)

MAD was founded in 2022 as a hub to transform learning, research, innovation, and entrepreneurship by
integrating design methodologies into MIT courses and curricula (Ochsendorf and Yang, 2022). It is started
with a $100 million gift from the Morningside Foundation. MIT considers design a disciplined practice to
augment creativity in and across different disciplines and to take “creative, humanistic thinking to society’s
biggest challenges.” It is recently kicked off with launching the program of Design Fellows, who work with
faculty and researchers to interweave design with different fields to create solutions to societal challenges.
Moving forward, MAD aims to bring together a diverse community of researchers and designers from all five
schools at MIT, via design projects, in-residence and public programming. MAD was built upon the successes
and lessons learnt from the operations of SUTD-MIT International Design Centre (2010-2020) and many
existing “design plus programs” at MIT, e.g., design + engineering, design + management, design + health
(Ochsendorf & Yang et al., 2021).

3 Analysis and Synthesis of MIT’s Experiments on Meta Disciplines

ESD, SCC and MAD share several characteristics in common. First, each of them is built around a respective
meta discipline with unified theories and methodologies that can be used in diverse disciplines or fields. They
differ from interdisciplinary centers such as Future Energy Center or Media Lab at MIT which bring together
knowledge and methodologies from different disciplines for innovation but do not focus on and foster a meta
discipline. Second, they cut across all five schools at MIT (Figure 2) by engaging faculty, researchers and
students from different departments and traditional disciplines through dual or joint appointments and
integrated multidisciplinary projects or programs. They all offer education and research programs.
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Meta Units

Morningside Academy for Design 2022~

Schwarzman College of Computing 2018~

Engineering Systems Division 1998~2015

The Organizational Matrix
at MIT

Traditional Units

School of Architecture and Planning

School of Engineering

School of Humanity, Arts and Social Sciences
School of Management

School of Science

Figure 2: Meta disciplines at MIT

These three meta units at MIT differ in several ways. First, their naming differs as a division, college, and
academy. SCC and ESD can hire tenure-track faculty while MAD at this point cannot. Second, ESD, SCC and
MAD are driven by different faculties at the founding stage, e.g., Civil and Environmental Engineering for ESD,
Electrical Engineering and Computer Science for SCC, Architecture and Planning for MAD, respectively. Third,
their initial funding conditions differ. ESD pooled resources from existent initiatives and programs, whereas
SCC and MAD were started with generous endorsement funds from external donors to build new programs.

MIT’s intra-organizational design to embed systems, computing and design in the university structure
appears to have increased the dimensionality of knowledge to be learnt, created, and shared throughout MIT
and beyond. As depicted in Figure 2, they transform MIT into a matrix structure. The knowledge and
methodologies from each meta discipline may empower learning, exploitation and innovation in individual
traditional disciplines while fostering the interactions and integration of different disciplines for emergent
learning and convergent innovation. Meanwhile, meta knowledge and methodologies can be developed and
advanced by synthesizing or unifying observations, practices, and knowledge from various traditional
disciplines.

Despite these aimed benefits, it can be difficult to develop and sustain organizational units of meta disciplines
in established universities. By nature, such meta units are most likely operationalized via hybrid education
and research programs. Traditional faculty who was trained and have succeeded in silos may not be able to
perceive the values of high-dimensional learning and may not have the interest nor capacity to manage or
get involved in hybrid organizational structures with increased dimensionality and sophistication. It is
suggested the development and success of meta units would require strong support from the top leadership
of the university, as well as abundant resources.

4 Broader and future perspectives

To this point, we have only briefly discussed three meta disciplines and three meta organizational units at a
single university. There are surely other meta disciplines and additional models of embedding and developing
them at a university. Universities with different cultures, legacies and governance mechanisms may design
and experiment different models for developing different meta disciplines and units for increasing
dimensionality of learning and creation of knowledge and technologies that can address future needs.
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The growing “wicked problems” and emergent challenges of the future (e.g., Al risks to humanity, infectious
diseases, sustainability) can be utilized as drivers or shapers of future education and research that co-
develops meta and traditional disciplines in a fused manner. The process of seeking solutions to such wicked
problems would naturally require continual design and experimentation of systems-based solutions
integrating multidisciplinary knowledge with the aids or uses of computing and Al, and thus provides a great
context for education and research.

Problem-based learning courses or programs aiming to address such pressing or emergent challenges of a
complex nature may motivate students’ active learning of knowledge from all relevant fields and experiential
learning of design processes, methods, and tools, the complexity of design problems and solutions, and
applications of computing and Al in the design processes and/or design solutions to the complex problems.

Design or research projects aiming to solve such complex real-world “wicked problems” may serve as test
beds of new theories and methods from research in the meta and traditional disciplines, bring together
researchers and students from meta and traditional fields, and attract industry and government stakeholders
to participate and contribute. Therefore, problem-driven learning, research and design may foster the
development of meta disciplines together with traditional fields simultaneously.
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Summary

In the publications Goldberg & Somerville (2014) and Graham (2018) the authors set the scene for a “coming
revolution in engineering education”. Even though the Aalborg model for PBL which we practice at Aalborg
University, is indeed a modern, vibrant and efficient method, in the aftermath of the above-mentioned
publications, we always question our practice and continuously try to become a better version of ourselves.
With the aim of delivering on the many inspiring visions articulated in Goldberg & Somerville (2014) and
Graham (2018) we at the Faculty of Engineering and Science initiated the overall development project
leadENG which since 2019 constitutes the framework for our continuous work. The Big-Beacon-Manifesto
(Big Beacon, 2014) which relates to the first mentioned reference in particular is used as inspiration.

Keywords: Big-Beacon-Manifesto, Engineering education, Interdisciplinarity, Problem Based Learning, The
Whole New Engineer

Type of contribution: Best practice extended abstract

1 Some important and inspiring trends in engineering education

Massachusetts Institute of Technology launched, in June 2016, the New Engineering Education
Transformation (NEET) program and commissioned Ruth Graham to conduct the study The global state of
the art in engineering education (Graham, 2018). The outcome of the report is a list of current thought leaders
within engineering education as well as a list of emerging thought leaders. More importantly, the typical
characteristics of these thought leaders are described. In the report the following description of distinctive
pedagogical features of “current leaders” in engineering educations is formulated:

e pathways and linkages for students to engage with the university’s research activities,
often building upon rigorous, applied teaching in the engineering fundamentals;

e a wide range of technology-based extra-curricular activities and experiences available to
students, many of which are student-led;

e multiple opportunities for hands-on, experiential learning throughout the curriculum,
often focusing on “problem identification as well as problem solution,” and typically
supported by state-of-the-art maker spaces and team working areas;
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e the application of user-centered design throughout the curriculum, often linked to the
development of students’ entrepreneurial capabilities and/or engaged with the social
responsibility agenda;

e emerging capabilities in online learning and blended learning;

e longstanding partnerships with industry that inform the engineering curriculum as well
as the engineering research agenda.

(Graham, 2018:37).

In the light of the fact that Aalborg University holds a position as number four on the list of current thought
leaders, it should obviously be expected that our PBL-practice involves all the above features. And indeed,
this is the case. But having the features coined so explicitly is a well-come tool we can use actively in our
present and future work. The report further describes, among other things, five curricular themes that
seem likely to be more central in the future:

(...)(1) student choice and flexibility, (2) multidisciplinary learning, (3) the role, responsibility, and
ethics of engineers in society, (4) global outlook and experiences, (5) breadth of student experience
(Graham, 2018:43).

Such themes are common features of many of the institutions on the list of emerging thought leaders, among
which more than a few are relatively small, and she concludes that the next challenge will be for larger
institutions to implement similar methods. As all five themes fit well with the value base of Aalborg
University, we will be among the larger institutions taking up the challenge to the extent that we are not
already practicing it.

Olin College has a truly pioneering approach to engineering education, which has resulted in a position as
world leading institution on the list of current thought leaders and a position as second among the emerging
thought leaders. To describe their thinking, we now recall the Big Beacon Manifesto which has its origin in
the engineering education transformation at Olin College, Illinois Foundry for Innovation in Engineering
Education, and the Olin-lllinois Partnership. Besides being a platform for collaboration, the revolutionary, yet
obviously meaningful, ideas are being concretely expressed in the book Goldberg, D. E. & Somerville, M.
(2014). Rather than describing only the features of their practices, the manifesto formulates a clear vision for
what should be The Whole New Engineer. Reading from page 14 and onwards we have:

The whole new engineer: (1) Finds joy in engineering and in life (2) is open trusted, and trusting, (3)
is authentically connected with others, (4) is powerfully present to possibilities in the moment, (5) is
mindful, observant, and an effective listener, (6) has the courage to initiate, fail, and initiate again,
(7) is technical competent and agile, (8) is broadly educated and curious, (9) is a team player, a
collaborator, and a community builder, (10) is a designer, a creator, and a sustainer, (11) is
emotionally and socially aware and competent, (12) is a reflective thinker and a self-directed and
persistent learner (Big Beacon, 2014:14-25).

These twelve characteristics are then followed by a description of what engineering education is not and
what it should be:

Engineering education is not a mind-numbing math-science death march that casts aside thousands
of capable young people who might otherwise have made effective engineers. It is a joyful trusting
process that delights in serving student aspirations, learning, and growth, unleashing the potential of
each individual (Big Beacon, 2014:26).

Building on the characteristics of The Whole New Engineer the manifesto then continues with the following
twelve goals for the future of engineering education:
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A whole new engineering education: (13) is a joyful and challenging experience, (14) trusts students,
believing they are resourceful, creative, and whole, (15) connects with students by fostering a sense
of community, (16) encourages diverse student aspirations and increases student autonomy and
choice, (17) accommodates diverse learning styles, (18) fosters agile technical competence in a
changing world, (19) fosters concern for human values and ethics, (20) encourages pervasive
collaboration and teamwork, (21) celebrates action in the world and values failure that results in
learning, (22) values educators who are servant teachers, (23) listens to an collaborates with all
stakeholders, (24) walks the talk of the whole new engineer (Big Beacon, 2014:26-38).

At The Faculty of Engineering and Science (ENGINEERING), Aalborg University we agree with the vision for
The Whole New Engineer and the description of what engineering education is not, and what it should be, as
well as confess to the twelve goals for the future engineering education. Our vision-in-practice project
leadENG (see Section 3 below) is based on the above strong messages from Graham (2018), Goldberg &
Somerville (2014) as well as The Big Beacon Manifesto (Big Beacon, 2014). Here, we challenge our current
practice and the conditions under which we operate.

2 The institutional context of leadENG: PBL at Aalborg University

Aalborg University was founded as a Problem Based Learning (PBL) institution in 1974. PBL at AAU is
constantly developing, but the method, in whichever form it appears, always possesses the same
fundamental and important characteristics which are (1) a problem is used as point of departure, (2) the
project work is organized in groups, (3) the project is supported by courses, (4) collaboration plays a
fundamental role and involves the group(s), supervisor(s), and possibly external partners, (5) Exemplarity.
The project work typically takes up half the students studying time and the students own the project implying
a high level of autonomy within given frames (Askehave et al., 2015). The efficiency of the method is well-
documented Chen et al. (2021), Kolmos et al. (2021), Boelt et al. (2022).

It is a shared mission for the entire university and our partners to adapt PBL to the everchanging society and
to prepare it for the future. The development is driven by stakeholders at all levels of the organization, i.e.,
students, supervisors (teachers), PBL researchers and management as well as our many external
collaborators in the industry and other public and private organizations. See Bertel et al. (2021). The current
common framework for the development comprises at least three directions which of course have some
overlap, namely “Progressive PBL competencies throughout the study”, “PBL in the digital world” and
“Integration of SSH competences in STEM-educations and vice versa” (SSH stands for social science and
humanities whereas STEM is the commonly used abbreviation for science, technology, engineering, and
mathematics). The latter mentioned topic includes recent experiments on what is known as Megaprojects
which are very broad collaborative projects involving students from at least three out of the four faculties at
AAU and addressing a problem posed by an external organization. For more information on Megaprojects,
see https://www.megaprojects.aau.dk/.

Aalborg University is a comprehensive university consisting of the following four faculties: The Faculty of
Social Sciences and Humanities, The Faculty of Medicine, The Technical Faculty for IT and Design (abbreviated
TECH), and finally The Faculty for Engineering and Science (abbreviated ENGINEERING). At ENGINEERING we
decided three years ago to embark on the journey which we call leadENG. Being smitten by the revolutionary
ideas described in the previous section we decided to question potentially every aspect of our practice and
to start a continued process where we always keep in mind that we do not need to stick to our old practice,
but always should aim to become a more meaningful version of ourselves for the benefit of our students, our
teachers, and the surrounding society. This is in the true spirit of PBL the most important characteristics of
which is openness, ownership and meaningfulness. The project leadENG lives in synergy with the above-
mentioned overall initiatives at the university level - sometimes addressing aspects from there and
sometimes adding different perspectives.
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3 The project leadENG

Combining our own experience and thoughts with the content of the first section of the present abstract we
at ENGINEERING formulated a vision for leadENG building on 24 characteristics. It should be noted that the
Danish university system is strongly regulated by the government and as at the same time AAU is a relatively
large institution, seeking new solutions may require quite some ingenuity. The vision are as follows:

For the studies we aim for: (a) engaged students, (b) agile learning, (c) a clear connection between the
different elements of the study, (d) a connection to the students’ life in general, (e) vibrant PBL, (f) students’
ability to pursue special interests and encouraging cultivation of personal skills, (g) freedom of choice.

For the professionalism we aim for: (h) a clear professional profile, (i) entrepreneurship, (j) applicable and
applied science, (k) a clear link between research and education, (I) SSH competencies, (m) interdisciplinarity,
(n) visibility beyond own profession, (o) collaboration with industry and other external organizations.

For the structure we aim for: (p) wide entrances to allow for students changing topic within the first year, (q)
stable portfolio of studies, (r) rational and operational practice, (s) possibility for agile development, (t) not
too small number of students on each study to prevent drop-out.

For the relevance we aim for: (u) profiles relevant for the society, (v) balance between the students’ specialist
and generalist competencies, (w) employable candidates, (x) students prepared for continuing learning

By purpose we have not formulated an overall strategy for our efforts to achieve the above goals. Rather we
prefer to constantly keep an eye on the vision while defining and working strategically in subprojects. This
makes leadENG operational and meaningful to engage in for the involved stakeholders at all levels of the
organization. In regard to active and finalized subprojects in leadENG please see the list below.

Together with TECH we have designed a course and a pool of workshops that the studies can choose from to
support the fulfilment of the newly introduced progressive learning goals throughout the study plans. This is
concluded with an individual PBL portfolio that the students produce during one of the last semesters.

In collaboration with TECH, we completely remodeled the set-up for our first-year math-courses in linear
algebra, calculus, and discrete mathematics. Rather than preparing for a written exam, the students now
conduct mini projects related to their individual study and present it at an oral exam where not only the math
teacher participate, but also a teacher from the given study. This has clearly increased motivation as well as
transfer of knowledge.

Danish universities are strongly regulated by the Ministry of Education and Research. However, we have been
able to push the limits for the use of specializations thereby enabling more flexibility and freedom of choice
for the students. This new practice has already impacted our programs significantly.

Kolmos et al. (2020) introduces a matrix for different types of student projects according to their level of
interdisciplinarity and the type of collaboration between groups. The megaprojects are the most complicated
with respect to both dimensions and AAUs experiments in this direction https://www.megaprojects.aau.dk/
are therefore in the midst of further development. At ENGINEERING we have introduced the much more
manageable concept of leadENG student projects where groups from different studies within engineering
and science collaborate on designing a physical solution to a given problem related to the faculty’s strategy
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for interdisciplinary research on sustainability. The concept has been a huge success at all semesters of our
studies and may serve as a steppingstone for future versions of megaprojects. Recently it received a gold
medal as the best concept in Europe in connection with the Wharton-QS Reimagine Education Regional
Awards 2022, https://www.reimagine-education.com/#

ENG after Hours

A series of combined social and professional activities where the students can interact outside office hours
and across studies, and where they get the chance to meet alumni. We have two types of events: broad
thematical events (e.g. the outer space) and “rotational” events where one study is hosting visits from studies
around ENGINEERING. In collaboration with the students, we arrange 6-8 of such activities every year, the
largest involving around 170 participants.

Microcredentials

A brand-new concept where small pieces of learning material are digitalized and are offered to the students
across studies to support their project work in an on-demand way or could be taken as an extra-curricular
activity. In addition, thematical courses could be offered based on students’ choice of microcredentials within
a given area. Each microcredential is concluded with a multiple-choice test and a certificate is issued. The
concept relates to the topic tree described in Morgan & Lindsay, (2015), but also differs in many ways. The
main idea is that students can follow personal interests both within their own discipline, but also within
completely different areas such as topics from SSH. This project is truly ambitious, and the development will
take several years before we have a final model.

The list of subprojects is of course not exhaustive and new subprojects and opportunities will continue to
appear.

4 Concluding remarks

In the spirit of PBL the leadENG project is developed in an ongoing process involving the many different
stakeholders being students, supervisors, teachers, industry partners, management and not the least
researchers in engineering education. The project is the sum of the contribution of all participants, and the
transfer of inspiration, knowledge, and insight among them is key for the project to evolve successfully.
Recent research conducted in connection with leadENG includes Christensen et al. (2023), Lindsay et al.
(2023), Winther et al. (2022). We stress that even though leadENG started out as a vision-in-practice project
it is important to note that one cannot revolutionize engineering education without generating solid
empirical knowledge on the impact on students learning and contributions to the engineering profession in
general. Therefore, research will play an important part in the future development of leadENG.
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Summary

In 2009, the Iron Range Engineering (IRE) program began delivering a PBL curriculum utilizing authentic
problems from industry. The curriculum, based on the Aalborg University model, sought to create learning
experiences that developed the complex problem solving, systems thinking, and interdisciplinary
collaboration abilities students needed as practicing engineers. With the industry project at the center of the
curriculum, the technical content learning took place in one-credit courses along with professional
development of communication, teaming, and other leadership skills. Soon, requests started for the
opportunity to perform paid co-op work at the industry partner in lieu of an on-campus industry project. An
alternate curricular structure was implemented allowing students to complete the requirements for
educational advancement while working full-time in industry. Quickly, it became apparent that the quality of
the engineering learning experience was higher than it was for the students working for industry on campus.
Inspired by the Charles Sturt Engineering program, a pilot model was developed for delivering the entire
program as a co-op work-based learning model. By 2019, the IRE BELL work-based learning model was in full
operation with students and industry locations from across the country. This extended abstract will share
learnings from this educational transformation process.
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1 Introduction and Background

Throughout the past quarter of a century, conferences have focused on; both national and international
reports have called for; and research continually points towards the need for engineering education to evolve
for engineers to meet the rapidly changing needs of society. Over this same time period, the way engineers
interface with knowledge shifted from an engineer mindset of expertise through acquisition of knowledge to
one of expertise of how knowledge is accessed and incorporated into engineering solutions. Combined with
a need to increase the overall number of engineering graduates and for the demographics of engineers to
match those of society’s, significant pressure exists on engineering educators to explore and innovate with
models and pedagogical approaches that systematically move engineering education into a position to meet
these rapidly changing societal needs.

One model recognized (Graham, 2018) for its exploration and innovation is the Iron Range Engineering (IRE)
program. In 2009, IRE began delivering a PBL curriculum (Ulseth, 2016 and Johnson, 2016) adapted from the
Aalborg University PBL model (Kolmos, et al, 2007). In this model, authentic, ill-structured, and complex
problems were sought directly from industry (Ulseth 2016). Students, working in teams, would spend one
semester using an engineering design process to create solutions for their clients. The project was at the
center of the curriculum and was supported by the learning of technical content delivered in one-credit
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courses along with professional development of communication, teaming, and other leadership skills. The
technical content and professionalism strategies were brought to the project where the learning of each was
enhanced through experiential applications. This model was delivered as the last two years of the engineering
bachelors (upper division). Entering students completed their lower-division requirements (calculus, physics,
chemistry, and foundational engineering skills) at a community college in the United States. At the time of
startup, PBL was not common in the United States and was met with pessimism by higher education peers
and some in industry. However, over the next decade, PBL became much more accepted and desired. IRE
gained national [ABET] and then international recognition (Graham, 2018) as an innovative model and
engineering education leader. The value of the IRE model of engineering education experience came not just
from the real, complex, industry-driven design projects, but also from the unique curricular components that
help students frame and conceptualize their own learning as they prepare to move from learning in a formal
academic space to a lifetime of learning as engineering leaders. The following unique elements, all of which
are required in the student experience, are adaptable and transferable in most engineering programs.

Not very far into the model's delivery, some students requested the opportunity for paid co-op work instead
of the on-campus industry project. An alternate support structure and curricular elements were developed
and put in place so educational components could be completed while working full-time in industry. Quickly,
it became clear that the engineering learning experience was of higher quality for students working in
industry than for those working for industry on campus. This led to further exploration and curricular
innovation and thus innovation with innovation. The innovation was not only based on a further desire to
develop work-based competences during the education, but it was also based on (Johnson, et al., 2018): 1)
empowering students to use employment to help fund their education while gaining recognizable
experience, 2) to take advantage of the variety of emerging technologies for on-line learning, and 3) to
increase access to the engineering profession by designing it specifically for community college students
which bring a wider demographic diversity than the university counterparts.

In August 2019, the first 20 students from community colleges across the nation started the pilot program
that would have the entirety of the upper-division program delivered as a co-op based educational
experience. Modeled this time after the Charles Sturt Engineering program, the IRE Bell model began in
2019 and operated in parallel with the original IRE model.

2 Development Process for the IRE BELL Model

As the curricular development for this second iteration of the PBL program began in 2016, an appropriate
design and research methodology was needed to guide the development work. Design-based research (DBR)
was adopted as the development methodology (Ulseth and Johnson, 2018) to 1) address learning theories,
2) study learning in context, 3) develop measures of learning, and 4) contribute to new designs and learning
theories. For this purpose, Andriessen’s (2007) dual purpose of DBR model was combined and adapted to
incorporate the four phases of DBR identified by Kolmos (2015) (Design, Implementation, Data Collection
and Analysis, and Findings and Conclusions) to create an Adapted DBR Process Cycle (Figure 1).

The focus of the adapted DBR Process cycle is program design through progressive refinement of 1) the
problem statement; 2) defining the design and learning objectives; 3) planning (project management) of the
curricular design; 4) development of the curricular ideation and selection of a design for initial
implementation; and 5) ultimately a continuously reformed model with a curricular model improvement
process. The research design focuses on 1) establishment of the research questions; 2) identification of the
learning theories applicable to the research work; 3) design of the research work that influences the
curricular implementation and improvement; and 4) ultimately disseminating what is learned and adding to
the body of knowledge on engineering education.
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Figure 1. Adapted DBR Process Cycle
The cycle was specifically used to develop:

e curricular elements (Johnson et al., 2018),

e understanding of how students and faculty members view new curriculum (Ulseth & Johnson, 2018),
e how students attained their first co-op placement (Rogalsky et al., 2022), and

e how students developed their necessary workplace skills (Ulseth & Johnson, 2020 IRSPBL)

3 The Current IRE BELL Model

In September 2022, the two Iron Range Engineering models (four-semester on-campus and five-semester co-
op based) merged. The result is termed Iron Range Engineering delivering the Bell model. Now, all students
go through the intensive training semester followed by 24 months of co-op placements in industry.

The outcomes of the intensive semester, called the “Bell Academy” (Ulseth, Johnson, & Kennedy, 2021), are:

1. Provides the knowledge and skills necessary to find, interview for, and acquire co-op positions.

2. Student engineers learn and implement an engineering design process while completing a design
project for an industry client.

3. Prepares them professionally to thrive as contributors on engineering teams while on co-op
placement. Areas of learning include: leadership, self-awareness, professional actions, ethics, public
speaking, technical writing, teamwork, and conflict management among others.

4. Develops self-directed learning capabilities as technical learners as they advance their acquisition of
core technical knowledge and prepare to undertake advanced, student-led technical coursework.

These four themes of design, professionalism, technical, and career acquisition then flow into the rest of the
curriculum in the remaining 24 months in the program while students continuously use their engineering
experiences in industry to build and expand their knowledge.

3.1 Technical learning

IRE students earn a bachelor's degree in engineering — BSE. Their official major is integrated engineering. It
reflects a wide range of electrical and mechanical engineering principles which serve as the basis for deeper
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learning in a focus area in any field of engineering. Student engineers are given the latitude to do their
advanced learning across a broad range of areas of study or to dive deeply into one area. All technical learning
is done in 1 credit (1 Carnegie unit) modules. 16 are core and 16 advanced to make up 32 technical credits in
the upper-division (last 2 years of bachelors) experience. All technical learning has a strong self-directed
component and is empowered through facilitation by professors. Each credit includes a deep learning activity
where students apply their knowledge through experimentation, modelling, or design. (Ulseth, 2016)

3.2 Design learning

After the Bell Academy, student engineers continue to acquire design skills and project management by
working on a wide range of project teams in their industry setting (Johnson & Ulseth, 2017). In this way they
are learning design by doing design side-by-side with engineering professionals. They document this learning
through extensive writing assignments during each of the four semesters, culminating in a substantial chapter
in a senior thesis during their last semester. Special emphasis is put on the iterative nature of design and the
value of encountering failure as part of the process. There is a strong system engineering aspect to the
student engineer’s design experience. They first acquire the knowledge and language of systems thinking and
then apply it in an open-ended, final exam each semester.

3.3 Professional learning

While being a technically sound engineer with substantial design capability and experience are expectations
of engineering graduates, what tends to set IRE graduates apart from their peers in industry is their
professional acumen (Johnson, 2016). As part of their orientation, before the program’s first day, students
begin developing respect for being professionally responsible and embrace professional responsibility as the
need to be responsive, communicate well across written and oral domains, perform as a valued member of
a team, be ethical, be inclusive, and have the courage to act. These skills and attributes are developed
through becoming self-aware of how they and others perceive their actions. Each semester student engineers
complete ~50 one-page written reflections in their “learning journal” prompting them to think critically about
how their actions and the actions of those around them impact work culture and team relationships. As in
technical and design learning, students develop chapters in their senior thesis on both professionalism as
defined by the literature and their professional self as identified through their engineering experiences.

3.4 Career acquisition

An outcome of the program is a well-honed skill in the ability to seek opportunities, market oneself, and
acquire offers for employment. Entering student engineers face individual challenges that they need to
overcome as part of this process. Some lack the self-motivation to put in the appropriate time and energy to
create adequate opportunities, others lack the ability to represent their skills and experiences in writing or
on technology-based platforms such as LinkedIn, while others lack the confidence or interpersonal skills to
express their abilities in interview settings. Through a series of workshops and practice scenarios during the
Bell Academy, students begin to build their confidence and acquire some of these skills. Their biggest growth
comes through mentoring from their personal learning coach, an engineer on the staff who meets with the
student weekly to provide guidance and encouragement as the student navigates the career search process
seeking their first co-op to begin upon the conclusion of the academy (Rogalsky et al., 2020, 2021, and 2022).

4 Lessons Learned for Education Transformation

Through the development and implementation of the original model in 2009 and the pilot Bell model in
2019, themes of necessity emerged for transformation of engineering education (Johnson et al., 2022).
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e Authenticity in the learning experiences is a necessary component. Student motivation peaks when
they feel they are doing authentic work that has value and impact. This was achieved through
industry projects and in the Bell model by working directly in industry with practicing engineers.

e The curriculum must reflect the desired outcomes. Important aspects for the model must be
purposefully built into the curriculum. In this model, the development of professionalism is highly
valued. Thus, professionalism courses make up 25% of the student experience every semester. In
other words, important change cannot be accomplished through small or extra-curricular activities.

e Strong social connections are necessary. Relationships need to be cultivated between
faculty/students and student/student. Physical spaces and a culture of trust, joy, collaboration,
openness, and courage empower relationship building and the development of a common set of
professional goals. These are necessary components as we seek to develop educational experiences
that build engineers who will meet the needs of society, now and into the future.

e Transformative models are built through scaffolding of an entrepreneurial mindset. Structures such
as the design-based research model implemented as part of the Bell pilot provide the purposeful
approach to continuous improvement necessary to keep innovation alive.
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Summary

The separation of disciplines in secondary education is an inherent obstacle to project-based learning
(PBL): educators go years without meaningful collaboration, critical feedback, or self-reflection (Jacobs,
2010). As a result, many inhabit an isolated bubble where no space is given to interdisciplinary
collaboration; this isolation limits the authenticity of the projects students can produce. Compounding the
dilemma is neoliberal logic, which disseminates the model of the market to all domains and activities
(Brown, 2017). The curriculum is depoliticized; students are motivated to excel academically so they can
compete in the market rather than work towards more societal equity. Additionally, marginalized groups
are tracked into vocational pathways that focus only on basic skills training and give no space to critical
thinking, which hurts the worker’s ability to confront and transform inequitable neoliberal policies (Darder,
2017). While PBL in STEM and vocational pathways have positive impacts on teaching and learning
outcomes, implemented without a critical pedagogy framework, PBL has not been shown to increase
critical consciousness (Montoya et al., 2018). This research aims to discover how PBL and an
interdisciplinary curriculum (Montoya et al., 2020) implemented through a framework of critical pedagogy
can impact the critical consciousness of students and teachers.

Keywords: Neoliberalism, Neoliberal Logic, Interdisciplinary Curriculum, Critical Pedagogy, Critical
Consciousness

Type of contribution: Research extended abstract

1 Obstacles to Project-Based Learning

In 1892, the National Education Association Committee of Ten, a group of educators asked to make
recommendations for the future of schools, decided the most effective way to teach secondary students was
to separate each discipline (Jacobs, 2010). Well over 100 years later and this structure of separation still goes
unquestioned by teachers and administrators. Secondary schools still hold the same schedules, grouping
patterns and spaces from the 1930s (Jacobs, 2010); however, century-old structures can’t prepare students
for the interconnectedness and innovation of today’s science and engineering (Wang, et al., 2018). We don’t
just need reforms; we literally need new forms (Jacobs, 2010).

