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SEFIlis the largest network of higher engineering education institutions (HEls) and edu-
cators in Europe. Created in 1973, SEFl is an international non-profit organisation aiming
to support, promote and improve European higher engineering education, enhancing the
status of both engineering education and engineering in society.
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ENGAGINGENGINEERING EDUCATION

Engineering students engage with society designing new solutions to help solve complex
problems. Interdisciplinary opportunities arise when they engage with other disciplines.
Engagement of businesses and organisations helps to prepare our students for their fu-
ture career. The 48th SEFI Annual Conference focuses on engaging current and future stu-
dents in their education and in an engineering career by bringing together teachers, rese-
archers, engineering professionals, students, managers, policymakers and deans in higher
education. Via research papers, concept papers, short papers and workshops, participants
have contributed on the following topics, between brackets the number of submissions
that link to each topic™:

= Interdisciplinary engineering education, linking different disciplines both inside and
outside engineering, linking with society (50).

= Engineering curriculum design, challenge based education, maker projects, use of pro-
fessional tools (33).

= Sustainability and ethics, embedded and dedicated approaches (25).

= Mathematicsin the engineering curriculum (10).

= Physicsin the engineering curriculum (10).

= Highereducation and business: collaborations and career support (12).

= Diversity and inclusiveness (22).

= Internationalisation, exchange options, joint programs (5).

= Futureengineering skills and talent management (48).

= E-learning, open andonline learning, blended learning, virtual reality (34).

= Engineeringin Schools, improving visibility of engineering disciplines (12).

= Niche &novel engineering education topics (25).

Session formats were somewhat adjusted after it was decided to have an online conferen-
ce. This way all sessions are optimized for both good introductions but also for questions
and debate. A highly valued tradition is to kick off the conference on Sunday with a doc-
toral symposium in which engineering education phD candidates discuss their work with
peers and senior engineering education researchers from around the world.

"Each contributed was asked to link to two topics allowing overlapping submissions to be visible in both.
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WELCOME

JAN VAN DER VEEN

ELAN, Department of Teacher Development
University of Twente

SEFI12020 Chair

Welcome at the 48" SEFI Annual Conference! Engaging Engineering Education is what we
are working on, even more so now that large parts of our education have moved online.
We face many challenges, such as: improving inclusiveness of our programs, increasing
sustainabilityinmanyareas, preparingourstudentswithprofessionalskills,developingnew
interdisciplinary engineering domains and contributing to the economy in a meaningful
way. Let us now celebrate the progress reported and let us make plans for new engineering
education activities. The keynotes and 150 contributions by academics and students will
be inspiration for us all.

Together with SEFI, the University of Twente is hosting this conference working together
with Saxion University of Applied Sciences and the Technical Universities of Delft, Eindho-
ven and Wageningen, our partners in the 4TU Centre for Engineering Education.

We thank all our international colleagues who invested considerable time and effort in
preparing papers, sessions, workshops, symposia and those who contributed to this confe-
rencevia the International Organizing Committee and via reviewing proposals.

We are proud and happy to host this first online SEFl annual conference. Engage with your
colleagues, get yourinspiration and debate how we can do even better. Finally, the commu-
nity is used to enjoy and celebrate this yearly gathering. Let’s make that happen online as
well, with a special warm welcome to many newcomers.
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KEYNOTE SPEAKERS

Keynote Speakers:

GREET LANGIE

Professor Greet Langie is since 2012 the vicedean of education of the Faculty of
Engineering Technology at KU Leuven (Belgium). She’s responsible for the design
and implementation of a completely new engineering curriculum, that in the
end will be organized for more than 6000 students. As a researcher in Enginee-
ring Education Research, she founded LESEC, the Leuven Engineering and Science Education Center.
This KU Leuven-community gathers researchers and practitioners contributing to the advancement
of STEM education. Her research interests are in the domain of study career guidance: the transition
from secondary education to higher education and the transition from university to professional life.

Professor Langie received the IGIP title ING.PAED.IGIP h.c.’. She is active in several international net-
works such as: board member of SEFI, co-organizer of the IIDEA-summercourse at Tsinghua University
and member of the BEST Advisory Board.

FOCUS ON THE EXIT TO KEEP THEM IN. CAREER DEVELOPMENT AT THE
START OF ENGINEERING EDUCATION

The world of work after the Covid-19 battle will look different. Career development will become even more im-
portant. Research has shown that a better understanding of the professional future has positive outcomes
for student learning and job satisfaction. Knowing what an engineer is and what kind of engineer students
want to be, requires the ability to critically reflect on personal interests and strengths and weaknesses. How
can we support our students to become more aware of their engineering identity and the wide variety of

career options?
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PIERRE DILLENBOURG

Pierre Dillenbourg is a full professor at the educational ergonomy lab of EPFL
(Lausanne, Switzerland). His projects combine the design, building, testing and
researching of new learning technologies and online learning. Research areas in-
clude virtual reality, MOOCs , ergonomy, educational robotics and learning ana-
lytics. This has resulted in cutting-edge applications with European partners, as
well as numerous master and phd theses. Pierre Dillenbourg heads the EdTech
Collider incubator for new educational technology spin-offs.

ESCAPING REALITY: THE VALUE OF ‘A’ IN AUGMENTED REALITY

Virtual reality and augmented reality strive for realism. In virtual reality, the holy grail is to create photorea-
listicscenesin order to generate a true feeling of immersion. In augmented reality, developers aim toreach a
perfect integration (alignment) between digital and physical objects. However, the added value of these en-
vironments for educational purposes isinstead their difference with reality. Walking through a dense forest
of neuronsis not possible in the world. In learning environments, the A of AR does not refer to visual overlay
of digitally-generated and camera-captured scenes but to enriching reality with pedagogical properties. AR
can make visible what is usually not visible, e.g. showing forces in the beam structure of a roof. AR allows
non-realistic manipulations of reality such as changing the color of a flower, moving a planet or changing the
season.Ineducation, graphical realismis useful but not sufficient. What makes AR relevantisits partial free-
dom from raw fidelity, the opportunities AR offers to experience phenomena differently than the real world.
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GERARD VAN DER STEENHOVEN

Professor Gerard van der Steenhoven is the general director of the Royal Nether-

lands Meteorological Institute (KNMI) since 2014. He is also a parttime profes-

sor Meteorological and Climatological Disaster Risk Reduction at the Faculty of

Geo-Information Science and Earth Observation (ITC) at the University of Twen-
te. Before this, he was the Dean of the Faculty of Science and Technology at the University of Twente.
In that period he was also responsible for the start of the Twente Graduate School, which supports
new researchers university-wide.

As the general director of the KNMI Van der Steenhoven is a board member of several international
meteorological organisations such as WMO, EUMETSAT (chair), ECMWF, EUMETNET and ECOMET. He is
an advisory board member of the Sonnenborgh museum in Utrecht, the Dutch Research Council NWO,
the Royal Netherlands Institute for Sea Research NIOZ, and the NLingenieurs. He also participated in
several audit committees related to program accreditation.

CLIMATE CHANGE TEACHING AND THE COVID-19 CRISIS

In almost every educational engineering program around the world some time is spent on
sustainability. And when explaining the importance of sustainability as a design criterium, the motivation
oftenincludes some sections on climate change.

Introducing climate changeinalectureisassuchnotverydifficult,as theeffects (meltingice sheets, extreme
weather events) are visible everywhere. Still, after such a lecture many questions are asked - which is good
-on the soundness of the evidence and the relevance of the mitigation and adaptation measures proposed.

In this keynote lecture | will show how both the ozone hole observed above Antarctica since the *80-ies of
the last century and the COVID-19 crisis we experience in 2020 serve as excellent examples on the reality of
climate change. The key message being that these events unambiguously proof human influence on the che-
mical composition of the atmosphere. Moreover, these examples can also be used to show the effectiveness
of mitigation measures. The importance of these two examples cannot be underestimated in the light of
discussion on the Paris Climate Agreement of 2015.

The COVID-19 crisis brings suffering almost everywhere around the globe. This is clearly very regretful. In con-
trast to this, this worldwide crisis brings about educational innovations and advantages, which otherwise
would have taken years tobeintroduced. Forone, every student feels free to type a question in the chat box,
not bothered by any social process going on in the group preventing her of him from posing the same ques-
tion publicly. This reduced threshold may also apply to the usage of other digital tools aimed at increasing
student participation.

Finally, I will take this opportunity to share with you some recent developments in climate change science
which you should feel free to use in your own programs back home.
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RUTH GRAHAM

A Mechanical Engineer by training, Dr Ruth Graham specialised in aeronautical
fatigue, working with BAE SYSTEMS for a number of years. In 2002 she moved
to Imperial College London, where she became Director of the EnVision project,
which sought to transform the undergraduate education across the Faculty of
Engineering and improve its culture of support and reward for teaching excellence. Ruth has worked
asanindependent consultant since 2008. Her work is focused on fostering change in higher education
across the world; helping to improve teaching and learning and supporting the emergence of techno-
logy-driven entrepreneurship within universities. Ruth’s recent projects have included a global bench-
marking study on the future of engineering education, a multi-year initiative to improve the reward
and recognition of teaching in higher education that is now supporting reform to the tenure and pro-
motion systems of over 50 universities worldwide, and a cross-institutional teaching cultures survey,

in which 20 universities are participating.

CELEBRATING AND REWARDING TEACHING: GLOBAL
COLLABORATIONS FOR CHANGE

Despite a shared mission across the higher education sector to drive positive educational change, it is wide-
ly recognised that career advancement for academic staff rests primarily on their research profile. Such a
research-centric university reward system imposes major barriers to innovation and change in engineering
education. However, a growing number of universities are fundamentally rethinking the ways in which aca-
demic achievements in teaching are supported, evaluated and rewarded. Often working in collaboration
with national or global peers, many are making fundamental changes to their academic career pathways and
reward systems. Implementing such systemic reforms, however, are not easy. Their success often rests on
whether the academic community trusts that these new policies will be delivered in practice by university
decision-makers, as well as the alignment of wider institutional processes, such as annual appraisals. A new
cross-institutional survey has been launched to monitor the perceptions and experiences of the academic
community throughout the change process. Using three cross-sectional surveys, the Teaching Cultures Sur-
vey capturesand tracks the perceived culture and status of teaching at universities across the world that are
currently preparing for or already implementing systemic reform to their academic reward systems. The first
set of survey findings, released earlier this year, shines a spotlight on the experiences and perspectives of
teaching amongst the academic community as well as the opportunities and barriers to change.

The keynote will highlight the global advances made in reforming academic career pathways and improving
the recognition of university teaching. It will also highlight findings from the 2019 Teaching Cultures Survey,
in which over 15,500 academics participated from across 21 universities and 10 countries. It will conclude by
discussing how the momentum for improving the recognition of teaching can be advanced and sustained in
the context of the rapid shift to online teaching and learning resulting from COVID-19 restrictions.
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EXPLORING STUDENTS’ CONCEPTIONS OF VECTORS:
A PHENOMENOGRAPHIC STUDY

| Abou-Hayt'
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B Dahl
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“He cannot, England know, who knows England only.”
Ference Marton

ABSTRACT

The concept of vector plays a central role in engineering mechanics and strength of
materials, where many quantities are vectorial in nature. Phenomenographic studies
can be useful in revealing the different perspectives of the students’ understanding of
vectors and variation theory is a promising approach to improve the teaching of
vectors. In this study, we will use the frameworks of phenomenography and variation
theory to explore students’ understanding and difficulties in using the concept of
vector. The data consists of pre-, post- and delayed post-tests questions about
vectors as well as student project reports in the course “Models, Mechanics &
Materials”, given to first-year engineering students, studying “Sustainable Design” at
Aalborg University, Copenhagen, Denmark. The results of the pre-test suggest that
most emphasis in teaching vectors in upper secondary school mathematics has
been on the algebraic representations of vectors and less on their graphical
representations, the mastery of which is essential to succeed in engineering courses
such as mechanics and strength of materials. The results of the post- and delayed
post-tests as well as the students’ project reports showed some improvement in the

! Corresponding Author
| Abou-Hayt
imad@plan.aau.dk
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students’ performances after using variation- and context-based teaching of vectors
in the course. The article concludes with some proposals on how the results of this
study can be used to enhance the teaching and learning of vectors at the upper
secondary schools and the university.

1 INTRODUCTION

Understanding many concepts in physics and engineering, such as force, moment
and velocity, stands or falls on a firm grasp of the concept of vector [1]. Several
studies investigate students’ conceptions of vectors. For example, [2] investigated
2,031 physics students’ understanding of vector addition, magnitude and direction.
They prepared a list of questions about vectors in all introductory general physics
courses at lowa State University as pre- and post-tests. The outcomes showed that
most of the students were unable to carry out two-dimensional vector addition after
completing a physics course. [3] found that many students were not able to add or
subtract vectors graphically after traditional instruction and could not answer
qualitative questions about vector addition and subtraction. Their results are
consistent with those of [2]: Students have difficulties performing basic vector
operations. However, none of the previously mentioned studies investigating
students’ understanding of vectors utilized a phenomenographic perspective to
design a lesson in vectors and to explore specific aspects in students’ conceptions of
vectors. This paper is an attempt to do so. Our empirical data consists of students’
achievements on vectors through a pre-, post- and a delayed post-test as well as
students’ project reports in the course “Models, Mechanics & Materials”, given to
first-year engineering students in the years 2018-2019, studying “Sustainable
Design” at Aalborg University, Copenhagen, Denmark.

Thus, the main purpose of the article is an investigation, using a phenomenographic
perspective, whether the use of variation in teaching can contribute to improved
learning of vectors. Variation theory is described below.

2 ON PHENOMENOGRAPHY AND VARIATION THEORY

How is it that two students who are sitting in the same class on the same day with
access to the same materials can come to understand a vector (or any engineering
concept for that matter) differently? There may be many answers to this question.
“Variation theory is a theory of learning and experience that explains how a learner
might come to see, understand, or experience a given phenomenon in a certain
way” [4, p. 3391]. Variation theory stems from the phenomenographic tradition [5],
which is an educational research method developed in the early 1980’s by a
research group at the Department of Education at the University of Gothenburg in
Sweden [6]. It grew out of a series of empirical research studies that attempted to
answer the questions “(1) What does it mean that some people are better learners
than others? And (2) Why are some people better at learning than others?” [7, p.
146]. [6] asserts that there are a limited number of qualitatively unique ways in which
different people experience or perceive the same phenomenon. Thus, the goal of
phenomenographic research is to identify and describe the variation in experiences
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or perceptions that students have of a given phenomenon. The phenomenon under
study can also be a concept or an event.

Variation theory, sometimes referred to as “new phenomenography”, reflects a shift
within the phenomenographic research tradition that occurred in the 1990s [4].
During that time, phenomenography was criticized as being a purely descriptive and
theoretical framework. In other words, although phenomenography and its methods
could be used to identify and describe the range of experiences a group of people
had with a given phenomenon, it could not explain why that variation in experience
existed. Variation theory can be seen as a more theoretical extension of
phenomenography, in that it attempts to explain how students (and generally,
people) can experience the same phenomenon differently and how that knowledge
can be used to improve classroom teaching and learning [8]. One of the most
important tenets of variation theory is that seeing differences precedes seeing
sameness [9]. The quote mentioned at the top of this document illustrates this claim:
You cannot possibly understand what English is simply by listening to different
people speaking English if you have never heard another language. Similarly, you
cannot possibly understand what a vector is by only inspecting different examples of
vectors.

To gain a complete understanding of a phenomenon, four different patterns of
variation have been identified. These signify the difference between the aspects that
stay invariant in a learning situation and those that do not. These are [10]:

1. Contrast: A person needs a point of reference to compare something with
something else.

2. Generalisation: Variation in values of that aspect is necessary to discern the
phenomenon.

3. Separation: In order to be able to separate certain aspects from other
aspects, the phenomenon must vary while other aspects remain invariant.

4. Fusion: In cases where the phenomenon must be experienced in its entirety,
it is necessary that a situation should be present where these aspects are all
experienced simultaneously. Therefore, there is a fusion within the
dimensions of variation of the specific critical aspects.

In variation theory, a teaching situation involves the intersection of two domains of

knowledge and experience, the teacher sphere and the student sphere. The
knowledge processed during a teaching situation can have three different outcomes
[11]:

e The intended object of learning is what the teacher initially intended the
students to learn.

e The enacted object of learning is what is made possible by the teacher for the
students to learn in the lesson.

e The lived object of learning is what the students actually learn as a result of a
learning situation. This knowledge can be analysed both individually and
groupwise.
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The following representation of the three forms of knowledge is the authors’ own
modification of the model proposed by [12, p. 210].

Fig. 1. The three different perspectives of knowledge in variation theory

3 STUDY METHODOLOGY

The participants in the study are 42 first-year engineering students, enrolled in the
study program “Sustainable Design” at Aalborg University, Copenhagen, Denmark.
We chose these students because of convenience in sampling and also because the
topics of the course can be found in many engineering programs. The students were
given a pre-test in the first day of class of the course “Models, Mechanics &
Materials”, held in the Fall semester 2018. The first author was the lecturer in the
course. The pre-test includes many questions about basic topics from upper
secondary school mathematics, including the following two questions about vectors:

1. By referring to Fig. 2 below, it is given that |d| = 4 and |b| = 3. Sketch the
vector @ + b and calculate its length (numerical value).

2. By referring to Fig. 3 below, it is given that |d@| = |b| = 5. Sketch the vector

d — b and calculate its length (numerical value).

Fig. 2. Two perpendicular vectors Fig. 3. Two oblique vectors
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These questions are chosen because they represent some critical features of a
vector (in contrast to a scalar, for example). The post-test and the delayed post-test
consist of the same questions as the pre-test. The post-test was conducted at the
end of the course in December 2018, where the students also had to submit a group
report in the course project. The same class received the delayed post-test at the
end of the Spring semester in June 2019.

The results of the tests are collected and analysed, while the students’ project
reports are made accessible on Aalborg University learning platform, Moodle.
Assessing the students’ prior knowledge through a pre-test would make the students
aware of the contents they are expected to learn and can potentially influence the
learning experience of the students [13].

The purpose of the delayed post-test is to analyse the lived knowledge of the
students as well as to enable the researcher to see whether the changes in
knowledge have a long-term effect or only a short-term effect of the lesson. As
educators and researchers, we are naturally interested in developing sustainable
learning, since tests given directly after the lesson are not indicators of long-term
change in the students’ experience.

4 LESSON DESIGN

According to variation theory, the role of the teacher is to design learning
experiences for students to make it possible for them to discern the critical features
of the object of learning [14, p. 195]. However, variation in teaching does not
guarantee that the student will in fact discern the object of learning at stake, as
discerning depends on the student’s previous knowledge, current state of mind,
interest in learning, etc. The curriculum of the course Mathematics A at the upper
secondary education in Denmark (highest level) involves an introduction to two-
dimensional vectors [15], mainly in coordinate form. Examining some textbooks that
implement the curriculum, for example [16], the authors found that the concept of
vector is used merely as a synonymous of free vector, which is not enough for the
university students to discern all the critical features of a vector, as applied in the
course. Variation is therefore needed to discern those aspects of vectors not
previously discerned by learners. Using variation and simultaneity between aspects,
the students can learn to see vectors in new ways.

Presumably, the students have studied vectors as quantities having both a
magnitude and direction in contrast to scalars, which only have a magnitude. Below
we give excerpts of the actual lesson on vectors given by the first author. We started
by reminding the students of what they have learned about vectors and scalers by
giving examples, as in the following figure:
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Fig. 4. Scalars and vectors

We then asked the students to compare and contrast the vectors in the following two
figures. In Fig. 5, the velocity of the rocket test sled is a free vector since the velocity
is the same at all points in the sled whereas the two force vectors in Fig. 6 are fixed
(or bound) since changing their positions will alter their effects on the mattress. The
velocity vector in Fig. 5 corresponds to the mathematical definition of a vector (read:
free vector). In Fig. 6, the two aspects magnitude and direction remained invariant
while the point of application varied. This situation corresponds to the separation of
aspects in variation theory.

Fig. 5. A free vector Fig. 6. Fixed vectors

We then showed the students two different examples of a sliding vector. In Fig. 7,
the four cable forces can “slide” along their respective lines of action, along the
cables, similar to the weights of the two traffic lights in Fig. 8 which can also “slide”
along their respective lines of action, but perpendicular to the horizontal beam.

Fig. 7. Sliding vectors (l) Fig. 8. Sliding vectors (ll)
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A fusion of all aspects of a vector results when we generalize the mathematical
definition of a vector, by giving our own definition:

e A vector is a quantity that has a magnitude, direction, line of action and a
point of action.

¢ |If the line of action does not pass through a certain point in space, the vector
is called a free vector. It is freely movable in space

¢ |If the line of action is fixed, the vector is called a sliding vector. It does not

have a unique point of action.

If the point of action is unique, the vector is called a fixed vector.

5 RESULTS OF THE STUDY

The focus of this section is on whether teaching vectors using variation theory has
contributed to improve the students’ understanding of some critical features of
vectors. 42 students took the three tests, but only 40 answered to the delayed post-
test.

Table 1. Distribution of conceptions between Pre-, Post- og delayed post-test

Student conception Pre-test scores Post- Delayed post-test
test scores
scores
1) Sketching d@ + b 70% 91% 74%
2) Finding |d@ + b| 72% 80% 79%
3) Sketchingd — b 27% 61% 53%
4) Finding |d — Bl 20% 39% 32%
Table 2. Mean and standard deviation (SD) for students’ achievement in the three
tests

Test Mean SD

Pre 1.86 1.08

Post 2.80 0.97

Delayed post 2.2 1.05

In order to find out if the differences between the scores of the pre-test and the
delayed post-test were significantly different, or not, a paired t-test was conducted:
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Fig. 9. Results of a statistical test to compare the two means of the
pre-test and the delayed post-test

As seen in Tables 1 and 2, the students achieved significantly better test scores in
the post- and delayed post-tests than in the pre-test although the delayed post-test
scores were all a little below the post-test scores. For example, there was a
considerable increase in the students’ scores on sketching the difference vector a —

b from 27% in the pre-test to 53% in the delayed post-test. A close look at the
results of the pre-test showed that many students who gave wrong answers in
finding the length |@ — b|, have erroneously used Pythagoras’ theorem to calculate
the length, which they have previously learned in connection with finding the length
of a vector, given in coordinate form. This would suggest that the geometrical
aspects of vectors were given a minor role, whereas the algebra of vectors is much
more dominant at the upper secondary school. In fact, the length and direction of a
vector are critical geometrical features of a vector that cannot be discerned merely
by using vector coordinates.

The paired t-test (Fig. 9) found the p-value to be 0.0761, which means that we can
reject the null-hypothesis that the mean difference between the two sets of answers
is zero at a 10% significance level, but not at a 5% significance level. Thus the
students did in fact score somewhat higher in the post-delayed test on average.

It seems, therefore, that using variation theory as a lesson design tool together with
teaching vectors in the context of statics and strength of materials would improve
students’ learning in vectors. This study imparts some empirical evidence that
support the use of variation theory as a pedagogical guide to design lessons in
vectors in the classroom.

In the figures below, we show excerpts of some students’ answers.
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Fig. 10. A student solution for finding d + b in the pre-test.  Fig. 11. A student solution for finding |d@ — T;| in the
The length is however correct pre-test. Notice the use of coordinates and
Pythagoras’ Theorem

Fig. 12. A student solution for finding @ — b in the pre- Fig. 13. A student solution forfinding @ — b
test in thedelayed post-test

6 CONCLUDING REMARKS AND DISCUSSION

Variation theory is a promising tool for investigating students’ conceptual
understanding. However, the authors find that the theory ignores the effects of the
students’ prior knowledge on the lived object of learning. In fact, some studies have
shown that the students’ prior knowledge affects their learning when comparing
multiple examples in teaching [17]. The students’ prior knowledge itself could be
thought of as a pre-lived object of learning, while students’ understanding of the
object of learning after the learning event takes place could be a post-lived object of
learning. However, each individual encounters a unique set of experiences that
shapes a unique cognitive framework and guides the perception and integration of
new knowledge within the individual. Thus, prior knowledge is an important element
in the construction of conceptual knowledge [18]. That is why we decided to integrate
the students’ prior knowledge about vectors to construct a new understanding of
vectors, which itself becomes part of the students’ prior knowledge for afuture
learning experience. As seen in Tables 1 and 2 and Figure 9, the results of the
delayed post-test seem to suggest that the students did not fully retain what was
learnt, but the fact that a lot was retained means that this knowledge would indeed
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become part of the pre-lived object of learning. Furthermore, when the students took
the delayed post-test, they were busy with the actual exams and motivating them to
take this test for the benefit of research was not easy, which might also explain the
drop.

In this regard, the authors suggest that the curriculum of vectors in Mathematics A at
the upper secondary schools and in engineering mathematics courses should
include all kinds of vectors that the students will encounter in science and
engineering, given the fact that many students enrolled in Mathematics A will study
science, mathematics, engineering or technology at the university.

Since instructional materials, including both physical and virtual resources, are
designed to facilitate learning [19], they can have an unintended influence on the
enacted object of knowledge. Therefore, the authors call for the inclusion of more
examples on the geometrical aspects of vectors and their applications in physics and
engineering in upper secondary mathematics textbooks.

7 FUTURE RESEARCH PERSPECTIVES

Recent research studies reported that the integration of variation theory in classroom
instruction improves students’ performance significantly [20, 21]. Considering the
success of the integration of variation theory in teaching vectors, it is possible to
combine variation theory, animations and Problem-Based Learning (PBL) in major
topics of the course, such as equilibrium of rigid bodies, materials behaviour and
stress analysis, by allowing students to construct their own knowledge. Studying the
different forms of the objects of learning during their three phases: the intended, the
enacted (read: constructed) and the lived, and the influence they would have on the
learning outcomes of the whole course, would be an interesting subject for a future
article.
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ABSTRACT

Technology is impacting education in a number of ways. Examples include the
advent of online education, maker tools such as the Arduino, and software such as
intelligent tutors. Within this context, MIT Open Learning is working on
understanding, supporting, and further developing the role of computer-based
immersive learning technologies including augmented, mixed, and virtual reality
systems (collectively called extended reality, or XR) in education. XR has often been
positioned in the market as the next disruptor that will revolutionize STEM education.
Such immersive learning systems have the capacity to support learners not only in
knowledge, skill, and tool mastery, but also with engagement in STEM subjects
(affect), seeing oneself as a STEM practitioner (identity), broadening participation
through cultural customization (diversity), communicating as a STEM professional
(discourse), and more. However, many crucial challenges, related to bringing XR to
class are seldom considered. In a review of literature over the last 5 years, and
augmented by our own studies, we find that some aspects of immersive learning
systems have been evaluated usually in isolation, without comparative analyses with
other teaching modalities, and without long term analysis to correct for the novice
effect. We recommend advances on 5 fronts: interdisciplinary collaborations,
comparative research, in-depth exploration of learning implications, development of
new research methodologies, and institutional and organizational change.
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1 INTRODUCTION

Traditional educational research focused for decades on understanding and
evaluating the educational content, the classroom setting, and the behaviors and
interactions that might occur in class. The advent of the internet along with the rapid
development of online educational technologies has been disruptive in the last three
decades. New content, new pedagogies, new policies, and new degrees are now
steadily developed and adopted by a great number of educational institutions around
the world [1,2] As it has previously been stated in the MIT-OEPI Report [3], it is
imperative that this massive development in the field of digital learning gets paired
with extensive deeply integrated research across all fields that impact learning.
Within this context, MIT Open Learning is working on understanding, supporting, and
further developing the role of computer-based immersive learning technologies [4-6]
including augmented, mixed, and virtual reality systems (collectively called extended
reality, or XR) in education.

XR has often been perceived as the next disruptor that will revolutionize STEM
education., as it is expected to support pedagogical innovation, enhance distant
learning, as well as demoratize access to education. The rapid development of such
technologies and the large number of learning related XR applications, which are
rising daily in popularity, seems to support this notion. However, such immersive
learning systems have the capacity to support learners not only in knowledge, skill,
and tool mastery, but also with engagement in STEM subjects (affect), seeing
oneself as a STEM practitioner (identity), broadening participation through cultural
customization (diversity), communicating as a STEM professional (discourse), and
more [6,7].

1.1 Potential Impacts of XR in Education

XR educational technologies, in particular fully immersive VR systems, have long
been described as new media with the potential to support revolutionary new
approaches to education if incorporated apropreately within a well orchestrated
educational ecosystem. There are many definitions of “immersion,” however for the
purposes here we mean: “An immersive environment is one that generates
perceptual experience of the environment from a perspective within it, giving the user
the sense of “presence”: that is, the sense of really being present at that
perspective”[8]. The ability to immerse in a new reality is expected to allow teachers
and students to break current barriers and overcome restrictions [9-13] such as:
e Time: Students can now travel in time and experience simulations or
documentation of past historical places or speculative future.
e Physical inaccessibility: Students can explore the macro and micro worlds,
e.g., travel to the moon or visit the interior of a molecule.
e Physical or psychological danger: Students can now safely train in simulations
of hazardous situations like a fire or a flood; or safely place themselves in a
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position that might bring new or even uncomfortable types of social
interaction.

e Ethical problems: Students with no prior experience can now try performing a
difficult surgery.

e Cost limitations: Students can now use virtual laboratories and run virtual
experiments with sensitive and costly equipment they would not have been
able to access otherwise.

In addition to the aforementioned cases, through XR students are expected to be
able to virtually collaborate with peers physically located elsewhere, or even with
non-existent virtual characters [10]. Furthermore, they are expected to engage with
virtual identities they might never encounter in the physical world (avatars,
characters, agents, etc.) and to have the chance to embody them in order to explore
models of experiences beyond those they would encounter through their physical
world current age, race, sex, or even species [4,14-17]. Research on the effects of
social identities has also shown that use of XR can positively impact aspects of
social educational issues, such as stereotype threads, through the appropriate
employment of role-model avatars. All these affordances have also created the
hypothesis that XR environments will help raising student motivation, engagement
and participation [18], hopefully leading to better and deeper learning.