In 2018, to counter the silo structure of public education, | formed a cohort of teachers from different
disciplines to create a building and construction curriculum that utilized interdisciplinary collaboration and
project-based learning; | co-authored a paper about the results (Montoya et al., 2018). In this project, a team
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of students analyzed sidewalks surrounding high schools in affluent and disadvantaged communities. They
discovered that disadvantaged communities had unsafe conditions, so they organized a community clean-up
and created a virtual design, Gantt chart, and budget to fix the sidewalks. Throughout the process, students
received feedback from industry mentors and made a final presentation at Stanford University. Ultimately,
the research revealed a positive impact on students’ social mobility perceptions, but no impact on their social
justice awareness (Montoya et al., 2018).

While the project provided interdisciplinary collaboration, project-based learning, and helped students get
certifications to make them more competitive in the economy, we did not use a critical pedagogy framework
to help students develop a critical consciousness. The driving force behind our curriculum was to engage
students (Perry, 2022) and to make them employable; however, this approach only mirrors the absence of
critical questioning that has historically existed in vocational education (Darder, 2017). This lack of critical
thinking and an overemphasis on standardized testing perpetuates a false binary between “brain-work” and
“hand-work” (Rose, 2014), so marginalized students get tracked into vocational programs that rarely give
space for critical analyses of societal injustice, which only serves to frustrate the workers' ability to confront
and transform inequitable economic and environmental policies (Darder, 2017). For instance, in Silicon
Valley, building and construction pathways have become a road-to-nowhere and rarely lead to higher
education or high-wage careers (Lundell et al., 2022). Ultimately, our own construction pathway utilized the
concept of social justice as a symbolic gesture; we became what La Paperson calls the “second university:”
hegemonic radicals who assume talking about freedom will result in freedom (2017). Like many second
universities, we checked the box of project-based learning and social justice but never did the work and
dialogue with students or the community to create space for critical consciousness, self-exploration, and
transformation.

2 Neoliberal Logic and Education

Neoliberal economic policies compound the problem of secondary education’s silo structure. For the last 40
years, neoliberalism has dominated the globe; this economic system celebrates free markets, deregulates
industries, cuts social spending, privatizes public goods (such as education, prisons, and militaries), increases
finance capital over productive capital, and converts every human need or desire into a profitable enterprise
(Brown, 2017). Under neoliberalism, the United States ranks worst among industrialized nations in social
mobility and other health and social metrics such as life expectancy, obesity, imprisonment, and mental
illness (Wilkinson & Pickett, 2014). This economic system not only creates a society of the have and have-
nots but also disseminates the model of the market to all domains and activities, and configures human
beings exhaustively as market actors (Brown, 2017). Under neoliberalism, citizens are depoliticized, and a
market logic becomes the foundation of all decisions and interactions. Saving the environment is good, if it
serves the market; social justice is good, if it increases profits. Getting an education has value not because of
personal growth and community contribution but rather because it increases our human capital in a
competitive economic system that thrives off inequality. No longer is there a separation of political and
economic life; neoliberalism formulates social justice, government investment, and environmental
protection as fuel for economic growth (Brown, 2017). Under such a pervasive market ideology, equity and
justice are reduced to the symbolic, and people of color face a “new racism” founded in myths of meritocracy
and color blindness (Prashad, 2005). If neoliberalism causes such high levels of inequality, how does our
education system, directly and indirectly, support and promote this ideology?

Public discourse on education tends to focus on the failures of schools, teachers, students, and curriculum,
but rarely do we question how our economic system interacts with the structures and systems of public
education; however, we can no longer talk about failing schools unless we are willing to discuss failing
economic policies; the two have become so intertwined that it is difficult to tell where one ends and the
other begins (Rose, 2014). Neoliberalism is an economic system where profit outweighs equality; similarly,
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public education defines success by the scores of standardized tests that center on white settler-colonial
epistemologies (La Paperson, 2017). As a result, students from underrepresented groups who do not fit or
follow white settler-colonial norms are labeled “underachieving,” which puts them at risk of entering the
school-to-prison pipeline (Nocella et al., 2018). In essence, neoliberalism and our failing schools feed into
one another and not only strengthen and perpetuate societal inequities, but also, and perhaps most
dangerously, “de-democratize” our citizenry by placing market logic at the center of the human psyche
(Brown, 2017). Ultimately, if our curriculum is depoliticized and supplanted with market logic, how can we
find solutions to the systemic inequities that impact our society? Without dialogue, solidarity, and critical
consciousness, democracy doesn’t work for those who need it most.

3 The Opportunities of Critical Pedagogy

Project-based learning alone does not provide students with the space to contemplate and
confront societal/environmental injustice. Critical pedagogy allows educators and students to believe that
“history is a time filled with possibility...that the future is problematic [but] not already decided fatalistically”
(Freire et al., 2020, p. 21). To dismantle the market logic of education, we must not only practice problem-
based learning and interdisciplinary collaboration, butimplement it through a lens of critical pedagogy, which
gives us the tools to understand that “mass hunger and unemployment, side by side with opulence, are not
the result of destiny” and “nothing can justify the degradation of human beings” (Freire, 1996; Reyes &
Morrell, 2008, p. 54).

In critical pedagogy, the teacher moves to the role of facilitator and uses the dialogical method to engage in
the act of creation and re-creation in which the students begin to develop a critical consciousness that allows
them to confront and dismantle the source of their oppression (Freire et al.,, 2020). Freire argues that
“dialogues cannot exist in the absence of a profound love for the world and for people...love is at the same
time the foundation of dialogue and dialogue itself” (Freire et al., 2020, p.151). Within this pedagogy, the
fundamental flaw of neoliberalism in schools is confronted: instead of learning to earn, students learn for
freedom (Reyes & Morrell, 2008). Learning for freedom demands that one embrace praxis (reflection and
action) (Freire et al., 2020). Educators and students must enter a partnership in which they become agents
of social change determined to develop the capacity to reflect on and confront oppression in their lives and
communities (Freire et al., 2020). Critical pedagogy not only gives teachers and students the tools to examine
neoliberal systems and institutions with a critical lens, but also dismantles pervasive myths of meritocracy
and color blindness. In the end, only a critical pedagogy founded in love can begin to dismantle a system
where profit and growth outweigh justice and sustainability.

4 Integrating Critical Pedagogy with Project-Based Learning

As it presently stands, there is a radical separation between courses that exist for vocational training and
courses that exist for critical thinking, and this drastically impacts the ability of the working class to change
an inequitable neoliberal system (Darder, 2017). When vocational pathways utilize project-based learning
through a lens of critical pedagogy, they teach employable skills while also creating space for critical thinking
and community action.

Using my initial research as a point of departure (Montoya et al., 2018), | hope to discover the following
through ethnographic data: how can an interdisciplinary curriculum implement using principles of PBL and
critical pedagogy impact the critical consciousness of students and educators? Ultimately, vocational
education must move beyond “reform reforms” and discover “revolutionary reforms” (Meiners, 2011);
“reform reforms” come along every year and only support the present neoliberal logic: test-taking strategies,
growth mindset seminars, and social-emotional learning techniques. However, these strategies never
guestion how racism, discrimination, and poverty can truly be eradicated from our communities (Love, 2019).
Ultimately, all these reforms add to doing yoga in a burning building.
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Ethnographic data will be gathered at three different construction pathways in the East Side Union High
School District (ESUHSD). In one of the three construction pathways, | will work with industry and university
partners to implement an interdisciplinary curriculum utilizing principles of PBL and critical pedagogy. Similar
to the demographics of San José, the students in these construction pathways come from diverse cultural
and socioeconomic backgrounds. Many of these students have been tracked into our vocational pathway
due to being labeled as behavior problems or academically deficient; in reality, these are the students who
bear some of the heaviest impacts from four decades of neoliberal educational policies. In the dead-end
maze of Silicon Valley construction pathways, critical pedagogy can operate as a compass that creates a way
out. In the end, this research could influence other vocational pathways to move beyond simply educating
for money and towards educating for freedom by not only merging project-based learning with an
interdisciplinary curriculum, but also implementing this curriculum through a framework of critical pedagogy.
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Summary

Global competence represents one’s ability to work effectively across cultures. It is a crucial employability
skill for graduate mobility in the international engineering market and working in a diverse workforce. This
study investigated the presence of global competence in an electronic engineering program’s curriculum at
Universiti Tun Hussein Onn Malaysia (UTHM). Curriculum mapping was undertaken on the publicly accessible
program handbooks and courses syllabus using a developed phrase bank of keywords indicative of global
competence. Each course was then classified by the about matching to the keywords (strong, moderate,
weak, no). A visual heat map was produced from the results to visually demonstrate the inclusion of global
competence in courses. The findings demonstrated that 36% of the total courses in the electronic engineering
program had strong or moderate evidence of global competency. This heatmap snapshot is a valuable
reference for policymakers and curriculum developers to enable continual curriculum development works.

Keywords: Global competency, Engineering Education Curriculum

Type of contribution: Research extended abstracts

1 Introduction

Broadly, global competence is the ability to work effectively across cultures. It encompasses the ability to
communicate across and appreciates other cultures, proficiency in working in or directing a team of ethnic
and cultural diversity, and effectively dealing with ethical issues arising from cultural or national differences
(Klein-Gardner & Walker, 2011).

In an engineering context, a globally competent engineer also applies these concepts to how engineering
tasks might be approached and the engineering work itself, such as in product design and manufacture. Global
competence is a vital employability skill for engineers due to the increase in mobility across geographical
boundaries. As an example, Australia’s engineering workforce draws migrant engineers from a multitude of
countries (Kaspura, 2019).
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This mobility is commonly recognised as necessary within engineering, for example, through international
accords standardising engineering education between countries (International Engineering Alliance, 2021). It
is, therefore, important for educators to consider how global competence is integrated across the curriculum for
engineering programs. In this line of thinking, this paper proposes the overarching question — to what extent is
global competence integrated across a sample engineering program’s curriculum?

This paper works to identify the current extent of global competence integrated into the Bachelor of
Electronic Engineering (Honours) program at the Universiti Tun Hussein Onn Malaysia (UTHM)’s Faculty of
Electrical and Electronics Engineering (FKEE). It aims to suggest improvements to strengthen global
competence and form a reference for policymakers and curriculum developers to enable continual
improvements.

2 Literature Review

Global competence is commonly discussed in engineering education, including through the lens of industry
perceptions of value (Rawboon et al.,, 2021), in search of a definition (Majewska, 2022), assessment
instruments (Mazzurco et al., 2020) as well as teaching interventions including certifications (Kjellgren &
Keller, 2019) and new courses (Mekala et al., 2020).

To the extent of the author’s knowledge, no works currently investigate how global competence is implicitly
embedded and developed across an engineering degree program. However, similar works have been
undertaken in the context of other concepts, including sustainable development (Bury et al., 2022) and
transversal skills (Kovacs et al., 2020).

This study contributes a method for understanding the extent of global competency development embedded
in engineering curricula and identifying gaps in curricula holistically. It does this by studying the electronic
engineering program at a particular university as a case study. It addresses an overarching question of to
what extent global competence is integrated across a sample engineering program’s curriculum? by
answering two sub-questions:

1. How is global competence embedded in the curriculum of the courses making up the sample
program, and
2. Where are the gaps in global competence development in the program curricula?

3 Research Method

Previous studies have used curriculum heat-mapping techniques to study sustainable development (Bury et
al., 2022) and studying transversal skills in academic curricula (Kovacs et al., 2020). In both cases, keywords
indicative of the central concept were utilised to analyse the courses comprising a sample degree program
or programs. In the case of Bury et al. (2022), this was done through manual analysis of course outlines and
course handbook entries for a single degree (chemical engineering).

By comparison, Kovacs et al. (2020) used computational methods to analyse the frequency of specific
transversal skills selected as part of standard course handbook information. In this application, the method
utilised by Bury et al. (2022) is more appropriate as the course handbooks in question do not currently make
space for the selection of graduate competencies developed within a course. This method was subsequently
employed in this work.

A phrase bank of keywords, Figure 1, was initially developed by the paper’s first three authors (from UTHM).
This was done by consulting literature and consolidating key themes drawing on the author’s knowledge and
expertise. This phrase bank was further revised by the last author, who has expertise in graduate

9™ INTERNATIONAL RESEARCH SYMPOSIUM ON PROBLEM-BASED LEARNING (IRSPBL):
TRANSFORMING ENGINEERING EDUCATION 2023 66



Development of Professional

Competences

competencies and employability skills. This phrase bank was further refined during pilot analysis to ensure
specific phrasing being used was captured.

The publicly available academic handbooks and syllabus for all 58 courses in the Bachelor of Electronic
Engineering (Honours) program at the Universiti Tun Hussein Onn Malaysia (UTHM)’s Faculty of Electrical
and Electronics Engineering (FKEE) were downloaded and assessed from PROFORMA FKEE (FKEE UTHM,
2022) during September - November 2022 by the authors from UTHM. These were then analysed by the
authors from UTHM using their experience and expertise to determine if and how the content of the
handbook and syllabus matches the keywords in the phrase bank. The number of topics matching the phrase
bank were documented manually. Using the number of topics matching the phrase bank, a heat map can be
produced. The categorisations used in this paper, Figure 2, represent four levels of evidence: strong,
moderate, weak and no evidence. The number of topics necessary to be reflective of each level were selected
as an indicator to distinguish available evidence of global competence between strong, moderate, weak and
no. From here, a visualisation of the heatmap can be produced.

Development
Globalisation
Global * History

* International
Sustainability

Health

Regulations

Competency |+ Safety

¢ Technology
World

Keywords

Figure 1: Final phrase bank of keywords used to analyse handbook and syllabus entries

Heat & Description Rubrics & Score

- Clear evidence with the concept of global > 7 topics 5

competency in multiple sections and 4-6 topics 3
related phrases that can be
expanded

Moderate = Moderate evidence

Weak Weak evidence 1 - 3 topics 1

- The course entry has no evidence of global competency 0 topics 0

Figure 2: Legend and description of categories for courses in the heat map

4 Results & Discussions

A heat map was generated visually displaying the courses that related to each heat category, Figure 3. Of the
58 courses, the largest proportion (55%) had no evidence of the keywords used to indicate global
competence. Moderate evidence of the keywords was the next most frequent result (26%), followed by both
strong (10%) and weak (9%) categorisations.

Year 1 of the degree program has the highest number of courses with strong evidence of global competence,
with three courses being categorised at this level. This includes three non-technical courses Islamic Studies
(UQI10102), Nationhood and Current Development of Malaysia (UQU10103), Appreciation, Ethics and
Civilisation (UQU10702) and Foreign Language (UHB1xx02). There are an additional two courses, including
one technical engineering course, that were categorised with moderate evidence of global competence -
Occupational Safety and Health (BEE12202) and Philosophy and Current Issues (UQI11202). In years 2 and 3
of the degree, there is a single course in each year level with strong evidence of the global competence
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keywords. In year 3, this course is Engineers and Society (BEE32302), a technical engineering course, while in
year two, it was a non-technical course. There were additionally three and four courses with moderate
evidence of the global competence keywords in years 2 and 3, respectively. In year 4, there were no courses
with strong evidence of global competence keywords. However, there are numerous seven courses with
moderate evidence.

There is a pattern evident of an increasing number of courses with moderate evidence and decreasing
number of courses with strong evidence between year levels. This increase in moderate evidence is typically
in technical engineering courses, while those with strong evidence of global competence keywords are
typically in non-technical engineering courses. This suggests that students develop global competence skills
in non-technical engineering courses and later apply them in an engineering context. These later-year
engineering courses are primarily using pedagogical strategies, including problem-based learning (PBL), case
studies, or simulations with real problems based on a global context. Specialisation, elective, and final
semester laboratory courses use a direct approach by listing special topics that require research and
discussion on the latest global technological developments in their syllabus.

Course Year 1Sem 1 Year 1 Sem 2 Year 2 Sem 1 Year 2 Sem 2 Year 3 Sem 1 Year 3 Sem 2 Year 3 Sem 3 Year 4 Sem 1 Year 4 Sem 1

Generic -1

UQ*Ixxx1 UQ*1xxx1

Generic -2 uQu10702

Core Engineering -1 BEE12202 BEE22402 BEE22503

Core Engineering -1 BEE30103

Mathematics

BEJ30303 - BEE40602 BEE40704

Languages

Electronic -1
Electronic -2 BEJ20102
Electronic -3
Electronic -4
BEJ32202

Specialisation -1 BEJ42303 BEJ42203

Specialisation -2 BEJ42103

BEJ42803 EEF40103

Elective

Laboratory

Legend - Moderate

Figure 3: Heat map of the global competency integration level in the Bachelor of Electronic Engineering with Honours

The overall global competency heat map has highlighted gaps in the curriculum. This is because primarily
those with strong evidence are non-technical engineering courses. Similarly, where technical engineering
courses have higher than weak evidence of the keywords, they are in the later years of the degree program.
The findings of this study are just the beginning of assessing the presence of global competency in this
curriculum and are intended to be used in subsequent curriculum redesign efforts.

A significant limitation of this method of curriculum mapping is that it relies on direct alighment between the
reported syllabi and handbook entry and the delivered curriculum. Similarly, the outcomes of the curriculum
mapping are only as good as the keywords that have been selected and the ability of the researcher to
identify them from within the syllabi and handbook. However, for the purpose of capturing a snapshot of the
curriculum and starting a conversation about holistic curriculum design, the method has produced sound
results. The outcomes of this study can be used by policymakers directing the engineering curriculum at
UTHM to add value to the university’s current internationalisation ecosystem. Understanding where the
degree program currently sits allows for more nuanced discussions and allocations of resources to further
the development of students’ global competency.
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5 Conclusions & Future Works

The global competency “heat” mapping of this study quickly and visually provides an overview of the status
quo and gap, which is helpful for policymakers and curriculum developers. This mapping is also essential
benchmark data that can inform further action. The presented study is a work-in-progress that is now being
enriched with more in-depth analysis, including evaluating other reference documents such as test questions,
assignments, projects, field studies, and exams to add value to the existing mapping. Other methods, such as
interviews and questionnaires among stakeholders such as students, lecturers, and alumni, can also
strengthen the research findings. With more accurate mapping, better policies and action plans can be
prepared to support a future-proof engineering education curriculum to produce engineers who act as game
changers for global prosperity.
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Work-In-Progress: Analysis of the Incidence of a Pedagogical
Intervention Centered on PBL Methodology and the Teaching of
Critical Thinking Skills, in the Solving of Mechanical Physics
Problems, in Engineering Students.

Ignacio Laiton P.
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Summary

Developing problem-solving skills, as well as critical thinking skills in students of any educational level, is
considered both a considerable shortcoming in education, and one of the key objectives of education, in
addition to being considered within the skills necessary for education in the twenty-first century, as can be
evidenced in OECD documents, UNESCO, among others. The objective of the research presented in the
current work is to identify the incidence of the application of a pedagogical intervention, based on the PBL
(Problem Based Learning) methodology, also supported by active methodologies such as flipped classroom,
thinking routines, ICT among others, in the ability to develop critical thinking skills, reflected in the willingness
to solve problems of mechanical physics in engineering. A pedagogical intervention applied during several
semesters in the classrooms of a higher education institution in Bogotd, Colombia, is planned in detail. A
modified set of problem situations is designed, as a data collection instrument, a coding system is also built
with the aim of translating the data and performing the respective quantitative analysis. It is intended to
make the comparison between an intervened group and a control group, identifying the expected incidence.

Keywords: Critical Thinking, Problem Based Learning, Solving Problems, Active Learning.

Type of contribution: Research extended abstracts.

1 Introduction

The starting point remains, even in the advanced 22 years of our twenty-first century, to find students in
Colombian universities who, when faced with a problem situation, intend to arrive, in an extremely
mechanical way, to an immediate solution, without even considering the development of a work plan, a
logical process, a process to reach the solution, A solution with meaning, which in 100% of cases in
engineering, represents a solution to a real problem. Problems that, in the case of science, usually entail a
very high degree of complexity and conceptual understanding (Glaxton, 2018). The above situation leads to
the little appropriation of knowledge by the individual, leading him to a simple repetition of data or purely
rote procedures in the development of an academic test. It is proposed in this work, that the current active
methodologies that are generated from different working groups in the world provide ideas for the education
of the XXI century, which are just beginning to be put into practice at the global level and that it is urgent to
put them into practice, particularly in countries such as Colombia, where the social gap, Economic and
educational is magnified with each event or international contingency. Methodologies such as "Problem
Based Learning" (PBL), Flipped Classroom, Making Learning Visible (MLV), Making Thinking Visible (MTV),
among others, are elements that, at least in Colombia, are only being applied in an educational elite of some
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secondary education institutions, with sufficient resources and intentions to pretend to offer a quality
education to their students, but that, in no way does it involve the full number of students from the different
social levels of education in Colombia.

Returning to the issue of the contributions of active methodologies to current education, several works
expose the benefits of the use of active methodologies in the teaching of physics in higher education
(Sujarittham, 2016; Rehmat & Hartley, 2020), describing how such methodologies have grown in terms of
their use dramatically in recent years, particularly in countries such as the United States. It is assumed that
this type of methodologies is those where the student has a permanent participation, much greater than in
traditional instructional education, both in the work within the classroom, and in the independent work that
the student must develop. From which emerges a wide range of strategies, from pre-designed worksheets to
the use of thinking routines, or gamification method.

For the particular case of the use of teaching critical thinking skills in higher education, some works such as
those of Leonard, Gerace and Dufresne (2002) show the results of a methodology they call "Problem solving
based on analysis", where the results obtained by students demonstrate that they can improve their
performance in solving problems, solving a typical classroom physics problem does not necessarily involve
understanding the concepts involved. His analysis highlights an important aspect from the point of view of
this project since it relates the use of thinking skills as an element to reach such understanding. Similarly,
works such as those of Fabby and Koenig (2015) highlight the relationship between scientific reasoning and
problem solving in physics, highlighting that complex problems require a high level of reasoning, which has
not been developed as expected in novice engineering students.

Guirado, Mazzitelli and Maturano (2013), focus on the strategies used by students, Guisasola, Ceberio and
Zubimendi (2011), observe how students solve problems from guided research, Truyol, Sanjosé and Gangoso
(2014) focus on well-defined and poorly defined statements and their impact on student performance, It is
observed then that there are several works related to problem solving, which consider great contributions
to the integral formation of the individual. Finally, Franco, Almeida and Saiz (2014), Beltran and Torres (2009),
among others, insist on the importance of involving, together with the contents of the different subjects, the
teaching of critical thinking in current education.

In the case of teaching skills in solving problems in physics, which constitutes one of the most important
processes on which engineering education is based, (Marulis and Nelson, 2020) as a complex process, which
requires elements of self-regulation, planning, execution, monitoring and evaluation of the process, as well
as the ability to adapt their behaviors to different types of academic tasks, in addition to the orderly and
structured knowledge of a specific domain. Precisely, also in the field of sciences, (Zohar & Barzilai, 2013) and
in particular physics (Haeruddin & Supahar, 2020) there are also works where the ways in which critical
thinking skills, coordinated with metacognitive ones, allow coordinating, monitoring and evaluating the use
of cognitive skills in problem solving are studied, these investigations agree that students who demonstrate
a high variety of critical thinking skills perform better in solving problems, reflect on their process, learn from
their mistakes, and make appropriate decisions in order to solve the problem at hand.

Finally, in relation to the PBL methodology, according to the different consultations, it appears with its first
applications in the medical school of the University of Case Western Reserve in the United States, around the
60s, as well as in the McMaster University in Canada in the 70s. It is identified as a methodology that
appropriates the student of his own training process, must involve real-life problems in his themes, and is
expected to have an interdisciplinary approach. Sipes (2017) indicates that the PBL methodology has been
applied in a multiplicity of research, which, although most of them do not show empirical results, entail the
usefulness and effectiveness of its use in the private teaching of engineering sciences. Rehmat and Hartley
(2020), as well as other studies (La Force, Noble & Blackwell, 2017), investigated the positive impact PBL
demonstrated in teaching STEM-focused critical thinking skills. In relation to the current project, none of the
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research previously stated and consulted refers to the use of specific pedagogical interventions, nor to the
use of active methodologies.

2 Methodology

For the study, 84 students belonging to the Mechatronics career, second semester of a higher education
institution in the city of Bogota, Colombia, enrolled in the subject of Mechanical Physics during the two
semesters of the year 2021, were included in the first part of the project. They were invited to participate in
the first part of this study of pre-experimental type, focused on the identification of the use of cognitive skills
of students in the case of solving problems in mechanical physics, and its incidence in the adequate solution
of the process. A package of ten problems generated by the researcher's working group was designed on the
topics of the corresponding subject: kinematics, dynamics and work and energy. An instrument was also
generated for the quantification of the variable "use and incidence of critical thinking skills in problem
solving", as well as an adequate way to operationalize the variable in question. The set of selected problems
was applied in a session at the end of the school semester, during which the teacher applied a classic master
methodology.

The definition of problem is assumed here as that new situation (for an individual), for which the student
does not have enough information to be able to solve said situation, which invites him to develop a plan,
collect information and find tools that guide him in the process. Also understanding that a situation can be a
problem for one individual, but not for another. It is also assumed that there are complex situations that
even involve interdisciplinary knowledge, as well as other more specific ones located in the particular domain
of physics, such as the behaviour of an object when it is thrown into the air, but that together with all the
accumulated knowledge during an academic semester, and semester after semester, they build solid
foundations for later constructions as a professional.

It is intended that, in the second part of the project, a pedagogical intervention is carried out with an
approximate group of 40 students, while maintaining a control group of 35 students from a higher education
institution in Bogotd, Colombia. For the second semester of 2022 and first of 2023, the second part of the
project will be developed, in which students are asked to address a problem of everyday life, to which the
knowledge learned in the mechanical physics course must be applied. The objective is to address the contents
of the subject in an integrated way through the choice of a real-life problem (throwing a ball, taking off from
an airplane, etc.). In this case it is about applying the concepts of kinematics, dynamics and work and energy
in the chosen problem. The content is approached from active methodologies, such as flipped classroom,
Making Learning Visible (MLV), metacognition skills, among others. At the end of the corresponding
semester, the set of problems designed as a data collection instrument will be applied, to identify, through
guantitative analysis, if there are significant differences in the performance of students during the problem-
solving process.

3 Partial and Expected Results

It should be noted here that there are hardly any preliminary results of the first part of the Project, where
we tried to identify the existence and use of critical thinking skills that students use during the process of
solving problems in physics. Based on the classic approaches of problem-solving experts, the process is
divided into categories; Scenario, Phenomenon, Relationships between variables and Mathematical
modeling. (These categories are clearly defined in the project, built in the work team, but they exceed the
limits of this summary.) The necessary skills for each category are also related, such as planning, describing,
perceiving, identifying, generating processes, deepening, specifying, making decisions, among others.

The quantification of the results is done according to five stages. Stage one is assigned the highest level of
adherence to the problem-solving process, as it relates to critical thinking skills in problem solving.
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Consequently, this level is in turn assigned the highest score (4), and from there the other scores are assigned
until reaching zero in the case where the student does not have any clarity about the objective of the
category, does not use in any degree the necessary skills. The statistical descriptive analysis of the data for
each step of the process of solving the problem situations in each of the stages is shown in Table 1.

Table 1 — Descriptive Statistics by Categories.

Scenario Phenomenon  Relations Mathematical
Media 1,86309524 1,76785714 1,43452381 1,2202381
Media in percentage 46,58 44,2 35,86 30,5
Typical error 0,11908237 0,11007593 0,1070111 0,10989847
Median 2 2 1 1
Fashion 0 0 0 0
Standard Deviation 1,54348387 1,42674712 1,38702232 1,42444693
Sample Variance 2,38234246 2,03560736 1,92383091 2,02904904
Kurtosis -1,5000660 -1,3375296 -1,0066118 -0,7347072
Asymmetry Coefficient 0,06400198 0,17913673 0,54598298 0,81211496
Rank 4 4 4 4

Since the highest score for each category was 4, it is observed in Table 1, as a minimum score zero, mode
zero, clearly identifying the shortcomings evidenced in the process. In addition, it is found that the averages
of the four categories reach only 46.58% of the maximum score in the "scenario" category, adding the
identification of a clear downward trend. It should be noted here, since it is not intended to break down the
entire process followed, that the four categories are intended to be sequential process, so that the scenario
category is the first, where the physical and geometric characteristics of the phenomenon are identified,
starting point to identify phenomena, relationships and finally reach the mathematical results. It is evident
that the lack of an adequate perception of the situation, an adequate description, identification of general
aspects of the problem, but more importantly, the lack of planning and generation of strategies leads to a
wrong process, which ends in a poor and inaccurate result.

Regarding the expected results in the second part of the project, it should be said that when designing a
pedagogical intervention with detailed planning for each of the sessions of the intervened group, including
activities, sources of information making use of ICTs, as well as a permanent formative evaluation, based on
making the thought visible, and based in general on the approaches of the methodologies indicated above,
They should lead to better student performance in solving problems.
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Summary:

In this extended abstract, an initial conceptualisation of meta-competences is presented. A case-
example from Aalborg University is outlined as one way to enhance meta-competence. In the
case-example, students are facilitated to prepare PBL competence profiles. Preliminary findings
reading through more than 150 competence profiles show that students hardly touch upon how
they adapt and adjust their problem-based learning (PBL) competences to new problems. We end
the paper by corroborating the importance of meta-competences, but at the same time we point
to the necessity of re-thinking educational practice.

Keywords: Generic competences, Transformation, Meta-competence, Competence profiling
Type contribution: Extended research abstracts

In alignment with the European Qualification Framework, competence refers to responsibility and
autonomy and specifies the ability to apply knowledge and skills in a work situation or a study-
related context (Ministry of Higher Education and Science, 2020). This encompasses the notion that
knowledge and skills are established to address unpredictable and changeable contexts. This also
includes taking responsibility for one’s work and one’s learning, as well as that of others. The core
of this understanding relates to the transfer of knowledge and skills and their application in new
situations.

This application discourse has, however, been criticised for being too simplistic. Although they
recognise the role of learning outcomes as a trajectory for learning, Havnes & Prgitz (2016) argue
that the political system’s aerial perspective has led to a situation in which a behaviouristic approach
to learning objectives and a focus on ‘to do’ achievements has gained ground. Consequently, more
cognitive and sociocultural participatory perspectives have been neglected, together with aspects
of self-formation (Havnes and Prgitz, 2016, p. 208):
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“When striving to achieve a clearly stated LO, students may learn about themselves as learners,
potentially forming an identity and developing ideas about the learning context. All of these are LOs
that are neither stated nor regarded as guiding the learning process. Of course, if they are stated,
they form a basis for potentially new subjects of meta-level learning.”

This paper works from the assumption that such meta-level learning can provide meta competences
which move beyond the level of competence and the focus on knowledge transfer to knowledge
transformation. The question we address is:

How can meta-competences be conceptualised in a PBL perspective and how can such
conceptualisations of meta-competence inform engineering education practices?

We do not intend to argue for a specific understanding of meta-competence or “best-practices” to
reenforce meta-competences. Instead, we address this question by exemplifying how an
understanding of meta-competences can inform an educational design in a PBL setting.

Conceptualisation of Meta-competence

It is important to note that meta-competences are first and foremost about competences, not
meta-reflection, not meta-cognition and not self-regulation. Such issues may be relevant and play
a part in meta-competences, but they are inherently secondary. Consequently, it is impossible to
have a fully elaborate idea of meta-competences without an elaborated idea of competences.

In this context we rely on the definition from Vitello et al. (2014:4) stating that “Competence is the
ability to integrate and apply contextually-appropriate knowledge, skills and psychosocial factors
(e.qg., believes, attitudes, values and motivations) to consistently perform successfully within a
specified domain”. We however redraw from considering what would take to “consistently
perform successfully”, as we delimit ourselves from the normative assessment of success.

There are at least two literal meanings stemming from the ‘meta’ suffix. Bridges (1993) pointed
out a distinction between the process of applying something learned in one context to another,
and a person’s ability to select, adapt, adjust and apply one’s other competences. Whereas the
first can be related to transfer of knowledge, the other can be related to a kind of ‘competence
reshaping’. This understanding indicates that meta-competence involves a transformation process
— transfer of knowledge and skills is not enough, as the basic purpose changes from the right use
of knowledge and skills to the right approach to competence management and development.
Carlile (2002, p. 453) emphasised that transformation is a process that recognises that “knowledge
is localized, embedded, and invested in practice”. In a PBL the transformation process is targeted a
real-life problem.

Following the definition of competence (Vitello et al., 2014:4) and the use of ‘meta’ as related to
transformation, we suggest the following understanding of meta-competence in a PBL
perspective: Meta-competence is the ability to select, adapt, adjust and apply competences to
address a real-life problem, whereas competence is the ability to integrate and apply contextually-
appropriate knowledge, skills and psychosocial factors within a specific domain.
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Besides combining the beforementioned theoretical framework, we underline the move from the
domain specific to the problem specific, which might include very different domains. Thereby
meta-competence is seen as a domain transcending concept.

The move from transfer to transformation furthermore complicates the learning process.

Mezirow (2012) referred to transformation as a movement through time to reformulate and
manifest structures of meaning by reconstructing dominant narratives. He argued that in alignment
with transformative theory, it is crucial for the learner to become critically aware of one’s own tacit
assumptions and expectations, as well as those of others, and to assess their relevance in the making
of an interpretation. Although the curriculum is comprehensive in its approach to fostering the
development of students knowing, acting and being, each student will evidently have their own
narrative of their personal and individual competence development (Barnett, 2010, 2011).

Thus, we must also move our attention to the personal experiences and perceptions of competence.
In terms of the previous discussion, this includes the way students formulate and reformulate their
self-perceived competences and even more importantly the narratives behind them. Such an
awareness provides an opportunity to reveal patterns in the way one reshapes and develops
competences and through reflexivity this might open new pathways of competence development.

PBL competence profiles - a potential steppingstone towards meta-competence

In the PBL environment at Aalborg University (AAU), generic competences are classified under the
heading of PBL competences to underline that the focus is on the competences to identify, analyse
and solve a given problem. During a restructuring of all curricula at AAU, the intention has been to
integrate a higher and more progressive degree of intended learning outcomes for PBL. A PBL
competence profile was introduced as a way for students to reflect on and articulate competences
gained from studying in the PBL environment.

Most of the Danish engineering and science students follow a three-year bachelor’s programme and
thereafter continue onto a two-year master’s programme. The competence profiles introduced at
AAU are requested of students in the latter part of the fourth year of engineering and science
studies. Before students reach the level of articulating their PBL competences, considerable efforts
have been made to support students in developing such competences. During the first semester of
all engineering and science programmes, a 5 ECTS (European Credit Transfer System = approx. 150
hours of study) PBL course is designed to prepare students for studying in a PBL environment. PBL
workshops arranged by PBL research staff are integrated in all bachelor’s curricula to support the
ongoing maintenance and development of PBL competences. Finally, students spend 50% of their
time in project teams, where in a student-directed format they address real-life problems within
curricular framings. This provides students with a living lab in which to develop their PBL
competences by relating PBL theory to practice.

Supporting students in developing their PBL competence profile is arranged using a combination of
workshops, self-study activities and feedback, and aims to enable students to do the following:

1. Explain the purpose, content and prospects of a PBL competence profile.
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2. Evaluate PBL competence descriptions based on predefined criteria, whereas the most
fundamental criterion is that a competence profile should include personal experiences and
prospects.

3. Prepare a PBL competence profile based on their own experiences of working within a PBL
environment.

4. Reflect on the potential to develop the PBL competence based on facilitator feedback.

The workshops rely on the active participation of students in a flipped format, and thereby it is
expected that students have read a guide beforehand on how to prepare a PBL competence profile
(for more information, see Holgaard & Kolmos, 2021). After the workshop, students should be able
to finalise a first draft of their competence profile as a self-study activity (approx. 3 hours), and they
submit this competence profile to complete the course activity. However, each student receives
qualitative feedback on their profile to guide them in using this first iteration as a baseline for further
development.

What Mezirow (2012) would term different frames of references are used to invite students to
reformulate, question and attach meaning to in relation to their own PBL competences, e.g.,
competence frameworks such as 215t century skills. By elaborating on their own experiences and
interpretations of PBL competences together with peers, the intention is to make students critically
aware of their own tacit assumptions and expectations and to potentially be able to develop and
even articulate meta-competences. For example, what might seem like purely structural
competences when using a specific agile project management system might, upon reflection and
peer-learning, contribute to different strategies for project planning depending on the problem
(meta-competence). This is not to be confused with the ability to apply a given project management
framework such as SCRUM in different contexts (competence).

To facilitate a development approach, we intentionally asked for students to clarify their
competences:
e Experience, to ensure that the competence is based on personal experiences.
e Variation, as this increases the span of competences developed.
e Personal contribution, to distinguish the responsibility of one’s own learning from that of
others.
e Potential, to emphasise the actively oriented aim of the profile; competences have to be
brought into use to make a difference.

After this clarification, students started profiling their competences by narrowing them down to
those they wanted to emphasise. We suggest that students in this process use at least the following
views:

e Practice view: Where do | have the most experience?

e Conceptual view: Which competences are highly grounded in theory and methods?

e Performance view: What do | do best?

e Preference view: What do | like the most?

e Development view: How does my list of competences match with who | want to be,

professionally speaking?

9™ INTERNATIONAL RESEARCH SYMPOSIUM ON PROBLEM-BASED LEARNING (IRSPBL):
TRANSFORMING ENGINEERING EDUCATION 2023 78



Development of Professional

Competences

In guiding and supporting students’ preparation of their competence profiles, questions were made
to facilitate students’ reflection of strategies and patterns in their competence development. An
example of one guiding question related to meta-competences is: How have you worked to develop
your PBL competences through your studies (e.g., personal learning goals, strategies, use of theories
and methods, experiments, evaluations and new goals), and what competences has this given you
to facilitate your own and others’ competence development?

Preliminary findings

As part of the educational activities the authors read through and commented on more than 150
profiles from engineering students. Preliminary to a more systematic analysis, the read through of
the many profiles provided a first impression of students’ performances in terms of competence
profiling.

The overall impression was that students were divided into two types. One type seemed to attach
themselves to one of the competence frameworks presented and exemplified a few competences,
whereas others used personal qualities and experiences to outline a more personalised competence
profile.

Almost all students exemplified their competences in a project context, and by reading the examples
most students showed abilities to align the use of competence and the problem addressed. Overall,
students show their ability to select and apply competences to address a real-life problem, but they
hardly touched upon how they could adapt and adjust their competences to other types of problems
and other domains.

Finally, interaction with students in the workshop setting revealed that the competence profiling
was considered to be difficult. It is not at all easy to clarify and articulate one’s own competences,
select those competences found to be the most important to profile oneself on, reflect on the
experiences and the personal qualities underlying these competences and, finally, reach the meta-
level necessary to express the personal strategies to select, adapt, adjust and apply competences to
a given situation and a given problem. As conceptual frameworks in which to develop and articulate
meta-competences are rather limited, no frame of reference was given in this regard. As a result,
due to the complexity of meta-competences, facilitating questions might not be enough.

Conclusion

In this extended abstract, we have argued that the outcome-based approach to competence and its
focus on knowledge transfer is insufficient to address the level and pace of change in today’s society.
In other words, we have to move beyond competences. To do so, we have argued for meta-
competence as a conceptual lens to inform future educational designs. We have exemplified this by
relating one understanding of meta-competence with one educational PBL practice concerning
students” PBL competence profiling. Especially the distinction between selecting, adapting,
adjusting, and applying competences pointed our attention to the risk of overlooking adaptation
and adjustment processes in the management and development of competences. By this example
we have shown how the concept of meta-competence can inform educational designs, and we have
stressed the need to develop new types of scaffolding to facilitate such higher order competences.
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Summary

What do students, teachers and domain experts learn from engaging in a Challenge-based learning (CBL) project?
And to what extent do domain experts foster critical thinking in students? These questions were addressed in a
research study that took place in the context of the 2021-2022 semester 2 project of the ATLAS program of the
University College Twente, part of the technical University of Twente in the Netherlands. The project theme was
“Sustainable Oceans” and the assignment for the students was to write a short-term and long-term
sociotechnical scenario for an emerging technology related to the theme. In this project, 28 first-year students,
5 ATLAS tutors, and 6 domain experts from industry, research, and society participated. The main research
questions were: what do all stakeholders in this CBL project perceive as their main learning gains from
participating in this project? And to what extent were the domain expert able to foster critical thinking activity
in students? Data was collected using surveys, interviews, audio recordings of student-expert meetings and
student focus groups. Preliminary results show clear learning gains for all stakeholders, even though challenging
issues in the collaboration process were identified.

Key words: CBL, interdisciplinary project, domain experts, critical thinking Type

of contribution: Research extended abstracts
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Introduction

The University College Twente, part of the technical University of Twente in the Netherlands, hosts a unique
Bachelor program, ATLAS (Technology, Liberal Arts and Sciences). This three-year bachelor program focuses on
educating New Engineers who can approach complex issues from different disciplinary angles (mathematics,
natural sciences and social sciences) in a multi-stakeholder collaborative context. ATLAS is a breeding ground for
innovative teaching approaches. The program adopted the concept of self-directed learning, meaning that
students set their own learning goals and self-evaluate their academic performance to build their unique profile
as a New Engineer. ATLAS provides for a foundation in mathematics, natural science and social sciences, and CBL
semester projects in which the students work together on mitigating complex societal issues. The extensive
elective space accommodates the build-up of a unique profile as a New Engineer.

The 2021-2022 semester 2 project revolved around the theme “Sustainable oceans.” The challenge was to choose
a technology related to Biotechnology, Energy or Transportation and develop a long - and short-term
sociotechnical scenario that would show how the technology could become mainstream. Teams of 5 — 6 students
were assigned two domain experts, and two tutors with expertise in social and natural science. Tutors are
teachers who are associated to ATLAS, and their background is in natural, social sciences or mathematics. In the
2020-2021 run of the project, students would meet regularly with their tutors for feedback on project
deliverables and to discuss important steps in the project. The domain experts’ role was to open the door to real-
life contexts and provide information on state-of-the art technology development. However, it appeared that
the domain experts did much more than that. With financial support from the University, it was decided to
explore learnings gains of all stakeholders involved in the current set-up, with a special focus on critical thinking
in students.

Challenge-based learning as an educational approach is becoming increasingly popular in higher education
institutes, especially in engineering education (Gallagher & Savage, 2020). In the Netherlands, most of the
technical universities have currently adopted the approach. Despite its popularity, there is still a need for
research on student voices, praxis, and evidence on learning with respect to CBL (Leijon, 2021). This study
responds to this call. Although there is evidence that knowledge gains of students in CBL are substantial
(Caratozzolo & Membrillo-Hernandez, 2021), this study also explored teachers’ and domain experts’ leaning
gains. In addition, the study focused on the extent to which domain experts played a role in fostering critical
thinking activity in student. There is evidence that suggests that CBL can foster critical thinking (Nawawi, 2017)
and that involving industrial partners in the learning process has an added benefit for student learning by
increasing complexity and uncertainty levels (Membrillo-Hernandez et al., 2019). This suggests that interactions
with domain experts can foster critical thinking activity in students.

Our main research question was: what do all stakeholders in this CBL project perceive as their main learning gains
from participating in this project? And to what extent are domain expert able to foster critical thinking activity in
students?
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Methods

The project team received a grant from the University of Twente to conduct the study. The Ethical Committee
approved of the plan. To study perceived learning gains of teachers and domain experts, semi-structured
interviews were conducted. For the learning gains of the students, short surveys and focus groups were used. To
study the assumed effect of domain expert interaction on students’ critical thinking ability, verbal protocols of
expert meetings were analyzed. Based on work by Facione (1990) it was assumed that the following critical
thinking activities would be fostered by the domain experts: Assumption recognition, Argumentation, Evaluation
and Decision making. In addition, focus groups were used to further explore this assumption.

Results

Currently, data analysis is being completed, so only preliminary data will be described here. We will first address
students’ perceived learning gains, followed by tutor and expert’s learning gains. Finally, we will address critical
thinking.

Regarding the student perceived learning gains, the data indicated that the main benefit of having experts
available was in bringing together real-life knowledge and insights from the experts, and the academic
perspectives of the students on the project topic at hand. This closes a gap that is usually present between
academic and real-life settings. The experts supported students in broadening the scope of the technology they
researched and widened their perspectives on the broader context in which the technology would function. This
resulted in a deeper understanding and awareness of the complexity of the technology and related stakeholder
dynamics in society.

Students also pointed out that they learned from the different perspectives of the experts and the tutors, through
discussing their different standpoints and perspectives. This fostered their decision-making skills, as they needed
to evaluate information and decide what is relevant and what not for their projects. They also practiced critical
evaluation of information and critical thinking skills by being questioned about the assumptions they made, and
they felt the experts supported them in developing confidence and better organization of thought. Experts
helped them develop their research (where to find credible information, how to assess it) and communication
skills and students also experienced the challenge of understanding the different vocabularies used by experts
from different disciplines around one topic. Finally, students pointed out that they improved their note taking
skills (being able to write quickly, listen while typing, think, and participate in conversation).

Tutors highly appreciated the participation of experts in the project. They expressed having learnt a great deal
about the project topics. However, they found students required additional guidance in relation to working with
experts. For example, how they should evaluate what the experts bring to the table. They also noticed students
are insecure (what path to take and how to move forward), and sometimes confused about the role and position
of the experts (i.e. how much of experts’ input they need to include, and to what extent experts were aware of
students’ general progress in the semester project). In general, tutors expressed they were positively surprised
that first-years students are capable to deal with very complex issues and the multiple opinions of real-life
stakeholders.
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Tutors expressed that they became more open to the inclusion of experts in their own projects and classes. They
also mentioned that, in such a case, they would try to define the experts’ role more precisely. They also became
more confident to trust the capacity of students to judge input they receive, but they would also encourage
students to speak up more and be more confident in their interactions with domain experts. Finally, the inclusion
of specific learning activities for the development of collaborative skills and team bonding which was part of the
project, was a takeaway for the tutors.

The project experience was generally positive for all experts involved. They considered their main gain was
learning about the technologies or the geographical areas chosen for the scenarios. On occasion, they expressed
that the reference list of project reports was of use to them. Some of them expressed having gained a better
understanding of the breadth of the topic, learning about it from the perspective of another discipline. Finally,
some of them did not work with students previously, and gained insights in what this entails. The main challenge
they identified were the students’ teamwork abilities, since students struggled to manage motivation and
organisation within their teams.

When asked about what they took from the project for their own practices, they mentioned two aspects. Firstly,
like all other stakeholders, the benefit of becoming aware of the complexity of certain problems and issues.
Second, the benefit of incorporating multiple perspectives (from various disciplines and points of view) in dealing
with challenges to create a holistic perspective on a given problem.

Finally, students expressed that the experts helped them develop their critical thinking skills, by asking them
guestions, bouncing off ideas and consistently asking them to look at their assumptions. From the audio
recordings of the expert meetings there were few signs in this direction, but based on self-report measures and
focus groups, it was evident that the experts helped the students develop their critical thinking skills. Based on
the feedback students received from tutors and experts, they often revised their assumptions. On presenting
their ideas to the experts, they experienced their argumentation and organization of thoughts improved. The
expert meetings enabled them to engage in discussions with the experts about the topic and to carefully evaluate
arguments to build their scenarios. Although not fully intentional, the experts helped the students sharpen their
critical thinking throughout these activities, leading to what the students referred to as “accelerating the
development of critical thinking skills.” The students also mentioned that having two different experts helped
fostering their critical thinking, especially regarding evaluating their assumptions.

Discussion and Conclusions

To complement the picture presented, the study has some clear limitations. All identified gains are, as stated
consistently, perceived gains by students, teachers and experts. It is fair to say that some challenges were
identified as well. It became clear that involvement of various stakeholders (tutors and experts) calls for clear
roles and task expectations. At times, experts expressed to be overburdened, and at times tutors and students
found involvement of experts challenging as experts did not fully understand the learning objectives of the
project. Students also sometimes asked contributions from the experts which were not agreed upon with project
management beforehand, adding to the workload of some of the experts. So, clear role and task expectations
seem important.
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Another important factor seems to be the quality of the relationship between students and experts, this affects
the effectiveness of their collaboration. In addition, the extent to which experts see students as active players
in CBL dynamics instead of passive learners seems important in this respect.

For students, the degree to which they made use of the experts differed. There were groups who had over
fourteen meetings with their experts, whilst some only had four or five. As it could not be controlled how many
meetings the groups would have with their experts, therefore it is recommended for future research that the
number of expert meetings is standardized.

Regarding the tutors, student perceived tutoring as very useful but experienced challenges in dealing with
different tutoring styles (each group had at least two tutors). Even though there was a tutor learning community
set up to share information and solve problems, not all teachers attended regularly. It is advised to encourage
this to align tutor practices more.

In all, this challenge-based learning project was experienced as positive and enriching for all stakeholders
involved. What we learned is that it is important to define clear roles and tasks for all stakeholders involved and
to communicate them well. Furthermore, good project coordination is of seminal importance to temporally align
all different learning activities and to distribute workload evenly.
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Summary

Project-based learning is based on collaborative work, one of the competencies required by industry today
in engineering graduates. This pedagogical model promotes the development of teamwork competencies.
However, due to the recent implementation of this model in our context, it is essential to define strategies
that allow structuring the development of teamwork competencies through the programs. Knowing the
conceptions of teamwork with which students start engineering programs allows for identifying practices
that may favor the development of this competency. Preliminary results of the concept of teamwork by
engineering students of the Pontificia Universidad Javeriana show that in addition to the commitment to the
work performed, trusting relationships promote the generation of more efficient teams. Likewise, shared
communication and coordination behaviors are also frequently referenced by students; however, few
references are made to conflict resolution behaviors. These identified elements account for the interactions
of work groups in our context and will allow us to establish strategies with elements that consider our specific
conditions.

Keywords: Engineering education, PO-PBL, Competencies, Teamwork, Team dynamics

Type of contribution: Research extended abstracts.

1 Introduction

Organizations worldwide have had to face more complex, global, rapidly evolving, and unexpectedly changing
environments. In response to these environments, organizations have restructured work around
collaborative, team-based work systems to enhance problem-solving, innovation, and adaptability (Kolowsky
et Chow, 2018).

To address the challenges demanded by industry, the project-organized, problem-based, organized learning
(PO-PBL) methodology has been used in engineering curricula in universities worldwide (Guerra, 2017). This
methodology combines problem orientation, where problems appropriate to the program serve as the basis
for the learning process, with project organization, where the project is both a means through which the
student addresses the problem and the immediate learning context for students (Kjeer-Rasmussen, & Jensen,
2013). The type of interactions involved in the project implies the need to foster and develop teamwork
competence in this pedagogical framework.
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Team dynamics must be characterized to understand how to develop teamwork competencies. Salas et al.
(2008) proposed the ABC framework of teamwork, whose usefulness lies in capturing elements that
constitute the team dynamics and thus helps to understand it. Dynamics are embedded in team performance
and are composed of the interrelationship of attitudes, shared behaviors, and cognitions; therefore are
indicative of team performance.

These behaviors, attitudes, and cognitions are, in part, what makes teamwork an adaptive, dynamic, and
episodic process that is instrumental in achieving a common goal. Figure 1 shows the elements; raised in the
framework that is part of the attitudes, shared behaviors, and cognitions (Delice et al., 2018).

Teamwork

Figure 1. A-B-C Teamwork Competency Framework (Delce et al., 2018)

2 Engineering Project Year 1 PO-PBL

In the Engineering programs at Pontificia Universidad Javeriana, students have PO-PBL experiences
throughout the curriculum, where the approach is based on real context problems. In particular, the
Engineering Project Year 1 course brings together the second-semester students of the Engineering Faculty
who participate in this PO-PBL course.

The course approaches engineering design from a perspective of knowing the environment, problematizing,
and ideating; based on Design Thinking tools and then proposes the development of a prototype using Lean
Start Up methodologies.

The course problem is related to the Sustainable Development Goals (SDGs) to enable students to identify
local and national challenges associated with our contexts. One of the learning outcomes that the student is
expected to develop is the skills to promote a collaborative environment within the work team, for which the
course has integrated tools for team formation, the assignment of roles, planning and monitoring, team
evaluation, and team reflection on their performance. The use of these tools is structured based on the agile
SCRUM methodology and must be applied in the different deliverables of the course.

3 Methodology

This study is part of doctoral research whose objective is to design a pedagogical strategy for developing
teamwork competencies in engineering students in Pontificia Universidad Javeriana using the critical
research methodology proposed by Skovsmose and Borba (2004). This methodology helps to investigate the
process of change in educational practice through three analytical situations that are approached from
qualitative methods. The starting point is the need to identify possibilities for transformation, starting from
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an initial, concrete situation. The systematic analysis of the characteristics of the initial situation gives rise to
the approach of an imagined situation, which represents the vision of the possibilities and alternatives for
change to address the initial situation. However, when implementing the proposals for change, the imagined
situation and what is possible to achieve is only partially aligned; there must always be conditions restricting
the possibilities of achieving everything we imagine. From this disparity arises the fixed situation as a realistic
vision of the imagined situation.

The approach to the initial situation is based on understanding the conceptions of teamwork for the actors
of the teaching-learning context (teachers and students) in the first year. In this document, we focus on the
perspectives of teamwork in engineering students who are taking the Year 1 Project course. In the second
week of classes, we conducted a survey answered by 190 of the 450 students who are part of the different
sessions of the Year 1 Project course. The questions addressed by the survey were associated with inquiring
about the frequency with which students were in courses involving teamwork, the conception of teamwork
indicating attitudes, behaviors, and cognitions, and the best and worst teamwork experiences. Finally, the
survey inquired about the student's self-perception of their performance in the development of teamwork
competencies associated with the practice of actions oriented to planning, generating a good working
environment, facilitating the contributions of others, managing conflicts, and contributing to the project.

The analysis of the information was carried out through the triangulation of the information collected, using
the categories of the definition of teamwork, including attitudes, behavior, and knowledge proposed by Salas
(2008). The elements emerging from the categories were taken into account for their analysis.

4 Presentation of results and discussion: Concept of teamwork competence in first-
year engineering students.

The development of teamwork is a common practice in the first year of engineering, as expressed by students
in the survey, where 94% reported that a medium to high percentage had involved teamwork. In engineering
programs, it is common to find experiences perceived by students as teamwork experiences. Only
sometimes, what is reported by students in the survey corresponds to teamwork since some experiences are
associated with group work.

Figure 2 and Figure 3 present condensed results obtained from the qualitative analysis of the information.
An information triangulation is made based on the three questions asked: (a) definition of what it means to
work in a team, (b) what has been your best teamwork experience, (c) what was the worst teamwork
experience, and (d) what was the worst teamwork experience? The results presented in Figure 2 show the
students' perceptions related to attitudes, and those presented in Figure 3 show the results related to skills.
Students highlight most frequently, in the conceptualization of teamwork competence, attitudes about
shared behaviors and cognitions about teamwork.

m Psychological safety » Commitment to teamwork . Collective efficacy —m Trust Cohesion

a. Teamwork Concept b. Best experience c. Worst experience

Figure 2 Attitudes reported in the surveys (Source: Own elaboration)
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O Coordination O Communication M Conflict resolution ®Shared lidership O Backup behavior

a. Teamwork Concept b. Best experience c.  Worst experience

Figure 3 Shared behaviors reported from the survey (Source: Own elaboration)

Analyzing the attitudes reported in the survey, the students indicate the central attitude, the commitment
to the work performed, which includes attitudes of responsibility, effort, discipline, and hard work, among
others. The information provided by the students describing the worst teamwork experience, consequently,
describes the lack of responsibility with the development of the task as the main complaint of the students.
In the answers collected in the survey, this attitude is usually associated with poor motivation for work and
the lack of communication mechanisms and face-to-face interaction. An example of the comments made by
students in this aspect is: "It was very complicated to get together, especially because most of them were
not very interested in the activity; they simply divided the tasks and then got together, so it usually resulted
in a somewhat incoherent task".

Recurrently, this attitude of individual responsibility for the work is observed in the conceptualization of
teamwork and in the narration of the best and worst experiences, disassociated with collective effectiveness
or cohesion. However, it must be concluded that collective efficacy is a consciously exercised attitude for the
development of teamwork by students or that the type of tasks to which students are being exposed requires
it. The testimony of better experiences expressed below is an example of the division that takes place in the
tasks performed in the group without highlighting the processes of collective construction: "We all did the
part that corresponded to us, according to the skills of each one".

Performing the analysis of the shared behaviors reported in the survey, we can observe that communication
is reinforced as a required practice to work as a team, an element frequently highlighted in the best and
worst experiences. Additionally, in the best experiences, communication is associated with trusting attitudes.
The following is an example of what is expressed by students in this aspect: "...we all worked together, we
took breaks and at the time of the presentation, beyond looking like a distributed work, it looked like a
conversation between friends explaining a topic: communication and trust". Among the references to shared
behaviors, there are very few mentions of conflict resolution. It is consistent with expressing a higher number
of conflicts in the worst experiences. However, information needs to be collected on the skills that students
have incorporated for conflict management, as seen in the following excerpts of experiences regarding
teamwork. The students expressed these: "There was no one in charge of mediation" and "...the lack of
communication, which generated conflicts that damaged the work".

Finally, in the survey, the elements that account for the cognition required to work in a team are scarcely
mentioned. An example of a student's testimony is: "...among the members we did not have the same
objectives, we were not synchronized in giving the same effort for each of the works".

The information collected in the survey regarding these conceptions was subsequently cross-checked against
the self-perception of the degree of development of teamwork competence. In this regard, students have a
self-perception of having developed sufficiently the behaviors associated with an organization,
communication, support, and conflict resolution, among others. In most aspects associated with each of
these skills, around 50% of the students stated that they did not require significant improvements.

9™ INTERNATIONAL RESEARCH SYMPOSIUM ON PROBLEM-BASED LEARNING (IRSPBL):
TRANSFORMING ENGINEERING EDUCATION 2023 89



Development of Professional

Competences

The information gathered shows that in the ABC framework of teamwork, there are elements in the team
dynamics that are not taken into account by first-year students to generate dynamics aimed at team
effectiveness. The pedagogical strategies to be developed should consider elements usually associated with
student teamwork, such as coordination and communication, and others that do not appear so strongly
associated with students, such as conflict resolution, shared leadership, and the generation of trust in work
teams.
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“My Dinner Plate is Different from Your Dinner
Plate” Teaching Empathy using PBL in Engineering classrooms:
Case Study from India
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Summary

This research work in progress intends to study the development of empathetic abilities in engineering
students using a project-based learning approach during the Design Thinking classroom and to observe
their progression. The study participants were first-year students in the four-year engineering program.
This is a two hours per week value added course which is mandatory for everyone. In this course, students
were taught methodical problem-solving and given tool-kits and scenarios where they worked in pairs/
teams. The dinner plate activity is one of the PBL activities given to students in a team. The students follow
Design thinking principles which are identifying the problem with the existing solution, ideation,
identification of user and stakeholders, designing the solution, interviewing and validating the solution
from the stakeholders and then telling the story. This is iterative and aims to fulfil the stakeholder's needs
and requirements by using empathy. The author of this study has measured empathy using a very popular
device, the Interpersonal Reactivity Index inventory. It was used as a diagnostic tool and was administered
before and after the course. The students were also asked about their experiences which were qualitatively
analysed to understand the lessons they have learned. A total of 30 participants were part of this study.
The author wanted to do the study for 3 years to see whether empathy taught in the classrooms diminishes
over time, but due to COVID-19 and switching to online classes, the old study was shelved. This is still
ongoing work, and more insights will be added by next year. The work shows that the overall empathy
score was constant, but students became more empathetic after the PBL activity. The real-world problems
open them to another perspective.