Having all that said, it should be clearly noted though that it is also common
knowledge among the academic community [19,20] that the use of VR technologies
“for creating learning environments holds a great promise but also many
challenges”[20-21]. Despite the great interest and the high hopes surrounding XR
system in education, it quickly became obvious that very few instances of the
educational content, and experiments evaluating their impacts, have been designed
with a clear pedagogical frameworks or even particular learning theories in mind.
Furthermore, although XR are presented as the solution that will advance students
learning, many crucial challenges, related to bringing XR to class are seldom
considered. Within this context, MIT Open Learning understands and feels the
responsibility to draw special attention to the fact that only a very small number of
these technologies has been properly researched and evaluated yet, therefore
highlighting the great need for extensive research related to the development of the
field.

2 METHODOLOGY
2.1 Data Collection and Analysis

Current paper presents a literature review on papers related to XR in education. To
collect papers included in the study, the authors conducted a search on
scholar.google.com looking for “Virtual Reality in Education” and “Augmented Reality
in Education” and selected the conference and journal papers that were published
within the last 5 years (from 2014-2019). To further demonstrate some of our own



contributions to the area, the authors additionally included publications produced by
the faculty and researchers involved in the MIT Center for Advanced Virtuality. A
total of 59 conference and journal papers were considered for this study. When
reading the papers authors aimed to identify research studies that would mention a
particular pedagogical framework or learning theory, or evidence related to retention
of learning.

3 RESULTS
3.1 Pedagogical Principles

To date, the majority of XR educational technologies are applications introducing AR
elements to complement and enhance traditional teaching resources. However, as
VR equipment becomes more affordable and accessible (for instance, mobile VR
systems that require only inexpensive plastic or even cardboard headsets and a
mobile phone), new content introduced through VR worlds has been developed at an
increasingly rapid pace. Most of the times content is not designed with a clear
pedagogical framework in mind, but in cases where pedagogies are mentioned or
can be clearly implied, the most common among them seem to be constructivism,
active learning, collaborative learning, experiential learning, situated learning
followed by kinesthetic learning and embodied cognition. As new technology is
developed and more elaborate immersive experiences are provided for learners, a
new learning phenomenon also emerges that must be theorized, which is implicit
learning through embodiment. According to early studies testing this theory, different
virtual body ownership “can result in implicit changes in attitudes, perception and
cognition, and changes in behavior’[22]. Furthermore, as argued literature, previous
research has demonstrated that the way users behave in both the physical and
virtual worlds can be influenced by these virtual self representations”[4].

3.2 Relevance Across Educational Settings

Examining current literature shows that XR content has already started to be
developed for a great number of subject matters and educational levels. Although
computer simulations, later developed into more elaborate VR immersive worlds, have
been traditionally used in medical education, military education, flight training, and
training of personnel to possibly face emergency situations, ready to use content can
now be found for many K-12 or higher education courses.

3.3 XR in K-12 Education

Taking a closer look at XR resources and technology for the K-12 education level, it
appears that the majority of content developed constitutes AR applications that run
on mobile phones or tablets, followed by 3D non-immersive games and simulations,
and a small number of immersive VR educational worlds. Content most of the time
was presented in the form of exploration or simulations. Meta-analysis of 69 related
studies [23] including K-12 and higher education students showed that when
comparing games, simulations, and virtual worlds to one another, games played
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individually showed higher learning gains in comparison to the other two cases;
researchers however also found an inverse relationship between number of
treatments and learning gains. In alignment with that result, researchers also found
that when students were repeatedly measured when using a virtual world, this
seemed to deteriorate their learning outcomes gained. Furthermore, although most
of the studies mentioned positive learning gains, many of them had several research
limitations or did not providing adequate statistical information to support the effect
sizes. In addition to the aforementioned studies, research comparing physical
artifacts to an AR enhanced digital book, and to 3D virtual objects showed that
elementary school children reported preferring the AR book more than the other two
options. Other studies examining AR and VR in K-12 show that without proper
guidance students tent to find this technology to be very overwhelming , complicated,
and creating too much extra cognitive load especially to students scoring in the lower
quartile on standardized exams. In addition to the lack of extended research on
learning through XR at the K-12 levels, there is also a very noticeable gap in the
literature in regards to the teacher experience when teaching using XR technologies.
There is a similar gap regarding learning for children with special needs. At this
point, it should be mentioned that the vast majority of XR resources are developed
for upper elementary classes and beyond; which is in complete alignment with the
fact that there is still great lack on research that can prove safety and appropriate
use for children at the early education level, especially after dizziness, disorientation,
and nausea have been frequently reported by many children when using VR
equipment (indeed, popular VR systems typically include warnings deprecating their
use with young children).

3.4 XR in Higher Education

A variety of XR resources has already started to be developed for the higher education
level recently, making content for many subject matters now available. AR is usually
integrated in class via “tools to track information about real-world objects of interest;
hardware and software to process information; and devices to show the user the digital
information integrated into the real environment’. VR seems to become mainly
introduced either through educational games or simulation applications. Virtual
medical labs and operation room are also increasingly deployed. Moreover,
development of VR technologies “is starting to spread its influence to the AECO
(Architecture, Engineering, Construction and Operations) sector through the creation
of new work methodologies and techniques, as well as original interfaces for
communication” [24]. In rarer cases, one can find courses introduced through
venerable CAVE systems. As previously discussed, the limited research conducted in
regards to the use of XR in higher education brings to light some encouraging
indicators related to student motivation or peer collaboration, however most of the
content and application developed so far rarely contain explicit pedagogies or mention
a clear learning framework.
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3.5 XR in Professional Training

Use of XR technology for professional training already has a long history, new tools
though do get more and more elaborate over time as new technologies emerge.
Augmented simulations have been long used in the fields of military and pilot
training. Medical training has now been using plenty of XR content and platforms
where doctors can either simulate difficult operations, get a view inside the patient’s
body, or even interact with virtual patients in order to learn how to deal with stressful
situations, or just to understand how to further develop empathy with a patient.
Moreover, content has now started to get developed for professionals who work in
the construction field, or for personnel that has to deal with emergency situations and
natural disasters. Virtual enviroments and online learning systems can also be used
to provide workplace training on social issues such as sexual harassment and more
broadly for reflective learning (in which reflection and perspective transformation are
measured, not only employee completion rate). Finally, VR has started to be used in
the field of traditional education for teacher training, as teachers can now interact
with a virtual classroom and practice teaching under different scenarios. Having that
said, it should be pointed out that there is again a lack of extended comparative
studying and evaluation in regards to most of the commercial training applications
that can currently be found on the market.

3.6 Research methods employed

Although various research groups have started conducting studies relevant to XR
Education, up to date most of these studies are small scale research studies that
only focus on understanding the use of a small educational module used within a
small group of users. Such studies may provide some initial indicators in regards to
whether an AR or VR module might be working for a particular group of learners,
however it does not allow us to know if it works better than other more traditional
approaches.

4 CONCLUSION AND RECOMMENDATIONS

4.1 Recommendation 1: Increase Interdisciplinary Collaboration Across
Fields, Using and Integrated Research Agenda
Although the need in higher education for deeper integration of research across the
fields that impact learning [3] had already been highlighted and justified, we now
state the need for such collaborations through the prism of the development of XR
educational spaces at all educational levels. The suggested interdisciplinary scheme
(Figure 1) would involve a large number of disciplines. Collaboration across these
fields will continue strengthening our understanding of how learning works and will
keep helping improve the design, development and evaluation of effective learning
experiences. To develop and study these new educational worlds we need to
combine the fields of the learning sciences, education, technology development,
game design and development, arts and design, and health studies just to mention a
core few. All these fields have been showing great advances when studied
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individually in the past, however it is the carefully orchestrated highly interdisciplinary
collaboration that now needs to come to play. We recommend that institutional and
government agencies, as well as other foundations supporting learning and
education research, to highly encourage development of much wider and cross-
disciplinary research schemes that will allow for deeper exploration of these new
fields.

Fig. 1. Fields that need to be integrated during the design of XR Education

4.2 Promote Comparative Research and Evaluation of Technologies and
Pedagogies as the Critical Factor to guide Future Development and
Decision Making

Having carefully examined the current landscape of XR in education, it becomes
clear that development of new technologies does not always get followed by careful
research-based evaluation. Even when there is a follow-up study, it almost never
presents a comparative testing case including control groups. At the cognitive level,
even when studies present encouraging findings regarding learning, access, and
participation, there is almost never a comparative testing case that would allow us to
fully understand the benefits of this new teaching method over the use of a simple
2D computer simulation or just the delivery of a traditional lecture. Given current
challenges already mentioned, we recommend that a) researchers closely attempt to
collaborate and coordinate their studies with XR developers, so they can carefully
design long term research studies, and b) carefully plan comparative experiments
between control groups using XR and more traditional teaching methods.
Furthermore, although we hypothesize some of the immediate benefits of using XR
in education, such as the fact that it almost always sparks interest and enthusiasm
among the students, it is still unknown to us when this novelty effect starts to wear
off. It is, of course, understood that in order to study the novelty effect one should be
able to use resources for an extended period of time, not easy in this case, given
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that, especially regarding immersive VR educational worlds, existing resources
mainly include individual or short scale modules while we still lack content that could
support long term curricula.

4.3 Allow Time for In-Depth Exploration of the Field

Since XR in education is an area still in its infancy, we believe that a substantial
amount of time will be required in order for researchers to properly understand and
evaluate potential benefits and threats to student learning, as well as to school
logistics and performance metrics. Despite the fact that XR technologies have now
become more affordable, allowing for a big number of K-12 teachers, higher
education instructors, and professional trainers to currently use them in class, only a
very small number of short-term evaluation studies have been published up-to-date,
leaving a great number of essential questions unanswered. Acknowledging all
potential benefits, but also keeping in mind all potential threats, mainly cognitive,
social, and physical, but also related to cybersecurity or missuse of student personal
data. MIT Open Learning recommends that instructors and institutions proceed with
critical awareness when incorporating XR in class, while constantly keeping
themselves informed regarding updated research findings in the field.

4.4 Support the Development of new Research and Evaluations Methods

Educational studies had traditionally been using some well-established qualitative,
quantitative, and mixed research methods, that would mainly employ an external
observer/interviewer view in regards to studying human learning. During the last
years MIT’s agenda, through the development of the MIT Integrated Learning
Initiative (MITili), is to promote a deeper integration of all learning related sciences,
attempting to create a more holistic research scheme that would combine the
traditional external view with the internal view usually employed by the brain and
cognition and the neuroscience field. Considering how multidisciplinary XR in
education is expected to be (Figure 1), one can expect that a great number of
already existing research methods and evaluation instruments can already come to
play, such as, but not limited to, a) observational protocols (mainly used at the fields
of the learning sciences and cognitive psychology), b) CT or EEG scans (mainly
used in the field of cognitive science), c) software usability evaluation tools (mainly
used at the fields of human computer interaction and software engineering), d) cost
efficiency and scalability analysis tools (mainly used in the field of finance). All the
aforementioned methods and tools can already be used in order to measure different
aspects of this upcoming educational world; however the need for new, advanced,
more integrated assessment and evaluation instruments, that would also allow us to
interconnect and correlate findings from all these different research worlds into
meaningful answers, is very critical and therefore should be fully supported for the
further development of the field.
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4.5 Foster Cross Institutional and Organizational Communication Schemes to
Facilitate Information Sharing as New Technologies and Pedagogies get
Implemented and Evaluated

Although XR in education is still relatively embryonic, organizational approaches
and implementation mechanisms that will eventually be employed to introduce
potential XR applications can already start getting carefully designed and formed. In
particular, we recommend the creation of thinking communities to continuously
follow, internally evaluate, and disseminate information about XR educational
innovations as they will get developed; and the identification and development of
change agents and role-model early adopters in assisting the K-12, higher
education, and professional education communities into adapting and implementing
upcoming XR tools and pedagogies. Here, we refer to change agents as groups of
experts, each time specialized in an appropriate educational level, collaborating
toward a common end, rather than just individual visionaries [3]; and to role-model
early adapters as successful groups, K-12 schools and academic institutions that are
willing to pilot new, thoughtfully designed approaches [3].

REFERENCES

[11 Salazar Gomez A.F, Bagiati, A., Beshimov, E., Sarma, S., (2020) Introducing
Agile Continuous Education (ACE): Opportunities and Challenges. Accepted to be
presented at SEFI 2020 Annual Conference.

[2] Bonvillian,W.B, Sarma, S, Perdue, M, Myers, J, (2020), Preliminary
Report- The Workforce Education Project, as retrieved from
https.//openlearning.mit.edu/mit-open-learning-workforce-education-project.

[3] Wilcox, K.E., Sarma, S.E., Lippel, P.H. (2016) Online Education: A Catalyst
for Higher Education Reforms. As retrieved from
http://oepi.mit.edul/literature/reports/.

[4] Kao, D., & Harrell, D. F. (2016). Toward Understanding the Impacts of Role
Model Avatars on Engagement in Computer Science Learning. Proceedings
of American Educational Research Association, Washington, DC, USA

[5] Harrell,D.F., Olson, D., Kao,D., Rodriguez, A., Carney, L., Veeragoudar, S.,
(2018) Exploring the Use of Virtual Identities for Broadening Participation in
Computer Science Learning. Proceedings from the Immersive Learning
Research Network Conference, June 26, Missoula, Montana.

[6] Olson, D., & Harrell, D. F., (2019) Modeling Racial and Ethnic Socialization
for Interactive Storytelling. Proceedings of the 2019 AAAI Spring Symposium.

[71 Harrell, D. F., Veeragoudar Harrell. S., (2012) Imagination, Computation,
and Self-Expression: Situated Character and Avatar Mediated Identity,
Leonardo Electronic Almanac, pp. 74-91.

[8] Chalmers, D., (2017), The Virtual and the Real, Disputatio, Vol. IX, No. 46.

[9] Freina, L., Ott, M. (2015), A literature review on immersive virtual reality in
education: state of the art and perspectives, in Proceedings of eLearning and
Software for Education (eLSE), Bucharest.

50



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Greenwald, S., Kulik, A., Kunert, A., Beck, S., et al. (2017) Technology and
applications for collaborative learning in virtual reality. International Society of
the Learning Sciences. CSCL Proceedings, pp. 719-726.

Martin-Gutiérrez, J., Mora, C. E., Aiorbe-Diaz, B., & Gonzalez-Marrero, A.
(2017). Virtual technologies trends in education. EURASIA Journal of
Mathematics Science and Technology Education, Vol.13, No2, pp.469-486.

Gee, J. P., (2007) What video games have to teach us about learning and
literacy. Revised and Updated Edition.New York [etc.]: Palgrave Macmillan.

Kamarainen, A. M., Metcalf, S. J., Dickes, A. C., Gun-Yildiz, S., Brennan, K.
A., Grotzer, T. A., & Dede, C. J. (2019). Impact of Blended Immersive Virtual
World and Programming Curriculum on Student Perspectives. American
Educational Research Association (AERA) Conference.

Kao, D., Harrell, D. F. (2015) Exploring the Impact of Role Model Avatars on
Game Experience in Educational Games. The ACM SIGCHI Annual
Symposium on Computer-Human Interaction in Play.

Banakou, D., Kishore, S., Slater, M. (2018). Virtually being Einstein results in
an improvement in cognitive task performance and a decrease in age bias.
Front. Psychol. Vol 9:917. doi: 10.3389/fpsyg.2018.00917.

Kilteni, K., Groten, R., Slater, M. (2012). The sense of embodiment in virtual
reality. Presence-Teleoperators and Virtual Environments. Cambridge, MA
Vol 21, No. 4, pp. 373-387.

Oh, S. Y., Bailenson, J., Weisz, E., & Zaki, J. (2016). Virtually old: Embodied
perspective taking and the reduction of ageism under threat. Computers in
Human Behavior. Vol 60, pp.398-410.

Delgarno, B, and Lee, M. (2010). What are the learning affordances of 3-D
virtual environments? British Journal of Educational Technology. Vol 41, pp.
17-33

Mikropoulos, T. A., Natsis, A., (2011), Educational virtual environments: a
ten-year review of empirical research (1999-2009). Computers & Education,
Vol 56, pp. 769-780.

Fowler, C. (2015). Virtual reality and learning: Where is the pedagogy? British
Journal of Educational Technology, Vol 46, No. 2, pp. 412-422.

Johnston, E, Olivas, G., Steele, P., Smith, C., Bailey, L. (2017) Exploring
Pedagogical Foundations of Existing Virtual Reality Educational Applications:
A Content Analysis Study. Journal of Educational Technology Systems. Vol.
46, No.4, pp.414-439.

Slater, M. (2017) Implicit Learning Through Embodiment in Immersive Virtual Reality.
In Lui, D., Huang, R., Dede, C., and Richards, J. (Eds.) Virtual, Augmented, and
Mixed Realities in Education. Singapore: Springer., pp. 19-33

Merchant, Z., Goetz, E. T., Cifuentes, L., Keeney-Kennicutt, W., and Davis,
T. J. (2014). Effectiveness of virtual reality-based instruction on students’
learning outcomes in K-12 and higher education: a meta-analysis. Computers
& Education Vol. 70, pp. 29-40

Dinis F.M., Guimaraes A.S., Carvalho B.R., Martins J.P.P (2017).
Development of virtual reality game-based interfaces for civil engineering

education. In 2017 IEEE Global Engineering Education Conference
(EDUCON), Athens, Greece.

51



AN OVERVIEW OF THE SITUATION OF PROJECT-BASED LEARNING IN
ENGINEERING EDUCATION

M Bauters
Tallinn University
Tallinn, Estonia

J Holvikivi’
Espoo, Finland

P Vesikivi
Metropolia UAS
Helsinki, Finland

Conference Key Areas: Interdisciplinary education, Future engineering skills
Keywords: PBL, project-based learning, engineering education, curriculum

ABSTRACT

Project and problem-based learning are gaining a solid ground in engineering
education. There are well-known communities such as the CDIO organization that
promote a certain curricular framework for projects. There is also a large but
scattered research literature that reports various ways of implementing projects.
However, a comprehensive situation analysis is still waiting to be written. This paper
aims to draft an overview of the current situation in Europe. A recent research review
by Chen, Kolmos & Du has collected a considerable amount of scholarly articles on
the subject, however, much of the current practice is not included or exposed in their
paper due to the focus on challenges. We attempt to enhance the understanding of
the current situation by adding information that is found in conference papers such
as of SEFI annual conferences, university publications and web-sites, Erasmus
project information, and so on. The scholarly literature covers only a part of the
practice because most of it is ongoing activity that is not organized as research
projects; therefore, to understand the situation various kinds of sources of
information are needed. Our goal is to increase understanding of how PBL is
reported, experienced and developed in European universities, based on previous
studies and our own explorations.
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1 INTRODUCTION
1.1 Aims

Project and problem-based learning are gaining a solid ground in engineering
education, particularly in some geographical areas such as Northern Europe. There
are well-known global communities, most prominently the CDIO organization that
promote a certain curricular framework for projects (http://cdio.org). Additionally, the
project-based approach promoted by the Aalborg University has a base of followers.
The extensive research literature that reports various ways of implementing projects
is scattered in journals and conference proceedings of many sub-fields of education
and engineering. This paper specifically aims to outline an overview of the current
situation in Europe. A recent research review by Chen, Kolmos & Du [1] has
collected a considerable amount of scholarly articles on the subject with an
emphasis on challenges and difficulties. Nevertheless, much of the current practice
is not included or revealed in their paper. The scholarly literature covers only a part
of the educational practice because most of it is not organized as research projects;
therefore, to understand the situation also other sources of information are needed.
We attempt to enhance the understanding of the current situation by adding
information that is found in conference papers such as of SEFI annual conferences
(http://sefi.be), university publications and web-sites, Erasmus and EU project
information, and so on. Our goal is to increase understanding of how PBL is
reported, experienced and developed in European technical universities, based on
previous studies such as the work by Chen et al [1] and our own explorations.

1.2 Related studies and reviews

The common acronym PBL could refer to project-based learning, but maybe more
often it refers to problem-based learning. These two approaches sometimes overlap
even though the motivations and pedagogical thinking differ, which will be discussed
later in this paper. Problem-based learning has a long history in medical education
and in primary and secondary schools [2]. It has its own journals such as The
Interdisciplinary Journal of problem-based learning and The Journal of Problem
Based Learning in Higher Education. We do not intend to define what is understood
by project-based learning, which is a rather vague concept, instead, we rely on the
reports by the universities themselves. Moreover, there are several other terms that
refer to approaches that include similar ideas and practices such as supported
collaborative learning, inquiry-based learning, and team-based learning.

Edstrom & Kolmos have written a thorough comparison of the two major solutions for
higher education (HE) project-based learning, namely the “Aalborg model” and the
CDIO initiative in engineering [3]. Therefore, we do not repeat the details of the
models here, but refer to their paper, and numerous other articles covering the
motivations and findings of either of those solutions, some of which can be found in
the references of this paper. A brief outline is given in the chapter 3 that presents the
different ways to include projects in the curriculum.

53



1.3 Sources of information

This paper aims to shed light on the phenomenon of project-based learning,
particularly in recent years in Europe. It is based on a variety of sources: literature
surveys on scholarly articles, other published materials, visits to several universities,
collaboration in EU funded projects and exchange programs, and meetings in
various conferences on engineering, education and for information technology
professionals. The authors have been active participants in a number of EU funded
and Erasmus projects and programs over twenty years, which has helped to build a
network of colleagues and get insights to practices in European countries
(https://ec.europa.eu/programmes/erasmus-plus/projects/). Because the home base
of the authors is in Finland, Finnish universities are used as examples for various
practices. As Finland has a small population of less than 6 million, but a large land
area, it has relatively many technical universities (7) and universities of applied
sciences (18). They collaborate widely in developing the education, and therefore
share many best practices, some of which are described here.

2 WAYS OF IMPLEMENTING PROJECT BASED LEARNING
2.1 Motivations for projects as parts of curriculum

The motivations to start using projects in higher education are varied, starting from
educational ideas to purely commercial aims. Professional practices in engineering
have inspired many project courses, where the intention is to build professional
skills. Engineering practices include much project work, and whenever a new product
is built, the process is organized as a project: It could be a construction project,
software project, designing an aircraft project, and so on. Therefore, learning about
problem-solving through projects is an essential part of professional competence and
needs to be a part of any engineering curriculum. [4] [5]

Engineering faculties have been involved in research and development (R&D) work
and collaboration with companies for decades. Universities strive to build
collaboration with local and also global companies for several reasons. Sometimes
they are promoted by government policies, or the goal is to improve employment
possibilities of their students, sometimes simply to make money in a situation where
funding is insufficient. The collaboration may take many forms, one form being
student projects where a company acts as a client. The so called innovation centres
and labs are the latest trend in these activities. Collaboration with industries is typical
in cities that have large manufacturing and R&D facilities, such as Stuttgart in
Germany (car manufacturing) or Espoo, Oulu and Tampere in Finland that had Nokia
R&D centres. In Jyvaskyla in Finland, the university and IBM have a shared
innovation hub. The Metropolia University of Applied Sciences has an R&D unit
called Electria which started with a sterile manufacturing lab and RFDI development
before expanding to scaffolding start-ups under the Turbiini project.

Pressures from the government and local actors include programs by European
Regional Development Fund (ERDF) and the European Social Fund (ESF) that
encourage involvement with city planning, and civil society. Technical universities act
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together with cities and NGOs to develop new solutions in projects where also
students participate. When the primary goal of projects is something else than
education, the additional value for students would probably need more attention than
it usually gets. However, efforts such as the European Network of Living Labs
(ENoLL) strive to combine innovation activities with solid educational principles.
(http://enoll.org)

Additionally, universities are expected to provide entrepreneurial skills to students.
Hands-on experience is definitely the most efficient way to get an understanding of
entrepreneurship. Universities have established business incubators, innovation
laboratories, etc. where students can experiment with start-up business in instructor-
led projects. Often this is organized as multidisciplinary work with other fields of
study where technical skills can be combined for instance with health care or
environmental expertise. The Oulu University of Applied Sciences in Finland has
developed a prototyping program called OAMK LABs. The LABs are structured as
interdisciplinary, full-time programs that bring together teams to develop new
products and start-ups. The Oulu EduLAB brings teams together to develop global
education technology solutions, many of which are educational game prototypes [6].
Sheffield Hallam University in the UK is another case that widely applied
collaboration projects with local entrepreneurs. [7]

Internal motivations for curriculum development include efforts to improve retention,
which has been a longstanding challenge at technical universities. Even half of
engineering students drop out from their studies at some universities. Numerous
efforts to remedy the situation have been tried and reported. Student motivation has
suffered from initial physics and mathematics studies that lay ground to scientific
understanding but are demanding and the connection to professional practice has
remained unclear for the students. Student projects have been an effort to make the
studies more engaging. Projects that combine various skills have been one way to
soften the beginning of the studies and to increase the motivation. The CDIO
initiative can be considered as one of the major efforts to tackle this issue. [5]

2.2 New learning technologies

Online learning platforms include increasingly sophisticated tools for collaboration
and project work. Moreover, many business oriented applications are suitable for
team efforts in distance learning. These enable various experiments with
international student groups from several universities, which have also been reported
in research literature usually as case studies. A large number of them are connected
to EU funding (Erasmus) that requires partner collaboration in several countries. On
the other hand, open virtual universities apply platforms where project or team work
is one optional mode of instruction.

Moreover, there have been projects that have particularly aimed at developing virtual
collaboration tools that support project work. Early efforts include the Netpro in 1998
supported by EU by the EVTEK University of Applied Sciences in Finland in
collaboration with several other European universities [8]. It was later followed by
Knowledge-Practices Laboratory (KP-Lab) with University of Helsinki and 20 other



European universities in 2006-11. As a theoretical innovation, the KP-Lab
represented an approach to human cognition that went beyond acquisition and
participation metaphors of individual learning into shared knowledge-creation
processes. The KP-Lab organized courses that focused on solving complex
problems for professional communities in participating companies. The KP-Lab built
reflective social practices around shared knowledge artefacts of technology-
enhanced learning. [9]

2.3 Educational goals and backgrounds

Educational ideas, based on cognitive science and learning theories, have inspired
new methods frameworks for improving learning such as the KP-Lab described
above. The idea of problem-based learning is partially related to critical pedagogy by
Paolo Freire, whereas project-based learning is anchored in the constructivist theory
of learning and cognitive learning theories that originate in Vygotsky’s thinking and
cultural historical activity theory developed by Leontjev, Wertsch and Lave. [2, 10]
Nevertheless, project-based learning efforts in engineering seldom are that well
informed on human cognition and learning, as the instructors tend to have less
background knowledge in educational theories, having technical professional
education themselves, and less regularly pedagogical training. Many efforts are built
on “best practices” kind of thinking, and new ideas are found by benchmarking other
institutions. [11]

2.4 Educational theory

Collaborative learning and problem-based learning are strongly anchored to
educational research, cognitive psychology and theories of social construction of
knowledge.

Inquiry-based learning and trialogical learning are related concepts that have been
referred to in various implementations of project-based learning. The technical
university of Eindhoven calls its approach Challenge Based Learning (CBL) [2].
Learner-cantered approaches are supported by the current knowledge of human
cognition by neuroscience. Humans build their knowledge in continuous interaction
with the environment, other people and learning artefacts. Learning is an active
process of problem-solving, adoption and creation of knowledge and skills, based on
existing competences. At universities, the knowledge creation process is additionally
connected to expert communities and social networks. [9]

3 RESULTS
3.1 Various types of implementation

The implementations of project-based learning can be roughly categorized as
follows:
1) Full immersion, full-time project-based learning
2) A project based curriculum that includes at least one large project every study
year
3) Projects running along other study modules (half-day, one day/ week)
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4) Capstone design courses & projects that take place at the end of studies
The categories 3 and 4 are very common all over engineering institutions. As
individual courses are abundantly reported in the literature, we just refer to Chen et
al [1] and other sources for more detailed accounts and discussions on findings.
Categories 1 and 2 are further described below.

3.2 Summary of curriculum level implementations

Even though Maastricht University in Netherlands is not in engineering education (it
offers Data science and knowledge engineering & Business engineering), it deserves
to be mentioned because of its influence to other universities in Europe. It has
applied problem-based learning since 1974, later enhancing and developing the
education in some programmes with project-based learning and other student-
cantered methods. [2]

Full immersion, full-time projects during the entire curriculum, in at least one faculty,
are given in the following institutions: in Denmark Aalborg University, and DTU in
Copenhagen [12]; in Finland Metropolia University of Applied Sciences, Lapland
University of Applied Sciences; in Netherlands Twente University and Amsterdam
University of Applied Sciences. [13] [14]

In the case of Metropolia UAS in Finland, the transition to a full-time project-learning
curriculum was implemented in 2014. In engineering departments, a large number of
smaller study units were combined into four modules for each study year. These 15
ECTS modules take 8 weeks, and each incorporates theoretical as well as practical
subjects, most of which were included in the module project. Because all
departments and programmes had freedom to plan their modules independently, the
practical implementations varied widely. In some programs, teachers embraced the
possibility to get involved in team teaching and project facilitation, whereas in some
others they kept a more conventional approach with lectures and individual
laboratory exercises with small projects. Nevertheless, the amount of project and
team work for students multiplied with promising results, causing a significant
increase in accumulated study credits. [15] [16]

3.3 The universities with yearly projects

Project-based curriculum in some kind of form that includes several integrating
projects is implemented for instance at University College London, at Aston
University, Birmingham, in the UK, and LINEACT, CESI in France. They are also
members of the CDIO consortium universities where at least three project courses
are included in the curriculum. Members include 75 universities in Europe, around 50
in Asia-Pacific, 19 in North America and several in Latin America and Africa as of
March 2020. The member list includes many universities in Sweden, Finland,
Russia, Netherlands, Denmark, UK, and Ireland. There are a couple members in
France, Spain, Portugal, and Italy; however, Germany and Austria are completely
missing. Presumaby, that does not indicate total lack of project-based learning in
those countries; rather, it may be a language-area issue. (http://cdio.org)
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The review by Chen et al [1] as well as other earlier reviews cited here report only
journal articles in English. Therefore, studies that have been published in other
languages (French, German, Spanish, Italian, Russian or smaller languages) remain
non-reported. Nevertheless, based on our experiences in European countries, it is
not probable that any significant, large-scale implementation of project-based
learning would go unnoticed, rather, it is a question of different teaching traditions.