Keywords: Problem-based learning, Empathy, Design Thinking, Engineering classrooms

Type of contribution: Research extended abstracts

1. Motivation for the work, with reference to relevant literature

Empathy is the new sixth sense (Pink, 2015) which is needed to make sense of the VUCA world and to solve
complex problems (Goulet, 2022). Various research studies have shown that apart from technical skills,
engineers also need communication and empathy skills (McGinley & Dong, 2011; Goulet, 2022).

Empathy in students is one of the required 21st-century skills. Researchers and educators are trying
different approaches to inculcate and study this phenomenon. There are studies (Hutchison, M, 2016)
where empathy was described as increasing comfort and skill with interdisciplinary thinking and
collaborative learning while improving the core college skills of written and oral communication, ethical and
guantitative reasoning, and critical thinking. Project-based learning approach was also used to increase
medical student empathy (Hashim, Aris, & Chan, 2019) but very few in engineering classrooms. The same
study has proposed empathy as a vital skill to be adopted in the classroom, but the work has not employed
any diagnostic tool to see the change in empathy level, similarly (Busu, 2020) has interviews and peer rating
feedback to assess empathy levels. In another study, a comparison of empathy levels was made among
engineering, psychology, and social work students on the fantasy and perspective-taking subscales (Rasaol,
2012). Engineers are increasingly being asked to empathetically engage with a broad range of stakeholders
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(Walther & Miller, 2017) they face problems while managing group tasks and leading the group as these
tasks require empathy and social skills (Chato et al., 2012). Empathy has been identified as an important
attribute of effective leadership in workplaces (Herbek & Yammarino, 1990). Practising engineers are hired,
rewarded and promoted for their ability to solve problems hence it becomes imperative to teach engineers
problem-solving (Jonassen, Strobel, & Lee, 2006). Problem-solving is the central activity of the engineering
profession (McNeill et al.,, 2016). The engineering education forums and consortiums now increasingly
recognize the role of empathy while solving problems in 21st-century workplaces (Brewer et al., 2020;
Wilson & Mukhopadhyaya, 2022). To address all these concerns, a premier engineering institute in the
western region of India has designed a course on Design Thinking. This course has more problem-solving
angles than the design element. It aims to teach students tools of problem-solving (Six thinking hats,
fishbone diagram, concept mapping, etc). This course is for first-year engineering students of all branches,
such as computer science engineering, mechanical engineering, civil engineering, etc. disciple. Around 1100
students take this course every year for a semester. The course uses a Problem-based learning approach
and is administered in batches of 30 students by faculty members who are trained in PBL and empathy.

Problem-based learning (PBL) was the preferred method to teach problem-solving skills since it “triggers”
students from a real-life scenario and facilitates self-discovery and learning before adding the acquired
knowledge with their team members and augmenting the general learning (Wood, 2003). PBL also
facilitates skills like Teamwork, Chairing a group, Listening, Cooperation, Assertive listening, Use of
resources, and Presentation skills (Wood, 2003). These skills are congruous with the skills required by
bodies like ABET (Radcliffe, 2005).

2. Research questions
This study examines three research questions and intended outcomes:

1. With a focus on human-centric problem-solving and designing solutions, can students be made more
empathetic?

2. Can Problem-Based learning activity raises the empathy level and connects the students to the real world
more easily than conceptual problems?

3. What can engineering educators learn from design thinking classes that can be replicated in core
engineering classrooms?

3. Relevant theoretical and empirical frameworks that underpin the study

Hmelo-Silver (2004) has mentioned goals of problem-based learning that include the development of
flexible knowledge; Effective problem-solving skills; Self-directed learning skills; effective collaboration skills,
and intrinsic motivation. An imperative component of problem-based learning (PBL) is effective problem-
solving. Engineering students are supposed to solve the wicked problems of the world. The wicked
problems are social system problems, they are usually ill-formulated, with insufficient and ambiguous
information, and decision-making is multiple having conflicting ideas and values (Webber & Rittel, 1973).
Thus, engineering classrooms should mimic wicked problems instead of tame problems.

The effectiveness of these activities comes when the solution is human-centric. Thus, an in-depth
understanding of the theoretical underpinnings of how to enhance problem-solving skills and effective
collaboration that can bridge theory and practice more effectively, which in turn provides ideas and tools to
enhance PBL practices and research is attempted in this work. Design Thinking is emerging as a very
effective tool to teach problem-solving with empathy. It has crossed the walls of designing schools and is
now used in engineering domains (Dym et al., 2013; Lammi & Becker, 2013; Mishra & Kartikeya, 2020). In
this research, work author has taken the IDEO framework of Design Thinking. The school’s model of design
thinking has five iterative steps: Define the problem (after interviewing the users/stakeholders), Ideate
(using critical and creative thinking), Prototype and Test (validated by users and stakeholders) and tell the
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story. Empathy is at the centre of the process and is used in every step (Plattner et al.,, 2012). This
framework overlaps Barrows & Myers (1993) framework of the problem-based learning model (Yueh et al.,

2005).

Problem Solving
E e R
Encountering ) !: bt -
:: . Iy Summarizing
the Problem e ! wh Leaming
\dertifying s Mewly gained Qutcome
Learning Needs hudy knowledge

Figure 1: Barrows & Myers PBL Model (Yueh, Hsiu-Ping, & Lin, Weijane, 2005)

The IDEO framework stresses reiteration and empathy as the centre of every step during the problem-
solving steps. This means going back again and again to users and stakeholders and asking about their
views, perspectives, needs, constrains etc.

In this work, students in 1st year were divided into a class of 30 students. They were further divided into a
team of ten students. Students were given the task to design a Dinner Plate (Plate for the main meal) The
plates in India are usually this shape ( Fig 2/3). The food is not served in courses but all at once. It usually is
served hot and is watery.

Y

Figure 2-3: Types of Thalis (Dinner Plates) in India Source: Image from the Internet

Students were given the Case of a Design Dinner Plate for specific users (for example Playgroup kid / Blind
person / Parkinson's disease patient / Space traveller / hiker, etc). The case also contains details, additional
constraints, and guidelines. They are required to design open-ended questionnaires, research facts, and
figures, and use empathy maps while drawing solutions for their users. Students need to interview, ask
guestions and understand their routine, living conditions, workplaces, the food they eat, etc during
problem-solving activities

It was noted that during and after the activity using Design thinking principles, students could understand
and incorporate the requirements of the dinner plates for specific users. Since these are first-year students,
the goal is not to teach engineering solutions but empathy, presentation skills, communication, teamwork,
etc.

4. An appropriate research methodology, namely methods, and tools for data
collection and analysis

The methods and tools employed were to see the attainment of research goals. Though the conceptual
validity of empathy measurement and training is very problematic (Lam, Kolomitro, & Alamparambil, 2011).
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Various tests are present to measure empathy. In this work, the author has used one of the most popular
psychometric tools, namely the Interpersonal Reactivity Index (IRI) (Davis, 1980). This instrument measures
a multidimensional scale and has sub-scales. They all measure different attributes of empathy: Perspective
Taking, (the cognition to identify another’s affective position), Emphatic Concern (compassion for others),
Fantasy (to imagine the scenario/ various situations), and Personal Distress (feeling fear or anxiety in
response to seeing others in distress). Various studies have validated IRI as valid and reliable (Davis, 1980;
Pulos et al., 2004].

Students were assessed during their first week of the course (it is a 4-months course with 4 PBL activities
stretching over 2 months) and during their last week. This work display and mentions one activity in detail.
The diagnostic tests displayed a shift in the empathy scale.

Referential statistics were also used on the data collected from the questionnaires. T-tests were performed
to measure empathy. Students were also asked to write a self-reflection learning log which was analysed

qualitatively.

5. Results in a clear manner and how they answer the research question(s)

It was observed during the reading of the weekly learning log that the empathy shift happened very slowly
and very gradually. The pre and post-test display the changes. The IRI tests do display improvement in the
low empathy group after the PBL activity. The entire class of 30 students took the questionnaires (a 100%
rate). It was observed that students with low empathy levels during the pre-test of IRl gained awareness
and empathy after doing PBL activities. The IRl has four subscales of seven items, each with scores ranging
from 0 to 28. Every individual question has scored from 0-4, and few questions have reverse scoring. Two
subscales that measure cognitive empathy are IRI- PR and IRI-FS, and two subscales measure affective
empathy (IRI-EC and IRI-PD).

Table 1: Mean and Standard Deviation of The Four IRl subscales

Pre-PBL, N=30 Post-PBL, N=30
Subscales
Mean SD Mean SD
Empathetic Concerns (EC) 14 (0.75) 22  (0.34)
Perspective Taking (PT) 13  (0.34) 25 (1.04)
Fantasy (FS) 13 (0.34) 20 (0.63)
Personal Distress (PD) 14 (0.53) 18 (0.72)

Students after participating in the PBL-based activity showed better empathy level t (30)= 5.096, p= 0.0022.
Students reported in their logs that empathy maps made them acutely aware of another perspective. Logs
indicate amazement and concern for the users like

“How blind people serve food without seeing in such dinner plates, is concerning to me. He can get scalded
by a hot item”.

This pushes them more to feel/think and do for people who are unlike them and have problems to solve.
The researcher would like to extend the study and see the long-term effect of PBL in teaching learning and
the presence of empathy when these students are in their final year of the four-year degree program. The
results answer the first two research questions. The third expected outcome, of taking PBL to core
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engineering classrooms for empathetic engineering graduates is an ongoing process. The effort to make
PBL mainstream in India will be helpful. More research work and visibility of research work are also needed.

6. Critical reflections regarding the results, discussion and conclusions, and their
implications for the development of PBL theory and practice

Teaching a very intangible quality like empathy is very difficult. Teaching empathy as a theory is not easy.
Rigorous and evolved training is required (Lam et al., 2011). This work highlights the effectiveness of PBL in
teaching empathy in engineering classrooms. It proposes a PBL framework to teach empathy in engineering
as a teachable and learnable skill.

7. References

Busu, T. N. Z. T. M., Mohd-Yusof, K., & Rahman, N. F. A. (2020). Empathy enhancement among engineering
students through cooperative problem-based learning, IEEE International Conference on Teaching,
Assessment, and Learning for Engineering (TALE), Takamatsu, Japan, 2020 (pp. 889—894).
https://doi.org/10.1109/TALE48869.2020.9368443

Davis, M. H. (1983). Measuring individual differences in empathy: Evidence for a multidimensional
approach. Journal of Personality and Social Psychology, 44(1), 113-126. https://doi.org/10.1037/0022-
3514.44.1.113

Dym, C. L., Agogino, A. M., Eris, O., Frey, D. D., & Leifer, L. J. (2005). Engineering design thinking, teaching,
and learning. Journal of Engineering Education, 94(1), 103—120. https://doi.org/10.1002/j.2168-
9830.2005.tb00832.x

Empathy-driven development: How Engineers Can Tap into This Critical Skill.
https://review.firstround.com/empathy-driven-development-how-engineers-can-tap-into-this-critical-skill

Goulet, M.-H., Larue, C., & Alderson, M. (2016). Reflective practice: A comparative dimensional analysis of
the concept in nursing and education studies. Nursing Forum, 51(2), 139—-150.
https://doi.org/10.1111/nuf.12129

Herbek, T. A., & Yammarino, F. J. (1990). Empathy training for hospital staff nurses. Group and Organization
Studies, 15(3), 279-295. https://doi.org/10.1177/105960119001500304

Hmelo-Silver, C. E. (2004). Problem-based learning: What and how do students learn?. Educational
Psychology Review, 16(3), 235—266. https://doi.org/10.1023/B:EDPR.0000034022.16470.f3

Hutchison, M. (2011). The empathy project: Using a project-based learning assignment to increase first-
year college students’ comfort with Interdisciplinarity. Interdisciplinary Journal of Problem-Based Learning,
10(1). https://doi.org/10.7771/1541-5015.1580

Jonassen, D., Strobel, J., & Lee, C. B. (2006). Everyday problem-solving in engineering: Lessons for
engineering educators. Journal of Engineering Education, 95(2), 139—151. https://doi.org/10.1002/j.2168-
9830.2006.tb00885.x

Lam, T. C. M., Kolomitro, K., & Alamparambil, F. C. (2011). Empathy training: Methods, evaluation practices,
and validity. Journal of Multidisciplinary Evaluation, 7(16), 162—200.

Lammi, M., & Becker, K. (2013). Engineering design thinking. Journal of Technology Education, 24(2), 55-77.

McGinley, C., & Dong, H. (2011). Designing with information and empathy: Delivering human information to
designers. Design Journal, 14(2), 187-206. https://doi.org/10.2752/175630611X12984592780005

McNeill, N. J., Douglas, E. P., Koro-Ljungberg, M., Therriault, D. J., & Krause, . (2016). Undergraduate
students’ beliefs about engineering problem-solving. Journal of Engineering Education, 105(4), 560-584.
https://doi.org/10.1002/jee.20150

9™ INTERNATIONAL RESEARCH SYMPOSIUM ON PROBLEM-BASED LEARNING (IRSPBL):
TRANSFORMING ENGINEERING EDUCATION 2023 95



Development of Professional

Competences

Md Hashim, A., Syed Aris, S. R., & Chan, Y. F. (2019). Promoting empathy using design thinking in project-
based learning and as a classroom culture. Asian Journal of University Education, 15(3), 14-23.
https://doi.org/10.24191/ajue.v15i3.7817

Mishra, R., & Kartikeya, M. (2019). Accelerating innovation and problem-solving in engineering by design
thinking. International Journal of Advanced Science and Technology, 28(18), 691—698.

Pink Daniel, A. (2005). Whole New Mind: Why Right-Brainers Will Rule the Future.
https://review.firstround.com/empathy-driven-development-how-engineers-can-tap-into-this-critical-skill,
Retrieved Dec 2022. Riverhead Books.

Plattner, H., Meinel, C., & Leifer, L. (Eds.). (2012). Springer. Design Thinking Research.

Pulos, S., Elison, J., & Lennon, R. (2004). The hierarchical structure of the interpersonal reactivity index.
Social Behavior and Personality, 32(4), 355—-359. https://doi.org/10.2224/sbp.2004.32.4.355

Radcliffe, D. F. (2005). Innovation as a meta-attribute for graduate engineers. International Journal of
Engineering Education, 21(2), 194-199.

Rasoal, C., Danielsson, H., & Jungert, T. (2012). Empathy among students in engineering programmes.
European Journal of Engineering Education, 37(5), 427—-435.
https://doi.org/10.1080/03043797.2012.708720

Rittel, H. W. J., & Webber, M. M. (1973). Dilemmas in a general theory of planning. Policy Sciences, 4(2),
155-169. https://doi.org/10.1007/BF01405730

Walther, J., Brewer, M. A., Sochacka, N. W., & Miller, S. E. (2020). Empathy and engineering formation.
Journal of Engineering Education, 109(1), 11-33. https://doi.org/10.1002/jee.20301

Walther, J., Miller, S. E., & Sochacka, N. W. (2017). A model of empathy in engineering as a core skill,
practice orientation, and professional way of being. Journal of Engineering Education, 106(1), 123—148.
https://doi.org/10.1002/jee.20159

Wilson, E., & Mukhopadhyaya, P. (2022). Role of empathy in engineering education and practice in North
America. Education Sciences, 12(6), 420. https://doi.org/10.3390/educsci12060420

Wood, D. F. (2003). Problem-based learning. BMJ, 326(7384), 328-330.
https://doi.org/10.1136/bm;j.326.7384.328

Yueh, Hsiu-Ping & Lin, Weijane. (2005). Design of the information sharing mechanism in supporting
students' collaborative learning in PBL environment. 305- 307. 10.1109/ICALT.2005.104.

9™ INTERNATIONAL RESEARCH SYMPOSIUM ON PROBLEM-BASED LEARNING (IRSPBL):
TRANSFORMING ENGINEERING EDUCATION 2023 96



Development of Professional

Competences

Work-In-Progress: Teaching and Assessing Complex Engineering
Design Skills from a Whole-Task Approach

Yakhoub Ndiaye
Singapore University of Technology and Design, Singapore, yakhoub ndiaye@sutd.edu.sg

Lucienne Blessing
Singapore University of Technology and Design, Singapore, lucienne blessing@sutd.edu.sg

Summary

Engineering design (ED) is often viewed, even accepted as a subjective, problem-oriented, open-ended and
ill-structured field, and involves the mastery of complex skills. As such, many instructors recognise these
aspects as typical of 'design’, therefore neglecting to establish a holistic and well-defined instructional
approach that addresses this complexity. This idea is reflected in the design literature with many design
methods, theories, and models supporting the design processes and methodologies on how they can be
conducted. However, little is known about how these models can be expanded to a fully coherent and explicit
educational method for teaching and assessment. Therefore, it is particularly challenging for nonexpert and
less experienced instructors to develop pertinent instructions for their students, through which the
engineering expertise can be appropriately acquired. To address these issues, we propose using integrated
task-centred instructional design approach to complex learning. This approach aims to integrate the process
of defining teaching, teaching and assessment as a complex system that should be addressed holistically
through a whole-task approach. To analyse the effectiveness of our approach, we follow a design-based
research consisting of an intermediate RCT with two instructor groups to develop and compare the
effectiveness of current teaching with the experimental intervention based on the suggested approach.

Keywords: instruction, skill assessment, whole-task, engineering design, instructional design.

Type of contribution: Extended Research Abstracts

1 Background

This research addresses the issues of teaching and assessing complex engineering design (ED) skills in higher
education. ED is seen as a complex creative field aiming to solve complex real-life problems. As engineering
tasks become increasingly complex in contemporary society, teaching, learning, and assessing in such a
complex field are extremely challenging for both instructors and students. It is also noticed that several ED
theories and processes have been proposed, all highlighting the ED ways of thinking, ideating, making, and
approaching technical problems. However, ED education suffers from an integrative theory of instruction for
complex learning. In fact, little is known about how these theories and processes of ED can be expanded to
fully coherent instructional guidance for teaching and assessing ED. As a matter of fact, ED instructions are
still using learning objective-based approaches to develop learners’ skills, however, it is not yet clear how
integrated goals can be implemented and assessed. Because ED education emphasises complex skill
acquisition that differs depending on task complexity, a holistic approach to learning task is therefore needed
to develop such complex skills and contribute to transforming ED education. However, several instructional
design (ID) models have been proposed in ID research for decades.
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1.1 Key skills in ED: Related works

With the current societal and technological challenges that our world is facing, the identification and
development of student skills and competencies are attracting considerable interest. Recent work has been
focussing on mapping ED knowledge, skills, and attitudes that students must develop (e.g. Sudhindra &
Blessing, 2021). For instance, Caeiro-Rodriguez, et al. (2021) discussed the importance of soft skills across
five EU countries. Quelhas et al. (2019) reviewed the literature and highlighted eight key competencies
required by the engineering professional, related to sustainability. They conducted an empirical study that
revealed that certain skills were predominant among others for respondents.

On the basis of a recent review (not presented here), we examined the literature over the past decade. In
complement to student technical and problem-solving skills, we discussed three core interrelated skill
domains that deserve to be included in contemporary curricula. Those domains could be categorised as
follows: holistic thinking (design thinking, critical thinking, reasoning, metacognition, etc.), sustainability
(social, responsibility, value, empathy, etc.), and management (creativity, organisation, planning,
interpersonal, etc.). Sustainability, the guiding approach, is a complex system and requires students to
understand how to approach complexity in sustainable ways (of thinking, acting, managing). However, the
integration of sustainability into engineering curricula remains challenging (Tomas et al., 2020). Students
need to engage appropriately in problem solving through holistic thinking. Regarding the last skill domain,
students are also expected to become active learners, entrepreneurial, managerial, and able to address
challenges collaboratively.

Despite the importance, it is argued that identifying student skills is only one step in transforming ED. It is
important to know how to teach those skills, to readapt instructional practice but also curriculum and
organisations. All should be constructively aligned.

1.2 ID Models for complex learning

There are several prescriptive instructional design (ID) models to design instructions in the ID history. It is
important to understand the origin, purpose, how and why a model fits an instruction. ID models work when
they are contextualised. Given the complexity of the ED context, it is difficult to know which model fits best
to instructions, especially if they can take different formats. Warren et al. (2014) analysed four ages of ID
(age of ID, message design, simulation, and learning environment) and how they gave bird to a new age of
conceptual learning. Therefore, ID research and ED face similar challenges in the variety of models they used.
We aim not to review all models, however, two ID models relevant to this research are the four-component
instructional design (4C/ID) model (van Merrienboer, 1997) which is a more extensive version of the ‘Pebble-
in-the-pond’ of Merrill (2002); and the 'Three-act theory' (3AT) (Musial & Tricot, 2020). We briefly discuss
both.

A four-component instructional design model

The 4C/ID model (van Merrienboer, 1997) is a holistic, research-based, task-centred approach to complex
learning consistent with competency-based education. It is a design model used in complex professional
fields to build instructions and curriculum that are coherent with human cognitive architecture. This model
deals with three basic educational issues namely (van Merriénboer & Kirschner, 2018a):
compartmentalisation (separating a whole component into distinct parts), fragmentation (breaking down a
component into isolated parts which cannot be easily connected) and the transfer issue (defining specific
learning objectives (LOs) to teach isolated components, instead of integrated LOs more effective for the
transfer of learning). The instruction that is designed based on this model introduces four interrelating
blueprint components (lbid.):

1. learning tasks (the backbone of the model): complex ED tasks should be authentic, and variable to
ease the acquisition of knowledge, skills, and attitudes simultaneously, as well as to ease transfer.
The task complexity is introduced earlier but presented in a simple-to-complex sequencing that
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avoids the three above-mentioned issues. Consequently, instructor support and guidance are
consistent but gradually decrease (scaffolding process).

2. supportive information (the ‘theory’): relevant and sufficient information is provided to students to
support the development of their mental models and cognitive strategies.

3. procedural information (the ‘how to’): perform the task; provide step-by-step instructions.

4. part-task practice: support the development of routine skills so that they can be performed
automatically.

To implement this model into a design process, the authors (van Merriénboer & Kirschner, 2018b) have
developed a ‘Ten Steps’ procedure.

A three-act theory model

While the 4C/ID and the ‘Ten steps’ are particularly relevant for planning and organising complex contents
and their task, Tricot and Musial (2020) have proposed a complementary approach called ‘three-act theory’
(3AT) that helps model teaching and learning trajectories. The 3AT describes the act of designing instructions
itself in a very visual, holistic way, based on three components: two descriptive theories (knowledge theory
and instructional strategy theory) and a prescriptive theory that links knowledge and strategies. The authors
claim a learning-driven ID based on permeability between the roles of the instructional designer (specialist
in instruction), the content expert (specialist in domain knowledge, the designer) and the psycho-ergonomist
(specialist in learning and what makes it happen); closer to Lee Shulman’s PCK.

An important assumption of the 3AT also supported by the 4C/ID is the articulation of the task and associated
knowledge to perform the task, which according to Tricot and Sweller (2014) characterises learning better.
Therefore, the authors suggest a pragmatic articulation of the task to be performed by students and the
underlying declarative and procedural knowledge necessary to carry out the task (Task; Kd, Kp). For instance
when applied to instructions, a teaching task (Treqching) would require the knowledge for teaching
(Kpor—teaching) @and the knowledge to be taught (K74 _pe—taugnt)-

A common concern shared by these task-centred models is that traditional engineering teaching often
defines many fragmented LOs where instructions are then developed for each of those LOs. Researchers such
as van Merriénboer & Kirschner (2018a; 2018b) argued that such atomistic approaches might be relevant if
there are few connections between the separated LOs. However, these approaches have shown some
limitations when it comes to teaching integrative goals. This especially applies to ED education which involves
complex and higher-order skill acquisition. In fact, such instructions are cognitively demanding, as they often
leave the learning to students who are supposed to construct, on their own, complex relations between LOs.
Student learning issues are compounded, especially when instructors advocating this approach provide less
support and minimal guidance to students, claiming that they should explore and learn by themselves, thus
losing sight of the interconnections between the contents to be acquired (Kirschner et al., 2006). In contrast
to this, holistic design approaches that focus on the integration and performance coordination of task-specific
constituent skills have been developed to address these issues. From the perspective of ED education, 4C/ID
and 3AT are complementary examples of ID models capable of supporting the instructional complexity and
acquisition of higher-order skills.

1.3 Assessing ED skills

Assessing is part of teaching. Consequently, assessing the expertise of learners requires a systemic approach
to competency and competency assessment. We view competency as the ability to integrate and coordinate
simultaneously and relevantly a learner's knowledge, skills, and attitudes and their underlying components
(affective, cognitive, motivational, etc.). In ED, students are generally assessed through project-based
learning and on their physical and learning outcomes. The instructor assessment then relies on various types
of student productions, which depending on the subject domain (architecture, product, systems design,
capstone, etc.) are carried out on different types of productions (i.e., design brief, journal, poster, report,
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presentation, portfolio, review, prototype, etc). As in other fields, two types of evaluation in ED can be:
formative (for/as learning) and summative (of learning). Moreover, as a professional job, ED is also certifying
in its assessment because students need to demonstrate their skills. Research suggests integrating the
student into the assessment process (e.g., self-and/or peer, ipsative assessment, etc). The type of assessment
can then vary depending on the instructions. Relying on research, best practice and standards (e.g., CDIO),
this research will explore effective ways of assessing ED from a whole-task-centred approach. For instance,
learning tasks in the 4C/ID, are organised into constituent skills to specify performance standards (i.e.,
criterion and norm-based assessment). This helps to identify performance assessments as described in the
‘Ten steps’ procedure. Learning tasks are defined in a way that allows skill development over time and
involves many low-stakes formative assessments. However, the effects of whole-task approaches on other
evaluation types are not well understood.

2 Research questions

Our overall research question is as follows: How can a holistic, whole-task ID approach support ED
instructions? The following specific research questions are suggested;

R1. How can we define and teach whole-task-based integrated LOs to develop key student skills?
R2. How can learning be effectively assessed to measure student expertise?
R3. What are the contributions and limitations of this approach for contemporary ED education?

3 Method

The experimental design referred to as design-based research (DBR) is used (e.g., DBR Collective, 2003). The
purpose of DBR is to develop, implement, and evaluate instructions in an iterative fashion. The research seeks
to analyse the effects of using integrated LOs through whole-task practice and its assessment. Therefore, an
intermediate randomised control trial is adopted that will help to compare the classic instructions and those
developed with the suggested ID models. In order to identify differences in teaching effectiveness, instructors
will be observed first in their process of developing, implementing, and evaluating the current instructions.
Following this, the new approach will be suggested to the same instructors or those with similar background
and experience to minimise biases and other factors. Prior to the implementation of this research, we will
submit an IRB application to seek approval on the various aspects of conducting this research and to comply
with policies.

To respond to the research questions, we plan to conduct two studies (see Table 1). The first study aims to
compare the effects of current instructions and assessment with an alternative approach based on the
theoretical elements described above; the second study will focus on gaining insight from instructors and
students into the contributions and limitations of the suggested approach in their practice and student
learning through interviews. We are particularly interested in students’ collaborative learning which is a
challenging skill (during co-design for instance) in project-based instructions.

Table 1. Studies

Studies Method
S1. Teaching design DBR based on an intermediate
RCT method with 2 groups
S2. Instructor interviews Semi-directed interviews

This research discusses ED instructions and assessment of student learning. It may have relevant
contributions for engineering education. It will help improve our understanding of how ED teaching can be
approached through whole-task practice. The described ID models, e.g. the 4C/ID, have been used in many
domains, applications such as teaching complex problem-solving, training skills and used for teacher
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professional development and blended learning for general practice (e.g., Frerejean et al., 2019). We will
discuss the contributions and limitations of applying this research approach in the context of ED in higher
education.
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Summary

In 2008, Parramatta Marist, a comprehensive all boys’ secondary school in Sydney, Australia, introduced
project-based learning and then other constructivist pedagogies to increase student engagement and soft-
skill development. Since 2008, the school’s performance in standardised state-wide exit exams, the Higher
School Certificate (HSC), has increased considerably despite the academic profile and socio-economic status
remaining relatively unchanged. Given the school’s context and graduate pathways, discussion has focused
on how these pedagogies have transformed STEM/Engineering education within and beyond the school. In
this study, we used a mixed-method approach to analyse the impact of the pedagogical models on student
performance in disciplines critical to engineering and we explored the perceptions of STEM/Engineering
alumni. To assess the impact of pedagogy on student performance in the HSC, data were collected from 2001-
2021 and four different groups of pedagogical combinations were compared. Results in all Mathematics and
Science courses examined from the three constructivist groups showed significant growth with the evolution
of pedagogical models when compared with the (earliest) traditional group. Additionally, a cross-sectional
study of the post-school experiences of 11 graduating cohorts (2011-2021) indicate that ‘STEM’ alumni
valued constructivist approaches to learning as these approaches align with their training and professional
practice.

Keywords: Project-based learning; Flipped Classroom; Flipped Problem-Based Learning; STEM; Secondary
school.

Type of contribution: Research extended abstracts

1 Introduction

In Australia, entry into engineering fields in higher education was traditionally determined by strong
performance in standardised school exit examinations that relied heavily on content knowledge and
mathematical abilities. This paradigm fostered the use of traditional or ‘teacher-centred’ pedagogies in which
students were viewed as passive receptors of learning. However, in recent times, the most commonly-cited
non-technical competencies required by engineers include problem solving, critical thinking, communication,
self-regulation and collaboration (Male et.al., 2011). The acquisition of these so-called “soft” skills are difficult
to achieve through the use of traditional pedagogies yet these skills are required for accreditation as a
professional engineer by the industry’s peak professional body, Engineers Australia. One proffered solution
to acquisition of these skills are constructivist approaches like project-based learning, problem-based
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learning (PrBL and PBL respectively) and the flipped classroom which are student-centered and contextualise
educational information and promote solution development by the learner as the primary method of
demonstrating their understanding (Kolmos 1996; Mills & Treagust, 2003; Sousa & Costa, 2022). These
pedagogical styles can increase retention of content knowledge (Remhat & Hartley 2020), improve learner
problem-solving skills (Duke et al., 2016; Ferreira & Trudel, 2012; Beyram & Deveci, 2022) enhance critical
thinking skills (Remhat & Hartley 2020; Lapuz & Fulgencio 2020), self efficacy (Egenrieder, 2010), engagement
in STEM based subjects (Hendry et al., 2016; Nurtanto et al., 2019) and increased interest in commencing
careers in STEM related fields (Egenrieder, 2010; Nariman, 2021).