4 DISCUSSION

As described above, the two major initiatives on project-based learning, CDIO and
the Aalborg model, have produced substantial literature that reports the
achievements and challenges of their approach. The models have been developed
with a systematic follow-up and evaluation. They have been able to show benefits in
terms of student retention and motivation. The universities that have reported various
kinds of implementations, in particular types 1 and 2 where projects are regular and
all students conduct several projects during their studies, have reported successful
results. Improved motivation, student commitment and higher professional skills are
typical outcomes. Many of these universities are considered among most
appreciated in their countries [14]. As they continue the project mode of teaching,
they obviously find it rewarding. In case of Metropolia UAS in Finland, the collection
of feedback and results has been systematic over six years [15].However, even with
this one university case, the implementation of the model has taken many forms in
various programs, all implementations being not comparable.

When the faculty members have acquired sufficient level of knowledge and skill in
supervising and instruction, the results have obviously improved. Therefore, the
CDIO consortium has built a development path for newcomers who join the effort
and start reshaping their curricula. It gives guidance for staff development, and
outlines phases of implementation (http://cdio.org).

In addition to the above-mentioned, well-documented models, numerous case
studies have been published over the years in professional journals and conference
proceedings. A meta-analysis of these case studies would be rather challenging for
various reasons. Firstly, it is not known what the sample represents: is it a balanced
collection of experiments or does it represent successful cases that were felt worth of
publishing and leaving the failures out? This positive case bias is a recognized
phenomenon in science publishing. Another serious challenge is the lack of standard
in reporting. Certain settings of trials usually are included in the papers such as the
composition of student groups, the location of the project in the curriculum and the
contents of the implementation. However, some other questions are less frequently
reported such as the experience and training of the instructors, or a comparison with
other implementations or cases. [1]

Chen et al [1] summarize positive and negative outcomes of project courses, as well
as problems that have been experienced. They have classified the papers in various
ways. There are apparent difficulties in assessing individual case studies: firstly, they
do not follow any kind of established standard, and tend to report results without
systematic comparison to other cases. Often, the cases are not repeated in

58



successive years, or they are repeated in a modified format. On the other hand, the
background of staff professional capacities, as well as student experiences, might be
insufficiently described in the papers.

Issues discussed in project course evaluations usually include the types of project
assignments: whether they are problems given by teachers, results of student idea
generation or industry or community problems with real clients. These depend much
on the motivation for the project course as discussed in chapter 2.1.

Project work and team work regularly encounter problems such as the organization
and support of the collaborative effort, and the evaluation of teams. These difficulties
tend to be satisfactorily solved in well-established project work settings and with
experienced academic staff. Similarly, the concerns of instructor workload in a new
kind of curriculum decline with accumulating experience. [16]

The question of student learning and do they achieve the same skill level or possibly
better competences than with more traditional and individual learning methods is
crucial. Several reports such as the survey among Birmingham graduates among
others support this view [17].

5 SUMMARY AND CONCLUSIONS

The goal of this treatise is to clarify the picture of developments around project-
based learning in technical universities in Europe. We hope that it is one step
forward in understanding the manifold forms that engineering education currently
takes and how wide the field is. We acknowledge that we could not fully cover
existing implementations but sincerely hope that this mapping of practices will
continue by the community of engineering educators, and universities can in the
future develop their education based on firm evidence on benefits and challenges of
different approaches.
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ABSTRACT

Universities are embracing ‘challenge-based learning’ (CBL) to engage students in
contributing to real-life societal challenges. In CBL learning takes places through
identification, analysis and collaborative design of sustainable and responsive
solutions to these challenges. One aspect of CBL is working in interdisciplinary
student-teams. Hence, implementation of Interdisciplinary Engineering Education
(IEE) is sought, with the aim to train students to bring together expertise from
different disciplines in a single context. To support this implementation of IEE, this
paper presents a review that synthesizes IEE research with a focus on
characterizing vision, teaching practices, and support. We aim to show how IEE is
conceptualized, implemented and facilitated in higher engineering education at the
levels of curricula and courses. Ninety-nine studies were included for analysis.
Results indicate challenges in identifying clear learning goals and assessments
(Vision). Furthermore, developing interdisciplinary skills, knowledge, and values
needs sound pedagogy and teaming experiences that provide students with
authentic ways of engaging in interdisciplinary practice (Teaching). Finally, a limited
understanding exists of barriers that hinder the development of engineering
programs designed to support interdisciplinarity (Support). This review contributes a
level of awareness that allows teachers and educational leadership to take the next
step towards interdisciplinarity in CBL.
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1 INTRODUCTION
1.1 Interdisciplinary engineering education and challenge-based learning

Today's social, economic, environmental, and medical challenges are complex, and
often open ended and ill-defined [1]. These challenges go beyond the traditional
image of engineers' tasks and responsibilities [2]. They call for a type of engineer
who is socially connected, and who can work both within and outside the boundaries
of his or her own discipline [3]. As a result, future engineers need the ability to
access, understand, evaluate, synthesize, and apply perspectives and knowledge
from fields other than their own. Or, at least be able to collaborate with those from
other fields [4]. This ability would help engineers consider a broad range of
environmental and social factors for approaching contemporary challenges [5].

One of the responses to these challenges and calls increasingly seen in higher
engineering education is Challenge Based Learning (CBL) [6]. CBL is an
interdisciplinary experience where learning takes place through identification,
analysis, and collaborative design of a sustainable and responsive solution to a
sociotechnical problem of which both the problem and outcomes are open [7]. CBL
at least involves (1) open ended problems from real world practice that require
working in interdisciplinary teams, (2) entrepreneurial acting and design thinking, (3)
combining disciplines, and (4) linking curricular and extracurricular activities [7]. CBL
both deepens disciplinary knowledge and stimulates 21st century skills such as self-
awareness, self-leadership, teamwork, and an entrepreneurial mindset [8][7].

In our view CBL is an educational evolution, rather than a revolution, with working in
interdisciplinary student-teams as a central characteristic. Hence, implementation of
interdisciplinarity in engineering education is looked for, with the aim to train students
to bring together expertise from different disciplines in the context of solving
sociotechnical problems. The working definition for interdisciplinarity in education
that studies of Interdisciplinary Engineering Education (IEE) seem to agree on is that
interaction between fields of expertise requires some level of integration between
those fields to count as "interdisciplinary" [9]. Interdisciplinary interactions can be
considered as attempts to address societal challenges by integrating heterogeneous
knowledge bases and knowledge-making practices, whether these are gathered
under the institutional cover of a discipline or not. Individuals in interdisciplinary
teams learn from others' perspectives and produce work in an integrative process
that would not have been possible in a mono-disciplinary setting [10].

This implementation of IEE makes it timely and relevant to explore how aspects of
CBL can be found in studies of engineering education. The aim is an evidence-
based grounding for developing CBL in engineering education, which would allow
teachers and educational leadership to take the next step towards a more systematic
less diffuse approach to interdisciplinarity and CBL.
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This review builds on an earlier literature review of interdisciplinarity in engineering
education [11]. Because of our aim of offering an evidence-based grounding for
interdisciplinarity in CBL, for this paper we provide a secondary analysis of review
results, filtering for CBL-relevant findings. As such, the added value of this review
consists of bringing together approaches, reported success factors and challenges
from individual case studies, that can serve as points of attention for teachers,
curriculum designers, and researchers of IEE, and CBL in particular.

1.2 Characteristics of CBL

To characterize CBL, Malmqvist et al. [7] make a distinction between traditional
engineering education, CDIO/Problem Based Learning (PBL), and CBL. This
distinction leads to the following characteristics for CBL:

« Combination of engineering and entrepreneurship/business

« Emphasis on social context

« Combination of problem formulating and designing

o Combination of team and individual

e Value-driven, with a focus on transformation and integration, and short-term
and long-term value creation [12]

o Competences in sustainability problem-solving; systems thinking, and
anticipatory, normative, strategic, and interpersonal competence, and critical
thinking [13]

« Based on arigorous treatment of engineering fundamentals. Students
accomplish high levels of specialized knowledge in their field of study

These characteristics together form an educational vision on CBL. Or, in other
words, CBL in our view is an educational concept, rather than an educational
method. However, this concept asks for a translation to practice to help curriculum
designers or teachers in developing their courses and teaching, and formulating
support requests.

1.3 Vision, teaching, and support

To explore interdisciplinary courses and curricula we identify educational processes
at three levels: vision, teaching, and support [14]. The boundaries of our review are
defined by a focus on teaching and learning, with connections to the other two
process layers.

Vision serves as a foundation for an interdisciplinary approach by describing the
basic motivations and goals that are to govern an educational program. The primary
processes, which we labelled ‘Teaching’, consist of instruction and curricular aspects
such as learning goals, competence indicators, content, structure, and design of
instruction, assignments and assessment, student characteristics, and teacher
characteristics. Teaching puts the governing vision into action. Support consists of
aspects such as infrastructure and institutional support, including available
instruction rooms and laboratories, learning management systems and other tools



and techniques, practice-based management, resources for developing teacher
skills, incentives, and allocated time for curriculum development.

1.4 Research questions

Little is known about characteristics that really enable CBL-activities to succeed.
Additionally, as challenges are inherently unpredictable, dealing with ‘emerging
outcomes’ is an assessment challenge in itself. This paper presents a review that
synthesizes |IEE research with a focus on evidence for CBL characteristics that allow
educators to translate visions into effective means of teaching and support. This aim
leads to two research questions:

What aspects of Vision, Teaching, and Support have emerged as topics of interest
for CBL in empirical studies of IEE?

What points of attention regarding Vision, Teaching, and Support can be identified in
empirical studies of IEE as supporting or challenging interdisciplinarity in CBL?

2 METHODOLOGY

To find examples of interdisciplinarity in engineering education and empirical
evidence on whether the suggested IEE approach worked, we followed a pre-defined
procedure [15] emphasizing the following steps: Formulation of research questions,
searching for and screening of studies according to inclusion/exclusion criteria,
description of study characteristics, appraisal, and synthesis of results. In this study,
the approach chosen was an aggregative synthesis of results [16]. For a detailed
description of the applied method, we refer to [11].

During the first step, searching for studies, target articles were identified through the
Web of Science and Scopus databases. Queries were performed with the search
terms “interdisciplinary” OR “multidisciplinary” OR “transdisciplinary” AND
‘engineering education.”

Step 2 consisted of surface level screening by reading titles and abstracts and aimed
to identify only relevant articles that met the following criteria for inclusion:
1. The article investigated curriculum or course-related aspects of IEE
2. Interdisciplinarity in engineering education needed to be central to the case
and/or argumentation; both interactions between engineering fields, and
between engineering and other scientific fields were considered
3. Participants were students or teachers in higher education
4. The article discussed at least one of the three levels of vision, teaching,
support, or elements thereof
5. The article was published in an international peer-reviewed journal
6. The article was published between 2005 and 2016
7. The article was published in English and available as a full-text version

The available articles were scanned in step 3, after which a further selection was
made based on criteria including the search terms discussed above. Ultimately, a
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total of 99 studies were included in the review. Each of these 99 studies were coded
based on a coding table. A priori codes were used to categorize the articles after
reading the full text. This coding table structured the criteria for inclusion and
subsequent data extraction from the included articles. The coding table included the
following sections:

e General information: authors, title, publication source, publication year,
abstract, keywords,

¢ Research design and population: qualitative or quantitative method, number
of participants, main academic discipline involved,

e Vision: motivation for IEE, curriculum goals, orientation (e.g.,
design/research/problem-based), multi-, inter-, or transdisciplinary, system
approach, disciplineffield,

e Teaching: learning goals, group size, learning environment, scaffolding
structures, student skills, assessment, collaboration,

e Support: organization, teacher support, barriers,

e Overall results: findings related to any of the sub-questions defined for this
review.

Because of the purpose of translating the educational concept of CBL to educational
practice with a focus on interdisciplinarity, the results were analysed from the
perspective of CBL characteristics. Therefore, no new codes were added to the
coding table as designed in [11]. To increase the reliability of this literature review,
the authors collaborated closely in the process of identifying emerging themes.

3 RESULTS
3.1 Emerging themes for IEE vision

Systems approach: Many articles in our review drew upon a “systems approach” to
structure IEE. In this context, a system is perceived as a collection of components
undergoing dynamic interaction with one another, often across disciplinary domains,
and a system approach as the required set of skills needed to handle such systems
[17]. Such skills include metacognitive abilities such as systems-thinking and T-
shape competencies, in which a core strength of disciplinary expertise (the vertical
axis of the ‘T’) is coupled with the ability to value and work with a broad range of
people and situations (the horizontal axis of the ‘T’) [18]. Systems thinking and T-
shape competencies thus refer to the CBL characteristics ‘Competences in
sustainability problem-solving’ and ‘rigorous treatment of engineering fundamentals’

[7].

Most of the articles investigating systems thinking explicitly advocated that
instruction should start by training knowledge of a single discipline. The horizontal
axis of the T-shape was subsequently described as a capstone or a combination of
knowledge from different disciplines or systems, or as a combination of professional
skills, such as communication, project management, presentations, or the
understanding of cultural differences.
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Complex real-world problem-solving: The central reported motivation behind
interdisciplinarity in engineering education in the included articles is that engineers
are not yet being trained well to address complex real-world problems, which require
interactions across disciplinary boundaries [19].

Entrepreneurial competencies: Today’s economic pressure on engineers to be
entrepreneurial motivated authors to stress the value of interdisciplinary team
projects for better preparing engineering students to work in industry [20] or even for
learning to start their own business [21]. This motivation appears to be guided by
ideas about what future workplaces will look like and what industry demands from its
employees [22][23].

Socially aware engineers: Articles that focus less specifically on industry
engagement and collaboration, often cite an imperative to produce engineers
capable of shaping their professional work. For instance, articles with sustainability
as a motivating factor [24][25], concluded that interdisciplinary engineers need to be
capable of handling and integrating environmental, social and economic objectives
into their work through engagement with social scientists or societal groups outside
academia [26]. Authors motivated by ecological sustainability stressed the need for
awareness amongst engineers of social, political, economic, and environmental
constraints [24][27]. They emphasized that IEE should promote this awareness
through real-world problem-solving scenarios and experiences, instead of through
disciplinary learning alone [28].

Improving disciplinary competences: Internal disciplinary benefits of
interdisciplinarity were sometimes prioritized in articles that spell out such benefits in
terms of disciplinary knowledge and understanding, creativity or adaptability [29][30].
Because creativity and adaptability relate to skills such as project management, or
working in teams, from this point of view, included studies rationalize
interdisciplinarity as a useful source for training relevant professional skills
[311[32][33].

These emerging themes show a natural development from traditional engineering
education towards characteristics of CBL. However, where CBL emphasizes the
combination of both entrepreneurship and social awareness, the included studies
appeared to focus on these characteristics independently.

3.2 Emerging themes for IEE teaching

Student participation and group composition: In 16 articles IEE was organized
within a single discipline by bringing in materials from other fields, for instance by
bringing sustainability to a chemical engineering program [34]. This disciplinary
approach is reported to force students to consider multiple perspectives, while a
multidisciplinary teacher team supervises the course. Other programs (n = 37)

66



organized interdisciplinary education by having students from different (engineering)
disciplines in one course [27][22][35][36]. Learning to work with specialists from other
fields and learning to know and appreciate methods and vocabulary from these fields
is thus included in the learning goals of these courses.

Pedagogies and scaffolding: Problem-Based Learning (PBL) and Project-Based
Learning (PjBL) are the most often applied educational formats in IEE settings in the
included studies. PBL aims to cover relevant content and procedures through careful
selection of authentic problems that student teams have to study through an enquiry
process [37]. In PjBL student teams are offered open and ill-defined real-world
challenges and problems [25]. Our results thus suggest that PjBL reflects some
characteristics of CBL, however, scaffolding students in both problem formulating
and design should be included as well [7].

Assessment characteristics and procedures: Included studies suggest that
assignments for interdisciplinary education need careful construction, balancing all
involved disciplines and offering tasks that allow active engagement of all team
members [24]. Assessment in general is considered under-developed and under-
discussed in interdisciplinary educational contexts [38][39]. Despite some attention to
measuring levels of integration in student knowledge [40], or for assessment regimes
[22][41], our set of articles, and the extent to which they tackled assessment, raised
specific supporting aspects and challenges with respect to handling assessment in
IEE (see next sections, especially section 3.4).

3.3 Emerging themes for IEE support

Teacher Support: Providing instructors with the right type of training and advice for
preparing and educating students of interdisciplinary work appeared a large concern
in the included studies [42]. This included training teachers in the use of non-
traditional or research-level problems [43], or in concepts of interdisciplinarity [42], or
showing teachers how to structure their role as supervisors to be able to provide
timely interaction with students during open-ended problem-solving [1].

Strategies for enhancing interfaculty relationships to support interdisciplinary
education were often discussed in the included studies [44]. These strategies were
reported to include creating the right external links to business partners, and internal
links amongst different university programs to generate viable interdisciplinary
entrepreneurship programs [45]. Some authors discussed support in terms of
availability of laboratories [46] or a dynamic infrastructure or classroom design
[47][48], as a prerequisite for IEE.

Institutional Barriers: Teachers who lack interdisciplinary experience themselves,
may also lack enthusiasm or willingness to invest in the development of
interdisciplinary programs, often due to poor institutional incentives and rewards for
engaging in it [42]. Nonetheless, some included studies suggested that teachers
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need more institutional training and support to play a role in their student’s
professional skills development [49] and interdisciplinary training [42].

Student support: Student support to communicate, integrate disciplines and utilize
peer-related skills can include the use of evidence-based group structures that best
facilitate interdisciplinary teamwork, including smaller teams or allowing students to
self-select [20]. Students in interdisciplinary contexts are reported to have explicitly
asked for access to asked for access to experts, stakeholders and relevant
resources [47][50].

3.4 Supporting and challenging factors for interdisciplinarity in CBL

Supporting factors: Concepts and theory related to a systems approach provide a
set of resources to help conceptualize interdisciplinarity in more concrete terms.
Such an approach integrates content-based teaching methods with projects and
problems [31][46], and thus provides specific guidance knowledge and skill
requirements, and learning goals, for IEE. Further, involving engineering
professionals [19] can play a strong role in identifying the skills that are relevant for
today’s engineers.

The use of interdisciplinary, real-world problems as a hook for projects was reported
to increase student motivation [25]. Students thus also learn to understand decision-
making processes, and the ambiguity and lack of information that can attend real
projects. Related IEE supporting factors included role-based learning within student
teams [51], and the importance for students to have a good understanding of content
required to handle their project topic [52]. This relates directly to [7], who call for a
rigorous treatment of engineering fundamentals in CBL. One often identified point of
attention was the importance of having students learn about the other disciplines
involved in the course and having them learn to respect these disciplines [53].

To avoid overly difficult problem tasks, research suggests that courses and projects
should provide structures that scaffold students toward success [20]. Scaffolding
structures include problems structured around goals that are achievable in one term,
and assignments defined according to levels of difficulty, with learning goals related
to those levels [52].

Challenging factors: Institutional barriers, such as the disciplinary departmental
structure of colleges and universities, are reported to appear particularly resistant to
interdisciplinary programs [53]. Without shared notions of interdisciplinarity,
engineers will usually find it easier to avoid crossing institutional boundaries, and
confronting institutional conflicts, such as scheduling and time-frame conflicts, by
sticking to a largely mono-disciplinary program [22].

Furthermore, specifications of skills, such as communication and teamwork, reported
in the included articles, often appear vague: “ability to list, give and receive
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feedback” or “acquire language skills to move comfortably across disciplinary
boundaries” [40]. This is a challenge for the CBL-characteristic ‘competence in
sustainability problem solving’. Vague conceptualizations from vision to teaching can
thus lead to unclear learning goals, making it also difficult to translate these into
concrete assessments that measure what they are supposed to.

With respect to teaching, a possible underestimation by curriculum designers of the
level of support students need in interdisciplinary contexts might be a challenge [41].
The project management and teamwork required for modern professional contexts
need targeted instructional intervention and support based on effective group
coordination models that help students to structure and manage their teams [33].

Open-ended problems might be thought to encourage interdisciplinary interaction
and flexible thinking. However [1] report that students, when asked, preferred a
scenario with more detail and clearer signposts on what was required for a result that
would be advanced enough for their educational level. Learning how to cope with the
challenge of interdisciplinary work can be accomplished by starting with less open-
ended, more structured problems, while working towards open-ended and ill-defined
projects (ibid.).

Institutional practices and standards tend to hinder IEE, because funding, tenure and
review processes are oriented along disciplinary lines [53][54]. In this context, the
‘siloed nature’ of academia was mentioned, in several different wordings [53][40].
Apart from the availability of laboratories and related infrastructure [46], these results
suggest teachers do need institutional support to collaborate on course building.
Hence there is a reported overall need for educational management to cultivate the
trait of interdisciplinarity as a legitimate institutional identity and goal [53].

In essence, these challenges represent a tension between the rigorous treatment of
discipline fundamentals and competences in broader and professional skills such as
sustainability problem-solving, systems thinking, and anticipatory, normative,
strategic and interpersonal competence and critical thinking.

4 CONCLUSION

This review applied a conceptual framework of vision, teaching and support, to
synthesize and categorize current results and emerging themes in IEE. Vision,
teaching and support aspects are interrelated, because vision (the ‘why’) needs to be
translated into teaching (‘how’ and ‘what’), which in turn requires support.
Conversely, teaching should aim to meet a guiding vision, and support should be
applied to remove barriers for students and teachers. Our work in this review
intended to support or facilitate practice related to interdisciplinarity in CBL by
collecting and organizing current results in this way.

69



Limitations to this study concern uncertainty about the generalizability of included
case results. Many of the results were often derived from only a few studies based
on specific cases. Further, this uncertainty is caused by a lack of conceptual
consistency across studies. We have avoided for the most part drawing
generalizations about what may or may not work extensively across all IEE contexts
in favor of these reporting findings as individual results, and we would caution
against applying these results without due attention to the details of the case
reported. A further limitation likely arises from the search terms used to identify
studies. Our focus on inter-, multi-, and transdisciplinary work left out possibly
relevant work using “cross-disciplinarity” or “cross-disciplinary” as its central terms
for interdisciplinary interaction. Finally, the inclusion criteria of full-text available
studies might have caused a bias in our results.

Evident from this review is that both teachers and students need support and
scaffolding to address real-world sociotechnical problems of which both the problem
and outcomes are open. The CBL-characteristics as reported by [7] all appear with
evidence for educational practice, apart from ‘value-driven’. This should be seen as a
call for curriculum designers to make sure that CBL-assignments include attention
for transformative and integrative values, and short-term and long-term value
creation [12]. Furthermore, the tension between ‘sustainability problem-solving
competences’ and ‘rigorous treatment of engineering fundamentals’ is apparent
because there was no prevalence for either of these characteristics. This relates to
two frequently found lines of thinking found in the literature regarding what students
should learn first: single discipline knowledge [55] or broader skills [20]. By referring
to constructivist theories, the single discipline approach argues that students need to
develop in-depth knowledge of their chosen discipline first before they can construct
knowledge together with others. The other approach prefers a broad overview of the
field before students can understand the depth of their specific field. A third, less
often encountered approach starts with a whole-systems design and subsequently
works in iterative cycles going between disciplinary and broad learning [32][56].
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ABSTRACT

The Engineering Education Research (EER) community in Europe and across the
globe has grown considerably in the past decades. There have been some
examinations to date of the research corpus that has evolved, although these have
been predominantly US-based. An emerging literature has started to chart the ways
in which European EER-researchers have a distinctive tradition, which might at least
in part be due to the influence of the European “Didaktik” tradition, which
conceptualizes teaching and learning as fundamentally resting on an interplay
between student, teacher, and the content (subject matter). This is represented in
the “Didaktik triangle” where student, teacher, and the content are placed on the
vertices of the triangle, and the sides of the triangle represent three important
interrelations. This study compares the 50 most highly cited papers in each of the
European Journal of Engineering Education (EJEE) and the US-based Journal of
Engineering Education (JEE). Our analysis of how the topic(s) of the papers related
to the “Didaktik triangle” shows that the conceptualization of the object of study in the
EJEE papers was more related to the “Didaktik triangle” as a whole compared with
papers published in JEE. The results of our study provide further evidence that there
are, indeed, some differences in the aims of American and European EER. A global
community would do well to try to draw on the strengths of both of these traditions.
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1 INTRODUCTION
1.1 European Didaktik tradition

It has been suggested that educational thinking and research in continental and
northern Europe is strongly influenced by the Didaktik? tradition [1, 2] with roots in
the thinking of scholars like Johann Amos Comenius [3] and Johann Friedrich
Herbart [4].

Didaktik can be defined as the science of teaching and learning. Kunzli [5]
summarizes the central questions of Didaktik into:

* What is to be taught and learned (i.e., the content aspect).
* How is “content” to be taught and learned? (i.e., the mediation or method aspect).
» Why is “content” to be taught and learned? (i.e., the goal aspect).

In the Didaktik tradition prominent emphases is given to content and goals — this
means that the what- and the why-questions are are indeed central considerations to
be problematized and studied [2]. As succinctly expressed by Kunzli [5] the
“fundamental question of Didaktik is Why is the student to learn the material in the
first place?” (italics in original). In the Anglo-Saxon curriculum-studies-tradition the
how-question is seen as the core question while, typically, the content is more or
less assumed as given and accordingly the what- and the why-questions are
downplayed [2].

Borrego and Bernhard [6] offer one of the first studies in the literature that survey the
EER field and contrast US and European approaches. They suggest that EER in
Europe is mainly situated in the “Didaktik tradition” while EER in the US is more
influenced by the “Curriculum-studies-tradition”. Thus, in Europe, deliberations
regarding what should be learned and why it should be learned are seen as valid
objects of study and are more in focus than in the US. Furthermore, they argue that
in Europe EER research is to a higher degree problem-led (i.e. a focus on the
problem investigated and the insights generated) while research in the US to a
higher degree has been method-led (i.e. a focus on proper use of methodology and
‘rigorous” research).

Some further indication of how these differences in traditions play out in
contemporary EER can be noted in the descriptions of the PhD-programmes in
engineering education research at Purdue University, USA, and at Linkdping
University, Sweden, that both were initiated in 2004. According to Purdue’s
description they “established ... engineering education doctoral program [in 2004],
for students who wish to pursue rigorous research in how engineering is best taught,
learned, and practiced” (our italics) while Linkdping University presented the
following description: “The subject of engineering education [Ingenjorsvetenskapens
Didaktik] deals with learning, teaching and the formation of knowledge in the art and
science of engineering in a broad sense. In focus stand fields of knowledge of

2 The spelling, ‘Didaktik’ is deliberately used to distinguish the European ‘Didaktik tradition’ from the
English term ‘didactics,” which has a different meaning.
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relevance for the practice of, and education for, the engineering profession and its
relation to the advance of knowledge in techniques and technology. ...” [7, our
translation]. Linkdping University’s description also specifically mentions “selection of
content” (ibid.) among other things. Thus, as demonstrated here a focus on the what,
how and why can be seen in Linkdping’s description, while a strong focus on the
how-question and on “rigorous research” is prominent in Purdue’s description.

1.2 Didaktik triangle

A central tenet in the Didaktik tradition is that organized teaching should be seen as
an active and dynamic triadic relationship (see Fig. 1) — the Didaktik triangle —
between three elements: Subject matter (content), student, and the teacher [e.g. 3,
4, 5].

Content
(Subject matter /
Object of learning)

Classroom intercourse
axis

Fig. 1. Didaktik triangle [5]

As can be seen in figure 1, Teacher, Student (learner), and Content (subject matter,
object of learning) form the vertices of a triangle in this conceptualization of teaching
and learning in a learning environment. The vertices are joined by the Classroom
intercourse axis joining Teacher — Student, by the Experience axis joining Student —
Content, and the Representation axis joining Content — Teacher. Within this model it
is possible to lay different emphasis on different elements of the triangle or treat the
elements in different ways. For example the Experience axis can be viewed in an
“objective” way, i.e. in which ways the Student(s) is supposed to experience Content,
or in a “subjective”, i.e. in which ways the Student(s) actually experience Content [5].

Teacher Student

There exist many extensions to the Didaktik triangle. For example, Novak and Gowin
[8] added Evaluation and Context (i.e. five vertices), Stral3er [9] added Artifacts used
in teaching and learning and constructed a tetrahedron (i.e. four vertices), and Rezat
and Straler [10] related the Didaktik triangle and the tetrahedron to Engestrom’s
elaborate activity system [11]. Kansanen and Meri [12] on the other hand argue for
retaining the basic Didaktik triangle, but suggest that although the Didaktik triangle
should be treated as a whole it is almost impossible to do so in practice. Thus, they
claim, a productive approach to analysis is to focus on each pair (i.e. what are
named axes above). The Teacher — Student pair (i.e. Classroom intercourse axis) he
puts forward as the “pedagogical relation”. Furthermore, in his model, he added a
“Didaktik relation” that is conceptualized as an arrow going from the Teacher
affecting the Student — Content pair (i.e. Experience axis).
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Content Teacher

a. Teacher pedagogicalrelation  Stydent b Content didaktik relation Student

Fig. 2. a) lllustration of the “pedagogical relation” (to the left), and b) the “Didaktik
relation” (to the right) according to Kansanen and Meri [12].