2 Constructivist pedagogies used within the school

Prior to 2008, Parramatta Marist used traditional pedagogies as the primary method of content delivery.
Since then, various constructivist pedagogies have been introduced, the sequence of which can be seen
below (Table 1). For a more detailed discussion of the school’s pedagogical models and development, please
see Hendry et al. (2017).

Table 1: Four different combinations of pedagogies utilised at Parramatta Marist High School from 2001-2021, n =
number of engineering-related courses sampled over the 20-year period.

Pedagogical Years7 & 8 Years 9 & 10 Year 11 Year 12 Time period &
Combination sample size
1 Project-based Project-based Flipped problem- Flipped HSC Classes 2017-
learning learning based learning 2019
(n=35)
| | | | | | |
2 Traditional Project-based 1-5-1 problem- Flipped HSC Classes
learning based learning 2013-2016
(n=28)
| | | | | | |
3 Traditional Project-based 1-5-1 problem- Traditional HSC Classes 2011-
instruction learning based learning instruction 2012
(n=14)
| | ] | | | |
4 Traditional Traditional Traditional Traditional HSC Classes
instruction instruction instruction instruction 2001-2010
(n=70)

3 Methodology

To determine the impact of constructivist pedagogies on engineering-related fields in both secondary and
post-school settings a mixed methods approach involving both quantitative and qualitative analyses was
employed.

3.1 Testing of school results

To examine the impact of pedagogies at the secondary school level, HSC results from Engineering-related
courses including Biology, Chemistry, Physics, Mathematics Advanced, General/Standard, Extension | and Il
were obtained from the New South Wales Education Standards Authority (NESA). This data included z-scores
which quantify the performance of the school compared to the state by measuring the number of standard
deviations between school and state means for each subject - the higher the z-score the higher the school
performance relative to state performance. Z-scores were collected from the above courses across a 20-year
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period that spanned the various pedagogical combinations employed at Parramatta Marist over time (Table
1). Various comparisons were made including:

Changes in z-scores across all Engineering-related courses over time
Changes in z-scores across each separate Engineering-related course over time

Separate one-way permutational ANOVAs (PERMANOVAs) were used to determine whether school z-scores
varied relative to pedagogical combination, with pairwise comparisons between pedagogies used to
determine where differences between pedagogies lay (a < 0.05). PERMANOVA is a highly robust test and its
permutational nature negates the need to use corrections for error when conducting multiple tests.

3.2 Alumni survey of ‘PBL/Constructivist’ educated graduates 2011-2020

In 2021, 311 out of 1478 graduates in the period of 2011 to 2020 were surveyed. All these students had been
educated under constructivist models of learning within the school. A self-rating questionnaire (based on
Schmidt, Vermeulen & van der Molen, 2006) enabled participants to compare their interpersonal skills, as
well as their cognitive, academic and task-supporting competencies with their colleagues, if they were in the
workplace, or with their classmates, if they were still studying.

4 Results

4.1 School results

School performance in all engineering-based courses combined varied significantly in relation to the
pedagogical combination employed across all comparisons (Pedagogy 1 >2=3,2 >4, 3 =4; Figure 1).
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Figure 1: The mean £ 95%Cl z-scores in all Engineering-related subjects combined (Chemistry, Physics, Engineering
Studies, Mathematics Advanced, Extension 1, Extension 2 and Mathematics Standard) across 4 pedagogical
combinations employed at Parramatta Marist High from 2001-2021. Letters indicate significant differences between
treatments.

Although specific course results varied depending on the course examined, pedagogy 1, that included both
flipped learning in year 12 and flipped problem-based learning in year 11, consistently exhibited a
significantly greater academic performance than other combinations that included traditional pedagogies
(Table 2).

4.2 Survey of PBL educated graduates 2011-2021

Of the 311 alumni surveyed, 164 studied in engineering-related fields at a tertiary level and 104 entered
careers in these fields. STEM tertiary students and those working in STEM fields overwhelmingly attributed

9™ INTERNATIONAL RESEARCH SYMPOSIUM ON PROBLEM-BASED LEARNING (IRSPBL):
TRANSFORMING ENGINEERING EDUCATION 2023 105



Digitalization and Online

Learning

the development of skills such as Critical Thinking (4.2/5 + 0.9 [mean * SD], students; 3.9/5 + 1 workers),
Problem Solving (4.2/5 * 0.9, students; 4/5 + 1, workers), Collaboration (4.6/5 + 0.8, students; 4.4/5 + 1,
workers) and Communication (4.4/5 + 0.9, students; 4.2/5 * 1, workers) to their high school education.

Table 2: Pairwise comparisons of pedagogical combinations assessing how school performance in separate
engineering-related courses varied compared to the state in relation to pedagogical combination. In all columns, the
first pedagogical combination (left) is measured against the second pedagogical combination (right). All differences

indicated (*) are significant at a < 0.05.

Course 1&2 [ 1&3 | 1&4 | 2&3 | 2&4 | 3&4
Biology = = > * = > * =
Chemistry = > * > * = > * =
Physics = = S * - S * _
Mathematics Standard = = >* = > * =
Mathematics Advanced = = > * = > * =
Mathematics Extension 1 = = > * = > * =
Mathematics Extension 2 > * = = > * = =

5 Discussion

Whilst not the primary motivation behind the introduction of constructivist pedagogies, the results of our
study indicate that their introduction and evolution have resulted in significant improvements in student
performance in state-mandated examinations in engineering-related fields. In contrast to traditional
approaches, these pedagogies have clear perceived benefits to ‘PBL-educated’ alumni relative to their
colleagues. These alumni attribute an increased ability to collaborate, communicate and problem solve at
tertiary level and in the workplace, to the constructivist pedagogies they experienced during their high school
years. In retrospect, this combination of deeper disciplinary knowledge and soft skill acquisition was
considered most important to those alumni in engineering-related fields given the accreditation process for
Engineers Australia places them on an equal footing within their ‘competency standards’.

The authors believe that this transformative educative process has significant implications for engineering
within and beyond school by producing graduates ideally suited to the profession. Furthermore, the authors
posit that the mechanisms that drive this process are the constructivist pedagogies themselves. Project- and
problem-based learning differ from other pedagogies as they are student-centred and have, as their prime
motivation within the learning process, an open-ended, ill-defined and authentic ‘problem’. More
specifically, the metacognitive strategies (like the ‘Know and Need to Know’ lists) embedded within the
pedagogies help learners to develop routines, organise their thoughts and scaffold problem solving processes
under the guidance of a trained facilitator. Additionally, these approaches afford students the opportunity
to collaborate with peers, develop interpersonal, communication, reporting and presentation skills as well as
their critical thinking skills — the very same skills demanded by industry and peak professional bodies like
Engineers Australia. Lastly and most tellingly, when the skills developed within these modes of learning are
integrated with the flipped classroom approach, a significant improvement in academic achievement in
standardised state-wide exit exams has been evidenced by this school.
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Abstract

Science, Technology, Engineering and Mathematics (STEM) disciplines have recorded a low number of female
enrolments in various higher institutions. Furthermore, study has shown that the little number of females
who enroll in STEM also struggle with drop-out. In this study, we attempt to bridge the gender gap in STEM
through a mentorship programme to help females in developing soft skills through a design thinking course
which adopted the flipped classroom model in the delivery of knowledge. Design thinking is an innovation
methodology that solves problems in an iterative manner as opposed to the traditional method of solving
problems in a linear manner. The mentorship programme lasted for four weeks. With respect to the flipped
classroom model used for engaging the participants, 72.7% of the respondents agreed that flipped classroom
model helped them to better understand design thinking concepts and prepare them for making
contributions during in-class discussion. A future recommendation would be that the next mentorship
programme should adopt a blended learning methodology, that is, the use of traditional teaching and flipped
classroom model.

Keywords: Flipped Classroom, Design Thinking, Pedagogy, Gender Gap, Mentorship

Type of contribution: Research Extended Abstract

1 Introduction

According to a UNESCO report, only 35% of science, technology, engineering, and mathematics (STEM)
students in higher education globally are women (UNESCO, 2021). However, in some specific disciplines such
as Information and Communication Technologies (ICT), the percentage could be as low as 3% (UNESCO,
2021). Furthermore, study has shown that the little number of females who enroll in STEM also struggle with
drop-out (Isphording & Qendrai, 2019). Mentorship has been identified as a means by which this wide gap
can be bridged and drop-out rate reduced (Isphording & Qendrai, 2019). To improve the impact of
mentorship programmes, Mbogho (Mbogo, 2019) has suggested the adoption of critical thinking skills
(Mbogo, 2019). Critical thinking includes the component skills of analyzing arguments, making inferences
using inductive or deductive reasoning, judging, or evaluating, and making decisions or solving problems (Lai,
2011).

From research, many institutions in Nigeria and other developing countries employ traditional teaching
approaches, which encourage cramming and often engage students at the lower level of the bloom taxonomy
(Huitt, 2011). As a result, students are often unable to come up with innovative solutions and graduates often
do not meet the demands of today's job market for problem-solving and critical thinking skills (Osoba et al.,
2021). In a traditional instructor-centered classroom, the teacher delivers lectures during class time and gives
students homework to be done after class. In a flipped, or inverted, classroom, things are done the other
way round: the teacher “delivers” lectures before class in the form of pre-recorded videos and spends class
time engaging students in learning activities that involve collaboration and interaction. (Mok, 2014). From
research, flipped classroom model has been used in various school settings for courses such as social sciences
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(Roheling et. al., 2017), STEM (Fung, 2020), Arts (Ansori & Nafi, 2018). However, there is still a gap on how
flipped classroom model has been adopted in a semi-formal setting such as a mentorship programme which
does not necessarily accrue toward school credit. As a result, this research attempts to study how flipped
classroom model can be adopted in a mentorship programme.

1.1Research Objective and Research Question

The objective of this study is to evaluate how female students in STEM perceived the use of flipped classroom
pedagogical approaches to foster critical thinking skills, improve engagement and impact of mentorship
programmes. This study intends to address the question: Is Flipped Classroom model effective for a
mentorship programme targeted at STEM females?

2 Methodology

The mentorship programme was organized by Tech Girls Club, a non-governmental organization in the
University of Ibadan, Nigeria. The teaching and interaction between the facilitator and the participants took
place virtually. The Web-based videoconferencing software application Zoom was used for the real-time
interaction with the facilitator while Google Classroom was used as the Learning Management System (LMS)
and asynchronous interaction. The flipped classroom model was the adopted pedagogy. According to
Razzouk & Shute (2012), design thinking has been identified to help develop critical thinking skills. As a result,
the mentorship programme focused on the principles of design thinking.

2.1 Participants

The mentorship programme was opened to people of all backgrounds especially girls in STEM. Prior to the
commencement of the mentorship programme, application advert was made on various social media
platforms. The first class had over 30 people in attendance. Participation dropped afterwards with about 20
people in the second class. Then in the third class, about 15 people attended and, in the 4th, class, which is
the final one, about 15 people also attended. To understand the reason for dropping out, some of those who
dropped out were contacted. The reasons given for dropping out included the following: clash with other
activities, family demands, work demands, time-constraint. Many of those who dropped out were women
who are either married or working. It was therefore difficult for them to combine family/work demands with
the mentorship programme.

2.2 Procedure

The mentorship programme spanned four weeks. The first week was basically an introduction to design
thinking, the LMS (Google Classroom) used, overview of the themes and course expectations. In week 2 of
the mentorship programme, the participants started a project of their choice that centers around a roadmap
for a career choice. The mid-course survey/evaluation was administered after week 2 lecture. During the in-
class discussion of week 3, participants were grouped and asked to discuss the lesson learnt in the process
of their ideation and prototype. In week 4, participants were asked to ideate and prototype an alternate
odyssey plan. In addition, they were asked to further think on the prototype of their first/main Oddysey plan
for risks that could frustrate it and how to mitigate such. The final evaluation was designed to understand
the holistic perception of the participants about the class and whether they would recommend the
course/programme.

2.3 Data Collection and Analysis
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Two evaluations were carried out. One at the middle of the course and the other at the end of the course.
Google Forms were designed and used for data collection to understand the perception of the participants
about the teaching style (flipped classroom model) adopted. The data collected can be grouped as open-
ended and close-ended. In total (that is for the 2 surveys), there were 6 close-ended questions and 5 open-
ended questions. The open-ended gives the participants liberty to express their thoughts without
constraining them to a set of options. The close-ended constrains the participants to choose from a set of
options. 5 Likert-scale was employed for the close-ended. Participation in both the mid-evaluation and final
evaluation was voluntary and anonymous. A total of 11 participants responded to the mid-evaluation survey
while a total of five participants responded to the final evaluation survey.

3 Findings on the Suitability of Flipped Classroom Model

For the mid-evaluation, a key objective was to understand participants perception of the flipped classroom
model. To measure that, the following prompts were coined: (i) The concept of the flipped classroom learning
model adopted in this class (i.e., the release of short videos before class and pre-class activity) helps me
better understand and contribute to in-class discussion (ii) The concept of the flipped classroom learning
model adopted in this class (i.e., the release of short videos before class and pre-class activity) is new to me
and | am really struggling to understand the course and catch up. A total of 11 learners participated in the
mid-evaluation. From our finding, as represented in Figure 1, 72.7% of the respondents agreed that the
concept of flipped classroom model helps them better understand and contribute to in-class discussion while
27.3% disagreed.

@ Strongly disagree
@ Disagree
Neither Agree Nor Disagree
18.2% ® Agree
@ Strongly agree

Figure 1: Distribution of response based on Perception of Flipped Classroom (Mid-Evaluation)

Furthermore, as illustrated in figure 2, 18.2% say the Flipped Classroom Model is new to them and are
struggling with understanding the course/catch up with class while 45.5% are neutral and the rest 36.4%
disagree that they are struggling as a result of the use of the flipped classroom model.

@ Strongly disagree
@ Disagree
Neither Agree Nor Disagree
® Agree
@ Strongly agree

Figure 2: Distribution of response based on Adaptation to flipped Classroom (Mid-Evaluation)

From the open-ended question on what participants like most about the class/flipped classroom model,
responses that emerged include the following: (i) The flipped classroom model encourages class contribution
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and active learning, (ii) It provides platform for practice during in-class sessions and (iii) Provides platform to
learn from others.

For the final evaluation, we had 5 participants. A major interest was likelihood of the participants introducing
or recommending the class. 80% of the respondents noted that they would give a 100% recommendation
and 20% of the respondents noted they would give a 90% recommendation. None of the respondents
wouldn’t recommend it or give less than a 90% degree of recommendation. A major reason a couple of the
respondents gave for the high level of recommendation is due to the insightful and educative nature of the
course.

4 Discussion

We compare our result with that of Mbogho (2019) which also focused on mentorship programme targeted
at improving critical thinking and soft skills amongst Africans. Results obtained are similar in recommendation
rate but widely different in retention rate. The retention rate of our mentorship programme is estimated at
42.9% while that of Mbogho is on average 82.67%. A major reason for this low retention rate in our case is
because it’s solely targeted at females, many of whom are married with family or working and found it
difficult coping or combining the mentorship programme with their family or job demands after week 2. On
the other hand, that of Mbogho isn’t gender-specific and solely targeted at students in higher institution who
perceived the mentorship programme as having immediate benefit to their studies. An implication of this, is
that there is still a need for further research on how to increase retention rate of married or working-class
females in a mentorship programme.

Our mentorship programme and that of Mbogho (2019) share similar rating in terms of how likely
participants will recommend the programme. Mbogho (2019) result shows that 100% of the students
indicated that they would recommend a friend to apply to the mentorship program. In our case, 80% of the
respondents indicated they would give 10/10 (on a scale of 10) recommendation and 20% recommended
9/10 recommendation rate. Though, it’s unclear the scaling rate used in Mbogho (2019), the 9/10 rating of
the 20% in our case is as good as 10/10 rating and as a result we can conclude that the 100% of the
respondents of the final evaluation survey of our mentorship programme would recommend the
programme.

On further one-on-one interaction with participants of our mentorship programme about adoption of the
flipped classroom model in comparison to traditional model of teaching, a response is “The flipped classroom
was good yes but it’s too soon to say which | prefer. But | think a fusion of traditional and flipped classroom
will do better in our society.” This kind of mixed preference is also recorded in the research of Roehling et.
al. (2017) since the experimented course is more theoretical. Though in our case it's a STEM based
programme which is hands-on, the reason for the mixed preference is because the participants are new to
flipped classroom model and need time to adjust to it.

Finally, from our research, the use of flipped classroom model for design thinking promoted in-class
contribution which according to Carino et. al (2018) is helpful to promote creativity and intelligence which
are 2 key components needed to foster design thinking and critical thinking. In this case, learning is bi-
directional rather than uni directional.

5. Conclusion

Past and recent research on the impact of the flipped classroom on students in various settings has shown
promising and positive outcomes. From the evaluation of the four-week mentorship programme on Design
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Thinking which adopted the Flipped Classroom Model as the teaching methodology, it is shown that STEM
female learners showed positive attitudes towards flipped classroom model on their learning and in-session
practice. However, to further validate the facts drawn from the evaluation, more research would be carried
out, using the flipped classroom model for mentorship, with a wider range of participants and focusing on
using local contents as opposed to examples from Western World.
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Summary

The pandemic has disrupted the learning mode worldwide, and teachers have to figure out new ways to
motivate programming students to learn. The computer labs were not accessible during the pandemic. Unlike
conventional coding courses, which require computer labs with pre-established platforms for students to
practise coding, students had to set up a specific computer environment for code writing on their own while
online. The setup process is time-consuming.

Besides, submitting programming assignments was cumbersome. Students had to screencap the answers to
the assignments and put them into a word file for teachers' manual marking. It took time for teachers to
return these assignments for students' review and further study.

To address these issues, we developed a brand-new online platform—Codatus. Codatus features the online
execution of codes, submission and auto-grading of coding assignments to provide a consistent environment
for students to practice coding with just a web browser. Codatus also provides a unique "Issue Ticket" feature
for public and private enquiries.

This platform has facilitated students' learning with more interactions, motivated students and expedited
their learning of code writing. Students find it effective in helping them learn the subject during the pandemic.

Keywords: auto-grading, coding platform, programming, SQL, virtual lab

Type of contribution: Research extended abstracts

1 Background

Conventional coding courses require computer labs with pre-established platforms for students to practise
coding. Before the pandemic, face-to-face teaching allowed teachers to come to the aid of students
whenever students encountered problems with the coding platforms. However, students had no access to
the computer labs during the pandemic when social distancing was in place.

With the migration of learning to the online mode during the pandemic, students had to set up a specific
computer environment for code writing on their computers. The setup process is time-consuming, and each
computer environment may have discrepancies, which spell trouble for teachers' investigation in online
classes. According to our survey, most students face difficulties installing and configuring SQL servers,
confusion over how different software operates and getting support from teachers in an online environment.
It calls for a need to have an online platform that provides a consistent environment for code execution so
that students can focus more on learning code writing with minimal effort in setting up the environment at
home.

Furthermore, for assignment submission, previously, students had to submit screen captures for manual
grading by teachers. It was tiresome for students to run the code on their computers, copy the screen
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captures of their coding statements and output results to a report for submission. Also, it took considerable
time for teachers to grade and return the results for students to review the correctness and feedback of their
answers. Given the time taken to grade assignments, manual marking of coding assignments is not ideal
nowadays for evaluating students' capabilities in coding (Bhanuse et al., 2022). While some online coding
platforms are available, they are neither designed for learning SQL specifically nor do they feature online
submission of coding assignments with auto-grading. Meanwhile, chatbots like ChatGPT may simply replace
humans to do the coding work without guiding students to write codes.

Hence, we developed a brand-new online platform—Codatus, to provide a consistent environment for
students to practice coding with just a web browser. Codatus features the online execution of codes so that
students can focus on coding and spend less time setting up environments. Codatus supports different
languages, including SQL, Java, C++, and Swift. Also, Codatus provides auto-grading of coding assignments so
that teachers save time in grading and students can view their scores instantly without waiting for the return
of their manually graded assignments.

In addition, Codatus provides a unique "Issue Ticket" feature, with which students can discuss coding
problems publicly with peers or raise questions privately with teachers. This platform has facilitated students'
learning with more interactions, motivated students and expedited their learning of code writing. Students
find it effective in helping them learn the subject during the pandemic.

Having developed Codatus as an online coding platform, our research question is to study whether Codatus
could facilitate students to learn coding online during the pandemic. We find that Codatus has facilitated
students to learn coding online during the pandemic and enhanced their academic performance.

2 Literature Review

Covid-19 imposed constraints on interactions between programming students, and such conditions called for
the need to develop a platform for online learning of programming with the aid of technology (Novaliendry
et al., 2021). For learning SQL online, many issues are associated with installing and configuring the MySQL
Query Browser, etc. (Cigas & Kushan, 2010). Meanwhile, teaching programming requires tremendous effort
as teachers have to persistently keep track of students' learning activities with substantial feedback (Cardoso
et al., 2021). Besides, manual grading of SQL assignments is time-consuming, while feedback to students may
be delayed (Sadiq et al., 2004). One study suggests using online platforms to aid students in studying
programming (Zinovieva et al., 2021). There are many free coding platforms for students to learn coding
(Siegle, 2017). However, lacking appropriate feedback mechanisms may cause novice programmers to
experience frustration and disengage from the learning experience. Hence, a feedback mechanism should be
available on these platforms. (Drosos et al.,, 2017). With online teaching, the essence is to deliver
programming labs online "without significant methodological changes, which might imply modifications of
the learning outcomes" (Garcia et al., 2021, p. 162). A coding platform should incorporate direct feedback to
students to motivate them to learn (Combéfis & CLEMENT de SAINT-MARCQ, 2012).

3 Research Method

3.1 Development of Codatus

In view of the inaccessibility to the physical labs and lack of interactions and discussions during the pandemic,
we developed an online coding platform, Codatus, that allows students to use a browser to work on the
coding exercises. Codatus allows teachers to customize the question sets and answers for auto-grading. The
platform also features an issue-tracking function to let students tie their enquiries to the relevant questions
and previous attempt records. It will also provide a collaborative code-writing feature to pair up students for
collaborative editing. Our project is innovative in reinventing the process of practical coding classes
supported by Codatus's unique features.
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3.2 Trialing of Codatus

We have trialled Codatus for practising SQL in the subject of Database System. There were 153 students in
this class. We briefed all students about this study, and they gave their consent to participate in this study.
All participations were voluntary. They used Codatus to practice SQL and submit lab works for Lab 1 and Lab
2.

3.3 Mixed research approach

Our research question is to study whether Codatus could facilitate students to learn coding online during the
pandemic. We adopted a mixed methods approach. Mixed methods research is usually a combination of
qualitative and quantitative research approaches (Johnson et al., 2007).

In the quantitative phase, we keep an eye on numerical data such as the number of students who attempted
to use Codatus, the number of their attempts, and their academic results to determine any correlation
between them. We also arranged pre-survey and post-survey to identify the students' problems learning SQL
online. We also studied whether our intervention with the provision of Codatus has helped the students learn
sQlL.

In the qualitative phase, we arranged online interviews with students and teachers to obtain detailed
information about the students' preferences and to explore students' beliefs or perceptions towards Codatus.

Combining the strength of mixed research methods can give us deeper insights and reach broader
conclusions (Johnson et al., 2007).

4 Results and Analysis
4.1 A need for Codatus

In our pre-survey with the students, about 57% of the students have issues with the installation and
configuration of SQL servers, confusion over how different software operates and getting support from
teachers in an online environment. Meanwhile, about 40% of the students spent more than 30 minutes
setting up the environment on their computers to learn programming each time, which occupied 1/6 of the
lab time. More than 80% of the students agree that online SQL statement execution without setting up an
environment could reduce preparation time, allowing more time for practising SQL exercises. The above
information justifies the need for a coding platform with the feature of submission and grading of coding
assignments.

4.2 High Participation Rates

Codatus, as an online coding platform, had high participation rates. Students kept practising code writing and
had multiple attempts for each question during the lab sessions.

We had two lab sessions related to SQL on this subject. Out of the 153 students, 151 students, i.e., 98.69%
of the students, participated in the Lab 1 session by attempting questions with Codatus. Meanwhile, 139
students (90.85%) completed all 19 questions. Each participant has an average of 126.22 attempts. Each
student, on average, attempted each question about 6.64 times.

In Lab 2 (Part 1-3), the same number of students (151) attempted questions with the same participation rate
of 98.69%. 139 students (90.85%) completed all 14 questions, while each participant had an average of 83.95
attempts. On average, each student tried each question about 6 times.

In Lab 2 (Part 4), 145 students attempted questions with a participation rate of 94.77%. 125 students (81.7%)
completed all 9 questions. The average number of attempts for each student is 41.7, while each student
attempted each question about 4.6 times on average.
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For the "Issue Ticket" feature, there are altogether 150 issues with 523 messages on our Codatus platform.
An issue refers to the enquiry on one topic, while a message refers to the conversation within each issue. 26
students (17%) raised issues with the "Issue Ticket" features.

4.3 Students in favour of Codatus

Students are in favour of Codatus. According to the post-survey of Codatus, more than 80% of the
respondents agree that Codatus is effective in helping them learn the subject during the pandemic, as shown
in Fig. 1. Its auto-grading feature shortens the time to receive the grade and teacher feedback. Students could
also put more time into learning and practising SQL without setting up the environment. When students
know their grades earlier, they can learn from their mistakes.

Post Survey of Codatus

1. Codatus is effective in helping me learn... I ]
2. The auto-grading feature of Codatus... | NN ]

3. Codatus enables instant and direct... IR ]

4. The user-interface of Codatus is user-... N |
|

5. With Codatus, | can put more time into... NN
0% 20% 40% 60% 80% 100%

B Strongly Agree Agree Disagree M Strongly Disagree Unanswered

Fig. 1 Post-Survey of Codatus indicates that the majority of students favour it

4.4 Improvement in academic performance

With the introduction of Codatus in the database subject, the students' test results regarding SQL (Test 1)
have improved by 8.99% compared to last year's test on SQL. The improvement in academic performance
related to SQL indicates that Codatus has helped students perform better regarding SQL. The improvement
of the average Test 1 Score is shown in Table 1.

Table 1 Average Test 1 Score improved with the Codatus coding platform
2020/21 2021/22 Changes
Average Test 1 Score 73.38793 79.98904 8.99%

4.5 Interview with students

In an interview, a student pointed out that Codatus is an excellent platform for students to check whether
their codes (SQL statements) conform to the standard(s). Though many online compilers are in the market,
Codatus is more intelligent since other compilers just run the codes while Codatus offers auto-grading for
checking the correctness of the results. This student told us that initially, he did not know that this platform
of Codatus was developed by his teacher(s). He thought it was just a platform that any school in the market
may use. He then realized that Codatus was uniquely developed by the teachers. He even told his friends in
other schools that he has this unique coding platform (Codatus) for learning SQL.

4.6 Interview with teachers

According to a teacher, Codatus is a platform to let students learn codes. When asked if ChatGPT can serve
the same purpose, that teacher told us that ChatGPT and Codatus are entirely different. ChatGPT is a chatbot
with lots of knowledge. Of course, one can ask ChatGPT to teach students programming. However, ChatGPT
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does not aim to let students complete a customized assignment given by a teacher. Besides, it does not
provide a collaborative environment for students to write codes with others. The teacher intends to build
platforms to enhance human ability, not to build something to replace humans.

5 Conclusion

Overall, Codatus lets students learn code writing virtually with just a web browser. It has facilitated the
learning process of code writing amid the pandemic when face-to-face learning is unavailable. Students find
that this subject is the most tailored-made for online or virtual learning among the subjects they have studied.
Still, the user interface of Codatus needs time to be more adaptable to user needs. According to the students,
there is room for further streamlining of Codatus, such as allowing pictures input in the "Issue Ticket"
mechanism. To enhance student interaction, we will add a collaborative editing feature to enable students
to co-edit their codes in real-time so that they can collaborate and learn from each other.

All in all, Codatus has transformed coding education in the way that students can execute codes online,
submit coding assignments with auto-grading, discuss coding problems with peers and teachers, and work
collaboratively on an all-in-one platform. With the return of face-to-face teaching, Codatus, as an online
coding platform, still provides students with the flexibility of learning to program ubiquitously.
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Summary

With the rapid digital transformation in industry and society, further accelerated by emerging technologies,
digital literacy as a set of digital competences is quickly becoming essential for the 21st century engineer and
engineering student alike. Thus, different strategies are currently being applied in curriculum development
and teaching practices to integrate digital competency in formal engineering education curricula. However,
few studies take point of departure in students’ perceptions of digital competences, its relation to their
learning experiences and environment as well as their future perspectives and expectations towards what
digital competences are required within their profession. This extended abstract presents an approach to
understand, verbalize, and categorize digital competence within a systemic PBL environment and explores
engineering student current perceptions of the digital competences they believe they develop within this
learning environment. Based on empirical data collected through a series of workshops centered around
digital practices supporting PBL project work, we synthesize and analyze general trends, potentials and
challenges based on students written accounts of their digital user, creator, and reflective competences in
relation to their general academic, PBL and discipline-specific practices. Findings show an overall
predominance of accounts that relate to skills rather than competences as well as a general absence of
contextualization across competence types, indicating that it may be difficult for students to articulate and
reflect upon their digital competences in general. Finally, students do not substantially relate their digital
creator competences to aspects outside of their respective disciplines. We conclude that formal learning
outcomes related to digital competences are indeed needed, but that these should be supported by
systematic reflective practices that support engineering students in developing and externalizing both
transversal and discipline-specific digital competences.