The Didaktik triangle can also be used to conceptualize aspects of the teaching and
learning situation. Marton and co-workers [e.g. 13] distinguish between the intended
object of learning, the enacted object of learning and the lived object of learning. The
intended object of learning consists of the subject matter and the skills that the
teacher or curriculum planner is expecting the students to learn and this would relate
to the teachers view on Content, i.e. representation axis as indicated in fig. 3a. The
enacted object is what it is actually made possible for the student to learn by the
design of the learning environment and would correspond to the teachers enactment
of the Representation and Classroom intercourse axes, while monitoring students’
experience as is indicated in fig. 3b. This mean that our view is slightly different from
the view of Kansanen and Meri [12] presented in fig 2b. Finally, the lived object of
learning is the way students see, understand, and make sense of the object of
learning and the relevant capabilities that the students develop that would
correspond to the Experience axis as indicated in fig. 3c.

Intended Object of Learning Enacted Object of Learning Lived Object of Learning
Subject matter Subject matter Subject matter
(Object of Learning) (Object of Learning) (Object of Learning)

Classroom intercourse
axis C. axis

Classroom intercourse

Classroom intercourse
axis

Teacher Student b Teacher Student Teacher Student

a

Fig. 3. Conceptualization of a) intended, b) enacted, and c) lived object of learning
[13] in relation to the Didaktik triangle

Although the model of the Didaktik triangle simplify what occurs within an
engineering learning environment, in our view, it serves as a simple, but yet powerful
enough, starting point to theorize the dynamics of teaching and learning, as well as
contextualizing and situating the elements in relation to the each others. Thus, the
aim of this study is investigate to what degree the elements of the Didaktik triangle
can be identified in EER journal papers.
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1.3 Previous investigations

Over the last period there has emerged a substantial literature looking at the theory
and methods that are being used in EER. Much of this work has proceeded through
bibliometric analyses of published articles, including investigations of author origins,
citations, and the like (for example Williams, et al. [14] and Wankat, et al. [15]). But
from early on there has also been deliberation in more detail on how EER
researchers are approaching their research. Wankat [16] notes that while the JEE
was starting to publish more articles with a research orientation, that there was still a
very low level of use of educational theory in these. Koro-Ljungberg and Douglas
[17] survey the emerging use of qualitative methodologies in EER and this is further
expanded on by Case and Light [18]. Malmi, et al. [19] do a useful survey of EJEE
articles to complement this literature which had hitherto tended to be quite US-
focused. They show that while EJEE authors do show use of educational theory,
this tends to be limited to a pretty narrow set of explanatory frameworks.

To our knowledge, the only investigation of EER using the Didaktik triangle as an
analytical tool is the work by Kinnunen and Malmi [20]. They have investigated the
papers presented in the EER-track at the SEFI annual conferences in 2010 and
2011. They further extended the Didaktik triangle of Kansanen and Meri [12] ending
up with 13 categories and also applied a multi-layered Didaktik structure consisting
of three layers; Teachers, Organization, and Society. Thus they ended up with 39
categories in their analysis making their results somewhat difficult to compare with
the analysis we have done (See section 2 below). Furthermore they have only
analysed a conference situated in Europe while we are comparing journals based in
Europe and the US.

2 METHODOLOGY

Two of the leading scholarly journals in the field of EER are the Journal of
Engineering Education (JEE) owned by American Society for Engineering Education
(ASEE) and the European Journal of Engineering Education (EJEE) owned by
European Society for Engineering Education (SEFI). Although both journals aim for
an international readership and accept papers internationally we suggest that an
analysis of publications in these journals can reveal differences in research traditions
between the US and Europe as the authors published in EJEE are predominantly
from Europe and the authors that get published in JEE are predominantly from the
us.

In this study we used the Scopus database to retrieve the 50 most cited (according
to Scopus) papers published between 2008 and May 2019 in JEE and EJEE
respectively. The year 2008 was chosen as it was the year that SEFI’s working
group for Engineering Education Research was established. As in some instances
citation rankings were shared, we ended up with 53 papers from EJEE and 51
papers from JEE.
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In this study we aimed to develop an analytical tool based on the Didaktik triangle for
analysing papers with some kind of empirical investigation of teaching and/or
learning in university level engineering education. Papers that were out of scope for
such an analysis — for example review papers, papers discussing the EER-field or
methodology, or papers related to school level engineering education — were
excluded from the analysis. Twelve papers were excluded for EJEE resulting in 41
papers being analysed, while for JEE 22 papers were excluded resulting in 29
papers being analysed.

3 RESULTS

In this preliminary analysis we used six non-exclusive categories related to the
vertices and the axis of the Didaktik triangle. The characteristics that we used for
assigning a paper to one or more of these categories is shown in the table below.
For each category we refer to one paper that exemplifies this approach. For the first
three categories, these are papers that we judged to have a predominant emphasis
on one vertex of the triangle. The following three categories are papers where our
analysis identifies a focus on one of the axes (the pairs). The final category refers to
papers which we judged to represent all the dimensions of the triangle.

Table 1. Categories used in the analysis with examples of a paper classified to
each category

Category Characteristics of the category

Teacher The teacher(s) and some characteristics of the teacher(s) is/are apparently visible in the paper.

Example: Borrego, M., Froyd, J. E., & Hall, T. S. (2010). Diffusion of Engineering Education
Innovations: A Survey of Awareness and Adoption Rates in U.S. Engineering Departments.
Journal of Engineering Education, 99(3), 185-207.

This study asked engineering department chairs in the US about their awareness of some
common innovations in engineering education and to what extent any of these have been
implemented in the department. The department chairs are seen, in this study, as being a
representative for what is happening in the department. As this study is only focusing on the
department chairs’ awareness and his/her knowledge of teachers’ adaption of innovative
curricula within the department we categorise this paper in the teacher category.

Student The student(s) and some characteristics of the student(s) is/are apparently visible in the paper.
Example: Marra, R. M., Rodgers, K. A., Shen, D., & Bogue, B. (2009). Women Engineering
Students and Self-Efficacy: A Multi-Year, Multi-Institution Study of Women Engineering Student
Self-Efficacy. Journal of Engineering Education, 98(1), 27-38.

This study sought to characterize US women engineering students’ self-efficacy (i.e. a person’s

belief in his/her own capabilities). As neither the relation to teachers nor content is explicitly
discussed we categorise this paper in the student category.

Content Content (Subject matter, object of learning) — i.e. the knowledge, values, and skills students are
supposed to learn — is apparently visible in the paper.

Example: Male, S. A., Bush, M. B., & Chapman, E. S. (2011). An Australian study of generic
competencies required by engineers. European Journal of Engineering Education, 36(2), 151-
163.

The views of established engineers on which generic competencies were seen as most
important for engineering work have been studied. As this paper discusses the the knowledge
and skills that are seen to important for the students to learn it is categorized as content.
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Table 1. Continued

Category Characteristics of the category

Teacher— Some topic related to the Teacher—Student—relationship is apparent in the paper. Interactions
Student with some proxy for the teacher, such as lab-instructions, are included in this category as these
(Classroom | are designed by the teacher.

intercourse | Example: Vogt, C. M. (2008). Faculty as a Critical Juncture in Student Retention and

axis) Performance in Engineering Programs. Journal of Engineering Education, 97(1), 27-36.

This paper addresses the importance of university teachers for the classroom climate and the

development of students’ self-efficacy, academic confidence, sound learning behaviours and
performance. Thus the paper is categorized as related to the teacher — student relationship.

Student— Some topic related to the Student—Content—relationship is apparent in the paper. It could, for

Content example, be how students have learned or experienced the content, but it could also be

(Experience | Students’ views on the content.

axis) Example: Daly, S. R., Yilmaz, S., Christian, J. L., Seifert, C. M., & Gonzalez, R. (2012). Design
Heuristics in Engineering Concept Generation. Journal of Engineering Education, 101(4), 601-
629.

This paper presents a study of how engineering students and practitioners generated concepts
and used a collection of design heuristics to explore design spaces. Thus students’ (and
practitioners) relation to content is explored in this paper.

Content— Some topic related to the Content—Teacher-relationship is apparent in the paper. It could, for
Teacher example, be the teacher’s view on content, but also how the teacher represents or selects

(Represen- | content.

tation axis) Example: Ahern, A., O'Connor, T., McRuairc, G., McNamara, M., & O'Donnell, D. (2012).
Critical thinking in the university curriculum — the impact on engineering education. European
Journal of Engineering Education, 37(2), 125-132.

This paper investigate how teachers in different disciplines define critical thinking and how they
say they teach critical thinking in their courses. Thus the paper discuss how teachers think
about content.

All Example: Carstensen, A.-K., & Bernhard, J. (2009). Student learning in an electric circuit theory
categories course: Critical aspects and task design. European Journal of Engineering Education, 34(4),
389-404.

This study is an example of design-based research where the authors, in the context of an
electric circuit theory course, deal with teachers’ intended objects of learning, the enacted
objects of learning through the design of tasks, and students’ resulting lived object of learning.
Thus all categories are explored in this paper.

Figure 4. shows overall counts for the prevalence of the six categories across the
papers that were analysed. A few conclusions are immediately apparent. Firstly,
papers in both journals show a marked emphasis on considerations pertaining to the
student. The EJEE papers show significantly more representation of matters relating
to the teacher and to content, and also of the various ‘pair’ relations in the Didaktik
triangle. These observations will be further unpacked in the section to follow.

4 DISCUSSION

This study is one of the first explorations using the Didaktik triangle as an analytical
tool for investigating the topics in EER related to teaching and learning. This study
demonstrates that this is a feasible method for analysing or conceptualizing EER, but
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also as a potentially valuable model to be used in discussion about teaching and
learning.

The results of this study further corroborates the suggestion by Borrego and
Bernhard [6] that there are some differences between European and US research
tradition, at least if the journals EJEE and JEE are taken as representatives for each
tradition. Treatment of Content and the Teacher, and addressing the Didaktik triangle
as a whole seem to be more predominant in EJEE. This is not a surprise as this
corresponds to the differences seen in other areas of education [1, 2].
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Fig. 4. Prevalence of the six different Didaktik triangle related categories in analysed
papers.

The more frequent treatment of the Didaktik triangle as a whole can be taken as an
indicator of more holistic thinking in Europe, but turned the other way around it could
alternatively indicate that papers in EJEE are less focused than papers in JEE.
Indeed Kansanen and Meri [12] pointed out that it in practice is very difficult to focus
on the complete triangle. In our view being focused on one dimension of the triangle
might well be a productive approach for research as long as one is aware of the
fuller picture. A global EER-community would do well to understand and to try to
draw on strengths of both traditions.

The Didaktik triangle can also be used in a more meta-level discussion to discuss if
some topics are missing across the spectrum of EER literature. Fig. 4 shows that it is
less common that EER address the Teacher or the Content vertices and it is less
common to address the Teacher—Content pair. Indeed, Holmberg and Bernhard [21]
used the Didaktik triangle to argue for the need to study teachers’ views on content.

In conclusion then, the findings of this preliminary study suggest that further
engagement with the Didaktik triangle as an analytical approach, a theoretical model,
and a spur for further conversations, could be a valuable addition to the global
deliberations in the field of EER.
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ABSTRACT

Increasing visibility of STEM fields in schools is one way to increase the percentage
of students opting for a STEM study. In the Netherlands there are two ways this has
been implemented. Firstly, students can choose the course ‘Onderzoek en
Ontwerpen’ (O&O; Dutch for Research and Design) which is offered in lower as well
as upper level classes. Alternatively, they can choose the course Nature, Life &
Technology which is only offered in upper level. O&O contains mostly engineering
related subjects and NLT is a combination of science and engineering topics.

Our study shows a quantitative analysis of the study choice after school over a ten-
year period of students with O&0O (n=4.936) or NLT (n=27.397) comparing with the
full cohort (n=331.602). We find that O&O effects study choice substantially, while the
effect is less strong for NLT. Zooming in on female students, their participation in O&O
(34%) and NLT (44%) at school are high compared to what we find in typical scientific
engineering programs. In the 2010-2013 period we see many female O&O students
opting to study Medicine, whereas the 2014-2019 period shows a substantial increase
in female O&O students entering science and engineering programs.
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1 INTRODUCTION

Stimulating students to opt for a study path within the STEM fields (Science,
Technology, Engineering, Mathematics) is still necessary in order to, finally, increase
their participation on the labour marked in these fields. STEM related programs at
secondary schools is one of the steps we can take [1]. Within this framework, up to
now 95 Dutch schools (15% of all schools with A-level examinations) have
implemented engineering in their schools by an extra course called Onderzoek en
Ontwerpen (O&O; Dutch for Research and Design). The number of these so-called
Technasia is still growing. A rerun of our analysis in 2015 [2] over a ten year period
instead of five years has been conducted. It shows a consistent pattern when zooming
in on the study choice at our university, with a five times higher number of O&O
students in our dataset. O&O students enrol more often in Design and Construction
Engineering Programs compared to regular students. This result triggered us to look
at Nature Life & Technology (NLT) as well. NLT is a similar STEM related program at
Dutch secondary schools. This interdisciplinary NLT subject [3] is given in addition to
the regular courses in physics, mathematics, chemistry and biology at 246 (46%)
schools.

Looking at our own bachelor influx, it only shows a limited picture of the study choice
of both student groups. Therefore, to gain insight into whether these educational
innovations really contribute to increasing the intake into technical programmes in the
Netherlands, we have looked at examination cohorts over the period 2010 to 2019
across the country.

1.1 Background O&O and NLT programs

In 2004 the Technasium Foundation started a new type of school profile called
Technasium. Technasium schools offer O&O from Grade 7 to 12 (age 12-18). The
foundation was initiated by two parents who had more challenging STEM education in
mind for their children. NLT exists from 2007 at schools and is only taught in upper
secondary education, Grade 10 to 12 (age 15-18). This subject was developed as a
national initiative in order to create more coherence between the individual STEM
courses. Both interdisciplinary initiatives at secondary school level are a response to
the need for more integrated and interdisciplinary STEM approaches. Even though
they are not compulsory, a majority of the secondary schools engage in either of these
two initiatives [4]. It has required large efforts at the schools in developing the new
subjects, selecting or writing course materials, teacher training and communication
with the world of science and technology outside the schools [2]. The quality of both
subjects is supported by audits that zoom in on both the course materials and the
implementation. Because these innovations have been embedded in Dutch education
for (almost) 15 years, we are now able to provide a realistic picture of the effects on
the STEM related study choice of students with either an O&O or NLT background.
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1.2 Features of the O&0O and NLT programs

Both subjects pursue similar goals and have a set-up in which different course
contents and skills are combined in projects (O&O) or modules (NLT). The main goals
of O&O are (1) to prepare students for studies and employment in STEM fields and
(2) to encourage students to develop into competent designers or researchers. O&0O
is an addional subject which is scheduled 4 hours per week from grade 7 to 12.
Throughout their school career students work as a team on real assignments of
companies or other organisations. The O&O teacher searches for assignments at
companies in the neighbourhood. The student teams than work independently using
a prestructured project format and dedicated workplace facilities. Many parts of their
teamwork have to be structured by the teams themselves. Their teacher has a
coaching role. The final assignment, mostly in pairs, connects with a university
research theme with access to some university facilities and a consultant that they can
contact. The main goals of NLT are to (1) increase the attractiveness of STEM study
programs and (2) to show the connections between the individual science subjects.
To achieve this, the examination programme focuses on four characteristics:
interdisciplinarity, study and professional context, the interaction between technology
and natural science and the relationship between mathematics and natural science.
NLT is scheduled 2 hours per week from grade 10 to 12, being one of the STEM
options students can select in their upper secondary school profile. As with O&O,
teamwork is also important in the NLT context. In addition, NLT also has an individual
component because students have to do tests as well. Asking the students what they
think of the subject, O&O students appreciate the freedom and independence within
the subject whereas NLT students appreciate the structure and depth of NLT [5].

The subjects intend to offer attractive interactive STEM education at school and
simultanously intent to increase the students interest in technique. How to explain
study choice effects, if any, is complex. In literature we found among others
contribution to attitude change and increasing motivation. For example, Vossen et al.
[6] found that O&O students had more positive attitude towards doing research and
design activities than regular students and appeared to find doing design activites
more enjoyable than doing research activities. Kolmos et al. [7] found that intrinsic
motivation is one of the most dominant factors to attract more engineering students.
Their study concerned personal experiences and feelings in relation to engineering
related activities. Furthermore, Dutch (Technical) Universities act as partners in
networks with secondary schools, e.g. by supporting O&O students in their final
assignments, by developing NLT modules on frontier STEM subjects and via teacher
training programs.

1.3 Female students

An additional goal of the innovations at secondary schools is to raise the number of
female students choosing science and enigineering career paths. In western countries
it is well known that girls no longer lag behind boys when it comes to educational
achievements [1]. In the Netherlands, girls attain on average a higher educational level
at the end of their school career than boys even in STEM related courses if chosen.
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However, in general they still do not opt that much for STEM related bachelor
programs in higher education. In order to increase the STEM related workforce, we
need the female students as well.

The practical experience and hands-on exercises with real-life examples in the O&0O
and NLT courses is very promising to change the attitude and motivation of female
students as is also mentioned in the Microsoft study [8] as second and fourth important
driver to sustain girls interest in STEM. Additionally, bringing girls into contact with
female role models, preferably from the very young age, has proven to be effective in
getting them interested in technique [9].

1.4 Research questions

Considering the promising STEM related aspects of the O&O and NLT subjects for
both male and female learners, we expect higher influx numbers for STEM related
studies at Dutch universities. We expect higher numbers in engineering studies for
O&O students and higher numbers in science related studies for NLT students.
Additionally, the courses have been offered for quite a number of years. Over the years
they have been improved and adapted where necessary, giving them a permanent
place in Dutch education though not at all Dutch schools. This offers us the opportunity
to see variations in what studies are chosen by students from the different school types
over a ten year period.

The research questions in this study are:

(1) Do O&O students opt for science and engineering studies more often than
regular students? (sub-question: Do more female student select science and
enigineering studies?)

(2) Do NLT students opt for science and engineering studies more often than regular
students? (sub-question: Do more female students select science and engineering
studies?)

(3) What are the differences (if any) between the study choice in terms of sector of
interest of O&O students compared to NLT students?

(4) Have there been any changes in the study choice in terms of program choice of
both O&O and NLT students in the last ten years?

2 METHODOLOGY
2.1 Data source

A large national dataset was obtained as a pivot table in Excel from Platform Talent
for Technology?. The Platform has built up a knowledge base with anonymous data
from DUO (Dienst Uitvoering Onderwijs). DUO is a Dutch governmental organization
that collects data on all publicly funded education in the Netherlands. Privacy
considerations are taken into account and outcomes can not be traced back to
individuals.

2 Dutch National Agency for STEM-education and Labourmarket (former STEM-Platform)
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2.2 Data analysis

We consider the full cohorts 2010 to 2019 of pre-university students (VWO). The year
designation means that the diploma was obtained in that year. Most students (90%)
start immediately after graduating from their secondary school, 9% one year later and
1% two or more years later. In the Dutch schoolsystem O&O and NLT courses are
also offered at senior general secondary education (HAVO) that prepares students for
universities of applied sciences. The VWO level prepares for academic studies at
technical and other research-oriented universities. In this study we only look at the
transition from VWO to academic bachelor programs.

At the upper secondary school level students choose a profile. In our study, we zoom
in on those students with Nature & Technology (NT) or Nature & Health (NG) profile,
discarding students from other (non-STEM linked) profiles. Some Technasium schools
also offer NLT. Checking the number of students who had both O&O and NLT (0,4%
of all O&O students), we concluded that this will have no influence on the trends.

To distinguish between science and engineering related programs we use the sector
classification used by DUO. The sectors of interest (based on highest number of
enrolment) are: Technique, Nature, Healthcare and Behaviour & Society. The
remaining sectors are indicated as Other (Economics, Agriculture, Education, Law,
Language&Culture, Cross-sectoral). Because our dataset is based on population data,
we are using Chi Square tests to look at differences in expectations and observations.

3 RESULTS
3.1 Population numerical data

The number of students in our study is shown in table 1. The high percentage of
students with an N-profile within the O&O or NLT group is because these courses are
developed for the N-profile.

Table 1. General numbers and percentages population (total cohorts 2010-2019)
Students N-Profiles

Group Number |Percentage number |% of group total

187.898 |57% of full
92.241 |population
52% of Female

4.896 |99,2% of all 0&0O
1.668 |98,8% of Female
0&0

27.353 (99,8% of all NLT
12.164 |99,8% of Female
NLT

Full population| 331.602
Female 176.607 [53% of full population

All 0&0O 4,936 |1,5% of full population
Female O&O 1.689 34% of all O&O students

AIlNLT 27.397 | 8% of full population
Female NLT 12.184 |44% of all NLT students
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3.2 Transition to university: distribution across program sectors

85% of VWO students opt for a university program. Other students opt for universities
of applied sciences or do not enrol at any (funded) educational institution in the
succeeding year. In figure 1 the study choice of O&O and NLT students for a university
is compared to all students where the programs are categorized into sectors.

Both O&0O and NLT students opt significantly (p<.001) more often for Technique
programs compared to all students. The difference is the largest for O&O students.
NLT students opt slightly more often for Nature oriented programs than all students.
The percentage of O&O students that opt for Nature programs is less compared to all
students. Looking at the female students we see a similar pattern, though the sum of
Technique and Nature is lower than that of the average of the whole O&O group, with
big gains for the healthcare sector enrolling large numbers of female students.

Transition to university (N-profile; 2010-19)
B Technique M Nature M Healthcare m Behaviour & Society ® Other

All (n=160.344) I O/ s 8 6 W 2 3 s
O&O0 (nN=4.153) | O S5 /s R/ 6 6 W 76w
NLT (n=23.095) I /s D O/ 7. I 9 Y
B g 13% 23%
g NN n . 11% . 21%
R0 e 13%  20%

All Female (n=76.526)
Female O&O (n=1.377)
Female NLT (n=9.914)

Fig. 1. Transition to university of O&O and NLT students compared to all students per program sector.

Zooming in on both female O&O and NLT students by making a long term overview,
we see in figure 2 a jump to a significantly (p<.001) higher average percentage
of female O&O students opting for Technique in the 2014-19 period compared to
the beginning years 2010-13. A simultanuous drop can be seen for Healthcare
programs, see also table 2.

60% Female students with N-Profile
40% 0&0 (n=1.377) NLT (n= 9914)
(]
0%
I R I I G
NGNS G\ I SRR
f&@f@f&@@@@@@ @f&f&@@@@f@f@@

Fig. 2. Transition to university of 0&0O and NLT students compared to all students per program sector.
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Table 2. Sector choice Female O&O students with N-profile:
Difference in average percentage periodes 2010-13 and 2014-2019

Average 2010-
Sector 13 Average 2014-19 Difference
Technique 18% 29% +11%
Healthcare 34% 22% -12%

For the female NLT students, we did not find any change at all over the whole period
with a Technique preference at 16% (stdev=1,0%) and Healthcare average at 31%
(stdev=1,6%). Healthcare programs are most favourite followed by Nature related
programs at 20% (stdev=1,2%). The question is what's going on among the female
O&O students, are many of them dropping healthcare in favour of engineering
programs? In our previous study [2] we assumed that O&O girls mainly opt for
medicine, therefore an interesting question is what happened since 20147

3.3 Study choice female O&O students

Figure 3 shows the top three studies of female O&O students within the sectors
Technique and Healthcare where respectively industrial design and medicine as the
most favourite ones. Comparing the enrolment over time with the Technique and
Healthcare line in figure 2, we see a similar pattern. The number of female O&O
students opting for industrial design increases whereas the number opting for
medicine decreases, making a change in preferences as likely explanation.

Female O&O - Technique Female O&O - Healthcare

e=@==|ndustrial design (n=107)
Architecture (n=55) 25%

20% . . . .
Biomedical engineering (n=39)

20%

15%
10% W o
/h..' i

0N

0%

Fig. 3. Top 3 study choice within sector Technique and Healthcare for female O&O with N-
profile.

As an underlying explanation we looked into regional variations. Technasium schools
and nearby universities collaborate on many aspects including, orientation visits,
facilitation of the final assignments of O&O students, parents might work there, and
finally many school students, both male and female, will have a first look at the study
programs at a nearby university. The variation in female students opting for



technique programs turns out to be substantial with the lowest score in the northern
part of the Netherlands (17%) with the University of Groningen nearby, as compared
to regions near one of the Technical Universities: schools near the University of
Twente (28%), near Technical University of Delft (29%) and in the proximity of the
Technical University of Eindhoven (41%). This underlying explanation linked to the
regional educational ecosystem turns out to be a good candidate to explain the jump
in female students we found since 2014, as many schools in high scoring regions
(such as near Delft and Eindhoven) started their Technasium profile around 2007-
2008, delivering their final year students from 2014 onwards.

4 CONCLUSIONS AND DISCUSSION

Based on full cohort data over a period of ten years we showed in this paper that the
STEM related aspects of the O&O and NLT subjects both lead to higher influxin STEM
related studies at Dutch universities. O&O students as well as NLT students opt for
science and engineering studies more often than regular students, where we see a
strong shift to Scientific Engineering related programs for O&O students. NLT students
choose slightly more often Nature oriented programs. Female students show the same
pattern, which means that in particular O&O at schools encourages girls to more often
opt for scientific engineering programs. Furthermore, O&O starts at an earlier age
compared to NLT allowing for a bigger influence on study choice, for example by
building self-efficacy and confidence [6].

However, one jump in numbers does not fulfill our aim to have a more balanced gender
representation in science and engineering programs in the Netherlands. The 31%
female students in the Netherlands choosing such programs is still way behind the
61% of male students doing so. The same pattern can be found for students with NLT
as an exam subject, 35% vs 68%, and for O&O with 44% vs 76%. We do however see
that introducing STEM subjects properly can help make a difference. A more
qualitative analysis of O&O project characteristics and educational practise will help
us to improve our understanding of the differences among schools, while highlighting
what they can do to further interest, attitude and motivation related to STEM study
programs and career opportunities [7], with particular interest into the gender aspects
as the growth potential is high among female students [9]. A further study about the
higher percentage of female students choosing NLT than O&O (44% vs 34%, see
Table 1) is worthwhile. Explanations might be sought in the admissibility and/or in the
content offered. If NLT is offered at a school, all regular students with an N-profile can
choose it. For O&O you have to do the Technasium stream from the 7th grade with a
midterm decision at the end of the 9t grade whether to continue in the upper classes.
We might loose some of the girls here. Analysing the content, overall NLT leans more
towards science while O&O relates to engineering more than to science. Besides the
mainly quantitative approach in this study, limitations in our study are the small
numbers of O&O students in the early years, and the fact that there will be some self-
selection of technique oriented children and/or parents selecting a Technasium school
with O&O on offer. Looking at the future, the regional variations can be analysed in
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more detail with a combination of quantitative and qualitative methods that jointly will
help test more detailed explanations.
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ABSTRACT

Challenge-based learning (CBL) is increasingly on the higher education agenda. In
many universities of technology in the Netherlands, CBL is being implemented in
engineering education programmes to prepare students to work on authentic,
complex, societal challenges, provided by partners from outside of the university.
Making societal impact is an important driver the introduction of CBL, however, on a
more pedagogical level, little is known about the motivational aspects of student
learning in these challenge-based transdisciplinary courses.

In CBL, self-regulation has a prominent role. In many instances, students are asked
to make motivated decisions about their development trajectory within the CBL
process. One of the first decisions students have to make in these type of learning
configurations is what challenge they will work on. The structure of CBL courses
often involves several partners that all present their own challenge to the students.
Students then have to opt for one of these challenges during the course. In this
research, we aimed to get a more detailed understanding of what students consider
to be important reasons to choose a particular challenge at the start of a CBL
course.
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In this research, we investigated the argumentation students used in the process of
applying for a challenge in two different CBL courses. The results showed five
categories of choice arguments: Content of the challenge, challenge characteristics,
personal goals, personal background and collaboration. With a better understanding
of student argumentation, expectation and motivation in CBL education, we
contribute to the further advancement of transdisciplinary engineering education.

1 INTRODUCTION
1.1 The ‘challenge’ in challenge-based learning

STEM education is one of the most important tools for universities of technology to
make impact on society. Not only by sharing the accumulated knowledge in these
institutions with new generations of students, but also by enaging the students with
the challenges in society. Universities are becoming learning ecosystems, where
students engage in collaborations with societal partners that bring STEM education
into their own organisations [1]. The complex challenges of today demand new
approaches that organisations cannot come up with by themselve. In recent years,
challenge-based learning (CBL) has arisen as a pedagogical structure for the
collaborations between universities and a varied group of societal partners [2].

CBL makes an explicit connection between education and society and therefore fits
the current strategic ambitions of many universities in the Netherlands to focus on
impact for society. Central to CBL is the idea of learning evolving around a
‘challenge’ that connects societal needs to the problem solving attitudes of
engineering students. A challenge in this type of education stems from a societal
context, is inherently multidisciplinary and requires solutions to be collaboratively
developed [3]. Without a doubt is CBL rooted in problem-based learning, where CBL
deals with a more specific shape of ‘problem’ [4].

The exploration and identification of the project within the challenge is a crucial part
of the CBL framework in STEM education. Not only does this step in the CBL
process explicitly connect students’ learning to (potential) professional practice in
their future professional careers, it also highlights a student-centred approach [5].
Students to a large extend define within a challenge what their role and contribution
to the problem solving process can be, by synthesising different sources of
knowledge input, deal with the unknowns and defining the best approach
(disciplining interdisciplinarity). They are confronted with the complexity and
openness of a societal challenge and learn that there is not one solution. In line with
self-determination theory, this is one of the core motivational aspects of CBL, as it
offers autonomy, competence and relatedness to students to make their own
decisions based on their interests [6].
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The student-centred approach in CBL leads to openness and uncertainty on the side
of the organisers of the course. Students may select topics that go beyond the
expertise of the teachers or it is even unclear which expertises might be involved in
looking for a solution. At the same time, CBL courses make use of real-life
challenges, which means that public or private partners come into the university to
collaborate with students. These partners find it hard to define a challenge, because
they do not know what is important for the student learning process. Similarly,
teachers look for new approaches to guide students in CBL and are in need of a
better understanding of student motivation in this specific context [7].

The body of knowledge around challenge-based learning is growing. There are some
studies that focus on the performance effects of challenge-based learning, but more
detailed studies on the learning processes of students are lacking. These studies are
important to inform and improve the teaching and learning framework of CBL and
offer structure to all participants in these type of courses: teachers, partners and
students.

1.2 Aim and research questions

In this research, we are interested to add more detail to the studies in CBL so far, by
focussing on the first stage of choosing the challenge in the course. We do this by
analysis of motivation letters in two different CBL courses at the University of
Technology Delft (TU Delft). In these motivation letters, students had to put forward
the argument why they wanted to take part in one of the challenges offered in the
course. By analysing these arguments, we aim to answer two research questions:

1. What is the nature of the arguments that engineering students use to choose
a challenge in a CBL course at the university?

2. What are the most important arguments for students to choose a challenge in
a CBL course at the university?

By gaining a more detailed understanding of what drives students in these courses,
we offer teachers and partners in these courses tools to navigate the student-centred
approach. Additionaly, we aim to contribute to the further development of CBL
learning and teaching frameworks in the future.

2 METHODOLOGY
2.1 Two cases

In this study, two cases were selected that fitted the CBL framework:

1. As part of the joint degree master MSc Metropolitan Analysis, Design and
Engineering (MADE) by the TU Delft and Wageningen University & Research
(WUR), students engage in a ‘Living Lab’ course that evolves around a
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challenge arising from the Amsterdam Metropolitan Region. Over 7 months,
students work in teams to develop a solution in co-creation with citizens,
knowledge institute and private and public partners that fits their challenge

and its context.

2. In the Joint Interdisciplinary Project (JIP) at the TU Delft, is a 2" year elective

master course of 10 weeks, open to all second year students before they
graduate. The focus is on solving a company case, usually from the R&D
department, in interdisciplinary groups and guided by a company coach, an
academic coach and a course coach. The team is (depending on the
company) partly embedded within the company and stimulated to consult
professionals and academic experts to come up with innovative concept
solutions in engineering design.

To set out the specifics of these courses next to each other, we use the framework
as proposed by Malmqvist and Radberg [3] in their comparative study of challenge-
based learning experiences (Table 1).

The two most eminent differences between the courses are, firstly, the backgrounds

of the students. Although both courses have a multidisciplinary focus and attract

students with different BSc backgrounds, in the Living Lab course students have had

a joint first year of their MSc programme, while in JIP students that took part did not
know each other and originate from different programmes. Secondly, the Living Lab
students were involved in their challenges part-time over 7 months while the JIP
students were involved in their challenges full-time over 10 weeks.

Table 1. Table Comparison of Challenge-based Learning Experiences

JIP

Living Lab MADE

Student year

Year 5 (MSc year 2)

Year 5 (MSc year 2)

Learning outcomes

The ability to integrate (high
quality scientific and practical
technological) knowledge
from different disciplines to
solve complex problems and
asses the impact of of the
proposed solutions on
society.

An important part is the
collaboration, communication
and reflection on
interdisciplinary teamwork
and professional and
personal development.

After following the Living
Lab course, students
will be able to design,
facilitate and report
upon a process of co-
creation that aims at the
design of an innovative
product, relevantin a
real-life, urban setting
and contributing to
enhanced urban
sustainability in the
Amsterdam Metropolitan
Area.

Student backgrounds

Diverse cultural and
disciplinary BSc and Master
backgrounds. Mostly in
Engineering and Science.

Multidisciplinary MSc
programme “MADE” /
Diverse BSc
backgrounds
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Taught topics

Focus on Professional skills
development. Very brief
introductory activities. E.g. on
value based innovation,
ethics, product design,
teamwork, scrum, legal and
financial issues.

Co-creation and
experimentation in
sustainable urban
development.

Typical project

Students are asked to
envision airtravel of the
future. Sustainable energy
sources, materials
improvements, but also
different ways of travelling
and demographic/economic
developments impact the
way the world changes.
Therefore it changes the
business case of companies
offering numerous possible
paths for technological or
other developments to
change airtravel

Students are asked to
design an intervention
on the festival ‘DGTL’
that is aiming to become
the first ‘circular’ festival
in the world. Students
are confronted with the
challenges of circularity
and think of ways to
analyse the problems
and design solutions.

Magnitude

15 ECTS

25 ECTS

Perspective

Global engineering topics

Metropolitan region
(local)

Content focus

Sustainability, climate
resilience, logistics, energy,
health, mobility, digitisation,
robotics

Mobility / climate
resilience / food /
circularity / energy /
digitisation

Teacher team

Partners, project-dependent
(academic) coach and
course coordinator.

Partners, project-
dependent (academic)
coaches and three
course coordinators

Students/year
(estimated)

50

35

2.2 Motivation letters

In the two CBL cases studied here, motivation letters were used to have students
provide an argumentation to choose a specific challenge. In both cases/courses,
students chose a top 3 of their favorite challenges and wrote down the arguments of
why these challenges fit their learning trajectory.

Looking at motivation letters offers a perspective on student motivation.
Undoubtedly, students aim their motivation letters to the context that they are
applying for and therefore the letters are written with a certain strategic aim in mind.
The assignment to write a motivation letter in itself might activate specific schemata
associated with selection procedures. However, the combination of motivation letters




in a complete student cohort can say something about the consideration and
expectations that students have at the start of the course. It gives a detailed insight
in students’ perceptions of the challenges.

2.3 Open coding

The approach to the coding process has been realised as follows. The Living Lab
case was used to establish a grounded set of codes through a process of open
coding. In the initial grounded method of coding we tried to keep the coding across
the two cases the same as much as possible. Where an argument did not fit the
existing set of codes, a new code was added to the group.

Different arguments may have been used by one person and were coded
accordingly. It means multiple excerpts with different codes may be from the same
person. E.g. If in one motivation letter for choice A, I’'m enthusiastic for the
sustainability aspect and for choice B, logistics are the argument, both of them will
be scored as being present for that student.

36 motivation letters were coded for the Living Lab course, resulting in 606 excerpts
and the application of 881 codes. 35 motivation letters were coded for the JIP
course, resulting in 253 excerpts and the application of 619 codes. The size of the
motivation letters varied between 1-3 A4 pages in case of the Living Lab course and
1-2 A4 pages in case of the JIP course. The samples taken from both cases are
therefore comparable in size. Cross-validation has not been realised yet.

3 RESULTS
3.1 The nature of arguments

Table 3 shows all arguments found by the process of open coding in both cases and
how many times a certain code was used throughout the motivation letters. In total,
47 differently coded choice arguments were found. Between these codes, arguments
had commonalities and we distilled five different groups of argumentation:

e Content of the challenge: the topics or themes that the challenge evolves
around.

e Challenge characteristics: the uniqueness of the learning environment, the
possibilities for experimentation or the professional environment.

¢ Personal goals: learning new skills, gaining new skills, experiences or career
perspectives.

e Personal background: usually previous observations/lessons learned in
work context, educational context, or in the homecountry context of the
students.

e Collaboration: working together with groups from other disciplines, working
together with different stakeholder groups.
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3.2 The importance of arguments

To answer research question 2, we looked at the frequency with which certain
arguments appeared in the motivation letters of students. Tables 4 and 5 show the
ten most frequently mentioned arguments for each case. Five arguments appeared
in both cases with a high frequency: Previous experience (327 times), collaboration
different actor groups (121 times), learning new skills (96 times), sustainability (157
times) and societal impact (97 times). In this section, we discuss these choice
arguments more elaborately.

Students in the Living Lab course mentioned ‘previous experience’ more often than
any other argument (83 times). In a further investigation of the excerpts in the coding
process, we created more specific codes to split this argument up into: BSc
experience, existing skills, work experience, elective courses, curriculum courses
and extracurricular activities. Students refered mostly (27 times) to BSc experience
within these categories. Relating this to self-determintation theory, students show
‘competence’ based on their previous experiences in similar situations and use this
as an argument for why they are capable of engaging with a specific case in their
motivation letters [6]. Knowledge on the backgrounds of students, therefore, remains
crucial in the selection process of challenges.

Table 2. Ten most frequently mentioned choice arguments in the Living Lab
case.

Name Argument Mentions
category
Previous experience Personal 83
background
Collaboration different actor | Collaboration 51
groups
Citizen participation Content 44
challenge
Possibilities for Challenge 42
experimentation / Testing characteristics
Learning new skills Personal goals 41
Sustainability Content 36
challenge
Possibilities for design Challenge 32
solutions characteristics
Societal impact Personal goals 27
Circularity Content 26
challenge
Complexity challenge Challenge 23
characteristics
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Table 3. Ten most frequently mentioned choice arguments in the JIP case.

Name

Argument category

Mentions

Previous experience

Personal background

167

Sustainability

Content challenge

121

Collaboration with students
with a different disciplinary

Collaboration

89

background
Personal ambitions Personal goals 84
TeChnology Content challenge 79

Professional environment

Challenge characteristics

71

Collaboration different actor
groups

Collaboration

70

Societal impact

Personal goals

70

Impact at case-owner

Personal goals

70

Learning new skills

Personal goals

55

Students want to learn new skills during the course and use this as a choice
argument for challenges also. They use this argument roughly as often as ‘societal
impact’, the other argument in the ‘personal ambition’ category. Both these choice
arguments show the expectations that students have of what they might gain from
the challenge. Similarly, many students describe they want to gain experience in
‘collaboration with different actor groups’ (121 times). One of the students describes
this as follows: “Considering the different types of stakeholders (e.g. visitors, the
municipality, energy providers), | would like to be able to work together with them
and to have a role in maintaining this contact between all these different parties.” In
both cases, many students describe this need for a broad collaboration to be able to

engage in the challenge.
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Table 4. Frequency mentions of arguments in both case-studies.
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When we look at what particular content the students are attracted by it shows that
particularly the argument of sustainability is listed as main argument (157 times) in
both cases. Additionally, students frequenly mention technology developments (79
times) and entrepreneurship/business (47 times) in the JIP and to a lesser extent in
the Living Lab case. Students in the Living Lab course particularly mention circularity
(26 times), and knowledge transfer (22 times), a topic that does not occur among the
JIP students. A difference that can be explained by the shared background of the
Living Lab students in a learning environment in which circularity is a common topic.
Sustainability is often mentioned together with other codes, because students have
experience with it, want to make an impact or have an ambition to develop these
skills. In JIP sustainability relates in particular to the technological development.
Sustainability is a broad notion and in this context needs further investigation to
figure out the exact meaning for students in their choice arguments, the result
illustrates a shared urgency among students to engage with sustainability
challenges.

4 DISCUSSION
4.1 Implications of results and suggestions for further investigation

In this study, we have established an understanding of choice arguments and in this
section we want to have a look at what practitioners of CBL can take from this study
to apply in their own practice and how researchers can further investigate it.
Teachers and partners considering the way to introduce the challenges to the
students, could incorporate the five categories in order to connect to what drives
students to engage in these courses and to show them different perspectives on the
challenge. This study showed that it is not only important to pay attention to the
content of the challenge, but also the opportunities it offers for learning new skills,
collaboration with different actor groups and the societal impact students could
make. Students are looking for what a challenge has to offer to their learning
trajectories and for ways to make an impact on society.

Further research should look into this connection between the choice arguments and
the learning trajectories of students in the course. CBL offers students the
opportunity to make decisions about their own learning trajectories and this study
offers insight in the expectations of students. A next question might be if these
expectation are met by CBL and to what extend. We realise that a study, such as we
have conducted here, that brings all choice arguments of students together to
establish one common profile, does not allow to stress the uniqueness of personal
arguments and backgrounds that impact decision making. However, students use
different categories of choice arguments and it might be possible to discover patterns
of decision making. In this study, we showed that certain choice arguments appear in
close connection to each other and this needs further investgiation. We expect that it
might be possible to distinguish different way of argumentations within this group of
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students and this way, we might be able to establish several profiles of choice
arguments.

4.2 Conclusions

The main purpose of our study was to gain a more detailed understanding as to what
motivates students in their choice for a specific challenge in the context of challenge-
based learning. We investigated the choice arguments used in motivation letters of
71 students in two different case-studies and found 5 categories of argumentation
that students use: Content of the challenge, challenge characteristics, personal
ambition, personal background and collaboration. Several choice arguments play a
role in the decision that students make about the challenge simultaneously. At the
same time, this study also shows that some arguments are more prevalent in this
generation of students. Not only do students look at how they can contribute to a
challenge based on previous experiences in education, work and personal life, they
also value which skills they might gain in the process. More so do they show a
connection to challenges that deal with sustainability and collaboration and that
ultimately offer these students a way to make an impact on society. This sheds new
light on a generation of students that feels a responsibility to engage with societal
challenges and is growing to become the engineers of tomorrow.
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ABSTRACT

Challenge-based learning (CBL) is increasingly on the higher education agenda. In
many universities of technology in the Netherlands, CBL is being implemented in
engineering education programmes to prepare students to work on authentic,
complex, societal challenges, provided by partners from outside of the university.
Making societal impact is an important driver the introduction of CBL, however, on a
more pedagogical level, little is known about the motivational aspects of student
learning in these challenge-based transdisciplinary courses.

In CBL, self-regulation has a prominent role. In many instances, students are asked
to make motivated decisions about their development trajectory within the CBL
process. One of the first decisions students have to make in these type of learning
configurations is what challenge they will work on. The structure of CBL courses
often involves several partners that all present their own challenge to the students.
Students then have to opt for one of these challenges during the course. In this
research, we aimed to get a more detailed understanding of what students consider
to be important reasons to choose a particular challenge at the start of a CBL
course.
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In this research, we investigated the argumentation students used in the process of
applying for a challenge in two different CBL courses. The results showed five
categories of choice arguments: Content of the challenge, challenge characteristics,
personal goals, personal background and collaboration. With a better understanding
of student argumentation, expectation and motivation in CBL education, we
contribute to the further advancement of transdisciplinary engineering education.

1 INTRODUCTION
1.1 The ‘challenge’ in challenge-based learning

STEM education is one of the most important tools for universities of technology to
make impact on society. Not only by sharing the accumulated knowledge in these
institutions with new generations of students, but also by enaging the students with
the challenges in society. Universities are becoming learning ecosystems, where
students engage in collaborations with societal partners that bring STEM education
into their own organisations [1]. The complex challenges of today demand new
approaches that organisations cannot come up with by themselve. In recent years,
challenge-based learning (CBL) has arisen as a pedagogical structure for the
collaborations between universities and a varied group of societal partners [2].

CBL makes an explicit connection between education and society and therefore fits
the current strategic ambitions of many universities in the Netherlands to focus on
impact for society. Central to CBL is the idea of learning evolving around a
‘challenge’ that connects societal needs to the problem solving attitudes of
engineering students. A challenge in this type of education stems from a societal
context, is inherently multidisciplinary and requires solutions to be collaboratively
developed [3]. Without a doubt is CBL rooted in problem-based learning, where CBL
deals with a more specific shape of ‘problem’ [4].

The exploration and identification of the project within the challenge is a crucial part
of the CBL framework in STEM education. Not only does this step in the CBL
process explicitly connect students’ learning to (potential) professional practice in
their future professional careers, it also highlights a student-centred approach [5].
Students to a large extend define within a challenge what their role and contribution
to the problem solving process can be, by synthesising different sources of
knowledge input, deal with the unknowns and defining the best approach
(disciplining interdisciplinarity). They are confronted with the complexity and
openness of a societal challenge and learn that there is not one solution. In line with
self-determination theory, this is one of the core motivational aspects of CBL, as it
offers autonomy, competence and relatedness to students to make their own
decisions based on their interests [6].
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The student-centred approach in CBL leads to openness and uncertainty on the side
of the organisers of the course. Students may select topics that go beyond the
expertise of the teachers or it is even unclear which expertises might be involved in
looking for a solution. At the same time, CBL courses make use of real-life
challenges, which means that public or private partners come into the university to
collaborate with students. These partners find it hard to define a challenge, because
they do not know what is important for the student learning process. Similarly,
teachers look for new approaches to guide students in CBL and are in need of a
better understanding of student motivation in this specific context [7].

The body of knowledge around challenge-based learning is growing. There are some
studies that focus on the performance effects of challenge-based learning, but more
detailed studies on the learning processes of students are lacking. These studies are
important to inform and improve the teaching and learning framework of CBL and
offer structure to all participants in these type of courses: teachers, partners and
students.

1.2 Aim and research questions

In this research, we are interested to add more detail to the studies in CBL so far, by
focussing on the first stage of choosing the challenge in the course. We do this by
analysis of motivation letters in two different CBL courses at the University of
Technology Delft (TU Delft). In these motivation letters, students had to put forward
the argument why they wanted to take part in one of the challenges offered in the
course. By analysing these arguments, we aim to answer two research questions:

1. What is the nature of the arguments that engineering students use to choose
a challenge in a CBL course at the university?

2. What are the most important arguments for students to choose a challenge in
a CBL course at the university?

By gaining a more detailed understanding of what drives students in these courses,
we offer teachers and partners in these courses tools to navigate the student-centred
approach. Additionaly, we aim to contribute to the further development of CBL
learning and teaching frameworks in the future.

2 METHODOLOGY
2.1 Two cases
In this study, two cases were selected that fitted the CBL framework:

1. As part of the joint degree master MSc Metropolitan Analysis, Design and
Engineering (MADE) by the TU Delft and Wageningen University & Research
(WUR), students engage in a ‘Living Lab’ course that evolves around a
challenge arising from the Amsterdam Metropolitan Region. Over 7 months,
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students work in teams to develop a solution in co-creation with citizens,
knowledge institute and private and public partners that fits their challenge

and its context.

2. In the Joint Interdisciplinary Project (JIP) at the TU Delft, is a 2" year elective

master course of 10 weeks, open to all second year students before they
graduate. The focus is on solving a company case, usually from the R&D
department, in interdisciplinary groups and guided by a company coach, an
academic coach and a course coach. The team is (depending on the
company) partly embedded within the company and stimulated to consult
professionals and academic experts to come up with innovative concept
solutions in engineering design.

To set out the specifics of these courses next to each other, we use the framework
as proposed by Malmqvist and Radberg [3] in their comparative study of challenge-
based learning experiences (Table 1).

The two most eminent differences between the courses are, firstly, the backgrounds

of the students. Although both courses have a multidisciplinary focus and attract

students with different BSc backgrounds, in the Living Lab course students have had

a joint first year of their MSc programme, while in JIP students that took part did not
know each other and originate from different programmes. Secondly, the Living Lab
students were involved in their challenges part-time over 7 months while the JIP
students were involved in their challenges full-time over 10 weeks.

Table 1. Table Comparison of Challenge-based Learning Experiences

JIP

Living Lab MADE

Student year

Year 5 (MSc year 2)

Year 5 (MSc year 2)

Learning outcomes

The ability to integrate (high
quality scientific and practical
technological) knowledge
from different disciplines to
solve complex problems and
asses the impact of of the
proposed solutions on
society.

An important part is the
collaboration, communication
and reflection on
interdisciplinary teamwork
and professional and
personal development.

After following the Living
Lab course, students
will be able to design,
facilitate and report
upon a process of co-
creation that aims at the
design of an innovative
product, relevant in a
real-life, urban setting
and contributing to
enhanced urban
sustainability in the
Amsterdam Metropolitan
Area.

Student backgrounds

Diverse cultural and
disciplinary BSc and Master
backgrounds. Mostly in
Engineering and Science.

Multidisciplinary MSc
programme “MADE” /
Diverse BSc
backgrounds
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Taught topics

Focus on Professional skills
development. Very brief
introductory activities. E.g. on
value based innovation,
ethics, product design,
teamwork, scrum, legal and
financial issues.

Co-creation and
experimentation in
sustainable urban
development.

Typical project

Students are asked to
envision airtravel of the
future. Sustainable energy
sources, materials
improvements, but also
different ways of travelling
and demographic/economic
developments impact the
way the world changes.
Therefore it changes the
business case of companies
offering numerous possible
paths for technological or
other developments to
change airtravel

Students are asked to
design an intervention
on the festival ‘DGTL’
that is aiming to become
the first ‘circular’ festival
in the world. Students
are confronted with the
challenges of circularity
and think of ways to
analyse the problems
and design solutions.

Magnitude

15 ECTS

25 ECTS

Perspective

Global engineering topics

Metropolitan region
(local)

Content focus

Sustainability, climate
resilience, logistics, energy,
health, mobility, digitisation,
robotics

Mobility / climate
resilience / food /
circularity / energy /
digitisation

Teacher team

Partners, project-dependent
(academic) coach and
course coordinator.

Partners, project-
dependent (academic)
coaches and three
course coordinators

Students/year
(estimated)

50

35

2.2 Motivation letters

In the two CBL cases studied here, motivation letters were used to have students
provide an argumentation to choose a specific challenge. In both cases/courses,
students chose a top 3 of their favorite challenges and wrote down the arguments of
why these challenges fit their learning trajectory.

Looking at motivation letters offers a perspective on student motivation.
Undoubtedly, students aim their motivation letters to the context that they are
applying for and therefore the letters are written with a certain strategic aim in mind.
The assignment to write a motivation letter in itself might activate specific schemata
associated with selection procedures. However, the combination of motivation letters




in a complete student cohort can say something about the consideration and
expectations that students have at the start of the course. It gives a detailed insight
in students’ perceptions of the challenges.

2.3 Open coding

The approach to the coding process has been realised as follows. The Living Lab
case was used to establish a grounded set of codes through a process of open
coding. In the initial grounded method of coding we tried to keep the coding across
the two cases the same as much as possible. Where an argument did not fit the
existing set of codes, a new code was added to the group.

Different arguments may have been used by one person and were coded
accordingly. It means multiple excerpts with different codes may be from the same
person. E.g. If in one motivation letter for choice A, I'm enthusiastic for the
sustainability aspect and for choice B, logistics are the argument, both of them will
be scored as being present for that student.

36 motivation letters were coded for the Living Lab course, resulting in 606 excerpts
and the application of 881 codes. 35 motivation letters were coded for the JIP
course, resulting in 253 excerpts and the application of 619 codes. The size of the
motivation letters varied between 1-3 A4 pages in case of the Living Lab course and
1-2 A4 pages in case of the JIP course. The samples taken from both cases are
therefore comparable in size. Cross-validation has not been realised yet.

3 RESULTS
3.1 The nature of arguments

Table 3 shows all arguments found by the process of open coding in both cases and
how many times a certain code was used throughout the motivation letters. In total,

47 differently coded choice arguments were found. Between these codes, arguments

had commonalities and we distilled five different groups of argumentation:

e Content of the challenge: the topics or themes that the challenge evolves
around.

e Challenge characteristics: the uniqueness of the learning environment, the
possibilities for experimentation or the professional environment.

e Personal goals: learning new skills, gaining new skills, experiences or career

perspectives.

e Personal background: usually previous observations/lessons learned in
work context, educational context, or in the homecountry context of the
students.

e Collaboration: working together with groups from other disciplines, working
together with different stakeholder groups.
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3.2 The importance of arguments

To answer research question 2, we looked at the frequency with which certain
arguments appeared in the motivation letters of students. Tables 4 and 5 show the
ten most frequently mentioned arguments for each case. Five arguments appeared
in both cases with a high frequency: Previous experience (327 times), collaboration
different actor groups (121 times), learning new skills (96 times), sustainability (157
times) and societal impact (97 times). In this section, we discuss these choice
arguments more elaborately.

Students in the Living Lab course mentioned ‘previous experience’ more often than
any other argument (83 times). In a further investigation of the excerpts in the coding
process, we created more specific codes to split this argument up into: BSc
experience, existing skills, work experience, elective courses, curriculum courses
and extracurricular activities. Students refered mostly (27 times) to BSc experience
within these categories. Relating this to self-determintation theory, students show
‘competence’ based on their previous experiences in similar situations and use this
as an argument for why they are capable of engaging with a specific case in their
motivation letters [6]. Knowledge on the backgrounds of students, therefore, remains
crucial in the selection process of challenges.

Table 2. Ten most frequently mentioned choice arguments in the Living Lab
case.

Name Argument Mentions
category
Previous experience Personal 83
background
Collaboration different actor | Collaboration 51
groups
Citizen participation Content 44
challenge
Possibilities for Challenge 42
experimentation / Testing characteristics
Learning new skills Personal goals 41
Sustainability Content 36
challenge
Possibilities for design Challenge 32
solutions characteristics
Societal impact Personal goals 27
Circularity Content 26
challenge
Complexity challenge Challenge 23
characteristics
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Table 3. Ten most frequently mentioned choice arguments in the JIP case.

Name Argument Mentions
category

Previous experience Personal 167
background

Sustainability Content 121
challenge

Collaboration with students | Collaboration 89

with a different disciplinary

background

Personal ambitions Personal goals 84

Technology Content 79
challenge

Professional environment Challenge 71
characteristics

Collaboration different actor | Collaboration 70

groups

Societal impact Personal goals 70

Impact at case-owner Personal goals 70

Learning new skills Personal goals 55

Students want to learn new skills during the course and use this as a choice
argument for challenges also. They use this argument roughly as often as ‘societal
impact’, the other argument in the ‘personal ambition’ category. Both these choice
arguments show the expectations that students have of what they might gain from
the challenge. Similarly, many students describe they want to gain experience in
‘collaboration with different actor groups’ (121 times). One of the students describes
this as follows: “Considering the different types of stakeholders (e.g. visitors, the
municipality, energy providers), | would like to be able to work together with them
and to have a role in maintaining this contact between all these different parties.” In
both cases, many students describe this need for a broad collaboration to be able to
engage in the challenge.
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Table 4. Frequency mentions of arguments in both case-studies.

12



When we look at what particular content the students are attracted by it shows that
particularly the argument of sustainability is listed as main argument (157 times) in
both cases. Additionally, students frequenly mention technology developments (79
times) and entrepreneurship/business (47 times) in the JIP and to a lesser extent in
the Living Lab case. Students in the Living Lab course particularly mention circularity
(26 times), and knowledge transfer (22 times), a topic that does not occur among the
JIP students. A difference that can be explained by the shared background of the
Living Lab students in a learning environment in which circularity is a common topic.
Sustainability is often mentioned together with other codes, because students have
experience with it, want to make an impact or have an ambition to develop these
skills. In JIP sustainability relates in particular to the technological development.
Sustainability is a broad notion and in this context needs further investigation to
figure out the exact meaning for students in their choice arguments, the result
illustrates a shared urgency among students to engage with sustainability
challenges.

4 DISCUSSION
4.1 Implications of results and suggestions for further investigation

In this study, we have established an understanding of choice arguments and in this
section we want to have a look at what practitioners of CBL can take from this study
to apply in their own practice and how researchers can further investigate it.
Teachers and partners considering the way to introduce the challenges to the
students, could incorporate the five categories in order to connect to what drives
students to engage in these courses and to show them different perspectives on the
challenge. This study showed that it is not only important to pay attention to the
content of the challenge, but also the opportunities it offers for learning new skills,
collaboration with different actor groups and the societal impact students could
make. Students are looking for what a challenge has to offer to their learning
trajectories and for ways to make an impact on society.

Further research should look into this connection between the choice arguments and
the learning trajectories of students in the course. CBL offers students the
opportunity to make decisions about their own learning trajectories and this study
offers insight in the expectations of students. A next question might be if these
expectation are met by CBL and to what extend. We realise that a study, such as we
have conducted here, that brings all choice arguments of students together to
establish one common profile, does not allow to stress the uniqueness of personal
arguments and backgrounds that impact decision making. However, students use
different categories of choice arguments and it might be possible to discover patterns
of decision making. In this study, we showed that certain choice arguments appear in
close connection to each other and this needs further investgiation. We expect that it
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might be possible to distinguish different way of argumentations within this group of
students and this way, we might be able to establish several profiles of choice
arguments.

4.2 Conclusions

The main purpose of our study was to gain a more detailed understanding as to what
motivates students in their choice for a specific challenge in the context of challenge-
based learning. We investigated the choice arguments used in motivation letters of
71 students in two different case-studies and found 5 categories of argumentation
that students use: Content of the challenge, challenge characteristics, personal
ambition, personal background and collaboration. Several choice arguments play a
role in the decision that students make about the challenge simultaneously. At the
same time, this study also shows that some arguments are more prevalent in this
generation of students. Not only do students look at how they can contribute to a
challenge based on previous experiences in education, work and personal life, they
also value which skills they might gain in the process. More so do they show a
connection to challenges that deal with sustainability and collaboration and that
ultimately offer these students a way to make an impact on society. This sheds new
light on a generation of students that feels a responsibility to engage with societal
challenges and is growing to become the engineers of tomorrow.

REFERENCES

[1]1 Den Brok, P., Cultivating the growth of life-science graduates: On the role of
educational ecosystems. 2018, Wageningen: Wageningen University & Research.

[2] Graham, R., The Global State of the Art in Engineering Education. 2018,
Massachusetts Institute of Technology (MIT): Cambridge, MA.

[3] Malmqvist, J., K.K. Radberg, and U. Lundqvist. Comparative analysis of
challenge-based learning experiences. in Proceedings of the 11th International
CDIO Conference, Chengdu University of Information Technology, Chengdu,
Sichuan, PR China. 2015.

[4] Clegg, J.R. and K.R. Diller, Challenge-based instruction promotes students’
development of transferable frameworks and confidence for engineering problem
solving. European Journal of Engineering Education, 2019. 44(3): p. 398-416.

[5] Garay-Rondero, C.L., E.R. Calvo, and D.E. Salinas-Navarro, Experiential learning
at Lean-Thinking-Learning Space. International Journal of Interactive Design and
Manufacturing - ljidem, 2019. 13(3): p. 1129-1144.

[6] Ryan, R.M. and E.L. Deci, Self-Determination Theory and the Facilitation of
Intrinsic Motivation, Social Development, and Well-Being. American Psychologist,
2000. 55(1): p. 68-78.

[7] Zydzitnaité, V., et al. Independent Learning in Higher Education: What is
Important to Students? in The Rural Development: Innovations and Sustainability.
2013. Lithuania: Aleksandras Stulginskis University.