Keywords: Digital competences, Problem-Based Learning, Engineering education

Type of contribution: Research extended abstract

1 Introduction

In recent years, the importance of digital competences has been at the forefront of educational
transformation, further accelerated by the experiences with emergency remote teaching (ERT) inflicted by
the Covid-19 pandemic (Frolova et al., 2020; Hodges et al., 2020). In these increasingly emergent change
pathways, higher education institutions are revisiting educational policy and curricula with a focus on
embedding digital competences as learning objectives in the formal curriculum (Sanchez-Caballé et al., 2021,
Lyngdorf et al., 2022). At Aalborg University (AAU), this process has been undertaken at all faculties and study
boards in 2021 with different levels of stakeholder involvement (e.g. industry and society partners) and
subsequent revision of curricula to include digital competences across all disciplines and semesters. However,
due to the plentitude of existing frameworks for digital competences and digital literacy, it may be
challenging and time consuming to understand and distinguish between concepts and taxonomical relations
when revising formal curricula. In higher education research, digital competency is commonly defined by
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reference to policy documents (Zhao et al., 2021), such as the DigComp 2.2 framework presented by the
European Union. In this framework, digital competence involves key components related to the areas of
information and data literacy, communication and collaboration, digital content creation, safety, and
problem-solving (Vuorikari et al., 2022). Other frameworks, such as the Danish IT framework for digital
literacy (2021), focuses more on taxonomies of digital competence, highlighting three key taxonomical levels
of digital competence that citizens should possess in order to be informed and empowered in a digital society,
i.e.: user, creator, and reflective digital competences. For the purpose of this study, these two frameworks
form the basis of a matrix for making sense of digital competences particularly within formal engineering
education curricular as presented by Lyngdorf et al. (2022), which is further coupled with and contextualized
in the categories of general academic competences, discipline specific competences, and PBL-specific
competences to highlight digital competences particularly relevant to a PBL learning environment. The result
is a matrix of nine distinct types of digital competences in engineering education (table 1), which can make
the different domains of digital competences accessible for non-experts in digitalization and create a shared
language for internal and external stakeholders in curriculum design and development.

Table 1: The digital competence matrix (Lyngdorf et al., 2022)

General academic | PBL-specific Discipline/domain
specific

e.g. literature searches and  e.g. using digital tools to e.g. use tools to solve
use of academic databases  improve the team’s time/  discipline-specific problem

resource management

Creator e.g. writing reports and e.g. creating a e.g. designing new digital
making presentations collaborative hybrid solutions to discipline-specific
working environment problem
Reflexive e.g. reflecting on how to e.g. reflecting on how e.g. reflecting on how digital
maintain motivation in online communication solutions might bring new,
online/hybrid teaching affects group dynamics unintended problems

and conflict management

This matrix was applied in the initial process of integrating digital competence in formal curricula across all
educations at AAU conducted mainly by study boards and is intended to support the study boards’ ongoing
and iterative revision of study regulations every five years. While student representatives within these boards
took part in this revision, the integration of digital competences in its first iteration was somewhat of a ‘top-
down’ process emphasizing industry and institutional perspectives on engineering digital competences
needed for the future. However, in a student-centered learning environment where engineering students
spend half their time each semester doing project work, it is reasonable to assume that a substantial part of
the development of digital competences happens outside formally organized teaching settings through the
students’ own creation of and reflection on digital practices in project work and in their future profession.
Thus, this extended abstract aims to emphasize student perspectives on digital competences to further
inform this ongoing revision of learning outcomes and to bridge the gap between digital literacy as articulated
in formal curriculum and engineering students’ own experiences of digital practice and competence
development, particularly within a systemic PBL environment, through the following research question:

What are the current engineering student perceptions of digital competence in a systemic PBL environment
and how can we support students in understanding, verbalizing, and categorizing digital competence both in
relation to their general academic practice, their PBL-specific digital practice, and their future profession?
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2 Methodology

The paper reports on data collected from a series of nine three-hour online workshops carried out with first-
and second-year engineering students from eight different engineering domains during the spring and fall
semesters of 2022. The workshops as a whole were centered around digital practices supporting PBL project
work with a segment focusing on digital competences and offered on a volunteer basis mid-semester. During
the workshops, we deliberately chose to not present the students with the full matrix presented in table 1 in
this initial phase of the study, to avoid the risk of students seeing this as a ‘form’ to fill out and to give space
for the students’ own immediate responses, perspectives, and priorities of digital competences. Thus, they
were only presented with the Danish IT (2021) framework’s distinction between user, creator and reflective
digital competences and subsequently asked to write down their individual reflections anonymously on an
online bulletin board (offered through Padlet), which were structured in accordance with this distinction. The
first twenty minutes were allocated for this reflective exercise in each workshop, and as the students often
attended the workshop in their project group, some chose to align their perspectives in collective ‘group’
responses while others responded individually. The exercise was followed by a plenary discussion, in which
the students were given the opportunity to vocally elaborate upon the cards and ask questions. These written
and vocal inputs were collected and compose the empirical basis of this extended abstract. All responses
were collected anonymously, and the students were informed about the research purpose prior to the
activity.

3 Results and discussion

A total quantity of 121 responses were registered on the bulletin boards dispersed across the three
categories of user, creator, and reflective digital competences. Following from the data collection, the
authors deductively clustered the inputs of each category into key aspects according to general academic,
PBL, and discipline/domain specific competences according to the columns in the matrix of digital
competences in engineering education (Lyngdorf et al., 2022). The following sections will present the results
of this process structured in accordance with the user, creator, and reflective digital competences.

3.1 Digital user competences

The students entered 51 inputs into the field of digital user competences, out of which 26 relates to general
academic, 17 to PBL-specific, and 8 to discipline/domain specific competences. When it comes to general
academic competences, the majority of the responses are related to structures for digital information
gathering when finding and accessing information, navigating databases and search engines, as well as
critically evaluating which “sites and search options can be trusted”. A broad range of different platforms and
online tools were mentioned, e.g., Google Scholar, YouTube, etc. without further contextualization or critical
reflection on these tools’ role in the development of those digital competences or the competences needed
to utilize these tools most effectively. Similarly, within digital competences that relate to the students’ PBL
practice, the students entered multiple different online platforms used in their PBL practices, particularly
institutionally supported platforms (such as Moodle and the project library, i.e. a database of past student
projects which students can access to seek information specifically within an AAU PBL context). Furthermore,
several inputs mention the use of tools supporting project management, e.g., Trello or Excel, to “create a
common overview of the project”, as well as tools supporting synchronous and asynchronous communication
during remote collaboration, e.g., Discord or Microsoft Teams, to “meet and access shared material online”.

In terms of discipline/domain specific competences, several inputs relate to software development, e.g.,
programming collaboratively with GitHub, programming in Python, and troubleshooting, thus the use of
digital tools to design for and solve discipline-specific problems. Other input relates to the use of digital tools
to collect empirical data to inform the identification and analysis of discipline-specific problems. The majority
of inputs in discipline/domain specific competences are thus connected to problem-oriented aspects related
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to the respective disciplines, however, mostly mentioned without further contextualization aside from the
digital tools and practices.

3.2 Digital creator competences

In the field of digital creator competences, the students entered 38 inputs, out of which 8 relates to general
academic, 13 to PBL-specific, and 17 to discipline/domain specific competences. The substance of the inputs
related to general academic and PBL-specific competences are not considerably distinguishable from the
inputs entered in digital user competences, which could indicate that students tie creator competences to
their profession (e.g. as a software developer) rather than the creation of (new) digital practices, e.g. in
project work and collaboration. The quantity of input is also notably smaller as well compared to digital user
competences, further demonstrating this pattern of students perceiving these competences in relation to
the use of technology rather than create using the technology. Likewise, the majority of inputs related to
PBL-specific competences follow the same tendencies as in digital user competences by mainly relating to
information seeking structures and project management, particularly in relation to their project work.
Although a few notable inputs mention specific tools for communication and resource sharing, the students
did not mention any practices related to interpersonal competences, e.g., creating a collaborative hybrid
working environment or a team culture. This implies that they do not considerably relate the collaborative
practices of project work to something they create in the digital space. Thus, the predominant focus on
structural aspects in comparison with interpersonal practices suggests a perception of collaboration as
something that happens separately from the development of digital creator competences. The majority of
inputs registered in digital creator competences relates to discipline/domain specific skills and competences,
again with a predominance of input naming specific tools and systems, e.g., image processing or simulation
programs. This indicates that the students to a greater extent perceive their digital creator competences as
tied to their respective disciplines, rather than their PBL and academic practices.

3.3 Reflective digital competences

The students entered 32 inputs into the field of reflective digital competences, out of which 20 relates to
general academic, 12 to PBL, and O to discipline/domain specific competences. The vast majority of inputs
entered into the field of reflective digital competences relates to the students’ general academic
competences, out of which several specifically mention the European General Data Protection Regulation
(GDPR) in the context of handling and protecting other people’s data as well as practices for obtaining
consent when sharing data with other parties, as stated by one student “Having a basic understanding of
how to use other people’s data and how to use it ethically correctly”. Another student addressed the
implications for their practice when writing reports containing confidential information, which should be
stored on offline platforms, rather than online non-GDPR compliant platforms. This indicates a general
awareness of ethical and legal matters in relation to their academic practices and an ability to act accordingly.
Several inputs relate broadly to what could be considered PBL-specific competences, e.g., the creation of a
professional group identity when communicating with the university or industry partners, as highlighted by
one student. Other inputs similarly address the collaboration with external stakeholders, which has provided
“insight into how a product affects the company” as well as experience with developing solutions that meet
the needs of the company. This shows that the students to some degree perceive their reflective digital
competences in relation to problem-orientation and the PBL-approach. Some inputs also concern
interpersonal aspects related to the students’ PBL-practices, e.g., the use of virtual logbooks as a point of
departure for future discussions and evaluations of the project, as well as the analysis and reflection upon
the collaborative process. This competence area was notably absent in the students’ accounts of digital user
and creator competences, which might indicate that students associate the optimization of digital practices
in group work and collaboration as mainly a meta-cognitive process rather than one of action and active
creation.
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Interestingly, in spite of several references to discipline-specific tools and systems in digital user and creator
competences, no inputs were registered in reflective digital competences related to discipline-specific
practices. This shows that engineering students might primarily relate their discipline-specific digital
competences to the usage and creation of and with technologies and digital tools, and the absence of inputs
in discipline-specific reflective digital competences suggests a lack of awareness of possibilities, risks, ethical
issues and societal implications of the use and creation of discipline-specific technologies.

4 Conclusions and future work

In this extended abstract we introduced an approach to understand, verbalize, and categorize digital
competence within a systemic PBL environment and analyzed engineering students’ current perceptions of
the digital competences they believe they develop within this learning environment based on data from nine
student workshops centered around digital practices supporting PBL project work. The results show an
overall predominance of skills, e.g., the mastery of specific tools, rather than competences, indicating that it
may be difficult for students to articulate and reflect upon their digital competences in general. The absence
of reflection and contextualization of the respective competences is similarly a common tendency across
disciplines with no significant difference identified between disciplines. Furthermore, the students did not
substantially relate their digital creator competences to aspects outside of their respective disciplines,
indicating that engineering students might consider digital collaborative practices in project work as
something that ‘just happens’ rather than something they have an active role in creating. Finally, the analysis
indicates a need for highlighted digital reflective competences in relation to specific disciplines and domains,
to ensure that engineering students are equipped with the necessary competences to critically reflect on the
possibilities, risks, ethical issues, and societal implications of emerging technology they might take part in
developing in their future profession.

Future work includes tracking the role of new formal digital learning outcomes in shaping teaching practices
and activities as well as exploring way for further integrating both student, stakeholder and future
perspectives in curriculum development focusing on transversal and discipline-specific digital competences
that go beyond the five-year lifespan of a study regulation through participatory and anticipatory methods.
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Summary

Following issues with learning mathematics and, especially, transferring mathematical knowledge to
problem-based projects for soft-engineering students, this paper suggests to challenge the students who use
technological tools without enough mathematical knowledge, by explicitly exposing mathematical objects in
virtual reality. Only a pilot-study is done for now and more work is needed to optimize this approach for
classroom or project-room use, but the first indications are that by using students’ fascination with
contemporary technology and showing that behind favourite game engine that gives life to virtual
environments and characters, there is a solid mathematical background, motivation to learn mathematics
and implement that knowledge could be improved.

Keywords: PBL in courses, mathematics for non-math majors, real-life examples, virtual reality

Type of contribution: Best practice extended abstract, work in progress

1 Introduction: Issues that motivated this project

Project oriented problem-based learning is educational paradigm at Aalborg University since it was founded
in 1974. Group based project work, supervised by teachers typically takes half of all learning activities, 15ECTS
each semester, while other half is dedicated to the courses that, in the ideal circumstances, should support
the project work. However, over the years it was noted that at certain educations course grades on projects
are significantly higher than on individual courses. Semester evaluations, provided by the students after the
end of each semester, indicate that the students often fail to see the connection between courses and project
work, thus implementing very little and shallow knowledge from the courses into their projects. This was
surprizing and warning factum, and among the reasons that Aalborg University initiated a project “PBL
Future” back in 2017 (Aalborg University, 2017). That project, among many other research activities and
goals, included a pilot-project on integrating all 3 courses of one particular semester (4™ semester of Media
Technology studies at Copenhagen campus) with the semester project. PBL researchers were following
semester’s teacher’s team, attended certain classes, and made several interviews both with semester
teachers and the students (Bruun-Pedersen, 2020). Media Technology studies are placed on the Technical
Faculty of Informational Technology and Design; thus, they are considered to be technical studies, but with
a strong inclination to design, usability and users, making them a kind of “soft engineering studies”. "Soft-
engineering" students are defined to be those whose main interest is a human use of technology and effects
that different technologies can have on people in general, or some specific groups in particular, rather than
optimal, correct technological development.
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The first author of this paper was among the observed teachers and found discussions with the colleagues
who were teaching two other courses extremely beneficial. During the meetings about course experiences
on the semester that is quite technical (courses cover sound design, sensors, and statistics), it became
apparent that the students in general lack mathematical competences needed for the semester, although
they have been thought those topics at high school and at the mathematics course at the first university year.
This is, in fact, in alignment with many reports from all over the world, and is also in line with our previously
published work (Triantafuloy & Timcenko, 2014; Triantafyllou et al., 2015)

The first author of this paper also had several disappointing experiences while supervising the semester
projects, when students opted to solve significantly simpler problems than originally planned, because of
lack of mathematical knowledge. Even worse, they have been explicitly taught the needed knowledge on the
course dedicated to Mathematics for Computer Graphics, but the transfer of knowledge did not happen —
which is also the problem well documented in the literature.

As there is huge body of research that points to conclusion that non-mathematics major students are
significantly more motivated to learn mathematics when they are exposed to real-life problems from their
future profession, the authors of this paper posed a question: “What are real-life mathematical problems for
Media Technology students?” That is, in fact, a part of the bigger question: Which mathematics Media
Technology students need, in order to be successful in their profession?

The fact is that to prototype certain media artefacts, being that a computer game, an educational applet or
a film effect, professionals use very elaborate software tools, like game engines (Unity, Unreal...), or 3D
modelling software (Maya, Blender...). In all those tools the best effort is made to hide all mathematics, so
that users can produce the artefact he wants even without understanding all complex mathematics behind.
But another fact is that the deeper understanding of the tool allows for faster work of a higher quality — so
some mathematical knowledge helps a lot.

Thus, the authors have decided to explicitly expose the basic mathematical concepts behind a game engine
to the students. The idea is to use these visualizations as helping teaching material during the mathematics.
course.

In the following sections we will present theoretical background, the research question, the material we have
developed until now, and plan for the evaluation.

2 Theoretical framework and research question

The Aalborg model of project-oriented problem-based learning is a form of active learning, and we are also
considering our intervention as an active learning activity. Thus, we have opted to evaluate our intervention
from pragmatist perspective, established for more than hundred years ago by John Dewey (Dewey, 2010).

The pragmatist approach considers the practical actions in the world and applies research into social practice,
including teaching. Pragmatic models of inquiry-based learning and reflection have been adapted by various
followers for different fields, due to the pragmatic view of learning as a lifelong process that includes school,
art, literature, mass media, work life, and citizenship (Frglunde, 2009). Reviews of Dewey’s framework of the
reflective process have been simplified into three phases, that often appear roughly as follows:

1. Defining a problematic situation that has practical dimensions.
2. lIsolating a particular problem and ways to address the problem as an inquiry.
3. Reflecting on how the problem was addressed and pursuing the problem in the abstract.

The second model of reflection, by American educator Donald Schén, is based on how architects and other
arts professionals go through process of reflection in action and on action (Schén, 1987). In action refers to
the understanding that occurs while in the concrete process (such an experience of hands-on design), and
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on-action refers to idea of reflection as looking back on an experience. We find this model particularly well-
suited for Media Technology students, as they typically construct virtual artefact in the similar manners as
artists and architects, and often neglect on-experience reflection.

The research question, that we plan to investigate in the cited framework, is:

How can exposing students to tangible representations of abstract mathematical concepts support
students’ motivation in gaining and retaining knowledge?

3 Learning material in Virtual Reality

Real-life examples are great tool in making mathematics relevant. However, what is "real life" is different for
different categories of students. For lots of nowadays young people, Media Technology students included,
computer games are everyday experience, and virtual environments are something that gains their
attention, so showing mathematics behind those environments, while in the environment, might boost
students' interest and enhance understanding of mathematical concepts. Visualization of mathematical
objects and formulas in Virtual Reality is not a novel idea; one excellent implementation is presented in (Hsu,
2020), that illustrates solving systems of linear equations, but the difference of our approach is that we
incorporate those objects into a familiar Virtual Reality environment, highlighting their roles in constructing
and modifying such an environment.

The idea is to start with the basic concepts from Linear Algebra — unit vectors, dot product and cross product,
and explicitly visualize them in a Virtual Reality game-like environment. The goal is to explicitly illustrate the
concepts students have difficulties to understand when presented just by definitions: that the dot product is
crucially connected with angular distance between vectors and can determine directions and visibility, and
that the cross product is not commutative operation, determining how certain parts of objects will appear to
the observer. On the Figure 1, Figure 2 and Figure 3. Some characteristic screenshots of our application are
presented. 2D screenshots do not do a justice to the virtual 3D environment, but they give a rough idea of
our intention. The student should find herself in an environment similar to those from games — there is a
landscape, a balloon that floats only if control vectors are normalized, a sculpture where some facets look
wrong, because surface normal are inverted, and a field of solar panels, that should follow the motion of the
Sun, in order to maximize the quantity of electricity produced. The difference of an ordinary environment is
that the relevant vectors also are the part of the environment, and that the student could gram them, using
game controller, as any other object in the environment, and manipulate their positions and magnitudes. In
order to work with formulas while in the virtual environment, we have developed a formula-editor, also
visible on the Figures 2 and 3.

Figure 1. Demonstrating effect of unit and non-
unit vectors
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Figure 2. Demonstrating effect of cross-product of vectors (left), and a tool to fix the formulas
(right)
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Figure 3. Effect of dot product and a tool to adjust the formula

We have performed usability-testing of the developed material on several students and faculty members
during Erasmus+ Item project meeting (Hellenic Mediteranian University, 2022), and got confirmation that
interest in technology could keep students interest in learning mathematical part. However, significantly
more carefully planned tests are needed before we could conclude whether this approach produces wanted
results, or keeps students attention only as long as interest for VR technology exists.
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4 Future testing plan

As mentioned in Section 2, we are using pragmatist framework with reflection, and we would like to check
whether the students retain knowledge and can use it creatively in future projects.

Thus, the testing plan we envision consists of several steps over time:

1. Observations how the developed material is used by mathematics teacher during the 3™ semester
mathematics course.

2. Questionaries distributed among the students exposed to the intervention (20-30 students)

3. Group interviews of the same students when they reach 5™ semester and would need to use some
mathematics in their semester project.

We need this two-step testing approach, with a minimum one year of elapsed time, as we would like to see
if there is any persisting effect on motivation and knowledge.

5 Conclusion

In this paper we have presented a VR environment we have developed in order to make mathematics visible
and tangible for the students. The work is still in the preliminary phase, as we have included only the most
basic vector operations. However, with the toolbox developed, not much work is required to add more
content, like minimal distances, object intersections or projections. That is the easier part of future
development. What is much more challenging is to develop protocols for proper usage of those VR
environments in math courses, and to test their immediate and prolonged effect on students’ motivation,
knowledge retention and reflection skills. Thus we hope to get interest of more researchers and to formulate
a larger project around this idea.
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Summary

Cyber-physical mode of teaching combines face-to-face physical class and remote students attending the
same class virtually through online platform in a cohesive learning environment. 360° view camera and
Telepresence robot are the most widely explored tools for immersive and collaborative cyber-physical
classes/sessions involving online teaching and learning, and group activity. In this work, we report a study
and findings of conducting different hybrid class sessions involving regular physical class and remote students
attending the same class virtually through online platform such as Zoom connected with 360° view camera
for teaching, group discussion/brainstorming and project demonstration. Similarly, teaching, group
discussion/brainstorming and hands-on activity was conducted in a cyber-physical mode through a
telepresence robot. Some of the key issues/concerns faced during these sessions are addressed by using
customized telepresence robot enabled with 360° view camera system. These different sessions focused on
studying the impact of involvement of 360° view camera, telepresence robot and customized telepresence
robot enabled with 360° View camera system on online teaching and learning, group activity and hands-on
activities. By using the survey data, we studied how technology can be used for enhanced teaching and
learning in a cyber-physical mode and areas for further improvement to create an immersive and
collaborative teaching and learning environment

Keywords: Online learning, Cyber-physical, Remote learning, 360° view camera, Telepresence robot

Type of contribution: Research extended abstracts;

1 Introduction

Online learning is a fast-growing component in the field of education and plays a major role in the
advancement of changing teaching and learning system [1-3]. In addition, COVID-19 pandemic has speeded
up the use of technology tools for effective online teaching and learning [4,5]. Recently, cyber-physical
teaching and learning has attracted a lot of attention and create an effective environment for inclusive and
collaborative learning [5-7]. The cyber-physical mode of teaching using 360° view camera and Telepresence
robot offers more advantages over conventional online courses by providing better intimacy for the remote
students with physical class and better engagement in learning activities [8,9]. Participating in the physical
class through the telepresence robot offers unique sense of presence and immersion for the remote students
by making them feel like as if the user sitting inside the physical class. Advanced 360° view camera
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telepresence robot aims at improving the wide field of view with better and effective navigation, and supports
virtual reality (VR) interface enabling participation in an immersive virtual environment [10,11]. Adaptation of
cyber-physical learning environment will re-shape the education system.

2 Plan and execution of different hybrid class sessions

A lot of planning is required to ensure that the different cyber-physical sessions work well and for the success
of proposed methodology. These sessions involved 15-20 student participants. Fig. 1(a) illustrates the overall
cyber-physical class environment highlighting online tools enabled physical class and remote students
accessing the physical class activities through online platform. Different sessions and its analysis with overall
study framework is shown in Fig. 1(b). A survey involving student participants was conducted on teaching
and learning experience after completing the different sessions. This survey focused on mainly on students’
experience on teaching and learning with class intimacy and engagement level in different cyber-physical
sessions using (i) Zoom connected with 360° view camera and (ii) telepresence robot. Identities of the
participants of this work is not shown to due to the privacy and confidentiality agreement. Initial study on
telepresence robot embedded with 360° view camera based cyber-physical classes was conducted and the
key findings are reported here

Cyber-Physical class

1
Physical Class 1
1

Enabled with 1
(a) Zoom connected with 360° view camera

Study framework/approach

I
| Different cyber-physical class sessions: | ', collection of participants |
:' To conduct lecture through zoom and 360° 1 : feedback and analysis
I
o
I

view camera . +  Identify key issues and
* Group discussion between physical class

]

1

|

|

1 challenges 1

and remote students through zoom and -I Address the key issues 1
1

|

1

360° view camera

* Hands-on activity between physical class
and remote students through telepresence participants in accessing |
Students attending the class robot the class |
through Zoom connected | Femm e e e e e e e e e ——— - ——— T - !
with 360° view camera or !
Telepresence robot :

1

User friendly, provide

Remote students more flexibility for remote

Fig. 1. (a) Cyber-physical class environment showing physical class enabled with online supporting tools and its access to
remote students and (b) overall study framework/approach.

3 Demonstration details and discussion

Case study (1): In this cyber-physical class session, an Owl 360° view camera placed in the physical class room
is connected to the Zoom online class platform. Remote students access the physical class through Zoom and
get the view of the class from 360° view camera. Fig. 2 (a) shows the physical class room set-up with Zoom
connected with 360° view camera. Fig. 2 (b) shows a remote student’s view of the physical class and teaching
content.
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Remote students view of the class
through Zoom connected with
360° view camera

Owl 360° view
camera Physical Class
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(a) (b)

Fig. 2. (a) Physical class room view in cyber-physical class environment with Zoom connected with 360° view camera. (b)
Remote student’s view of the class.

Remote students screen contains different panels showing class view, teaching slide panel and instructor’s
area. Students can get the overall view of the physical class from 360° view camera.

In second session, a group activity involving discussion/brainstorming was conducted between students
present in the class and remote students using Zoom connected with 360° view camera. Fig. 3 shows group
activity (discussion/brainstorming) between physical class students and remote groupmates through Zoom
connected with 360° view camera. Fig. 3. (a) shows A team from the physical class was involved in a group
activity with remote students through Zoom connected with 360° view camera as highlighted in Fig. 3(a). Fig.
3(b) shows remote student’s view of the physical class and their interaction with groupmates present in the
physical class.

Main Cohort classroom-Group discussion
> T Remote students interacting with groupmates
- .,_;"'through Zoom connected with 360° view camera

View of the class and groupmates §

through 360° view camera .Jh==

(b)

Owil 360° view camera

Fig. 3. (a) A group of students involved in group discussion in the physical class room and interacting with remote
groupmates through Zoom connected with 360° view camera. (b) Remote student’s screen showing the physical class
providing the view of groupmates in class [12].
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In another session, the experimental work related to course project was demonstrated and remote students
viewed the live demonstration in cyber-physical class mode using Zoom connected with 360° view camera.
Fig. 4 shows the screenshots of the live demonstration video captured by the remote students. Figs. 4(a)-(c)
show the screenshots at different time (t3, ty, t3) of the group activity. Attending these sessions remotely
provided better view of the live demonstration for remote students and these students felt better engaged
in the group activity. This session also helped to enhance group intimacy and information on classmates’
behaviour during the activity.

(a) Remote students viewing the project demonstration
through Zoom connected with 360° view camera (at
time=t,)

Fig. 4. Screenshots of the video captured by the remote participant at different times; (a) at time ty, (b) at time t,, and (c)
at time ts, during the live demonstration of the project to the remote groupmates.

The main advantages of this type of cyber-physical class sessions are;
e Remote students can experience a unique sense of presence and immersion by getting the view of the
teacher and students in the physical classroom.
e Teaching and learning session is inclusive and better engaged.

However, the key challenges associated with this hybrid class session are;
e Audio signal needs to be improved.

e More flexibility required for the remote students to navigate and control the different panels on the
screen.

e Remote students require better channel for interacting with teacher/teaching assistants.

Fig. 5(a) shows the group project conducted during summer with partner university and this session was
conducted physically at the partner university. Another group of students were involved in summer project
with partner university students in a cyber-physical mode (using 360° view camera) as shown in Fig. 5(b). Fig.
6 shows the students’ survey results on different parameters associated with learning and collaboration
under physical and cyber-physical (virtual) mode. Results clearly highlight that 360° view camera is not suited
for hands-on activity sessions.
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Group of students from two A group of students from host university
different (partner) universities interacting with students from partner university
working on a project through 360° view camera

(a) (b)
Fig. 5. (a) Physical summer collaborative project work at the partner university. (b) Cyber-physical project session using
Zoom connected with 360° view camera with partner university students.
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Fig. 6. students’ survey results on different parameters associated with learning and collaboration under physical and
cyber-physical (virtual) mode.

Case Study (l1)- Telepresence robot based cyber-physical sessions

In the first session under this case study, the remote students attended the lecture through telepresence
robot. Fig. 7(a) shows the physical class in the cyber-physical class environment involving students, teacher
and telepresence robot which is used for the participation of remote students. The remote student’s view of
the physical class through telepresence robot is shown in Fig. 7(b). Figs. 7(c) and (d) shows the group
discussion activity in cyber-physical mode

. A ~ R student attending the class Group discussion/brainstorming
Physical Cl < v
ical Class ‘ 4 through Telepresence robot (Through Telepresence robot)
Main Cohort classroom

Remote students

(© (@)

Fig. 7. Cyber-Physical mode (a) physical class with Telepresence robot for the participation of the remote student. (b)
Remote student accessing the class using Telepresence robot. (c) and (d) Group discussion in cyber-physical mode [12].
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The hands-on activity was performed in another session and conducted in the class/lab by a group (2-3) of
students and the remote students joined this group through the telepresence robot as shown in Fig. 8(a). The
role of the remote student is to observe the hands-on activity performed in the physical class/lab closely and
interact with group members. The remote participants can also take the role of a lead/guide to perform the
hands-on task by providing relevant guidance or instructions. Fig. 8(b) shows students’ survey results on
different parameters associated with learning and collaboration under cyber-physical mode using the
telepresence robot.

5
a4
3
2
1
g 0
S E : Comfortability to Handling of the Visibility of projector  Prefer touse telepresence ~ Overall
Students in physical class i with peer tion for effecti and white board is clear robot to attend the class experience
: and better participation compared to Zoom/MS Team
(a) (b)

Fig. 8. (a) Hands-on activity between physical class students and remote groupmates through telepresence robot. (b)
Students’ survey results on different parameters associated with learning and collaboration under cyber-physical mode
using telepresence robot.