114



LEARNING HAS NO END - LIFELONG LEARNING COMPETENCES FOR
ENGINEERING STUDENTS

L. Van den Broeck
KU Leuven, LESEC (Leuven Engineering Science and Education Centre)
Leuven, Belgium

J. De Keyzer
KU Leuven
Diepenbeek, Belgium

E. Kyndt
University of Antwerp
Antwerp, Belgium

W. Daems
University of Antwerp
Antwerp, Belgium

M. Valcke
University of Ghent
Ghent, Belgium

G. Langie
KU Leuven, LESEC (Leuven Engineering Science and Education Centre)
Leuven, Belgium

Conference Key Areas: Future engineering sKills
Keywords: lifelong learning, engineering education, self-requlation, competences

ABSTRACT

Lifelong learning (LLL) has become an integral part of professional life. Universities
have to make their students aware of their professional identity and train them in
continuously re-inventing themselves. Lifelong learning, however, is complex and
requires a variety of personal resources. In this exploratory study the aim is to get an
overview of the current LLL competences of engineering students at the Faculty of
Engineering Technology, KU Leuven and the Faculty of Applied Engineering, Univerity
of Antwerp. In order to achieve this, a generic lifelong learning scale developed by
Kirby et al. (2010) is used. A small, but significant, difference between the LLL
competences of bachelor and master students is found.

" Corresponding Author
L. Van den Broeck
lynn.vandenbroeck@kuleuven.be

15



1 INTRODUCTION

Lifelong learning (LLL) has become an integral part of professional life. Continuously
updating and up-skilling of competences is necessary in order to keep pace with the
changing requirements of the labour market [1,2]. Looking more specifically at
engineers, the half-life of an engineer’s technical knowledge is limited to two to seven
years depending on the discipline [3]. Higher education institutions have a leading role
in delivering engineers with lifelong learning competences. Universities have to make
their students aware of their professional identity and train them in continuously re-
inventing themselves. As stated by [4] lifelong learning is a key aspect for future
engineering education. Lifelong learning competencies, however, are complex and
can be described by different definitions. For example, a recent study [5] identified the
following four factors having an effect on the lifelong learning of students: curiosity,
openness to learning, access to information and information literacy, and self-direction
and self-evaluation. Another study [6] distinguished six subscales: self-management
competencies, learning how to learn competencies, initiative and entrepreneur
competencies, competencies of acquiring information, digital competencies, and
decision-taking competencies. De Keyzer et al. [7] stated that for lifelong learning,
students should have (1) the willingness to look out for and take advantage of learning
occasions, (2) the ability to do self-direct learning (set goals, plan and execute,
(re)evaluate and draw learning gains) and (3) knowledge of means to do so [7]. The
openness for developing lifelong learning skills is bound to be determined by the
attitude of students as well as the students’ self-esteem regarding those skills. In other
words: self-regulated learning (SRL) is a key factor for lifelong learning.

In this study the aim is to get an overview of the current LLL competences of
engineering students at the Faculty of Engineering Technology, KU Leuven, and the
Faculty of Applied Engineering, University of Antwerp. Though the names of these
faculties suggest a differing nature, they educate towards the same master degree.
Comparing both faculties goes beyond the scope of this study. Consequently, the
participants are combined into one sample.

2 METHODOLOGY
2.1 Instrument

In order to measure the LLL competences of students, a questionnaire developed by
[8] is used. Their generic lifelong learning scale, consisting of 14 items, focuses on the
following constructs [9]: (1) Goal setting, (2) Application of knowledge and skills, (3)
Self-direction and evaluation, (4) Locating information, (5) Adaptable learning
strategies. The questionnaire is self-reported and participants are asked to answer on
a five-point Likert scale (1= Totally disagree and 5= Totally agree). In their study [8]
the Cronbach alpha was 0.71, which is considered as a reasonable reliability,
especially since lifelong learning is a complex construct. The factor analysis resulted
in one single factor.
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2.2 Sample

The link for the online LLL questionnaire is distributed to 2nd year bachelor’s, 3rd year
bachelor’s, transfer students, and master students of the Faculty of Engineering
Technology, KU Leuven, and the Faculty of Applied Engineering, University of
Antwerp. Participation in the study was voluntary and completely anonymous. A total
of 160 engineering students completed the online survey.

2.3 Hypotheses
In this study two main hypotheses are formulated below:

e Hypothesis 1: Master students obtain a higher level of LLL competences than
bachelor students.

e Hypothesis 2: There is no difference in the LLL competences of master
students that followed the regular study programme and the ones that entered
the master’s programme via the transfer programme (i.e. an alternative
pathway).

The next section includes, besides the outcomes of the hypotheses, descriptive
statistics and the internal consistency of the survey.

3 RESULTS
3.1 Summary and descriptive statistics

Table 1 shows the distribution of the students’ answer for each of the 14 items. The
descriptive statistics of the items are presented in Table 2. The mean sum score of the
LLL survey is 3.37 (SD=.32).

Table 1. Descriptive statistics and item-total correlations (Rit) LLL survey

Lifelong Learning items Mean SD Rit
Q1r | prefer to have others plan my learning 2.93 .935 .074
Q2r | prefer problems for which there is only one solution 3.42 .921 .223
Q3 | can deal with the unexpected and solve problems as they arise ~ 3.91 .558 .253
Q4r | feel uncomfortable under conditions of uncertainty 2.56 .845 .201
Q5 | am able to impose meaning upon what others see as disorder 3.54 751 A77
Qér | seldom think about my own learning and how to improve it 3.09 1.15 -.001
Q7 | feel | am a self-directed learner 3.60 .856 219
Q8r | feel others are in a better position than | am to evaluate my 3.28 .951 149
success as a student
Q9 I love learning for its own sake 3.36 1.01 418
Q10 | try to relate academic learning to practical issues 3.84 .765 .281
Q11r | often find it difficult to locate information when | need it 3.04 .924 314
Q12  When | approach new material, | try to relate it to what | already 3.94 741 .235
know
Q13  Itis my responsibility to make sense of what | learn at school 3.38 .923 .100
Q14r  When | learn something new | try to focus on the details rather 3.37 895  -.037

than on the ‘big picture’
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3.2 Internal consistency

This study found a Cronbach’s Alpha of .52, which is below the required .70 to be
considered as acceptable. The interpretation of the item-total correlations (Rit)
according to the thumb rules of Ebel [10]: poor (Rit<0.20), doubtful (0.21< Rit< 0.29),
good (0.30< Rit <.039), and very good (Rit >0.40), resulted in six poor, six doubtful,
one good, and one very good item (Table 2).

3.3 Differences in LLL competences

Performing an ANOVA? analysis showed no significant differences between the
different groups of students (F=1.260, p=.288). An independent samples T-test® was
conducted between the regular master students and master students who entered the
programme via an alternative pathway and no significant difference was found
(T=.124, p=.902).

Table 3. Lifelong learning for different student groups

LLL for different student N Mean SD
groups

2"d year bachelor’s 38 3.32 .268
3 year bachelor’s 44 3.32 334
Transfer 13 3.40 257
Master’'s 43 3.43 .346
Master’s via transfer 29 344 348
programme

Total 160 3.37 .320

The students were also merged into two groups: bachelor students (M=3.32, SD=.303,
N=82) and master students (M=3.44, SD=.344, N=65). An independent samples T-
test* showed a significant difference between the two groups (T=2.20, p=.029).
Appendix A presents the mean scores for each individual item for both the bachelor
and master students.

By way of comparison, we compared our results (M=3.37, SD=.320, N=160) with the
ones in the orginal paper (M=3.72, SD=.410, N=309) [8] and conducted an
independent samples T-test. This showed a significant higher mean score for the pilot
in the orginal study (T=9.413, p<.0001). Since the original study [8] included only final
year students, the same analysis is performed with only the master students (M=3.44,
SD=.344, N=65), which also resulted in a significant difference (T=5.145, p<.0001).

234 Levene’s test showed that homogeneity of variances can be assumed.

119



4 DISCUSSION
4.1 Hypotheses

A small, but significant, difference between the LLL competences of bachelor and
master students is found, which is in line with hypothesis 1, namely that master
students achieve a higher level of LLL competences. No statements, however, can be
made about how many students have appropriate LLL competences. It will be
important to define in further research (1) what determines approptiate LLL
competences and (2) what will be the threshold to make a distinction between
‘inadequate’ and 'proper’ LLL competences. In comparison to the orginal study [8], the
participants in our study obtained a significant lower mean score on the LLL survey.
This is an indication that Flemish Engineering students possess a lower level of LLL
competences, which will be further examined in future work.

It is reassuring that there are no differences in LLL competences between regular
master students and master students who entered the programme via an alternative
pathway. After all, it is important that at the end, all graduates obtainsimilar LLL
competences, regardless of their study pathway. At the end of the study programme,
similar learning outcomes are pursued irrespectively of the students’ study pathway.

4.2 Individual items

Given the exploratory character of the study and the low consistency within the
questionnaire, it is worthwhile to analyse some of the questions separately.

For instance, only a third of the participants (29%, N=47) prefer to plan their own
learning (Q1). Even in the final year, only 29% (N=19) of the master students prefer to
plan their own learning. Almost half of the master students (46%, N=30) prefer to have
others plan their learning, while 25% (N=16) are undecided. In addition, 36% of the
total group (N=58) indicate that they only seldom think about their own learning and
how they can improve it (Q6). Both these results can be an indication that there is not
enough awareness of the importance of lifelong learning among students. An
important element, when fostering students’ LLL attitude, will be to focus on increasing
the awareness of the importance of LLL [11]. In another study [12] focus group
discussions, organised with faculties organizing programmes in Engineering
Technology at the Flemish universities, showed that all universities acknowledge the
great importance of LLL. They also point out that a possible manner to increase
students’ awareness is to include LLL more explicitly in the study programme.
Introducing a LLL course in which each individual student (N=17) had to make a
personal development plan, is one manner to make LLL more explicit [7]. Almost all
the students (N=15, 88%) reported that they have learned to set goals, to self-assess
and continuously (re)-evaluate their learning. Although they attribute the latter two
abilities mostly to the entire curriculum, more than half of the students assign learning
to set goals to the specific LLL course. In addition, 12 students state that they now
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have the willingness to look out for formal, non-formal, and informal opportunities for
further self-development.

A large majority of the participants in this study state that they try to relate (1) academic
learning to practical issues (Q10, N=120, 75%) and (2) new material to what they
already know (Q12, N=128, 80%). Also 86% (N=137) of the participants indicate that
they feel comfortable tackling unexpected problems (Q3). These items seem to be
related to direct problem-solving area’s that are relevant for engineers. They might
indicate that engineering students are capable of learning ‘on the job’ when the
learning opportunity passes their path. This is a contrast to the ‘planned’ learning
where a person would not only learn for the moment, but set up a plan for learning in
order to tackle future problems (cfr. Q1 and Q6).

Surprisingly enough master students find it significantly more difficult to locate
information (Q11) than bachelor students (T=2.073, p=.040). This might be due to
master students being confronted with the difficulty of finding information for their
master thesis or challenging project work. However, further and more in-depth
research is required. With the exception of items Q1 and Q11, all other items seem to
indicate an increase from bachelor to master, which is in line with hypothesis 1. The
increase however is only significant for Q2: “I prefer problems for which there is only
one solution” (T=-2.378, p=.019) and Q9: “/ love learning for its own sake” (T=2,204,
p=.029). 62% of the master students (N=40) state that they do not prefer problems for
which there is only one solution and 28% (N=18) answers neutral on this item. This,
off course, is a relief, since engineering problems rarely have one exact solution.

5 CONCLUSION AND FUTURE WORK

This exploratory study found significant higher scores on LLL competences for master
students, which confirms one of the hypotheses of the research. The sample of this
study, however obtaines significant lower scores than the sample of the study of which
the survey was used [8]. The low internal consistency of the survey has to be studied
in more detail since it is in conflict with the original paper [8]. Including LLL more
explicitely can be a possible manner to increase the awareness for the importance of
LLL as demonstrated by [7]. In future work it will be determined what the LLL concept
means to the engineering profession. The results of another study [12] are the starting
point. Student background variables were not taken into account in this study. It is
however plausible that there are differences when they are included. In further
research we will therefore control for background variables.
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APPENDIX A
Table 4. Mean item scores for bachelor (N=82) and master students (N=65)
Mean item scores Mean SD
Q1 Master students 3.15 .988
Bachelor students 3.08 .940
Q2 Master students 2.35 .856
Bachelor students 2.71 .944
Q3 Master students 3.98 .545
Bachelor students 3.86 .566
Q4 Master students 3.37 .858
Bachelor students 3.51 .846
Q5 Master students 3.66 .735
Bachelor students 3.46 .786
Q6 Master students 2.98 1.12
Bachelor students 2.83 1.17
Q7 Master students 3.75 .811
Bachelor students 3.57 .872
Q8 Master students 2.58 .900
Bachelor students 2.78 .969
Q9 Master students 3.52 .970
Bachelor students 3.16 1.03
Q10 Master students 3.94 .808
Bachelor students 3.76 742
Q11  Master students 3.15 .972
Bachelor students 2.84 .848
Q12 Master students 4.00 .848
Bachelor students 3.87 .677
Q13 Master students 3.37 .993
Bachelor students 3.31 .869
Q14 Master students 2.51 .812
Bachelor students 2.75 .935
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ABSTRACT

Several universities have adopted flipped learning methods for teaching, offering
increased student interaction, and different approaches to course preparation and
learning processes. Flipped learning appears particularly well suited for engineering
educations, as it can combine active and problem-based learning (PBL) activities. In
spring 2019, a research project challenged a 4th semester at the Medialogy BSc
programme to a 'flipped and integrated semester', where all courses applied flipped
learning, and used the approach to integrate students' coursework into their semester
project work. To measure the effect of the flipped and integrated semester approach,
the 4th semester teacher team collaborated to include several initiatives, such as
cross-course teaching activities, student activities for course- and project-integration,
and integration-supporting supervision approaches, etc. Student responses to these
changes were diverse, and while a part of the students were positive, there is a definite
room for improvement. Most requested improvements included a strong semester
structure and planning and an explicitly clear relationship between courses and the
project. Flipped and integrated semesters require a lot of planning, communication,
need a holistic structure and has to be transparently communicated to students. Also
among students' main requests for improvement, were a consistent flipping approach
across courses, clear connections between homework preparation material and in-
class activities, and the inclusion of short introductory in-class clarification of
preparation material before any in-class activities. If properly motivated to follow the
steps, students found that the flipped classroom format could increase learning.
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1 INTRODUCTION

Flipped learning approaches has been adapted by more and more universities, due to
their ability to facilitate opportunities for expanded student interaction, and enhance
the width of ways to engage the subject material. Having these freedoms can prove
important for students’ learning processes, if applied correctly (Johnson et al. 2015).
From the combined perspectives of a constructivist ideology and instructional lectures,
flipped learning approaches can be integrated advantageously within engineering
educations, due to their handy consolidation of active and problem-based learning
(PBL) activities (Karabulut-ligu et al. 2018). A variety of studies have been published
on applying flipped classroom, flipped learning and blended learning to lectures.
Between these studies, very different experiences has been reported between
students and teachers, for instance in terms best practice on structure, learning
outcome and resources needed to fulfill the requirements (Triantafyllou et al. 2016;
Bertel & Svarre Kristensen 2018).

Since 1976, Aalborg University has applied its AAU Model, which includes the AAU
PBL principles (Askehave et al. 2015) to guide teaching praxis: project organization
creates the framework of PBL; courses support the project work; cooperation is a
driving force in problem-based project work; the problem-based project work of the
groups must be exemplary; students are responsible for their own learning
achievements (Askehave et al. 2015). The principles cover three learning dimensions:
1) the problem, 2) the content and 3) the team. The typical application of the AAU PBL
principles, if regarded from the perspective of semester construction, includes a
governing semester description (the semester theme) to frame the scope, a set of
courses which students follow for basic knowledge, skills and competences, and a
problem-based semester project with learning objectives congruent with the semester
theme.

The AAU Model has occasionally been revised to remain contemporary. However, the
2011 revision introduced an alteration that challenged the inherent compass of AAU
PBL (Huttel & Gnaur 2017). All courses were now required to be individually examined,
replacing a modus where a portion of courses were evaluated based on a) their
integration in the semester project and b) the students' proficiencies with the course
curriculum at the project examination. The adjustment to step away from the project
as the governing body for a collective of learning objectives, can now be seen as
deceptively impactful. The ensuing years has shown a slow but certain disunion of
courses and projects. Their role as mutual partners, and 'keepers' of a forgathered
semester theme, is now showing signs of discontinuance with both students and
teachers.

A recent ambition for AAU has become to constructively challenge the comprehension
of its '"AAU Model' PBL ideology. Examples showing this incentive are the close to 30
small, AAU-funded PBL projects, aimed for internal researchers to exploring, question,
challenge or examine a slice of the AAU PBL praxis. Several of these concerned
flipped classroom-oriented approaches. Additionally, AAU also funded the 'Future
Directions for Problem Based Learning in a Digital Age' project - or PBL Future for
short (Pblfuture.aau.dk); a 3-year research project aimed for deeper understanding of
the inner pros and cons workings of the current model implementation, as well as new
visions to take the AAU PBL principles into the next revised era.

A 'PBL Future' sub-project research group (the authors of this paper) have specifically
invested their research in exploring the utilization of flipped learning, as a standard
teaching approach for the digitalized future of AAU PBL. In spring 2019, a concept
termed ‘a flipped and integrated semester was proposed by the research group to a
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4th semester AAU teacher team, at the Medialogy B.Sc. program. In such 'flipped and
integrated semester’, all courses would solely practice a flipped learning approach in
teaching, while also seeking integration of integrate (Kofoed et al. 2018).

Medialogy as a field combines problem-solving, human-computer interaction, design
and media technology, to create specific solutions for specific users, often in
collaboration with stakeholders. The 4th semester of Medialogy (MED4) at Aalborg
University Copenhagen, consists of three courses (5 ECTS each) and a semester
project (15 ECTS), and the semester theme is 'Sound Computing and Sensor
Technology'. MED4 relies more heavily on math and programming compared to
previous semesters, focusing more towards understanding user needs. Empirical
survey data suggests that this semester profile means that many Medialogy students
consider MED4 a particularly difficult semester. This is supported by internal data
showing that many students fail the ordinary MED4 course exams (Kofoed et al. 2018),
suggesting an inadequate learning outcome. For years, this trend has frustrated the
MED4 teacher team, and made them susceptible to alternative approaches.

The concept of a flipped and integrated semester within a PBL environment is
pedagogically a fitting combination, from the theoretical perspective of Jensen et al.
(2015). Both are routed in active learning, and active participation has shown to lead
to improved learning (Jensen et al. 2015), compared to passive learning which
conversely has shown to impact performance negatively (Hackmann & Holmboe
2014). As one of the pioneers, Lage et al. (2000), defined a flipped (inverted)
classroom as "Inverting the classroom means that events that have traditionally taken
place inside the classroom now are taking place outside the classroom and vice versa”
(Lage et al. 2000). Meanwhile, the 'flipped classroom' and 'flipped learning' concepts
should not be confused as identical. Flipped classroom involves structure and
framework of teaching, while flipped learning focuses on the processes and learning.
The traditional, transmissive lecture is discharged with the flipped learning approach,
overtaken by active in-class activities, for example peer learning, problem solving, and
specific pedagogical approaches for out of class activities (Hackmann & Holmboe
2014). PBL is likewise occupied with active learning, as well as the emphasis on
activating students in real-world oriented problem-solving processes, including peer
learning.

The flipped and integrated semester was presented to the MED4 team including the
following benefits: a) the support of a wider range of possible PBL-oriented student
activities during in-class sessions, including even more student-teacher interaction, b)
to increase connectedness between courses by (for instance) allowing more cross-
and combined course dissemination and activities, and c) to introduce stronger
integration of project and courses, by basing course activities on project-related needs,
preparing initiating project descriptions which carefully subscribed to course contents,
and to plan the sequencing of the courses to follow the project phases.

This paper marks the end of the first completion of such flipped and integrated
semester; a 5-month process working with teachers to adapt flipped learning, as a tool
to advance their teaching experiences, and invite them to test and explore the
utilization of digitalized content distribution with new roles for the effective course
dissemination. But more fundamentally; to reintroduce the explicit ambition of a cross-
course and course-project integration to the AAU semester. This paper will primarily
contribute to the PBL community, with a discussion of the flipped and integrated
semester concept, largely based on a presentation of results from the concluding
student evaluation of the first full iteration of the flipped and integrated semester.
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2 METHODS

The three flipped semester courses were Audio Processing (AP), Design & Analysis
of Experiments (DAE), and Physical Interface Design (PID). DAE had experimented
with flipped classroom prior to the flipped and integrated semester, but AP and PID
had no experience. Leading up to semester start, teachers and PBL researchers
discussed approaches to flipping, decided to approximate teachers' approach closely
to DAE's adaptation; video material, readings and quizzes were provided for out-of-
class homework preparation for the in-class session. In-class sessions started with a
short discussion on the preparation homework, proceeding quickly to an activity-based
scheme, typically group exercises performed with teacher/TA assistance, and
routinely broken a bit, by the teacher calling for a short detailing to the whole class, if
a challenge would telegraph itself likely to be shared by many students. AP and PID
needed to find their feet in this approach, and find or develop out-of-class material. In
addition, workshops were provided throughout the semester, providing an extended
version of the in-class lecture activity scheme. Some workshops focused primarily on
individual courses, while others sought to combine considerations both several
courses and the semester project.

During the semester progression, the teacher team exchanged experiences internally
and at meetings, and adjusted the teaching accordingly. Examples include the amount
of readings, the explanation of the purpose of readings or tasks, the in-class sessions,
etc. During the semester, one role of the PBL research team was to facilitate and (if
needed) mediate the dialogues between teachers. Another was to observe and collect
information and insights about the progress of the semester, based partly on
observations, but also student responses from surveys regularly provided to students
throughout the semester. The information from surveys was then presented to
teachers, for them to adapt accordingly, if needed. The methodology for the research
group was primarily approaching the study as an explorative case study (Stebbins
2001, Remenyi 2013), and a descriptive, mixed-method study (Stake 1995, Yin 2008).
Four questionnaires were sent to students during the semester, focusing primarily on
the same aspects. It is the fourth and final questionnaire, requesting students' final
evaluation of the semester, which this paper focuses on. All the four questionnaires
were built using predominantly quantitative rating on students' experience of the
flipped lectures (as this would be the first time many of them had tried that). More
specifically, main categories were the level of integration of project considerations in
courses, students' perceived course workload, their perceived difficulty of the courses,
and the perceived learning outcome from courses. Lastly, students were asked about
the integration of course work into their project, and overall aspects to their semester
project experience. The questionnaire had 44 quantitative items and 17 open-ended
(qualitative) items, split into 15 small sections, covering the categories just mentioned.
After each of the 15 sections, one of the 17 open-ended items would follow, as
voluntary response options requesting elaboration from students on the ratings they
gave in the section, if students would care to elaborate on their rating. Besides these
follow-ups, the last open ended items were an opening "describe your MED4
experience" and a closing "if you have any additional comments, please add'. In the
following, we will present the evaluation results. The questionnaire was provided to
students on October 8th 2019. At this time, all participating students had completed
MED4, including all exams, and had a complete impression of the semester.
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3 RESULTS

The questionnaire received 40 responses out of 59 registered students on the
semester. This is considered a satisfactory cut of the population. The following results
presentation will be disseminated in formulated form, with tendencies informed by the
quantitative ratings, and rationalized based on the open-ended responses.

The key contribution here, is the summative conclusions and future recommendations
to a flipped and integrating semester, from students who a) have been used to
traditional course work + a weakly integrated PBL project, but b) is then removed
completely from this comfort zone, c) exclusively exposed to flipped learning course-
work for an entire semester, d) from teachers with mixed experiences, €) on a
semester with a very steep learning curve, and f) with a semester coordinator who has
had to understand how to plan the semester around it. Exposing the governing take-
away already here; findings will suggest a definite potential for the flipped and
integrated semester, but also show that flipped learning is a craft that needs a lot of
initiating investments, practical experiences and specific application to the target
audience. Another key finding is that flipping an entire semester at once, for the first
time, is a deceptively large task, that demands constant and very high levels of
communication between teachers, as well as frequent dialogue with students to
understand their perceptions and needs.

In the opening item; the exclusively open-ended experience description from students,
the semester was depicted with positive references from an overall appreciation of the
holistic approach to the flipped courses, including the teaching method applied by
teachers and coordinators for both for courses and workshops, and showed an
appreciation of capable and engaged teachers. Critique was more dominant than
praise, however, pointing towards an absence of consistency and structure in the
implementation of the flipped learning approach, especially for the two courses where
teachers had less experience. Arguments included an overly tight and stressed
schedule, and an extensive out-of-class preparation quantities, which resulted in
several topics covered in courses to manifest as a stressful experience. Another
overall criticism was a perceived lack of coherence between the course curriculum as
experienced during the lecture-run, compared to the final exam requirements.

For a more detailed look into some of these criticisms, responses on courses' provided
homework preparation material prior to in-class activities was again perceived as well
chosen by some students, while others criticised content. Argued by some to simply
be 'boring', others raised quite relevant critiques by questioning the balance between
the large preparation quantities and a perceived lack of useful application or logical
purpose of the material, in relation to either the course learning objectives, or the
transfer of the material into the in-class sessions. Students suggested a priority system
(e.g. a split between mandatory and extended readings). Other critiques related to
preparation material not produced by the teachers themselves, which made it feel
distant, inadequate or irrelevant to the following in-class activity.

Concerning the in-class activities themselves, some students considered them fruitful
and constructive for the understanding of the overall lecture content, though with a
differentiating rank between the individual courses. Endorsements related to proper
balancing and logic between preparation and in-class activities, but only if in-class
sessions included good introductions to the prepared material, and was
complemented with clear descriptions of the expected application and outcomes for
the in-class exercises. Appreciation was also given to sessions including
considerations or practical work supporting the semester project. Critique aimed at in-
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class sessions that served as mere repetition of the homework preparation, and when
the connection from preparation material to in-class activities became too abstract to
transfer. Or if activities were simply too difficult compared to the preparation material.
Regarding difficulty, positive responses pointed towards the importance of a clear
structure, clear relations between homework and in-class teaching, and the overall
description of the course vision. Consistency on these aspects lowered the risk of
misinterpreting the actual difficulty level. Interestingly, students reported that a lack of
structure made them estimate the course difficulty as either very easy or very difficult.
But generally, if the transfer of preparation material content into in-class sessions
appeared abstract or unclear, students typically perceived lectures to be very difficult.
During such in-class sessions, students reported to request more step-by-step
explanations and practical examples of homework application. High course difficulty
was also related to lacking structure, especially when an exam assignment did not
reflect the learning objectives that students experienced from either preparation
material or in-class exercise sessions. Only the already flipped-experienced DAE
course, was mentioned to appear balanced.

Students' perceived learning outcome was rated with a high learning outcome for
coursework with clear structure, in-class processes that were well planned with clear
goals, and which included the before-mentioned 'initiating coverage' of the homework
preparation material in the opening phases of the in-class session, ensuring the
perspective for students. When not in place, ratings were noticeably lower, which also
including prior mentioned issues, such as when material or in-class sessions were too
abstract, too high-level, without a clear purpose, or disconnected homework and in-
class tasks. Interestingly, quite a few student responses included self-reports on
moments where their learning outcome had suddenly increased dramatically, and that
they did this at very different phases in the semester/course in question and through
very different activities, with some students reporting that their epiphany occurred
during a home-preparation session, while had it at an in-class activity, and some even
only during the exam preparations.

Looking at the integration of courses into the project, the DAE course was the only
course consistently represented in the project. When looking at ratings on the overall
project experience, they suggest that while students found between-students
groupwork quite satisfactory, this was less so with supervision and exams. Comments
suggest that expectations may not have been sufficiently aligned, in terms of what the
students expected the project / supervisor to need or result with. Prominent complaints
from students in this regard focuses on the exam, and how supervisors were focusing
a lot on the application of knowledge from the courses, in the project.

The last open-ended item; students final recommendations, focused in part on the
overall semester and course structure, requesting clear and explicit relationships
between courses and semester project. Cross-course workshops was highlighted as
very useful for the integration of courses and project work. In relation to semester
planning and preparation, the semester should be a well-planned, clearly structured
'whole'. This includes clear and transparent progressions through the courses, an
overview of the entire semester, and better communication across courses, especially
on assignments and increased workload phases, in order to avoid overlap. Students
stated the need of developing a consistent and logical flipped learning approach,
where all courses on the semester should apply a coherently similar approach. A clear
connection between homework preparation material and in-class activities creates
motivation to prepare, which can make the flipped classroom format work very well,
and in fact increases learning. During in-class sessions, students besides valueing the
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introductory in-class clarification, students also recommended using smaller, quicker
assignments, possibly then in higher numbers, so tasks can be finished within the in-
class session and utilize the format.

4 DISCUSSION AND CONCLUSION

There are some very central, interesting and useful tendencies in the data. While the
students who expressed complete positivity with the whole flipped and integrated
semester-initiative were in fact an overall minority, the issues brought up by the latter
students are both logical and approachable for improvement. It also shows that
implementing flipped learning is not simply about time-switching, but a craft in itself,
that also very proficient teachers need to get familiar with over time. The issues with
the flipped teaching approach, leaves the question of whether flipped learning is
constructive for integration difficult to answer clearly. Integration suffered an
underwhelmingly representation in the student responses, due to other matters that
related to start-up difficulties for some teachers, in some phases of the semester. It
therefore remains to be seen how well flipped learning can indeed become a catalyst
for increased integration. Student responses were, however, always positive about
course/project integration, both when it happened, and being discontent when it should
have. Returning to the flipped learning, it appears that suboptimal application of flipped
learning can have radiant consequences on students' perceptions of learning outcome
and difficulty. This returns the focus to how flipped learning, with all its moving parts
and possibly heavier self-study loads and requirements. It appears to be able to
develop specific pressure points, where the approach has to deliver, to avoid students
losing overview, perceiving the workload to increase, or lose their orientation of
purpose or transfer of e.g. material into a meaningful application in another phase of
the flipped cycle.

If anything, it could appear that flipped learning needs to have its methodological and
pedagogical sweet spot established, to allow meaningful integration between courses
and into the projects. Naturally, much of students' criticism was built on imbalances
with semester coordination, course structures, flipped approach coherency, workload
planning and met expectations.

It however is very interesting to see, how students independently reported when they
suddenly hit a spot where their learning outcome was increased dramatically, because
they finally understood the bigger picture. Observing the AP course, it consistently
improved these aspects; structure, planning, in-class introductions, workload
regulations, preparation material adaptation, etc. The course was gradually optimized
during the semester, as the teachers became aware of the issues and solutions
recommended by students, and certain students' feedback on when they started
learning much more fits the timeline well.

Overall, there are still too much potential, and too concretely improvable solutions, to
dismiss the idea of the flipped and integrated semester. Future iterations are bound to
be facilitated, based on the experiences obtained in this initiating iteration. It is
interesting, that students are suddenly requesting structure, vision, planning,
coherency, etc., when faced with the flipped learning. One reflection of that relates
exactly to the integration perspective. Future research will hopefully provide more
concrete answer, but if one imagines that students actually started to care about the
transfer, logic, academic and theme-oriented connectedness, because they now saw
that it was theoretically possible; that is a nice motivator to continue the work.
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ABSTRACT

Being able to situate oneself in an engineering role is a developmental process. Students
may initially have idealized perceptions of a professional role and over time, they make
this role more congruent with their own values and goals [1]. In light of this, Higher
Education Institutions are being challenged to offer learning experiences and career
exploration activities to enable students to clarify their interests, values and competencies
in relation to a professional role [2]. This study compared the professional role
preferences of more than 700 engineering students at TU Dublin (Ireland) and KU Leuven
(Belgium). Professional role preference was measured with PREFER Explore, a personal
preference test for engineers. The test aligns students to three professional roles for early
career engineers: Product leadership (focus on radical innovation), Operational
excellence (focus on process optimization) and Customer intimacy (focus on tailored
solutions and customer satisfaction). A comparison was drawn between the role
preference of first year students at TU Dublin and KU Leuven to establish if there were
significant differences in preference across both universities. The results suggest that the
role preference of engineering students does not shift from first to third year. There is also
evidence that the PREFER Explore is sensitive to gender differences, with female
students showing a greater preference for customer intimacy than males and males
showing a greater preference for operational excellence than females at TU Dublin. The
data have a number of implications for the labor market in Ireland and Belgium.

1. INTRODUCTION

Several studies showed that first-year engineering students lack clear views of their
professional future and have rather vague ideas about engineering [3,4]. A 2018 study in
KU Leuven (Belgium) and TU Delft (The Netherlands) indicated that first year students in
both universities seemed to be most attracted to roles that involved product innovation
[5]. However, in reality, only a small proportion of engineers are directly involved in
technological innovation [6,7].

Being able to situate oneself in an engineering role is a developmental process. Students
may initially have idealized perceptions of a professional role and over time, they make
this role more congruent with their own values and goals [8]. In light of this, higher
education institutions are being challenged to offer learning experiences and career
exploration activities to enable students to clarify their interests, values and competencies
in relation to a professional role [2]. Earlier studies have demonstrated that a better
understanding of one’s professional future and engineering identity not only has positive
consequences for student learning and study choices [9,10], but also increases
employability and job satisfaction [11,12]. This study sets out to explore the role
preference of engineering students at TU Dublin and KU Leuven in order to address three
research questions:

1) How does the role preference of engineering students at KU Leuven and TU Dublin
compare?

2) Are there differences in role preference of first year engineering students based
on gender?

3) Does year of study have any influence over this preference, or are the preferences
stable?
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2. BACKGROUND

2.1 Professional Role Model for Future Engineers (PREFER-model)

The PREFER-model was developed to enhance engineering students’ reflection about
their future selves. The model wanted to offer very concrete opportunities to grasp
particular aspects of the complex and varying careers that an engineer can pursue that
transcend the engineering discipline. The model represents three professional roles
independent of discipline: Product leadership (focus on radical innovation & research and
development); Operational excellence (focus on process optimization & increasing
efficiency); Customer intimacy (focus on tailored solutions for specific clients). The roles
specifically focus on early career engineers and are flexible in use since several roles can
be combined in one job. The model has been thoroughly validated with both industry
stakeholders and engineering students [13,14]. For each of the roles, essential non-
technical competencies have been identified in close collaboration with industry [15].

Based on the PREFER-model, two tests were developed allowing students to explore
their personal preference and to receive feedback on their role alignment and
competencies. In this study, the PREFER Explore test was used to investigate role
preference [16,17]. A further description of PREFER explore is provided in the method
section.

2.2 The nature of interest

Interest is not a self-sufficient concept, it requires material, a subject matter and
conditions on which an individual can operate, effort on the part of the individual and that
the individual possesses some traits and tendencies that can be assessed [18]. So a
researcher must consider the modality of the assessment of this interest and the nature
of the interest as well. Interest can take on two forms, either situational interest, which is
a snapshot of an individual's interests at a given time that can change based on their
experiences, or individual interest which is relatively stable over time and has a tendency
not to change with experience [19]. This highlights a question as to whether or not
PREFER-Explore is a situational interest assessment or an individual interest
assessment, which the authors will attempt to address during the discussion of the
results.

2.3 Gender differences in vocational interest

The magnitude and variability of gender differences in individual preference was
examined in great detail by Su, Rounds and Armstrong [20] who suggest that men and
women differ in their preference for things and people, with women favoring people and
men favoring things. Carrying out a meta-analysis of 503,188 responses to 47 interest
evaluations, this gender difference in People-Thing orientation was found to be
significant, with a large effect size (d = 0.93). While Su, Rounds and Armstrong concede
that the application of some item development strategies can reduce gender differences,
they suggest that interest may play a crucial role in occupational choices in STEM fields.
This phenomenon was also investigated in an engineering specific context in a recent
article by Bairaktarova and Pilotte [21]. In their study of 339 practicing engineers and
engineering students, they found significant gender differences in both people and thing
orientation in both practicing engineers and students.
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3. METHODS

3.1 Data collection

In total the test was administered to 755 students, resulting in data from 624 males and
131 females being collected. A summary of the datasets is presented in table 3.1. All data
collection was carried out with the full approval of the TU Dublin research ethics
committee (REC 17-112) and the KU Leuven ethics committee (G- 2019 10 1792)
respectively. The engineering discipline of the sample of students is provided in table 3.2,
with first year students in both universities enrolled in a common entry route.

Table 3.1 Summary of data sets form TU Dublin & KU Leuven

Year of Year of Collection Response
University Gender N study collection method type
Pen and Voluntary
TU Dublin ~ Female 12 1 2018 paper
Male 98
Pen and Voluntary
TU Dublin ~ Female 22 1 2019 paper
Male 79
Pen and Voluntary
KU Leuven Female 27 3 2018 paper
Male 127
Online Obligatory
KU Leuven Female 70 1 2019 platform
Male 320
Totals Female 131
Male 624
Grand
Total 755

Table 3.2 Engineering discipline of sample

Engineering discipline N %
Engineering (common entry) 596 79%
(Bio)Chemical Engineering 25 3%
Electronics-ICT Engineering 42 6%
Mechanical Engineering 81 11%
Structural Engineering 10 1%
BLANK 1 0%
Grand total 755 100%

This data allows a study using data from both universities to establish a comparative study
of first years and the potential gender differences in the role preferences of first year
students and moreover a cross sectional study in KU Leuven to evaluate if role preference
was stable over time .
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3.2 Instrument

The test instrument used in this research was PREFER-Explore [22] a 10 item personal
preference test that aligns individuals to 3 professional roles based on their vocational
interests. Product leadership, Operational Excellence and Customer Intimacy.
Participants are provided with several questions, for example: You participate in an event
that is aimed at stimulating knowledge sharing in your professional area. You can choose
between different kinds of sessions. What sessions would you prefer the least and the
most?

e Information meet ups and networking sessions with engineers from within your
field

e Presentations on best practices to increase efficiency of production and delivery
of services in your professional area

e Presentations discussing the state-of-the-art in your field of expertise

A maximum score of 10 and a minimum of -10 is assigned to each role, giving a theoretical
range of 20. When students indicate a response is their least preferred, it deducts 1 point
from that role and vice versa when they indicate it is their preferred role.

The test has been shown to be a reliable test for evaluating preference in each of the
three roles with modest inter-item correlations and Cronbach’s Alpha Coefficients ranging
between .460 and .686 [17]. The items of PREFER-Explore are available at via the
instructors test account on www.fet.kuleuven.be/prefer.

3.3 Data analysis

All data from each role were checked for normality to establish if the data were normally
distributable or distribution free. A comparison was drawn between first year students in
KU Leuven and in TU Dublin to establish if differences in role preference were observed
across universities. As the sample sizes for first year students were different, homogeneity
of variance was not assumed for the t test, this was confirmed with a Levene’s F test. The
null hypothesis H,, was that there would be no difference in the sample means and an
alternative hypothesis was promoted by the researchers that significant differences would
be observed H,,

Data collected from first year students were analyzed to establish if there were differences
in role preference by gender using independent samples t-tests to compare the scores of
male and female students in each of the three roles at both Universities. As the sample
sizes for male and female students were different at each university, homogeneity of
variance was not assumed for the t test, this was confirmed with a Levene’s F test. The
purpose of selecting first years for this analysis was to determine if there were differences
in role preference by gender on entry to University. The null hypothesis was that no
significant differences exist between the two cohorts H,, and an alternative hypothesis
was promoted by the researchers that significant differences in the sample means would
be observed H,, in each role. The purpose of this analysis was to determine if PREFER-
Explore was sensitive to gender differences.
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Using an independent samples t-test, the distribution of scores for each role were
compared between first and third years students at KU Leuven to establish if they were
significantly different from one another and to establish an effect size. As the sample sizes
for first and third year students were different, homogeneity of variance was not assumed
for the t test, this was confirmed with a Levene’s F test. The null hypothesis H,. was that
there would be no difference in the sample means and an alternative hypothesis was
promoted by the researchers that significant differences would be observed H,.. The
purpose of the analysis was to determine if the preferences of the students were stable
over time.

4. RESULTS

4.1 Role preference by university

As highlighted in table 4.1, a strong preference for product leadership was observed in
both universities, while operational excellence remains in a neutral position, followed by a

lack of preference for customer intimacy based on mean scores.

Table 4.1. Independent samples t-test of scores from KU Leuven and TU Dublin

Mea Std. Sig. (2-

Role University N n Dev t df tailed) Cohens d

Product KU

Leadership Leuven 363 3.19  3.165 2.1 401 0.036* 0.185386
TU Dublin 198 2.6 3.2

Operationa

I KU

Excellence Leuven 363 -0.06 3.788 -0.873 427 0.383 -0.07625
TU Dublin 198 0.22  3.552

Customer KU

Intimacy Leuven 363 -3.12  3.758 -1.272 411 0.204 -0.11017
TU Dublin 198 -2.71  3.685

*a=.05

It can be noted that first year students in KU Leuven hold a stronger preference for product
leadership roles on average when compared with first year students in TU Dublin. Upon
further examination, the difference in mean scores for product leadership were found to
be significant, with a small effect size (.19), while no significant differences in the mean
scores from the other two roles were observed across the two universities.

4.2 Role preference by gender

The analysis carried out on the sample of first year engineering students to determine
gender differences in vocational interest revealed differential results in both universities.
In TU Dublin no difference existed between female-male preferences for product
leadership. For operational excellence and customer intimacy however, significant
differences in female-male sample means were observed at a confidence interval of 95%.
A subsequent examination of Cohen’s d revealed a small effect size in both cases, with
female students having stronger preference for customer intimacy than males and males
having stronger preference for operational excellence than females. In KU Leuven, no
significant gender differences were observed in the three roles.
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Table 4.2 Independent samples t-test of gender differences in preference in TU

Dublin
Sig. (2-

Role Gender N Mean  Std. Dev t df tailed) Cohen's d

Product Leadership Female 35 2.66 3.067 0.129 52 0.898 0.025
Male 163  2.58 3.237

Operational Excellence  Female 35  -1.03 2.895 -2.674 59 0.01* -0.459
Male 163 0.48 3.63

Customer Intimacy Female 35 -1.46 3.551 2.282 51 0.027* 0.421
Male 163 -2.98 3.668

a=.05

Table 4.3 Independent samples t-test of gender differences in preference in KU

Leuven
Sig. (2- Cohen'sd

Role Gender N Mean Std. Dev t df tailed)

Product Leadership Female 68 291 3398 -0.753 95  0.453 -0.088
Male 295 325  3.112

Operational Excellence  Female 68 -0.38 3579  -0.804 106  0.423 0.069
Male 295 001  3.836

Customer Intimacy Female 68 -253  3.846 1422 98  0.158 -0.031
Male 295 -326  3.73

a=.05

4.3 Role preference by year of study

The analysis of the differences in role preference based on year of study at KU Leuven
suggest that there are no significant differences between the role preference of first year
students and third year students at a 95% confidence interval.

Table 4.4 Independent samples t-test of differences in scores by year of study

Sig. (2- Cohen’sd

Role Year N Mean Std. Dev t df tailed)

Product Leadership First Year 294 325 3117 1237 216 0.217 0.135
Third Year 128 2.8 3.532

Operational Excellence  First Year 294 0.03  3.832  -0.657 238 0.512 -0.069
Third Year 128 0.3 3.899

Customer Intimacy First Year 294 -3.28 3.724 -0.444 215 0.657 -0.047
Third Year 128 -3.09 4.254

*a=.05
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5. DISCUSSION

The results of the comparison of role preference in KU Leuven and TU Dublin suggests
that first year students, by and large, have similar preferences for each of the three
professional roles, with the exception of Product Leadership, where the preference is
significantly higher in KU Leuven than in TU Dublin, with a small effect size (.19). The
reasons for this could be numerous, one possible explanation is that the economic activity
of engineers in Belgium places a stronger emphasis on manufacture than Ireland,
manufacture implies the production of a tangible product and may explain the greater
degree of preference for such a role.

The results of the analysis of differences in mean scores by year of study reveal that
students’ role preference is rather stable. That would tentatively suggest that PREFER-
Explore is an individual interest assessment as opposed to a situational interest
assessment, as the results seem to be stable by year of study. Of course, the finding of
this study are based on cross sectional data and so changes in preference could not be
tracked. Previous research in Belgium suggests that role preference is not stable over
time [14], however the sample sizes was low (n = 67) and the data were also cross
sectional. On the basis of both the Belgian study and the study reported here, the author’s
hypothesis is that PREFER-Explore is in fact a situational interest assessment. To
address this, a longitudinal study using PREFER-Explore would need to take place that
tracked students’ role preference over time. It would also be interesting to investigate
whether students have clear preferences for a combination of roles. Earlier research with
Masters students indicated that, when combining roles, up to 40% of the students
expressed a preference, either as a single role or combination of roles, for customer
intimacy [14].

The results of the analysis of gender differences in the mean scores on PREFER-Explore
reveal differences in preference between male and female students in operational
excellence and customer intimacy at TU Dublin. This would suggest that the test is
sensitive, at least to some degree, to the female people-orientation discussed in the
literature. The test did not detect gender differences in preference for product leadership
however, this is contradictory to evidence in literature which suggests that male students
are more thing-oriented. There are two explanatory factors, one is that the product
leadership subscale is simply not sensitive to these differences and the second is that
students who have selected engineering as their field of study are already predisposed to
be thing-oriented, regardless of their gender. This latter factor is far less likely however,
as confirmed by previous research into engineering students’ people and thing orientation
[20,21]. This first point, about the sensitivity of the test to gender differences is punctuated
in the KU Leuven data, where students showed no difference in role preference based on
gender in any of three roles, with a clear preference for product leadership being
demonstrated from the data.
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6. CONCLUSIONS

Nye et al [23] expected that interest would predict performance where that interest directly
related to an occupation. In their study, which evaluated 60 years of interest research, the
samples of students and those who were employed illustrated moderate correlations with
performance criteria and persistence at work and in school highlighting the benefits of
interest assessment in predicting job success. In addition, they discuss the added benefit
of providing interest profiles rather than interest levels stating that in predicting
performance in a particular occupation or major should involve considering the interest
profile in that particular context. Learning the knowledge and skills required to understand
topics where there are less well-developed interests is a difficult task. Students are less
motivated to work on developing knowledge about these topics. Their ability to make
enquiries about these topics is also limited, questions tend to be procedural, unless they
set a goal to learn about it. Most adults can set goals and utilize motivational strategies
from other content domains in order to master content in less well developed interests,
and they can learn to do so [24]. It is an imperative then, that students can frame the
topics of study in their programme within a professional role, to enable them to develop
motivational strategies to succeed in topics where they lack an intrinsic motivation to
succeed.

In addition, and in response to previous work by the authors on role preference in different
universities, a comparison was drawn between the interests of first year engineering
students at KU Leuven and TU Dublin to evaluate if there were differences in role
preference across these universities. As noted in previous research, there is a strong lack
of preference for customer intimacy roles and a strong preference for product leadership
roles. Despite female students having a stronger preference for customer intimacy, the
mean scores on this subscale still range from -1.46 to -3.26. With approximately 3.5
standard deviations from the mean score on this role, even positive scores for customer
intimacy are relatively small compared to the other two roles. This presents a number of
challenges in Ireland and Belgium, as traditional manufacturing begins to decline and jobs
in professional services continue to grow [25,26] the role of an engineer in industry is
changing. There are two key issues, the main issue being that if we concede that
engineering is as much about people as it is about product and process, a question is
raised about how we can attract talent to engineering that focuses on the former of these
roles as well as the latter two. There is a second, paradoxical issue, in that female
students at TU Dublin have a stronger preference for customer intimacy roles than males,
roles which are becoming more and more important to the industry, yet females remain
consistently underrepresented in traditional engineering disciplines. The authors argue
that in light of this research, now more than ever, initiatives seeking to secure the STEM
pipeline are essential to ensure we avoid vertical skill mismatch in the field.
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ABSTRACT

The integration of digital technologies and the trend of life-long learning impact on
corporate learming. Companies no longer want to build their own training departments
and centers, they are looking for opportunities and resources outside. University and
industry are building grounds for mutual benefits. This study aims to reveal preferable
forms of education and training in the corporate sector in Finland. The study is based
on a survey of 32 industrial companies. It addresses the current state of corporate
learning in Finland. The results reveal that the majority have already integrated
corporate training through external sources. Finnish companies prefer internal face-
to-face training.

1 INTRODUCTION

Digitalisation embraces different sectors of our life including education. There are two
niches in education and life-long learning: academic and corporate learning. Corporate
training research is limited in the scientific literature, therefore present a special
interest. In addition, the background for this research is Erasmus+ Capacity Building
Project CEPHEI [1]. The project aims to increase collaboration between industry and
university on the ground of a joint online learning program. As a result of the work, the
learning platform was created in a consortium of 9 universities with courses in blended
and online forms. Each course is a result of university-industry cooperation. The
industry participation differs for each course. Courses are designed with the problems
brought from industry or aimed to teach industry. Therefore, the study related to

! Corresponding author

A. Chakir
Anastasia.chakir@iut.fi



corporate learning is specifically crucial to industry involvement, building joint learning
programs and future sustainable cooperation.

This study focuses on the corporate sector and analyses the existing forms of learning
and training. The primary two core options of training are analysed: external and
internal.

1.1 E-learning

Digital technologies are changing the educational paradigm and enable cooperation
between different organizations. The vast amount of digital teaching materials allows
opening the learning environment [2]. The growing number of higher education
institutions (HEls) transits their courses to digital form. The world's top-ranked
universities have extended their learning environment and offer online courses and
degrees in various Massive Online Open Course (MOOC) platforms. Finnish HEIs also
apply the “go online” strategy and launch online campuses and non-degree online
studies.

The Industry-University collaboration brings significant benefits for both sides.
University can involve more real cases and problems to solve for their students and
provide the link for the future work placement between industry and university. The
updated learning process prepares students for future challenges during their work
life. From the other side, companies can hire the students using the analytics of the
existing joint learning management system. In addition, companies can use university
courses as training for their employees.

1.2 Corporate learning

Over four million students of all levels annually graduate from European universities
[2]. Most of them start their career and continue education through the corporate
system, training and lifelong learning. Corporate education is a branch of the
educational system, but it pursues different goals than traditional higher education.
The objective of corporate learning is to change the mindset of employees and ensure
that they have knowledge and skills to undertake specific tasks [4]. The specific
characteristics of corporate education are fast pace, career-oriented, benefit to the
company.

Masalimova and Sabirova (2014) have analysed socioeconomic and educational
literature and provided a holistic classification of corporate learning. According to local
characteristics, the training can be in-house (carried out within the company) and out-
of-house (courses, workshops, seminars conducted on third party territory). The key
decisive factor whether to outsource or conduct training internally is the availability of
financial, time and human resources [6]. According to Masalimova et. al (2016),
European companies (based on data from France and the UK) prefer in-house
training. The study of the Finnish market shows that different size companies are
equally invested in employee training, but forms of training are not specified [8]. Thus,



the first hypothesis to test in this study is: Finnish companies alike other studied
European companies prefer internal corporate training.

Corporate education is happening in both traditional and digital forms. Corporate
learning is one of the fastest-growing segments of the e-learning market: 51% of
European companies are offering online opportunities to learn to employees [4]. Thus,
the second hypothesis of this study is: Finnish companies prefer online corporate
training.

2 METHODOLOGY
2.1 Research design

The research aims to identify preferred forms of corporate training among Finnish
industrial companies, and whether they depend on the size of organization. The study
utilizes a questionnaire survey as it is an objective way to test research hypotheses.
Ensuring the reliability of results, the questionnaire adopts Crumpton (2011) and
Masalimova et. al (2016) studies. The questionnaire was designed both in English and
Finnish. To ensure the identity of questions in both languages it was translated by two
people and then compared.

The questionnaire includes an introduction, where the objectives of the research are
explained. Later, respondents are asked about company size and availability of
corporate education. The last part invites respondents to rate on a five-point Likert
scale which forms of corporate training are most commonly used in the company.

2.2 Sampling and data collection

List of possibly suitable companies was acquired in Technology Industries of Finland
Association. Initially, it included 1400 companies, the repeating and international
companies were excluded from the list. Out of 1161 companies, 20% were randomly
chosen due to high time consumption for contact data collection. The target group of
the survey is management.

Link to the survey was distributed via email. Out of 232 emails, 204 were delivered.
The reminder was sent to potential respondents within a week. 32 answers were
submitted to the questionnaire, thus, the questionnaire was completed with an
effective response rate equal to 15,6%.

3 RESULTS AND DISCUSSION

The collected data was encoded and analyzed with data analysis and statistical
software STATA SE16. The use of English and Finnish version of the questionnaire
was justified as 53% of respondents preferred Finnish. Two out of 32 respondents
stated that there is no corporate training in their company. The majority of respondents
(50%) are from medium-size companies, small and large companies were equally
represented. The descriptive statistics of factors is presented in Table 1, where 1
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French and UK companies prefer internal training is approved. Even though in-house
training requires more resources, it allows companies to keep sensitive information.

According to results of t-test, there is statistically significant difference (p-
value=0,0000) in mean values across respondents for variables traditional (M=3,13;
SD=0,90) and online (M=221; SD=0,65) corporate training. Vernau and Hauptmann
(2014) state that European companies tend to offer online learning, however, the
hypothesis that Finnish companies prefer online corporate training is declined.

There are several limitations associated with this study. Firstly, the questionnaire was
distributed among Finnish industrial companies, thus, the results cannot be
generalized to the whole Finnish market. Secondly, bigger sample size will allow
analyzing the data deeper, for instance, conduct cluster analysis.
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ABSTRACT

This paper discusses the term ‘global responsibility’, how it emerged and why, and
analysis of interview data collected from nine civil engineers working in London
regarding their understandings of the term. Professional Bodies often take the lead in
envisioning change, by identifying the direction their professionals should take to
help address society’s evolving needs and aspirations. Often, such Bodies charge
academia with addressing society’s evolving needs through research, outreach, and
preparing the next generation of professionals. In the UK, leaders in civil engineering
have pressed for individual and collective action to facilitate sustainable development
and decrease occurrence of corruption. Nevertheless, under the current model of
professional conduct, finances (typically the extractive side of the economic pillar)
continue to take precedence over the environmental and social pillars. In response,
the United Nations has encouraged use of the term ‘global responsibility’ to expand
public perceptions of what quality life should entail. This paper represents a first step
in comparing how common use of the term in UK civil engineering compares to its
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originally intended meaning, and what London-based engineers are doing to
facilitate it.

1. INTRODUCTION

In the UK, leaders of Professional Bodies in civil engineering [1] [2] have pressed for
individual and collective action to facilitate sustainable development and decrease
occurrence of corruption [3], which had become particularly evident in large-scale
infrastructure projects. According to the Brundtland commission [4], "Sustainable
development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs." Sustainable
development implies concern for environmental and social sustainability as well as
financial aspects, as conveyed in the three pillars (environment, society, economy)
that should be given balanced consideration in decision-making. Nevertheless,
financial profit has tended to be the focus of the business model within which civil
engineering typical operates, and it relies heavily on indicators like Gross Domestic
Product that are extractive rather than generative or re-generative in nature [5].
Many civil engineers have called for more holistic visions of success.

The United Nations has encouraged use of the term ‘global responsibility’ to expand
public perceptions of what quality life should entail. The specific term has not gained
a wide footing, however, and seldom appears in literature on civil engineering.
Despite not using the term, Professional Bodies in engineering have increased their
attention to various dimensions of global responsibility, further codifying ethics,
sustainability, and sustainability development and frequently highlighting and
promoting cases for educators and practitioners to use as precedents [6].
Engineering Professional Bodies also have looked to higher education institutions
(HEIs), asking them to equip emerging graduates with the skills and abilities
necessary to enact global responsibility and incorporating such aspects into
conditions for accreditation.

Considering the UK specifically, Professional Bodies provide grants, guides and
frameworks, and other forms of support to HEIls to help them teach ethics and
sustainability [6]. They provide continuing professional development (CPD) activities
to help members develop new knowledge and skills, they require early-career
engineers to engage with some dimensions of global responsibility in order to
become Chartered, and have recently enacted requirements for Chartered engineers
to maintain portfolios of CPD.

In this study, we interviewed nine civil engineers who work in London, asking about
decisions they had made recently related to ‘global responsibility’ and, subsequently,
asking them to define the term for us. In this paper, we report how they define the
term—assessing to what degree this aligns with the United Nations’ definition—and
we identify what this implies for higher education and ongoing professional
development.
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1.1 Existing definitions

Kung published a seminal book on the topic in 1991, called published Global
responsibility: In search of a new world ethic which promoted “Planetary
Responsibility” as the slogan for the future, encouraging “an ethic of responsibility in
place of an ethic of success or disposition”. This new ethic would encompass
“responsibility for our neighbours, the environment and the world after us” and would
define “ethics as a public concern” [7, p. viii].

In 2005 the United Nations, in collaboration with companies and business schools,
launched a Globally Responsible Leadership Initiative (GRLI) “to catalyse the
development of globally responsible leadership and practice in organisations and
societies worldwide” [8, footer] and facilitate “deep systemic change across three
domains: how we live and make a living, how we learn, and how we lead” [8, {[1].
Despite efforts to promote a holistic vision, the most commonly-cited aspect appears
to be Corporate Social Responsibility (CSR), which Chen and Scott [9] describe as
corporate citizenship and as “a self-regulating business model that helps a company
be socially accountable—to itself, its stakeholders, and the public” ([1). They do so
by “operating in ways that enhance society and the environment, instead of
contributing negatively to them” (]]2). Related to education, the European Federation
of National Engineering Associations (FEANI) aims to strengthen “the position, role
and responsibility of engineers in society” (p.42) and has mentioned the term ‘global
responsibility’ in its newsletter [10]. Nevertheless, the term does not commonly
appear in engineering literature and appears to be more commonly mentioned in
Europe than other English-language areas of the world.

2. METHODOLOGY

This project uses thematic analysis alongside grounded theory [11] to “perform a
simple and preliminary study of an area where there is little previous research” [12,
p.156], in this case regarding to the emergence of the term ‘global responsibility’.
Thematic analysis using grounded theory has proven to be highly effective for this
type of exploratory research [11]. Consistent with this methodology, semi-structured
interviews with open-ended questions were conducted to assess how participants
experienced or perceived the topic [13]. The study was designed to find out how
participants themselves defined, in their own words, ‘global responsibility’ and was
approved by UCL Ethics. This exploratory study was conducted by a team of
engineering education researchers at the request of Engineers without Borders UK
(EWB-UK), who defined the topic, sample size, and scope of work. Sampling was
pragmatic and purposeful. The nine interview participants were recruited by EWB-UK
and included three women and six men (see Table 1 for demographic information).
EWB-UK solicited participants via email, newsletters, Tweets, and a webpage
explaining this “Research looks into global responsibility in engineering” and “aims to
understand whether and how global responsibility impacts on decision in the
engineering profession”. A schedule of interview questions was prepared and
applied in a conversational, semi-structured way.

150



Table 1. Participant Demographics

Sex | Grad. | Degrees Held Prof. Employment Sector Charter
Date Years (Type of Work) Status

P1 | F 2016 | M.A. & M.Sc. 3-5 Sustainable N/A (Ph.D.
(Sustainable Development Under-way)
Development) (Consulting & Research)

P7 | F 2015 | M.Eng. (Civil & 3-5 Structural Engineering Underway
Environmental (Infrastructure & Building
Engineering) Design)

P8 | M 2014 | M.Eng. (Civil & 3-5 Structural Engineering Chartered
Architectural (Building Design)
Engineering)

P3 | F 2014 | M.Eng. (Civil 3-5 Structural Engineering Underway
Engineering) (Building Design)

PO | M 2012 | M.Eng. (Civil & 5-10 Rail (Design Chartered
Structural Engineering) Management)

P4 | M 2010 | M.Eng. (Civil & 5-10 Structural Engineering Chartered
Structural Engineering) (Infrastructure Design)

P6 | M 2010 | M.Eng. (Civil 5-10 Rail (Infrastructure Underway
Engineering) Construction Planning)

P5 | M 2006 | B.Sc. (Geoscience) 10-15 Ground Engineering Chartered

(Construction Costing)

P2 | M 1982 | M.A. & M.Sc. (Civil 30-35 Rail (Design Chartered

Engineering) Management)

One-hour semi-structured interviews with open-ended questions were conducted,
professionally transcribed, and then verified for accuracy by the research team.
Open, axial, and selective coding were used to determine themes and categories
and analyze data. Weekly peer-debriefings were held with core research team. In
addition, an expert Advisory Panel coordinated by EWB provided guidance
throughout the process.