The key findings of the telepresence robot based cyber-physical classes are highlighted below;

e Gets the feeling of being physically present in the class and able to see the teacher and students
present in the physical class.
e Remote student can control and navigate the view left, right, up and down to get the unrestricted
view of the class.
e Provides the view of the projector and whiteboard in the class.
However, there are some important issues/challenges associated with telepresence robot as highlighted
below;
e Audio quality and signal lag need to be improved.
e Telepresence robot users require adequate training for its operation. Needs more flexibility in the
navigation.
e Movement of telepresence robot could distract the students and teacher in the physical class.
e Interaction comfortability with teachers and peers need to be improved.

Case study (lIl)- Telepresence robot enabled with 360° view camera (In progress)

Some of the key concerns and issues encountered in case | and case Il are addressed by adopting cyber-
physical class environment using telepresence robot embedded with 360° view camera combined with online
supporting tools and its access to remote students in web view or VR access as highlighted in Fig. 9. This
telepresence robot enabled with 360° view camera is suitable for both attending class sessions, group
activities in an immersive and collaborative manner. Additional features such as laser pointer, reaction
indicator and dedicated audio system are assembled in this system. In addition, this type of cyber-physical
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sessions can further be extended to short courses, seminars, conferences for external participants who are
not able to attend these events physically.

Cyber-Physical Class

[Physical Class
Enabled with

(a) Telepresence robot embedded with 360° view camera:

= Fixed on tablet-top :
= Mobile "
(b) Online platform: Zoom nﬁ :

1 Telepresence robot enabled with 1
: + Laser pointer and reaction indicators :
1

!+ Dedicated audio system 1 | Addresses the key issues: |
.- Suitable for remote students to join both lectures and !
Remol:e students | group activity

Web el I ,* Better audio quality, user friendly

1 T - " i
| PraceTie e Rared | 360° view of the class : -: more‘l flexibility for remote participants in accessing
L screen view (Flexible view) I 1 € class . . . )
___________________________ 1 1= Effectiveness of immersive and collaborative learning
: environment is improved

Fig. 9. Cyber-physical class environment showing physical class enabled with 360° view camera embedded telepresence
robot with online supporting tools and its access to remote students in web view or VR access.

The remote users require adequate training on the operation of telepresence robot and go through well-
developed safety plan to avoid unexpected situations and incidents. Virtual reality with the support of enabling
technologies will become a part of learning system in the field of engineering and science. Virtual reality also
plays an important role in the remote learning environment in cyber-physical classes [13]. In pilot study, the
users experienced more immersive and interactive learning experience in the cyber-physical class using
telepresence robot embedded with 360° view camera along with online supporting tools and its access to
remote students in web view or VR access. Next generation networking capabilities (5G and beyond) can
support the key requirements such as low latency and high bandwidth to achieve high performance from
telepresence robots. Setting up of a high quality cyber-physical class also depends on the technology that is in
place. So, high resolution camera is required to stream good quality video from physical classroom and high
quality microphone/speaker to experience good quality audio signal.
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Summary

The integration of CBL in engineering education is gaining popularity and it has been claimed as one of the
most suitable strategies for 215 century skills development and sustainability mindset. The literature
indicates potentials of CBL for a quality of education centred in ecological paradigm and development of a
sustainability mindset. Nevertheless, empirical studies exploring CBL potential for sustainability mindset
involving academic staff are scarce, if not inexistent. This extended abstract explores academic staff beliefs
and viewpoints on their role as a teacher in a CBL environment and in which ways they can be related with a
sustainability mindset.

Keywords: Challenge-based learning, sustainability mindset, transformative learning, academic staff,
engineering education.

Type of contribution: Research extended abstract

1 Introduction

Problem-oriented, student-centred, and collaborative learning pedagogies, such as Challenge-Based Learning
(CBL), are gaining popularity in engineering higher education. The integration and curriculum change for CBL
is argued in twofold: first, it develops the competences and skills for the 21°t century and for employability;
second, it enables the education for sustainable development by having challenges as point of departure for
learning (Sukackeé et al., 2022; van den Beemt et al., 2022). Said that, CBL comprises characteristics that
distinguish it from other problem-oriented, student-centred, and collaborative learning pedagogies. For
example, the point of departure for learning is a social relevant challenge and not a problem, which is
addressed in collaboration with stakeholders and partners from outside academia, leading to solutions with
social and environmental positive impacts (Sukacké et al., 2022). Students and teachers assume new roles
and are referred broadly as (co)learners. Teachers are facilitators for learning of interdisciplinary teams of
students, who work transdisciplinary (Gulikers & Oonk, 2019; Sukacké et al., 2022; van den Beemt et al.,
2022). CBL provides the opportunity for students and teachers to become aware of developing an outlook
and capacity to create new knowledge and pathways towards more sustainable long-term outcomes, leading
to a reconsideration roles and responsibilities of higher education learning and teaching. Therefore, CBL
enables to re-conceptualise and construct a new quality of education, rooted in social-environmental quality,
replacing the current educational models that continues contributing to the unsustainable planetary
depletion (Galotti, 2008). In sum, CBL provides the opportunities for a ‘revolution’ of higher education for
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sustainability, with a holistic and transformative learning approach and development of sustainability
mindset. The concept of a sustainable mindset is based on values, knowledge, and attributes and is linked to
the UN movement to support the UN SDGs and sustainable development outcomes (Hermes & Rimanoczy,
2018; Kassel et al., 2016). A sustainable mindset involves deep learning and intensive change. Rimanoczy
convened the UN-backed Principles of Responsible Management Education (PRME) working group on the
sustainability mindset (PRME, 2022). The PMRE framework has been adopted across various disciplines and
educational practices (Avelar et al., 2021; Ruge, 2020). A sustainability mindset is a philosophy and way of
being (i.e., behaving or acting) that results from a broad understanding of the ecosystem and introspection
of the impacts. This mindset is a lens for analyzing and interpreting information for decision-making.
Development of sustainability mindset calls for a transformative learning process, involving one mind (know-
what), hands (know-how), heart and spirit (know-why and know-how to be) (Kassel et al., 2016). Additionally,
sustainability mindset as a way of thinking and being takes a system thinking perspective, with individual in
connection with systems he/ she is part of and act upon. Inspired by the promise of CBL for sustainable
education and development of sustainability mindset through transformative learning, this paper explores
academic staff viewpoints on their professional roles in a CBL environment in which ways they relate with a
sustainability mindset.

2 Methodology

The study takes a qualitative approach, it is part of two workshops for staff professional development and it
is conducted at the University of Twente (Netherlands).

2.1 Context of study

University of Twente is a technological University, located in the Enschede, Netherlands. Beside belonging to
a small group of Technical Universities (4TU) in Netherlands, it has been elected by Keuzegids Universiteiten
as the best of them. University of Twente has a history of innovative teaching approaches and has
institutionally embraced Challenge Based Learning (CBL) from 2020. In 2013, University College Twente was
established as a hub for innovative teaching within University of Twente. The same year started a unique
Honours Bachelor programme in science joining Technology, Liberal Arts and Sciences, named ATLAS. The
aim of the program is to educate a new type of engineer, able to consider and find responsible and creative
solutions for the complex globalized problems our societies face. The program uses interdisciplinary
approach both through domain courses (Natural Sciences, Mathematics and Social Sciences) aligned with
semester projects, to teach students to consider multiple perspectives and work with other fields. Within the
College, the program was envisioned as a playground to formulate and test new teaching techniques. This
unique teaching style heavily relies on the ability of students to self-evaluate their learning progress and set
their own learning goals. This exposes the students to different ways of teaching besides the more traditional
teaching methods. Being embedded in a small-scale residential college, the program works as a tight knit
community of learners, where both staff and students are learning together. More information about the
ATLAS programme is available at: https://www.utwente.nl/en/education/bachelor/programmes/university-

college-twente/.

In the ATLAS programme students are learning through a semester project how to work on sustainable and
responsible solutions for complex real-life problems. The projects are supported by domain courses, which
feed into the topic of the project and semester. For instance, during semester 2 (first year) students are
focusing on sustainable systems: project focuses on making scenarios and plans for embedding innovative
transportation technologies (i.e., hyperloop and electric autonomous pods) into mainstream transportation
system in period of 30 years. Other domain courses extend knowledge in social science, natural science and
mathematics which also apply sustainable system or transition and provide background theories to support
the ATLAS project learning process. Students are also provided with opportunity to collaborate in
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transdisciplinary environment to test the sustainable options they are developing not only in various
academic disciplines but also with outside stakeholders from industry, government, and society.

2.2 Data collection and analysis

The study uses two main methods for data collection (narrative inquiry and observations) and has been
conducted across two concurrent workshops as part of the staff development of the ATLAS programme. The
workshops address different topics: workshop 1 focus is on problem-oriented, collaborative, and participant-
directed learning environments, where PBL and CBL are used as examples. Workshop 2 focus is on role of the
teacher and facilitation skills. The workshops are organised in small-lectures, group work and discussions
with aim for participants to not only develop knowledge and skills but also to reflect, for example, on their
conceptualisation of CBL, their teaching practice, and role.

The narrative inquiry instrument is based on Savin-Baden & van Niekerk (2007) and Du et al. (2020), and
comprise the following parts: i) “tell us” about yourself (demographic information), ii) “tell us” about your
feelings and experiences as teacher, iii) “tell us” about your students, and iv) “tell us” about your career
development and prospects. Each part includes prompting questions to support participants in their
reflections. An observation schedule was constructed, where three researcher assistants took notes during
participant group work and discussions. The observational notes focus mainly on which ways participants
express their viewpoints regarding the different topics addressed in the workshop and guided by questions.

In terms of participants, the study targeted 8 to 10 academic staff, with different disciplinary backgrounds,
who teach in the ATLAS programme. However, the data was collected from three participants, where two
are male aged above 50, and a female 41 years old. Both male participants have a background in mathematics
and developmental and educational psychology. The female participant has a background in international
relations. All three participants are teachers and supervisors in the ATLAS programme. Ethical approval was
obtained before data collection took place, and all the data collected was with the consent of the
participants. The data is anonymised and analysed through content analysis.

3 Results

The results are clustered around three thematic viewpoints, which are: 1) personal viewpoints, exemplified
by perspectives and beliefs in relation to their role as teacher; 2) relational viewpoints, exemplified with their
perspectives and views about relations established with peers, students, and stakeholders; 3) institution
educational viewpoints, exemplified by their perspectives and views on institution and educational CBL
model.

3.1 Personal viewpoints

Impactful, meaningful, and interactional are main motivational factors and characteristics of good teaching
and learning. The three participants perceived their role as a teacher as something that should contribute
positively to students’ development, learning and growth, while also envisioning the broader societal impact.
For example, P1 refers to teaching as a “calling, not just a job”, where she/ he “enjoyed stimulating people
to learn new things and supporting them in learning process”. P2 points out that “spent most of my working
life in industry” [...] before joining academia and belief has “something to share with young people”. P3
mention that it is through teaching that she/ he contributes to the society in general, and she/ he enjoys
“creating positive learning experiences”. Furthermore, the observations notes show the participants
agreement on what characterises a teacher in a CBL environment, which someone that informs about
learning outcomes, communicates, and facilitates learning by questioning rather than provide answers; is a
good observer and does not take over the learning process; fosters reflection and self-directed learning
through (self)evaluation. P1 recognises that when she/ he started teaching her/his views of teacher was of
“someone who transmitted content”; however, with time her/ his view change towards a more collaborative
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process and co-construction of knowledge. P3 perceives her/ his “support as basically giving reassurance and
stimulating empowerment”.

3.2 Relational viewpoints

All participants agree that interaction and connection with students is one of the most enjoyable things of
being a university teacher. CBL is the environment that promotes such close interaction and connection, with
positive and meaningful impacts on student learning but also teacher sense of accomplishment. This is also
very aligned with participants personal viewpoints and their role as educators in a CBL environment. P1 refers
to “sharing learning process”, where teacher also learns and the ability to collaborate, co-learn and co-create
with students is as much as important as the content taught. However, the process is not absent of
challenges, namely on keep “meaningful discussions in large groups of students” (P1), being aware that “you
cannot force the development process of others, and that my contribution is limited” (P2), or “personal
struggle in balancing work and leisure time/ extracurricular activity and coping with personal and academic
setbacks” (P3). Additionally, given the nature of the ATLAS, teacher-student interaction and collaboration
comes in different ‘forms and sizes’, i.e., different type of activities (class and project) and group sizes (large
and small groups). Besides students, participants also interact and manage external partners and
stakeholders.

3.3 Institution educational viewpoints

Participants viewpoints unfold in two levels: 1) the CBL model in general; and 2) the institutional frameworks
they work with. The observational notes allow to infer participants viewpoints on the CBL. For example, what
is? How it is practice? There is a consensus that CBL is problem oriented, where students work with real and
authentic problems. CBL is also collaborative, and it goes beyond student-student and team-facilitator
relation. There is constant and continuous collaboration with external stakeholders, where everyone learns.
Participants also conceptualise and demark CBL from Problem-Based Learning (PBL). For example, the
framework of CBL is ‘fuzzier’ and with more uncertainty and complexity. CBL is also transdisciplinary since
stakeholders’ involvement and integration of non-academic knowledge is part of practice and student
learning. CBL also goes beyond academic development, there is also personal development namely students’
high engagement, attitudes, and self-confidence. Even though participants recognise and reflect on CBL
potential for skill development, they also face institutional challenges. In their narratives, participants refer
to assessment as a challenge, which they would like to change because they consider it is not adequate for
what they have learned and developed. For example, P1 refers to “students have different strengths and
weaknesses, and | am always feeling kind of guilty when | see that the grades do not reflect their true
knowledge”. Even though there no suggestions are provided, it is visible that there is some sort of frustration
and disappointment that assessment does not reflect the impact of CBL on students learning and their
achievements. Additionally, participants 1 and 2 would like to engage in more scholarly approaches to
teaching and learning and develop their teaching and educational research skills, however the institutional
support is not systemic and organised to support such type of development. However, such scholarly
activities are essential for educational reflective practice, making decisions based on empirical evidence, and
moving towards a research-based education as well.

4 Conclusion

The results presented here are preliminary and based on three detailed academic staff viewpoints, who are
already highly motivated and engaged towards an innovative and sustainable education through CBL. It does
not allow to make more general inferences about their different viewpoints and to which extent they point
towards a sustainability mindset. This poses the major limitation of the study; however, we consider this
study a ‘seed’ for future work and with potential for further conceptualisation of CBL and sustainability
mindset as strategies to create and deliver a quality of education for sustainability. Whilst we took the point
of departure in exploring the academic staff beliefs, values, and viewpoints on different aspects of their
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professional identity and practice, the results indicated intertwined and interconnected viewpoints that can
be related with personal viewpoints, relational viewpoints, and institution educational viewpoints, hinting
towards not only complexity but also a systemic perspective. Sustainability mindset is undoubtedly complex
and, probably comprises other aspects that were not uncover and explored in this study, which provides
room for future studies. The results show that values and beliefs around teaching are student-centred,
altruistic and, to some extent personal. This study also provides the initial ideas for a model inspired by a
nesting system, with point of departure of the self and expanding to relational and institutional aspects, i.e.,
spaces where academic staff can engage and interact, and might influence their personal and professional
development. Additionally, ATLAS programme is launching the senior teaching accreditation programme
within University of Twente, where the programme will allow enthusiastic teachers from across university to
involve in 3-year fellowship at ATLAS. During their stay, they get involved in learning innovative solutions on
how to include sustainability into their teaching and propose their own educational approaches. This will
enrich debate within the ATLAS community on how to be more inclusive and sustainable in their teaching
practices. Furthermore, the sustainable mindset approach engages learners and educators in questioning,
clarifying ways of being and acting with a broadened understanding which underpins the ATLAS program.
Future studies can take this initial conceptual model as point of departure and investigate in more depth
which ways CBL and academic staff sustainability mindset impacts students learning for sustainability.
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Summary

This abstract looks at the concept of Action Competence and its potential contribution to engineering
education for sustainable development. The abstract outlines an often-highlighted issue of the missing
‘meaningfulness’ in engineering education and suggests action competence as an educational approach that
can help bridge the gap between ‘meaning’ and intended learning outcomes in formal curricula. Action
competence as a theoretical concept is rooted in the central European “Bildung” tradition and Danish critical
pedagogy. In this abstract we take a deeper look at its origin and how it can be combined with problem-based
learning (PBL) in engineering education to create a more meaningful and engaging curriculum to support a
much needed transformation of the understanding of the role of engineering itself in society as well as a shift
towards student-centered learning in engineering education by providing students the ability and the belief
that they can be a part of solving current and future global sustainability challenges.

Keywords: Action competence, sustainable development, problem-based learning, engineering education,
Bildung

Type of contribution: Research extended abstract.

1 Introduction

According to UNESCO (2021) “Engineering plays a vital role in addressing basic human needs by improving
our quality of life and creating opportunities for sustainable growth on a local, national, regional and global
level.” (p. 4). Furthermore UNESCO (2021) underlines the need for transformations of engineering itself, to
be more innovative, inclusive, cooperative, and responsible, if the United Nations Sustainable Development
Goals (SDGs) is to be reached. According to UNESCO (2021) a shift is needed from an academic technical
knowledge-focused path to a much broader interdisciplinary approach to learning, and from a teacher-
centric focus to one that is more student-centered and problem-based. Though the shift is already happening
according to Hadgraft & Kolmos (2020) over the last 30 years there has been seen new student-centred
learning methods, such as design-based learning, inquiry-based learning, problem- and project-based
learning etc. Hadgraft & Kolmos states that “Problem- and project-based learning (PBL) are commonly
proposed solutions in engineering education as a response to a requirement for more complex (and
complicated) learning.” (p. 10). Despite this shift Hadgraft & Kolmos (2020) still request engineering
education with more focus on social responsibility and sustainable development.

In this abstract, we argue for Action Competence as an educational approach to transform problem-based
learning (PBL) engineering education. To broaden the perspective and potential in PBL engineering
education, to include more action-oriented curriculum. Action Competence naturally relates to concepts

9™ INTERNATIONAL RESEARCH SYMPOSIUM ON PROBLEM-BASED LEARNING (IRSPBL):
TRANSFORMING ENGINEERING EDUCATION 2023 143



such as agency, empowerment, literacy and self-efficacy, however for the purpose of this paper we focus
primarily on the Danish understanding of action competence as introduced by Schnack (1993) and its
potential contribution to problem-based learning in engineering education for sustainable development.

We suggest action competence as a practical educational approach between scientific and technological
knowledge and a radical version of the notion of “Bildung” in action competence, to create more engaging
and meaningful engineering education. When we use the word “meaning” we do not only see it in terms of
creating student engagement. What we see as meaningful is having students experience self-confidence in
their knowledge and skills. An interplay where the students can use their knowledge of scientific content and
engineering competencies to impact the greater context of society in practical and action-oriented ways.

To further elaborate on the contribution of a focus on action competence in engineering education, we will
look at the two-part dimension of action competence, the pedagogical concept and competence. We will
first explore the concept of action competence from a general perspective and why it is relevant to creating
functional members of society. We will elaborate on action competence as a pedagogical concept, in order
to outline the pedagogy behind action competence. Afterwards, we will look at the potential of action
competence in its interplay with engineering education from a theoretical perspective. We will look at what
it can provide engineering students, and how it has potential to broaden the perspective on engineering
education. Although outlining a comprehensive guide for implementing action competence in engineering
education is considered out of scope for this paper, we will conclude with a few concepts that we believe
could aid in the building of engineering action competence.

2 Action competence as a pedagogical concept

Action competence is a predominantly Danish concept that originated as a reaction to teaching characterized
by behavior-regulating approaches and which was especially used within environmental
pedagogy/environmental education and health-promoting education. The concept arose in the late 1970s in
a research environment at the, then Danish teacher training college, with roots in critical pedagogy, and only
became internationally used somewhat later (Mogensen & Schnack 2010; Lund, 2020). Later, in the 1980s
and 1990s it became a key concept in research and curriculum development in relation to environmental-
and health education, in Denmark (Mogensen & Schnack, 2010). In our research we have noted that action
competence seems to have been given new life, with an increase in published articles since 2010, which could
correlate with a renewed focus on sustainable education (Chen & Liu, 2020).

Historically, Schnack (1993) is generally credited the original definition of action competence (Sass, 2020;
Chen & Liu, 2020). Schnack (1993) introduced the concept in the field of political education and defined
action competence in terms of the ability and willingness to be a competent participant and describes how
“Education for democracy is thus education for qualification for the role as a participant. It is in this light that
the concept of competence to act must be seen” (translated from Schnack, 1993 p. 7). Thus, action
competence is closely linked to democratic and political personal transformation in the role as an active
participant in the democratic society and to a radical version of the notion of “Bildung” (Mogensen &
Schnack, 2010). In this context, “Bildung” should be viewed as more than formation of the personality
through education. In the utopian dimension of critical theory, “Bildung” aims for the fulfilment of humanity:
“full development of the capacities and powers of each human individual to question preconceived opinions,
prejudices, and 'given facts', and intended participation in the shaping of one's own and joint living
conditions.” (Mogensen & Schnack, 2010, p. 61). In this sense, “action competence” should be viewed as an
educational ideal.

The concept of action as a pedagogical concept, however, traces back to Dewey (1997), who according to
Lund (2020) with his pragmatic concept of experience, connect action closely with intentionality and
understanding of a situation, in which understanding, and creation of meaning are both a driving force and
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motivation for action (Lund, 2020). Dewey links this to problem identification, analysis, and action together
with educational thinking, which emphasizes promoting action on an informed and informed foundation
(Lund, 2020). Furthermore, the roots of action competence in critical pedagogy have roots in Klafki’s (2007)
educational ideal, l.e., in the form of "co-determination”, which implies being able to take responsibility and
empowered to assess and make informed decisions. Klafki (2007) places particular emphasis on "self-
determination”, "co-determination" and "solidarity" as rooted concepts in connection with “Bildung”.
According to Klafki (2007), this concept of education is characterized by the ability to act based on working
through epoch-making key problems, by asserting one's opinion and arguing for one's own, justified beliefs.
In other words, students must be able to deal with global and current societal challenges and problems, with
an emphasis on developing empowerment. As an extension, this paper takes inspiration from Biesta's (2015)
understanding of education, which emphasizes inviting students to co-develop their world. Thus, the internal
formation takes place in the relationship between society and the students' individual formation processes
as a person, which in turn contributes to the development of society (Biesta, 2015). We therefore see that
action competence as an educational approach can function as a direct invitation for students to influence,
co-develop and transform their world, rather than merely adapting to the existing society.

We see the revitalization of the action competence concept in the modern education system, and in
engineering education, as having roots in critical pedagogy similar to the skepticism that arose in the 1970s
(Schnack, 1993) towards the view of the educational task as a matter of behavior modification, not too
different from current ‘leaky pipeline’ discourse and instrumentalization of particularly STEM education.
Rather, we see action competence as an educational approach bound in the pedagogy concept, to foster
empowerment in the future of education for social responsibility and sustainable development. For students
to experience a connection and relevance between the activities and their future careers and personal goals,
as well as an opportunity to participate as active democratic citizens in the development of a sustainable
society, it is essential that engineering education move beyond a mere focus on employability and a strong
disciplinary curriculum (Mulder, 2017). Mulder (2017) argues for the need of rethinking engineering
education to include, developing strategic and analytic capabilities to contribute to sustainable development
and to support engineering students’ public engagement during their studies (Mulder, 2017). He suggests
this should have a leading role in the engineering curriculum design, including systems analysis, technology
history and future studies as a foundation for developing what he refers to as techno-strategic competences,
elaborating that the “(...)issue is not replacing science, modelling- and design courses; it is enabling students
to connect science, modelling- and design work to the main challenges of society” (Mulder 2017, p. 1110).

2.1 Action competence as an engineering sub-competence

In the 1990s the industry voiced a concern regarding a larger focus on engineering science compared to
engineering practice in engineering higher education (Edstrém & Kolmos, 2014). This led to an attempt at
MIT with the introduction of CDIO (Conceive-Design-Implement-operate), to reform engineering education
with an increased focus on what technical and scientific knowledge, skills and competencies were needed in
the engineering industry.

However, the shift in focus on learning outcomes defined by the needs of the industry has not necessarily
led to the desired outcome, as research shows how students still do not possess the needed competencies
for real-world work situations (Walther & Radcliffe, 2007; Chen, Kolmos & Du, 2021; Hadgraft & Kolmos,
2020). Furthermore, they experience a dichotomy between their idea of the society-changing capability of
engineering and the functional attribute focused engineering education (Walther & Radcliffe, 2007). This
dichotomy could be perceived as a failure of engineering education to create meaning for the individual
students.

Problem-based learning (PBL) has been argued to support students to take ownership of the learning process
by having the students working with open ended, ill-structured and real-life problems through self-directed
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learning (Edstrém & Kolmos, 2014). The PBL approach has a wide variation of implementations within
engineering, with problems and projects varying in length and complexity, projects and cases can be picked
to elicit specific learning outcomes or real-world cases that mirror the complexities and open-endedness of
actual engineering tasks (Chen et al., 2021; Kolmos et al., 2020). In this way, PBL in engineering education
has the potential to let students lead, driven by an inner motivation and a desire to act. However, with such
a wide variation in implementations, shared strategies and common approaches are needed to ensure and
encourage this motivation and ownership, particularly for new engineering students new to PBL, who might
experience problems with identifying problems and effective solutions (Chen et al., 2021).

We propose that this issue could be alleviated by developing students' action competence and by having
students engage with problems in society that can be solved with engineered artefacts. A review of empirical
studies on action competences by Chen & Liu (2020), show how “action-oriented and transformative
pedagogy cultivate students to be active participants, empower their capability of deliberating the causes
and effects, and construct their visions for finding strategies toward the problems” (Chen & Liu, 2020 p. 1).
This review (Chen & Liu, 2020), although not focused on engineering students specifically, highlights the
potential for increasing engineering students' interest, motivation, and their perception of ‘meaningfulness’
in learning activities, by including action competence as an educational approach. We view this Active
participation in society as a possible path to creating more socially responsible students/engineers as
requested by Hadgraft & Kolmos (2020). Another request from Hadgraft & Kolmos (2020) is to increase
integration of social contexts, here we also see the potential of action competence, as it could lead students
to not only work with social contexts because it is required, but because they have a drive to help alleviate
societal problems. Further we consider it important to scaffold an educational environment that allows the
students to act based on their ideas and take action in the local community. Where the students can develop
the self-confidence to believe in their own abilities to be able to develop new ideas and solutions to society's
major problems.

In terms of implementing engineering education with a larger focus on action competence we have yet to
conduct a comprehensive literature review. But we have noted the ENACT model, that uses the concept of
SSI’s (Socio Scientific Issues) to identify problems and through that lens has a focus on ethics, society and
sustainability (Hwang et al., 2023). Although Hwang et al. (2023) does not mention action competence, it
shares many perspectives with our belief of a potential direction for future engineering education.

3 Concluding remarks and future work

In this paper, we argue that the revitalization of Schnack’s (1993) definition on action competence as an
educational approach, has the possibility of transforming engineering education in both pre-college
engineering and in higher education. A focus on action competence enforces a shift from an academic
technical and knowledge-focused path to a much broader interdisciplinary approach to learning, and from a
teacher-centric focus to one that is more student-centered and problem-based. We therefore see that action
competence as an educational approach can function as a direct invitation for students to take action and
influence, co-develop and transform their world, rather than just adapt to the existing world. In future
studies, we will explore strategies for implementing action competence in practice in both K12, pre-college
and engineering higher education transitions and its ability to provide the opportunity for students to
experience meaning and a connection and relevance between intended learning outcomes and activities and
their future careers and goals as well as opportunities to participate as active democratic citizens in the
development of a sustainable society.
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Abstract

Researchers and political decision-makers agree that collaboration is a key competence of future engineers
as a prerequisite for tackling the world's complex problems and thus contributing to meeting the UN's
sustainable development goals. However, as we show in the paper, collaboration is often not assessed in
engineering education. In this extended abstract, we frame the problem of assessing collaboration skills
among engineering students. In the paper, we first introduce the problem, then we present the field through
a state-of-art in relation to assessment and then present our methodological design for our upcoming study
of collaborative assessment in engineering education. This extended abstract is a work-in-progress.

Keywords: PBL, collaboration, assessment, sustainability, engineers

Type of contribution: Research extended abstract

1 Introduction

In the last twenty years different scholars have addressed how the labor market that awaits the engineering
graduates is defined by complex problems due to increased globalization and rapid changes in technological
developments (Rompelman, 2000; Lucena, 2006; Bass et al., 2015; Ellis et al. 2019; UNESCO, 2021). This has
prompted the modern employer of not only engineering graduates, but STEM graduates in general, to
demand workers with stronger transversal skillset that enables them to be exemplary in complex problem
solving and collaboration with other professionals (Prinsley & Baranyani, 2013; Hart Research Associates,
2015, 2018; McGunagle & Zizka, 2018; Ellis et al., 2019). The demand for engineering graduates with
exemplary problem solving and interdisciplinary collaboration skills does not solely originate from the labor
market. The United Nations Sustainable Development Goals (SDGs) require skilled engineers who can deliver
the needs and demands of the 21t century (UNESCO, 2021). The Director-General of UNESCO, and the
chairman of the Chinese Academy of Engineering have stressed the crucial role of an innovative and
sustainable STEM curricula, that responds to the shortage of modern engineers for implementing each of the
17 sustainable development goals (SDGs) (UNESCO, 2021). They both state that the problems that awaits the
newly graduated engineers have become more complex, and require multi-disciplinary, cross-country, and
inter-cultural solutions, which in turn require the universities to educate engineers that can create innovative
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and sustainable solutions in collaboration with interdisciplinary teams at both the local, national, regional,
and global level (UNESCO, 2021). The acknowledgment of collaboration as an important skill for engineering
graduates has in the past decade been a focus for organizations responsible for international education
standards, such as OECD and ABET. They state that the international standard for collaboration skills for
engineering graduates includes demonstrating an ability to function effectively as an individual in teams to
accomplish a common goal (OECD, 2011; ABET, 2016). The call for change in the required competencies of
engineering graduates is not new but was pointed out by Bucciarelli (1996) and Petty (1999) in the 90s (see

figure 1).
77=10
Profile traditional engineering curriculum
Weaess
Profile 'modern’ engineering curriculum
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% S H B
knowledge specialist understanding problem other
skills solving skills
skills

Figure 1: The change of emphasis in the contents of engineering curricula (Petty, 1999)

The engineers of the 50s were educated to do their jobs as specialists’' employee within a large, well
organized, hierarchical, and authoritarian organization defined by its technical focus and expertise, while the
engineers of the 90s was educated to be less of a specialist, but trained to cope with problem solving,
uncertainty and teamwork, able to articulate, communicate and defend different proposals and solutions
(Bucciarelli, 1996). What defines today’s engineers, are a requirement to work in a multidisciplinary team,
on interdisciplinary solutions for divergent users, which requires collaboration with different sciences,
professions, and nationalities (Ellis et al., 2019; Hart Research Associates, 2015, 2018; UNESCO, 2021). The
universities need to prepare engineering students for a lifelong career in their respective fields and ensure
that they acquire the skills needed for providing sustainable engineering solutions to the problems of the 21*
century (Rompelman, 2000). This requires that universities focus more intensively on transversal skills such
as interdisciplinary collaboration. A key element in promoting collaboration skills in engineering education is
developing suitable assessment frameworks that correspond with the needed competencies (Rompelman,
2000; Jackel et al. 2017; Evans, 2016; Tremblay et al., 2012; Bloxham & Boyd, 2007; Bigs & Tang, 2011).
Traditionally, engineering students have been tested on their knowledge, skills, and understanding, and even
though a lot has changed in the 21% century, these three themes are still at the gist of what is assessed today
(Halls, et al., 2022).

The aim of this publication is to explore how to develop suitable frameworks for assessing collaboration in
engineering education. This is needed as the assessor often does not get an authentic view of how the
collaboration among students unfolds (Velmurugan, 2022). First, we present what the literature suggests as
best practice within assessment in higher education. These insights help setting the scene and identify
potentials and pitfalls as suggested in the research literature. Further, the state-of-art informs a Future
Workshop (FW) with practitioners which aims to answer our research question:
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How are collaboration processes in engineering education made explicit for students, supervisors and
assessors so that it is conducive to learning?

2 State-of-Art

The literature on assessment and its associated topics are complex (Halls et al., 2022), and although the
literature on assessment in general is comprehensive, the literature about assessment of collaboration is
lacking (Jackel et al., 2017). Literature reviews establish that best practice consists of systematic
considerations of practice on a range of elements (Halls et al., 2022), and as such, the literature divides to
focus on different frameworks of assessment that each deal with their own element of assessment; design,
feedback, or practice. The literature on the design element of assessment tends to overlap in their
presentation of general assessment literature, to then diverge and focus on different individual elements of
the design, such as: the developing of general assessment design in higher education (Bloxham & Boyd,
2007), credit weightings and workloads (Galvin et al., 2012), constructive alignment (Biggs & Tang, 2011),
design of multiple-choice questions (Brame, 2013), design of marking rubrics (Brookhart, 2018; Suskie, 2018),
program level assessment design strategies (Jessop & Tomas, 2017; Hartley & Whitfield, 2012) and program
level reviews (TESTA, 2019; Tomas & Jessop, 2018). Other literature focuses more specifically on the feedback
element of assessment, such as: developing evaluative judgment (Tai et al.,, 2018; Boud et al., 2018),
feedback, enhanced feedback, and student engagement (Evans, 2016; Nicol, 2010; Cockett & Jackson, 2018;
Winstone et al., 2017), formative vs. summative assessment (Lau, 2015), self-, peer- and co- assessment
(Dochy et al., 1999), and developing students’ self-efficacy (Panadero & Romero, 2014). While the
abovementioned literature focuses on different elements of assessment, other literature tries to combine
them and make comprehensive guidelines for assessment practice in general. In Assessment and feedback in
higher education (Jackel et al., 2017), the authors identify the principles and processes that are fundamental
to assessments of not only high quality, but also improves student learning. These principles and processes
detail a framework for assessment design that not only assesses the students, but also reviews the
institutions and programs that form the assessments of the students. Similarly, the Evans Assessment Toolkit
(EAT), made by Evans (2016), not only assesses what the student has acquired, but identifies assessment
priorities in both the individual, the discipline, the faculty, and the university. As such, EAT comes with
detailed guidelines for assessment performance for both students, educators, and program directors to
follow. While the literature surrounding assessment shows a clear focus on specific assessment elements
such as design, practice, and feedback, it also reveals the absence of comprehensive guidelines for the
assessment of collaboration. As described earlier, engineers need skills that enable them to successfully
engage in multi-disciplinary, cross-country, and inter-cultural collaborations. However, literature on how to
assess these skills is lacking. We wish to fill this gap by exploring how we as educators can better assess these
collaboration skills by conducting a future workshop with expert practitioners in the field.

3 Research Design

The Future Workshop is a method that brings practitioners together to criticize a practice and then imagine
a more desirable future (Vidal, 2005). Originally, FW was introduced as a method that engaged participants
in critique, learning, teamwork, democracy, and empowerment in relation to a problem that they wanted to
address. Thus, FW builds on the agency and expertise of practitioners.
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We are inviting teachers within Engineering Education to participate in a FW to develop assessment
frameworks that honor and illuminate collaboration processes and skills. Engineering teachers and
researchers are experts in more than one way: a) they themselves conduct teaching and assess students; b)
they might participate in developing assessment forms; c) as researchers they look at the topic from the
outside and reflect on it.

FW consists of five overall phases: Prior to the workshop the (1) preparation phase is initiated. The
preparation covers planning the FW. Here, themes are determined and formulated, participants are invited
and informed about the purpose of the FW and the practical matters are clarified. The second phase is the
(2) critique phase, here the problem of assessing collaboration in engineering education is discussed and
examined critically and thoroughly by the participants through a brainstorm about the problems they have
experienced and observed. This is followed by a structuring and grouping of issues into some main themes.
In the (3) fantasy phase, the participants try to develop their social imagination by creating a utopia and thus
drawing a caricatured picture of the future that might mitigate the experienced and described problems. In
the (4) implementation phase, the ideas found are assessed in relation to their feasibility. In the (5) follow-
up phase, an action plan is normally drawn up; finally, changes are made if the FW is conducted within an
organization and, if necessary, new FWs are planned (Vidal, 2005).

Knowledge, produced through the FW and subsequent development and testing of ideas will be shared
through two papers: The first paper, presents the central issues with the current practice as experienced by
the participants, how these are narrated and prioritized in the FW. The second paper presents and evaluates
the ideas for new designs for assessment of collaboration in engineering education.
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Summary

Creating an interdisciplinary graduate program on sustainability in the Colombian context represents a
challenge. This paper is intended to inspire other universities that have similar endeavours while raising
awareness about the challenges and difficulties they might encounter, and the benefits it brings. This article
presents the reflections from the founders and the managing director of a Master in Sustainability (MS)
program, that was created and is managed between four schools: Engineering, Law and Social Sciences,
Natural Sciences, and Business and Economics. The reflection includes three aspects that are paramount to
design interdisciplinary programs that require cooperation among different schools. First, usually each school
works independently and has isolated programs that commit strongly to its own discipline, whereas an
interdisciplinary project profits from the expertise of professionals in several fields and has the support of
different schools. Second, to be successful, an interdisciplinary program must be committed to project and
problem-based learning as a learning strategy to solve sustainability problems. Finally, this kind of programs
seek to have a real impact on different sectors of society; for this, it is paramount to have private and public
organizations engaged as allies.

Keywords: Sustainability, Interdisciplinarity, Higher Education, Colombia

Type of contribution: Best practice extended abstracts

1 Introduction

To transform education through innovative learning, teaching, and experiential methodologies that truly
have an impact on students and society is nowadays a necessity. Moreover, educating for sustainability
requires higher education institutions (HEIs) to engage and be willing to break invisible walls that have been
shaped by disciplinary solutions to problems that are, by nature, interdisciplinary. Today, sustainable global
challenges such as climate change, energy transition, waste recovery, biodiversity conservation, and poverty
and inequality demand an interdisciplinary approach for finding solutions that are inclusive, integrate
technology, and respect natural ecosystems (Horn et al., 2022). However, interdisciplinarity faces multiple
challenges related to the epistemological traditions of each discipline, and the structural organization of
universities (Kaplan et al., 2017; Thrin et al., 2021). Although the advantages and the importance of an
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interdisciplinary approach to differentiate and create value in different manners and environments have
been studied (Kaplan, 2022; The National Academies Press, 2020), information on learned lessons from
institutions that have already implemented these programes, is limited. This article presents the reflections
from a group of professors and researchers that worked as an interdisciplinary team to conceive, design, and
launch the first interdisciplinary graduate program in sustainability at Universidad Icesi, a private university
in Colombia, South America.

2 Bringing schools together to create an interdisciplinary graduate program on
sustainability

The Master in Sustainability (MS) was created in 2019, and it is the first interdisciplinary and multi-school
program at Universidad Icesi of this kind. | It was approved by the Colombian Ministry for Education
in 2020, and started operation in the fall of 2021. Five professors working in sustainability from different
fields and affiliated to four different schools came together to create a program that, from its conception,
had interdisciplinarity as the main pillar. They worked as representatives from the schools of Engineering,
Law and Social Sciences, Natural Sciences, and Business and Economics. There were three main reasons for
creating an interdisciplinary program: First, they identified a lack of articulation between schools that
resulted in initiatives, research, and solutions with low visibility. Second, sustainability should be understood
as an intersectional endeavour where educational institutions recognize the strengths and weaknesses of
each school and discipline. Lastly, local, national and international environmental challenges require robust
and inclusive solutions with the potential to positively impact society. With these three main elements in
mind, the Masters in Sustainability graduate program focusses on the central competency of “forming
professionals capable of designing and leading solutions to the most pressing sustainability challenges “. This
objective is complemented by soft skills in critical and system thinking, meaningful communication,
responsible leadership, and ethics. The MS program lasts 1.5 years (3 semesters) and welcomes students
from all disciplines. The MS program offers a unique training curriculum to professionals whom strength their
skills in four areas of knowledge: Sustainable technologies, supported by the School of Engineering;
Conservation biology supported by the School of Natural Sciences; Legislation and public policy supported by
the Law and Social Sciences School, and Business sustainability supported by the School of Business and
Economics. In addition, three aspects foster the interdisciplinarity of MS: professionals from across diverse
disciplines learning from each other, capstone projects related to real-world problems that require an
interdisciplinary approach, and courses taught by at least two professors from different schools (Figure 1).

There were several challenges during the creation stage. These started with the institutional framework of
Universidad Icesi and the Colombian Ministry of Education, that do not encourage the inclusion of the word
“interdisciplinary” on a master degree. This also means that programs should “belong” to only one school.
To overcome this challenge, the team of professors had to justify the importance of having all schools equally
represented and registered within the program. University governance had to be contested with the proposal
of a new structure that would allow for the participation of all four schools in the decision-making process.
This new structure includes an Executive committee formed by each school’s deans, an Academic committee
with the professors who created the program, a Curriculum committee which includes alumni and current
students, and an Advisory board composed by external experts in each field. The program also has a
managing director, whom rotates every two years between the four participating schools. In addition,
Universidad Icesi created a new unit in the information system called “interdisciplinary programs” that deals
with the academic, administrative, and accounting issues related to initiatives like this at the university. It
should be noted that this information system was originally designed to support individual programs
associated to specific schools. Joining four schools has created a common point of discussion that raises
awareness around sustainability and how each school can contribute to it.
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Figure 1: Shared courses between different schools. The majority of courses are interdisciplinary in terms of students,
professors and projects

3 Curriculum design: PBL and POL for solving sustainability problems

The path towards interdisciplinarity requires a paradigm shift in relation to the interpretation of the
development of sustainability in organizations. This was traditionally considered a responsibility of a specific
area in charge of the company’s environmental management, configuring a thought in silo. This area is also
accountable for environmental legal compliance, as well as voluntary business management systems.
Sustainability now requires network thinking developed through the construction of transversal systems,
where the person in charge leads the development of the transformation in the organization. In tune with
the 2030 Sustainable Development Goals agenda, and a long-term 2050 horizon, private and public
institutions should now strive to comply with the global agreements that aim for the decarbonization of the
economy. These transversal systems include developing environmental policies, business sustainability
strategies and projects that integrate functional areas and business units. Thus, if universities wish to form
well-rounded students that can rise to these challenges, they must educate them to develop skills related to
systemic thinking, critical thinking and the management of collaboration and complementarity through
natural and business ecosystems, as well as complex systems (Bursztym & Drummont, 2014).

It is impossible to face current and future sustainability challenges with old and outdated learning
methodologies. Thus, the commitment to new learning strategies is critical. For this reason, the MS program
is based on problem-based learning (PBL) throughout all the courses of the curriculum, and project-organized
learning (POL) throughout the capstone and thesis. In addition, classes are designed on active learning with
an interdisciplinary approach. Al least two professors from diverse backgrounds collaborate in designing,
teaching, and assessing each class. For example, the Sustainable business models’ class is taught by professor
A from the Business School who emphasizes an environmental perspective and professor B from the Law and
Social Sciences School, who emphasizes a social perspective in business models. This interdisciplinary
approach enriches the discussions, debates, and participation during the class.

Capstone projects are designed with three main goals. First, to expose students to real-world sustainability
challenges while collaborating with partners from diverse organizations (e.g., NGOs, private and public
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companies). Second, to develop in students the ability to work effectively in interdisciplinary teams, given
their different professions and backgrounds and third, each semester’s courses are integrated, allowing them
not only to embbed class” concepts in the projects, but also to make more robust solutions as they address
these real-world sustainability issues. Table 2 presents examples of the capstone projects developed to date
and a brief explanation of their impacts under the triple bottom line approach.

Table 2: Sustainable capstone projects developed during 2021 and 2022 and associated impacts under the triple
bottom line approach

Capstone Partner Environmental Social Impact Economic Impact
Project impact
Sustainable Eco-tourism Improvement of Development of New business
Tourism entrepreneurs circular economy shared economy model
practices
Ecosystem of Packaging Reduction of plastic Improvement of Increase of
Recovered Company footprint recyclers recycling rates
Plastics conditions
Sustainable Fruits Company Improvement of Local job Diversification of
Agriculture ecological practices opportunities products
Water Rivers and Lakes Water conservation Community and Platform with
Information Foundation though information society available
Systems engagement information
Sustainable Cosmetics Reduction of Engagement of New business
Cosmetics Company cosmetics footprint vulnerable opportunities
population

4 Engaging organizations in creating value through capstone projects of high impact

The Academic committee has identified three main benefits of interdisciplinary programs. First, organizations
engaged in capstone projects create value beyond the business boundaries while connecting their suppliers,
distributors, and/or costumers in sustainable practices (Miemczyk et al., 2022). Second, capstone projects
can also generate value to the community when relevant stakeholders become active participants in the
solutions along with the students, overcoming set mindsets together. Third, the ecosystem benefits as well
because the environmental aspects are always considered. For instance, the project related to the design of
an “Ecosystem for recovered plastics” allowed the partner company to expand its vision across other supply
chain actors, connecting other companies in charge of collecting and classifying waste as well as companies
in charge of reprocessing the recovered materials for a second life. The value to the community was oriented
to the job conditions and engagement of recyclers. Typically, recyclers are a vulnerable population that lack
acknowledgement for their labour. Entire families earn their daily livelihood from this activity, and the project
exposed these conditions and proposed alternatives considering not only the role of women as pillars of the
family, but also the policies that collection and classification stations must have in reference to keeping
children involved, drug sales and consumption. Lastly, the ecosystem value was achieved in two manners:
through the increase of recycling rates of plastics, and the subsequent socialization of this initiative to
governmental instances in charge of fostering circularity of materials in the city of Cali.

5 Lessons and takeaways

Creating the culture of cooperation and interdisciplinary work is a continuous process that requires patience,
common goals, and a shared vision. Educational institutions need to work seriously on changing the
traditional view of schools being separate and isolated entities in academic and research activities. Instead,
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HEIs should adopt for a view that integrates schools and academics from various backgrounds as part of the
same ecosystem if they really want to provide high quality education that impact society. It is important to
highlight that disciplinary terms create a language barrier; this calls for the identification of common
vocabularies that can make the different disciplines accessible to every student. Indeed, our current training
in silos leads to different visions of the world, variety in the definition of research and its outputs. In other
words, discipline-focused academic education can sometimes difficult communication and the creation of
interdisciplinary knowledge. Similarly, measuring the impacts derived from interdisciplinarity is a complex
task since defining impacts on itself might be different as the vision of the world changes across disciplines.
Students’ assessment also represents difficulties, especially to avoid emphasizing one discipline, something
usually done when teaching.

Regarding structural problems of universities and business schools, we identified balancing targets of
different schools or units within a university might be complex (e.g., priority given to research or teaching).
In this line, satisfying accreditation bodies and tenure-track systems (Thrin et al., 2021), remain discipline-
based creating challenges for interdisciplinarity. To solve the current and future sustainability challenges, is
paramount to strength the relationship between universities and industry willing to learn together, to open
to each other and to risk together in research and projects of diverse nature to achieve more robust, less
impacting, and more inclusive solutions. This alliance between academy and organizations has allowed for
cross-fertilization, which has enriched the master's program, in addition to materializing ideas and solutions
for improving organizations’ performance in sustainability. To this end, finding partners from across
disciplines and varied social, economic, and environmental focuses is crucial, and may need a more regional
or national view of academic programs. At the same time, interdisciplinary programs should attract students
from across disciplines with varied social, economic, and educational backgrounds that will more likely come
from different regions or even countries. Thus, interdisciplinary programs on sustainability should not only
provide on-line program options, but also design meaningful learning experiences to successfully engage
partners and students from all across.
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Summary

This extended abstract is the starting point of ongoing empirical research, which aims at challenging the claim
that the concept of a Free Body Diagram (FBD) in engineering mechanics is a threshold one. In the abstract,
we first discuss the notion of threshold concepts, including making references to literature claiming that FBD
is a threshold concept. We critically discuss this literature. As a first step in discussing if FBD is indeed a
threshold concept, we perform a test to students after following a course teaching the students FBD, among
other things. We did not yet succeed in verifying that drawing FBDs is a threshold concept.

Keywords: threshold concepts, problem-based learning, free body diagrams, engineering mechanics

Type of contribution: Research extended abstracts

1 Introduction

Many authors claim to have identified so-called threshold concepts in various fields, including engineering
mechanics. This extended abstract is the starting point of an ongoing empirical research, which aims at
challenging the claim that the concept of a Free Body Diagram (FBD) in engineering mechanics is a threshold
one. Threshold concepts were introduced by Meyer and Land in their foundational paper (Meyer & Land,
2003). They defined the notion of threshold concepts to describing and analyzing specific aspects of
university student learning: “A threshold concept can be considered as akin to a portal, opening up a new
and previously inaccessible way of thinking about something. It represents a transformed way of
understanding, or interpreting, or viewing something without which the learner cannot progress” (p. 1).
According to Meyer and Land, threshold concepts must have five characteristics. These are:

e Transformative: A significant change occurs from understanding the threshold concept. It can change
how learners think about the discipline, about themselves, or about the world.

e Irreversible: Once a threshold concept is understood, it is not likely that it will be unlearned or
forgotten.

e Integrative: The students suddenly see how details make sense and fit into a large picture. This is also
described by Zepke (2013) as: “Once understood, it enables students to knit dissimilar elements of a
subject together” (p. 100).

e Bounded: In the sense that “any conceptual space will have terminal frontiers, bordering with
thresholds into new conceptual areas” (Meyer & Land, 2005, p. 8).

e Troublesome: Threshold concepts are troublesome in the sense that they are difficult for students
to understand, as they appear counter-intuitive and not easily understood when first encountered.

There are many concepts in engineering that students must understand and some of these concepts can be
regarded as building blocks which should be mastered if the students are to succeed in their studies. An
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example of such concepts is the ability of students to idealize a mechanical system and draw its free body
diagram (FBD) to determine the forces acting on it. A free body diagram is a representation of the external
forces and moments acting on a physical object. The effects of all external connections and supports are
replaced by the forces and moments that those connections and supports can impart (Rosengrant et al.,
2009). Thus, “A thorough understanding of how to draw a free-body diagram is of primary importance for
solving problems in both statics and strength of materials” (Hibbeler, 2019, p. 177). Therefore, we decided
to focus on FBDs in this paper. The participants of our investigation are 1%t year students, enrolled in the study
program “Sustainable Design” at Aalborg University, Denmark. The main research question of our full paper
is: Assuming that FBDs is a threshold concept, how well do the students perform on a longer term on a test
checking their understanding of FBDs?

2 The concept of ‘threshold concepts’

According to Shryock and Haglund (2017), engineering faculty members who teach introductory engineering
mechanics courses find that the ability of students to idealize a mechanical system and draw its FBD is a
threshold concept that, once mastered, can transform the student’s understanding. They developed an
instrument for FBDs containing both free response and multiple-choice questions. Shryock and Haglund have
identified strengths and weaknesses of their students related to FBDs. Using this information, faculty
members can better modify instruction in the classroom related to FBDs. McCarthy and Goldfinch (2012)
developed an online FBD quiz that detects students who understand this concept and those who have
difficulties with it. They found that the FBD quiz is a good predictor of future performance in subsequent
engineering mechanics courses. Prusty and Russell (2011) report that adaptive tutorials, which provide
interactive learning tools for students, help them practice applying concepts and skills in engineering
mechanics, where they get immediate feedback on how well they understand and apply basic concepts.
Moreover, the adaptive tutorials enable teachers to track where students are having difficulties with basic
concepts in the course. Based on this, we can conclude that a vast amount of literature claims that FBDs is
indeed a threshold concept. However, we wish to argue that we do not find the conclusions of these studies
convincing. For instance, Shryock and Haglund merely asked faculty members, not students about this, and
there was no testing of students or monitoring of their learning process. We find that in order to determine
if a concept is indeed a threshold concept, deeper studies are needed.

In terms of ways to teach students threshold concepts, a study by Doody (2009) explored the idea of a
threshold concept in computer science. He examined the effect of using PBL on teaching an introductory
software development course. His findings indicate that PBL was effective in helping the students master
threshold concepts in computing and that the use of PBL to teach novice learners may also help to improve
the students’ ability of retention. Furthermore, regarding the relation of threshold concepts to PBL, the book
Threshold Concepts in Problem-based Learning (Savin-Baden & Tombs, 2018) claims to address a gap in
research and the authors maintain that PBL and threshold concepts are natural partners and argue that
teaching threshold concepts enhances the students’ understanding and practice of PBL. For the purpose of
this research, we regard PBL as an educational framework that also aligns well with the concept of lived
knowledge from Variation Theory (Kullberg et al., 2017). The lived knowledge refers to what the students
actually learn as a result of a learning situation —in this case a PBL learning situation. In this study, we do not
intend to test to what extent PBL caused a certain learning outcome in the students. Rather, we study the
students’ lived knowledge of FBDs after the end of a course to help us answer to what extent it is reasonable
to assume that a FBD is a threshold concept.

3 Methodology

The preliminary investigation was conducted in January 2022 in the form of a written test, right before the
students began their 2"¢ semester on 1 February (Spring 2022). The students were given a closed book, closed
notes test in drawing FBDs of various objects. Drawing FBDs is a topic the students met in the beginning of
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Fall 2021 in an introductory course in engineering mechanics, that includes statics and strength of materials.
At the test, the students were physically present, sitting by themselves without the opportunity to receive
help from each other or the lecturer. The same test will be repeated in January 2023 for the new students
enrolled in the same study program. Moreover, interviews with the new students will be conducted in Fall
2022, right after they are introduced to FBDs. The subject of the interviews is to explore the students’
experiences and obstacles in learning the concept of FBD. In the years 2018-2021, the first author used
Problem-Based Learning (PBL) as a method to teach the basic concepts of the course. The PBL
implementation in the course is fully described in Abou-Hayt et al. (2020). The textbook by Hibbeler (2019)
is used throughout the course, in addition to notes and slides, which are made accessible on Aalborg
University’s learning management system, Moodle. The course problems were deliberately chosen in such a
way that, on the one hand, they were related to the students’ first semester project, where they should
design (or redesign) equipment for a playground for children, and on the other hand, all the central topics of
statics and strength of materials were represented in the questions asked in the formulation of the problems
(Abou-Hayt et al., 2020).

The participants of the test are 23 out of 33 1% year students, enrolled in the "Sustainable Design" engineering
bachelor study program at Aalborg University. The students have already followed a PBL-implemented course
in statics and strength of materials in Fall 2021, and were chosen for convenience, since the first author is
also their instructor in the course. Not all students in the class were present for the test, as participation in
courses is not mandatory. The test was part of an exam brush up session, and it can therefore be assumed
that students who felt in need of a brush up would attend. The test given was anonymous; it consisted of six
figures of various objects and the students should draw the FBD of each, by hand. The duration of the test
was 15 minutes. The first author told the students that the aim of the test was to investigate how well they
still remember, understand, and apply (Anderson & Krathwohl, 2001) the principles and methods of drawing
FBDs as well as to improve the future teaching of the course. In view of this, the first author has got
permission from the students to use the tests for research. A correct FBD for each object is worth one point,
giving a total of 6 points for the whole test. Each object has two constraints. If the forces or moments are
drawn correctly on only one constraint, the student will get a half point. If a support requires two forces and
the student draws only one, no credit will be given. The responses of the students were collected and graded,
and the students’ scores were analyzed using descriptive statistics. The results of the tests would also
function as feedback for the instructor on how to improve the teaching and learning of FBDs in the next
offering of the course. The objects of the test are shown in Figure 1.
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Figure 1: The six parts of the test given to the students.

In addition, the test will also be used to analyze the students’ lived knowledge of FBDs as well as to enable
us to see if the students had any a long-term retention of the knowledge of FBDs, since a test given directly
after the lesson is not an indicator of long-term change in the students’ experience. The objects of the test
were deliberately chosen so that they involve the most used types of supports and connections encountered
in engineering practice. Moreover, drawing the FBDs of these supports and constraints is a prerequisite for
a successful application of the equations of equilibrium in engineering mechanics.

4 Results

The test is graded according to the scheme mentioned above. The performance of the students is shown in
Table 1 and Table 2. The results show that many students still can remember drawing FBDs and most of them
are able to differentiate between the different kinds of constraints and supports given.

Table 1: Students’ performance on the individual parts of the test.

Part Number of students Number of students Number of students  Average
who score 1 who score 0.5 who score 0

(a) 10 11 2 67%
(b) 16 5 2 80%
(c) 16 6 1 83%
(d) 16 5 2 80%
(e) 2 19 2 50%
(f) 15 7 1 80%

In Table 1, we notice that only very few students scored 0 points at any parts of the test and that the average
score is quite high, apart from part (e).
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Table 2: Students’ performance on the whole test.

Number of Average student Average student Standard deviation of
students score per part grade of the test the average grade
23 73% 4.4 0.1163

Table 2 showed the overall student performance on the test, which with 73% and an average grade of the
test as 4.4 (scale 1-6), would on average have given the students a high mark, had this been a regular exam.
Only two students managed to answer part (e) correctly. They are also the same students who got full score
on the whole test. As seen from Table 1, most students failed to realize that the collar in part (e) exerts a
couple moment on the rod AB, in addition to a reaction force. In addition, many of them thought that the
rod on which the collar slides is part of the object in interest and have drawn a FBD for the whole system. It
may be the case that those students have misunderstood our question: “Draw the free-body diagram of each
object”. They may have thought that we meant the whole figure.

Meyer and Land make the strong claim that threshold concepts are troublesome to learn, absolutely.
However, our initial results could not verify that the difficulties the students may have in drawing FBD, are
due to the concept of FBD. Nor could we find that FBDs are intrinsically difficult to learn and inherently
troublesome for all students. In fact, the students taking this test got a quite good result, also considering
that these students might be the ones who felt the need to attend this exam brush up session. Rather, our
study shows that the difficulties that some students encounter in drawing FBDs are normal didactical
challenges of teaching core concepts as well as about the abilities of individual students to grasp these
concepts. The results also show that troublesomeness in FBDs is a student-relative attribute and that
students in a PBL-setting seem to have been able to reduce it. If troublesomeness can be gradually reduced
by improved teaching methods, or by being taught in another type of educational setting, can it still be a
major, defining characteristic of a threshold concept?

5 Discussion and conclusion

Meyer and Land (2003) mention a series of examples of threshold concepts. They claim that the concept of
limit in mathematics is a threshold concept (p. 3). They report that mathematicians themselves were aware
of the issues that surround the concept of limit, referring to them as epistemological obstacles. These
obstacles are related to the historical development and formalization of the concept of limit. It may be in
place to mention that we dealt with this same concept of limit in Abou-Hayt et al. (2019). We have used both
PBL and another well-established educational theory, namely the Theory of Didactical Situations (TDS)
Brousseau (2006) to tackle the epistemological obstacles of the concept of limit. This is another example of
the success of PBL in taming the so-called threshold concepts. In TDS, the instructor engages the students by
designing didactical situations that enable the students to overcome the epistemological obstacles (Artigue
et al., 2014). If a threshold concept is identical with an epistemological obstacle, what then is the difference
between a threshold concept and a core concept? Isn’t the “discovery” that the limit of a function is a
threshold concept just old wine in new bottles?

Our study showed that on almost all items, the students scored very high on the test taken some time after
the students had followed a PBL-based course teaching them about FBDs. Is this then evidence that PBL was
the primary reason of their successful learning? Without an actual randomized experiment with control
group, one cannot conclude this with any certainty, however we wish to argue that our study is existence-
evidence of undergraduate students successfully learning the presumable threshold concept FBD in
engineering mechanics through a PBL-based course. Furthermore, given that the test was given to the
students a long time after the teaching is over, this suggests that the PBL-driven instruction in FBDs had a
positive long-term effect on the students’ knowledge. The difficulty that some students have with conceptual
material is familiar to all teaching practitioners and it is of course important that educators know those
concepts that cause student difficulty in understanding them. The question is on what grounds we think that
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