3. RESULTS

Participants provided a solid understanding of typical concerns and experiences
working in civil engineering in London. The open-ended nature of the questions
allowed participants to raise any topics that came to mind.

3.1 Initial thoughts on ‘global responsibility’

Mentions related to the environmental pillar were more frequent than mentions of the
social pillar or the sub-set of ethics and anti-corruption, which often surfaced only
with prompting from the interviewer. When asked about ‘global responsibility’, most
of these nine engineers:

e indicated it's an ambiguous term and asked for our definition;

e used the Brundtland Commission’s words (longevity, future generations) to

describe the concept;

e explicitly referenced the three pillars (social, economic, environmental).
Most participants arrived at the interview expecting to discuss topics related to EWB
but indicating they were not familiar with the term ‘global responsibility’, per se.

P4: When | knew this was like an Engineers Without Borders type [activity], |

thought it was maybe about international development type definition of global
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responsibility. But then, actually, in terms of what my work is, the global
responsibility is about understanding social implications of engineering, of the work
we do—and that can be wherever it is in the world.
Interview data revealed that, to these civil engineers, ‘global responsibility’ is
nebulous, ambiguous, and multi-layered term. Although these specific words were
not seen as a familiar grouping, all participants did associated the term with the three
pillars—environmental, social, and economic.
P9: how many times have | heard the term global responsibility? Not loads. (...) |
think in my eyes, its closely linked to sustainability, which is three pronged with
environmental, social and financial. And by acting sustainably—considering all
three of those branches—I think you are fulfilling a global—. You are thinking about
global responsibility. But (...) to me, it's not a buzz word, in the industry. Where did
| hear about it? Through perhaps some industry materials. But | don't know. In my
eyes, it's not something which you hear loads.
Nearly all participants discussed it in terms of considering impacts their decisions
have on future generations as per The Brundtland report [4]:
P2: You go into civil engineering because you're building for the future generations.
You're not going in there to mortgage it for the future.
Yet, most also admit they typically focus on environmental aspects in their efforts to

be responsible:

P6: | see it as quite tied towards the environment, which it probably isn't. I'm sure
there's social aspects, and probably economic aspects, as well. But (...) I'm aware
probably through other part-time work I've had, there is a big drive with
multinational companies about ‘global corporate responsibility’ which links into
charity work of all kinds. That's a separate issue, really, to me, so my understanding
of global responsibility links quite closely to environmental sustainability.
P9: I find it, an almost all-encompassing term. Like you've literally had a positive
influence on every person on the planet (...) | find it very hard to really pinpoint how
one has contributed towards global responsibility (...) Sustainability, on the other
hand doesn't have that (...). | now have the liberty to specify, as | said earlier on,
the materials, or any replacements of materials, which could have an
environmentally positive impact.

Whereas others quite naturally incorporated social considerations, with

understanding of their own vantage point and inherent biases:
P7: | guess I live in a Western world and | have Western views, like | say about
equality, and specifically things about the Sustainable Development Goals. | think
there's a lot under global responsibility that you could filter down into those goals,
but essentially, traditionally, it came under environmental politics and there's three
pillars in there—environmental, economic, and social? | guess this is what I'm
trying to say is this is kind of social side which probably stretches the traditional
view of environment. Yes, that's how I related it to global responsibility.

3.2 Definitions of ‘global responsibility’

The interviewers resisted providing any a priori definition, but instead started the
interview by asking participants to discuss “an instance in your recent work as a civil
engineer where you made decisions related to ‘global responsibility’” and then, at the
end of each interview, asking participants to summarize their definition of the term.

Answers at this point resembled the following:
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P3: I think | would fall back on the definition of sustainability and | would say that
it's making sure that we don't compromise the future generations' needs, on a
global scale, or on a small scale, really, by the needs of today. So, it's making sure
that we're not using things irresponsibly now, that will hinder the future generations.
| think that's how | would define it.

They often see this with regard to infrastructure projects:
P5: Within civil engineering, | would say it's carrying out projects, creating
infrastructure, without having a detrimental effect—a lasting detrimental effect—
and minimizing that effect on the world.
P8: I would define "global responsibility” as minimizing the negative externalities of
your work. Again, whatever they may be, because a lot of my work will have—. In
a global impact sense, the main impact that | will have is climate change, so carbon
and embodied carbon, as an example. Looking slightly lower then, they'll be on to
supply chain, logistics and procurement. Then, other bits will be on the local
environment, literally where they build the building and what impact of that is. A
global impact to me has, it covers everything from very local impacts, because this
space now, for a person to use, it has an impact on the people around it and the
society around it up to, yes, this will impact the entire plan.

In addition to mitigating negatives, they seek to stress positives:
P8: | said global responsibility is minimizing those negative impacts. And | guess,
conversely, maximizing the positive outcomes. But that’s sometimes harder to
point to. You can say, "I'll save carbon."” It's hard to point that your good resource
stewardship has resulted in—.
P9: It would be making conscious decisions, conscious decisions, about actions
you're going to take, that will have a positive impact on society, and on the planet
in terms of sustainability and its longevity.
P4: Engineering and international development is about providing maybe a facility
or a place for learning or something that people can use in the future rather than
building for the sake of it. And social implications of large engineering schemes in
developed countries is about how people use and what's going to happen after
you've finished building this building.

Several saw inclusivity and diversity as crucial elements:
P2: | think it is a global responsibility to look at all users.

They had differing views on how individual and collective the actions should be.
P1: | think that the word global in this responsibility means a collective
responsibility.
P7: global responsibility (...) has a variety of scales. And the fact that you use the
word ‘global’ insinuates that, "Do | as an individual living and working in London,
have a responsibility to deliver something, or work in a way that takes the overall
globe into account?"” And | guess, yes.

Being globally responsible has both collective and individual components:
P7: For me, is a very personal, individual thing. | don't feel like it comes from a
collective. And | feel like dealing with global issues that come under the ‘global
responsibility’ umbrella are *dealt with* by the power of the team, the power of the
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group, united vision, united thoughts and united strategy on these things. | think
that's how things change. But when it comes to global responsibility, | feel like it
comes from a place within. And where your ethics lie, and where your interests lie.
And how aware you are, through your own personal experiences and upbringing,
of some of the many problems that face society.
Unlike the engineer quoted above, most participants did not inherently associate
‘global responsibility’ with ethics and anti-corruption, but discussed the topic when
prompted:
P3: | suppose my observations of corruption don't necessarily—maybe it's me
being naive—they don't necessarily link to global responsibilities, as such.
P6: Yes, so the ICE [Institution of Civil Engineers] themselves have a Code of
Conduct which will be linked to various things we discussed, so sustainability and
sustainable development, has its own objective as well as two separate, but
abiding by the Codes of Conduct which probably do cover corruption.
Some participants identified a connection to public health, safety, and welfare:
P8: health and safety (...) is always on the core ones in structural engineering. In
the global sense you don’t sense you don't your building to fall down! But, also then
again, we try to make sure it's constructible. We're not injuring people. We're not
using harmful materials. There's always a lot of—from asbestos, right down to just
chemicals and paints and things. (...) There's the hierarchy of needs. Ultimately,
we need a safe building and then below that you need to be safe to construct.
Mentions of job-site health and safety were more frequent:
P5: in my experience, it's the large infrastructure jobs which focus more on quality,
environmental, and health and safety. (...) Health and safety is extremely good in
this country. And can be very poor in other countries. Constructing safely is often
extremely slow, and extremely expensive.
The barriers sometimes feel palpable and overwhelming. They consider what they
can achieve:

P1: I think there’s many layers to it [global responsibility]. And, then you can take
it to pieces and then try to sub-define that in different domains, in different
professions, what this responsibility might mean, what are your limitations, what
would you be capable of achieving? [...] The more you start to be conscious about
this, the more you realize the amazing amount of barriers you are going to be
encountering.

The scope of decision they are allowed to make presents a core limitation. An early-

career engineer noted his limited sphere of influence but explained this should grow

over time:
P6: | focus quite heavily on sustainable development of the built environment. |
think you get quite, quite skewed, by your profession. | probably think of it: | think |
have a global responsibility as an engineer, | have a slightly different global
responsibilities as a human. | can't really describe ways in which how that perhaps
an easier way to affect the outcome. It's become probably ever more apparent,
isn't it, with the media coverage of things. Some people suggest we should stop
eating meat, that that's the best thing we could do. But then as an engineer, we
just think about the built environment we live in.

Some participants found peace in identifying opportunities for improvement:
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P2: in sustainable development, you're always looking for ways in which people
have built sustainability into the designs of what they do quite often with carbon
footprint, so what material we use did you think of, et cetera, et cetera, et cetera.
Should always be part of the way civil engineers thinking.
Although participants spoke at length about the limited scope of their own day-to-day
work, they also identified aspects of global responsibility that they do have the purview
and ability to affect.
P6: | can only really work in my globe which, obviously, how many millions of times
smaller than that—the actual planet. | can only really affect things in my sphere. |
think that's probably the practicality of being an engineer coming out. I'm limited by
what | can affect. As my career develops, maybe there's scope to think that | will
increase. Get in charge of perhaps a whole project, a framework of projects, or
something like this. Depending on my position within an organization.

3.3 Mentions to environmental, social, ethics and corruption topics

Table 2 provides frequency counts regarding how many participants mentioned
various aspects of the environment.

Table 2. Frequency of environmental mentions

Environmental topic Participants Mentions
Materials 8 89
Carbon or climate 8 49

Water 6 41

Site or land 6 19
Retrofit 4 14
Pollution 4 10
Logistics 3 14
Resourcing 4 7

Electric power 2 8

Table 3 identifies how many participants discussed each social topic and the number
of times the topic was mentioned during the interviews. Although the research team
initially considered health and safety to be a social topic, participants had repeatedly
raised it when asked about ethics, and therefore the team chose to report both job-
site health and safety, and public health and safety in Table 3.

Table 3. Frequency of social mentions

Social topic ParticipantsMentions
Community 7 56
Access 7 44
Longevity / future generations 5 46
Developing nations 4 21
Gender and diversity 4 13
Efficiency having social benefit 4 6
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Table 4 identifies the number of participants who discussed each category related to
ethics and indicates who brought each of these topics forward. Six of nine participants
associated on-site Health and Safety with ‘global responsibility’ without any prompting
from the interviewer. However, most participants did not inherently link ‘ethics’ and
‘anti-corruption’ activities to the term.

Table 4. Frequency of ethics and corruptions mentions

Ethics topic Participants Mentions

Participant-identified topics

Occupational health & safety (6 19 relevant passages with 26 mentions of safety
Public health & safety 3 15 relevant passages; 19 mentions of safety
Advisor-identified topics

Ethics 2 unprompted, 9 total |14 mentions of the word by participants
Corruption 1 unprompted, 4 total |8 mentions of the word by participants

Bribery 0 unprompted, 3 total |2 explicitly, 1 implicitly through description

Overall, it is in the selection of materials, planning for efficient use of resources, use
and development of new technologies and in pushing back against poor decisions that
they described their best opportunities for facilitating change. For these engineers,
infrastructure projects are seen as having the greatest ability to influence both social
and environmental sustainability.
P4: | suppose that—main sort of global responsibility thing—is considering
sustainability in everything we're doing. So, I'm working on a big infrastructure
project at the moment and there's a lot of consideration about minimizing the direct
ways that we can influence sustainability as engineers, which is minimizing the
material which we use, and minimizing the harm of the materials, we're using.
That's sort of thought as part of a global problem that we need to, it's not isolated
it's your project, it's a global issue, that you are having to consider.
Such projects allow the engineers greater flexibility in addressing social needs than
smaller scale projects for profit-driven clients.
P4: in terms of what my work is [designing infrastructure projects for mostly private
clients], the global responsibility is about understanding social implications of
engineering, of the work we do, and that can be wherever it is in the world.

SUMMARY

Based on the narratives provided by these nine civil engineers, we can confidently
state that:
e some specific environmental topics (e.g., material selection, carbon
emissions) are of central concern in day-to-day work.
¢ the sample group had a collective sense that global responsibility involves
protecting future generations and working toward environmental and social
stability.
e the sample group is able to identify aspects of global responsibility that the
projects they work on affect.
Concern has been growing for how to teach these subjects and how to infuse
industry with new knowledge and skills that reflect values of global responsibility.
“This new view that engineers will have of themselves will require new knowledge
and skills” asserted Fuchs and Bochar [11, p. 44], emphasizing that changes have
“to be made to engineering-study-programmes, as these are the primary resource for
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attaining new knowledge and expertise”. As leaders of FEANI, Fuchs and Bochar
[11, pp. 44-45] insist:
[engineers] can no longer limit ourselves to addressing technical issues as we did
in the industrial age. Instead, we need to take a holistic view of the economic,
ecological and social impacts of our actions—and always do so from a global
perspective. Our objective here must be to ensure that every engineer adopts an
international point of view so as to enable him or her to contribute to the
improvement of the quality of life for everyone on the planet. Such ‘holistic
expertise” will enable engineers to think and learn in an interdisciplinary manner
and develop products that address the social and global challenges we face.
Based on the interviews we conducted, it appears that civil engineers in London
(those who would volunteer an interview on global responsibility at the request of
EWB-UK) do recognize the facets of the term intended by developers of the term.
They do not, however, naturally describe ‘ethics’ as a specific subset of sustainability
as it has been categorized in the past decades by professional engineering
organizations. Interestingly, the new Demonstrated Ability requirements posed by
American Society of Civil Engineers (ASCE) Committee on Education [14] have
pulled ethics out, making it a distinct category that now falls beside—rather than
within or sub-set to—sustainability. Moreover, the Committee has recommended that
the medium and higher levels of ethics (with regard to Bloom’s Taxonomy) be
demonstrated in practice, via structured mentorship, as they are more advanced
than could be demonstrated at the undergraduate level of university.
In other papers, our research team will identify the challenges that these engineers
described facing in their attempts to enact global responsibility and discuss more
about what this implies for higher education and professional development of
engineers in the UK.
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ABSTRACT

This research paper explores the experiences of undergraduate engineering
students who completed internships as part of their academic program. Engineering
programs are required to fulfil industry needs and prepare students to develop the
competencies required in the workforce. We used a qualitative study design to
investigate the engineering students’ experiences doing internships in the United
States. Data were collected using semi-structured interviews and the interview
protocol was informed by the boundary-spanning framework. Results report the
different aspects of the internship that students found valuable, and the most salient
topics were their boundary spanning role, coordination and communication,
knowledge and learning, problems and preparation.
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INTRODUCTION
1.1 Background

The engineering field has evolved considerably in the last decades. Engineers are
required to have the knowledge and competencies to solve contemporary problems
and have a positive societal and economic impact. Hence, engineering schools are
required to develop engineering graduates that have the competencies that are
required by the engineering workforce and in the professional societies and
accreditation entities. However, engineering graduates are faced with challenges of
entering a completely new environment [1]. Part of the problem is the lack of
opportunities in the classroom to replicate industry-like experiences. Nevertheless,
research suggests that experiential learning can provide some of those opportunities
[2]-[4], more specifically, professional internships provide one of the most significant
learning opportunities for students [2], [5]-[8]. Hence, Universities have been
promoting internship opportunities for engineering students, some Engineering
Schools in some countries even have mandatory internship programs. However,
there is not much research conducted on the value that internships bring to
engineering students.
The purpose of this paper is to understand engineering students’ perceptions of the
value of their internship experience. Specifically, we want to answer the following
research questions:

1. What are the perceptions engineering students have about their internship

experience?

In this paper, we report preliminary results from interviews conducted with
engineering students after having an internship experience.

1.2 Theoretical framework

In this study, we used the Boundary Spanning framework [9] that provides a unique
lens to understand the realities of engineering work as experienced by practicing
engineers. The framework fully unpacks aspects of working with people within an
engineering organization: including classification of types of boundaries (cultural,
educational, demographics, job role, organizational) and boundary spanning
activities (managing information, coordinating, networking, representing and
influencing). We selected this framework because we wanted to identify students’
different interactions when working in a professional environment and how those
interactions influenced their internship experience. In addition, our work is framed by
the American Board of Accreditation and Technology (ABET) criteria [10] who
developed expected abilities, skills, values, and attitudes that must be demonstrated
by engineers at the point of entry to the engineering practice. The integration of the
dimensions of the two aforementioned frameworks provided a solid underpinning for
the study since we were able not only to understand how well the competencies that
are required for engineering students in the U.S. are present when working as a
student in a professional experience but also how the different interactions and roles
students had shaped the experiential learning opportunity.
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2 METHODOLOGY

The purpose of this study is to understand students’ experiences doing internships.
Since our primary objective is to understand students’ experiences qualitative
methods that provide rich descriptions are appropriate [11]—-[13]. Qualitative research
is based on the examination of a phenomenon by using data directly from the
participants that experience it [18], based on the examination of the context and
complexity of the real-world setting of the phenomenon in order to have an integral
understanding of it [14], [15]. We conducted semi-structured interviews with
engineering students after participating in an internship experience. Interviews were
conducted online and in person and were audio-recorded. The total duration was
approximately one hour, and students signed a consent form to participate. The
recordings were then transcribed using an online software. To ensure confidentiality,
the transcription was cleaned by using pseudonyms and identifiable data was
removed. The study secured ethical clearance. Participants were engineering
students at a Research University in the United States that had participated in an
internship. Table 1 provides more information on the demographics of the
participants including the details of the participants’ internship roles and company

type.

Table 1. Participants’ information
y Engineering Gender  [Ethnicity Role Company Type
program
Industrial and African Industrial Aerospace
P1 Systems Female  |American Engineering Industry
Engineering (Black) Intern
Industrial and Materials and  |Power and Energy
P2 Systems Female  White Production Industry
Engineering Intern
Chemical Production
P3 . ) Female  White Services Manufacturing
Engineering .
Engineer Industry
P4 Aergspac?e Female  White Engineering Defense Industry
Engineering Co-Op
P5 Corr?pute.r Male White Softyvare Aerospace
Engineering Engineer Industry

Data were analyzed by three researchers using an open coding approach [16] there
were several rounds of team discussions where the researchers discussed an initial
codebook and in the second data analysis round inter-rater reliability tests were
conducted to identify reliability of the coding process [16]. The process was
conducted using the DEDOOSE qualitative software. In cases where there was
disagreement about codes, discussions were hold until agreement was reached.
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3 RESULTS

From our analysis, several key patterns emerged across the participants’ qualitative
responses on their internship experiences. There was a total of 361 excerpts coded
from the interview data, and the following themes were the most prevalent among
the participants:

3.1 Boundary Spanning

Most of the participants agreed that they were involved as ‘boundary spanners’ who
have linked or connected with others across three types of boundaries during their
internship experience, including intra-team boundaries, inter-organizational
boundaries, and hierarchical boundaries. Participants in the interview frequently
discussed how boundary spanning across different teams helped them build and
maintain communication networks and relationships among team members in the
organization. One of the participants emphasized on the use of intra-team boundary
spanning by building a strong relationship and trust which helped in getting
resources including technical support and project funding. This particular boundary
spanning theme is exemplified by the quote below:

If | needed something that | didn't have, my [team members] were quick to

order it or if | needed something they were like, "Oh you can talk to this

person and they can tell you more about it. If it's in the plant, they know

everything that's in the plant so you can get it from them." Like | was never

short of resources. They gave me as much money as | needed. | just had

to explain to them why | needed it, what | was going to do with it, and if |

needed enough for whatever span of time, | needed it for. So, | always

had resources for my project and also resources to talk to as well. [P1]
There were other participants who went through multiple types of boundary spanning
within the organization at the same time. They emphasized on working with different
people during the internship experience, which involved their supervisors, and peer
and shop floor employees, representing all three different types of boundaries. One
of the participants highlighted the use of boundary spanning in multiple levels to
solve problems in the workplace. The participant also discussed about
understanding people’s perspective in workplace at different levels and learning how
to deal with them in order to solve problems. The quote below exemplifies the
participant’s boundary spanning experience:

| think that the place where | did most boundary spanning would be in the

quality issue as solutions. | would travel with my manager to the

manufacturing site and we would have to coordinate with the schedulers

to make sure that our product was happening when you wanted it. And

then also with the business team telling them we're doing this, or like if we

have to do a trial afterwards to make sure that they knew what was going

on, how it could affect the business. And then working with different

people on the floor, getting their opinions on what we would come in and

say, this is a problem that's happening. | think that you'd get a lot of

different perspectives in different people when you do that kind of thing
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and you have to make sure that you're considering everyone's opinion
fairly and equally. [P3]

3.2 Knowledge/Learning

A prevalent theme across the participants’ responses was knowledge and learning,
referring to any instance of learning new things or demonstrating the use of previous
knowledge in the workplace. Participants emphasized the importance of knowledge
and learning in their internship, though the focus of this learning often varied.
Perhaps most commonly mentioned was the need to learn specific tasks related to
their job. This type of learning was typically grounded in a specific job responsibility,
such as technical drawing, as one participant discussed:

| remember that the first day | went home and I, like, researched using a

laser cutter and, like, the different lenses and all that good stuff. And then |

was like, okay, | had to brush up on my CAD designs because | hadn't

done that since freshman year. [P1]
Specific skills like these were typically technical in nature and directly related to the
engineering tasks assigned to them. Others mentioned learning to use specific
machines, understanding complex engineering processes, or familiarizing
themselves with a new software. But participants also discussed the value of
learning more broadly about their field or industry. For many, internships became the
first time they experienced their major outside the classroom, giving them a first-
hand look at the type of work performed in the field. A participant from chemical
engineering reflected on her experience:

| think that since | was in a CBG company, | was a little less ... you're

using separations in this big huge plant, and you're applying that

knowledge, but it was a lot of seeing how the manufacturing and the R&D

intermingled with each other and how the company worked through a work

flow, stuff like that. [P3]
Using the internship as a chance to gain exposure to the field provided her with the
chance to see how manufacturing and research worked hand in hand to produce a
product. Leveraging the internship an opportunity to acquaint herself with the field
provided her with real-world experience in her major.
For others, the internship was less about learning specific things, and more about
learning itself. In fact, a few participants specifically recognized learning to learn as
one of the biggest advantages of doing an internship. One student talked about it in
terms of making mistakes:

| realize like this is your chance to make mistakes. This is your chance to

learn. Like they want you to learn on your own. And so you don't have to

come in knowing everything because you're supposed to learn it as you're

there or else you're not really going to grow if you already know stuff and

you're just going through the motions of it. So, it was really exciting not

knowing something and then wanting to prove to them and to myself that |

can do it. [P1]
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For most participants, their internship was an opportunity to learn and grow their
knowledge. This learning came in different forms. For some, it was a chance to learn
a specific task relevant to their responsibilities. For others, it was an opportunity to
better understand their major and their industry. But for many, it was less about
learning specific things, and more about using the internship itself to make mistakes
and learn outside the classroom.

3.3 Problems

Not surprisingly, participants discussed the problems they faced while interning.
These problems tended to fall into one of two categories: technical and professional.
Technical problems were typically encountered in relation to the project the
participant was working on, as one participant explained:
... So, I came out with the idea of going to...of doing a lot of simulations as
close to straight as possible to be able to predict that motion. And that |
was able to do. But there is a lot of times where he would give me a lot of
guidance but didn't know how to get there. So, it was a little...I learned a
lot of problem-solving strategies while working there. [P4]
Here the participant describes running into a technical problem associated with
predicting a behaviour, even describing the process she went through to address the
challenge. These technical problems were the most common type of problem
mentioned during the interviews, but professional (or non-technical) problems were
often encountered in working with others during the internship. These problems were
related to finding work, getting help, cooperating with others, and other issues. For
example, one participant reflected on seeking help and mismatched expectations:
I think my biggest challenge was definitely getting help from the people
above me and from the people around me. | know that they have a lot of
important work to be doing, but if | get assigned a role, it's obviously
important enough for me to get it done. So a lot of times | would have
people reschedule on you a lot or if | got into a meeting they'd be like, "Oh,
well, | don't really think that's important,” or they would kind of try and
change my entire scope of what | was doing when | had developed it with
my manager. [P3]
The participant expressed frustration not only with finding help from their co-workers,
but also receiving conflicting opinions from those that agreed to help. Generally
speaking, problems like these encountered throughout the internship interfered with
the participants’ work and became challenging both technically and professionally.
Nevertheless, they gave participants a chance to improve their problem-solving skills
and better understand the types of challenges often encountered in a professional
engineering setting.

3.4 Communication/Coordination

A Communication and coordination together formed another important theme that
participants mentioned in their interview. Participants frequently emphasized the
importance of effective communication in the workplace. Effective communication
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included knowing how to interact with different groups of people, including
supervisors, clients, and shop floor employees, both in and outside of workplace.
Communication also included demonstrating both formal and informal presentations
at different organizational levels. In particular, one of the participants discussed on
getting compliments from clients and team members after demonstrating effective
communication skills through a formal presentation. The accomplishment is
exemplified in the quote below:
| basically presented my work to the [Client Name] and just the feedback |
got afterwards... The first [client] came up, he's like, "Your IQ must be
amazing, because you're only a junior at [College Name]." They were
coming up and they were like, "You're so young and you're accomplishing
all this stuff," and I'm like, "Oh my God." | didn't realize that what | was doing
was so impactful for the [Community Name]. That's the proudest moment of
my life. | got in my car afterwards and | just smiled, and | went like this on
my wheel. | was like, "Yes, like you did it." So, that was definitely my biggest
accomplishment [P4]
Participants also spoke of coordination, specifically coordinating their own
schedules. Often faced with multiple responsibilities and looming deadlines, they
discussed having to organize their time to accomplish the tasks given to them. One
participant reflected on her process:
And after our little huddle | would go back to my desk and then | would
schedule what | wanted to do for the day. If | wanted to keep going with my
shadow board fixtures, | would say well from this time to this time | would
do like lines one, two and three and talk to them and try to make their
shadow boards. And then from this time to this time | would train the
contractor on the kidding initiative that we were doing. And so I'd train her
and then | would tell her that these, and | would also make up like a plan
for her to guide her with who goals she would have to meet for each week.
So like each task that | would give me would take a while, but | made sure
to a lot like specific times for that. [P1]
For many, internships became the first time they were required to structure their day
on their own. Whereas some were accustomed to their schedules being organized
around classes and extracurriculars while in school, their new role in the workplace
emphasized the importance of effective time management. Generally speaking, both
communication and coordination became highly important skills for most of the
participants in their day-to-day activities.

3.5 Preparation

A During the interview, participants talked about using previous knowledge, activity
or experience that helped them prepare to transition as interns. Much of the
preparation centered around technical and professional skills developed in college
that were successfully transferred to the internship. Participants highlighted the first-
year engineering program which taught them both technical skills like programming,
and professional skills like teamwork. According to most of the participants, these

165



skills were both important and necessary when they transitioned as interns and
helped them in solving engineering problems in workplace. The quotes below
exemplify the preparation of the participants from college:

The course really helped your mind evolve to think in an engineering way
and just like approach problems as an engineer. If I'm given a problem, |
make sure that | understand the problem so that I'm not doing extra work
that wasn't needed to begin with. | didn't know that | was actually learning a
lot in foundations even though like you know they teach you like all of the
different types of engineering you're learning. Like | was like okay I'm using
[Software], but | never saw [Software] again personally for me in my other
classes. So just knowing that, oh | actually do use this stuff was like, oh I'm
learning, I'm actually learning [P1]
| think that with the whole First-Year Engineering Program, you get a lot of
team activities that you can do. And then, within chemical engineering, it is
super technical, but they do throw in those classes and it's so hard that you
really have to work with people in order to accomplish all of it. So, | think
that | really did have that background in order to work on this. [P3]

3.6 Value of Internships

A In reflecting on their experiences, all participants shared their perceptions of the
value internships provide to engineering students. Much of the value centered
around learning new skills, both technical and professional. Some participants found
these skills helpful as they moved back into the classroom after their internship,
providing context for the material and even bolstering their presentation and other
professional skills. Several participants appreciated being able to see first-hand what
can be done with the degree they are pursuing, using the internship as a gauge for
whether they were interested in the type of work they experienced. Other participants
mentioned the value of making connections during their work experience, indicating
their plans to leverage those connections as they move into the job market. One
participant summarized the value of an internship broadly:

| think experiential learning in itself is very, very valuable. | would never

have known what | like and what | don't like. | feel like internships really

enable you to understand a holistic perspective, whether that's within your

field, you know you gain different skills, you gain those technical and social

and personable skills. | think it also affects our professional competencies,

like global perspectives, and communication, leadership and I think that's

what really makes students stand out, if they have more experiential

learning opportunities. That is like it just enhances your overall like college

experience, in my opinion. | really, really value experiential learning and so |

feel like internships and co-ops overall are very beneficial. [P2]
Useful for a variety of reasons, internships were discussed in a positive light
amongst almost all participants, cementing their role as a valuable experience
outside the engineering curriculum.
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4 SUMMARY AND ACKNOWLEDGMENTS

This work used a qualitative approach to understand engineering students’
experiences with internships. In terms of limitations, the study had difficulty in
recruiting participants for the interview due to unavailability and time constraint of
many participants. However, the researchers are actively recruiting participants with
similar experiences to broaden the research scope for future studies in this context.
The results of the analysis led to the identification of six important themes. Each
theme highlights an important aspect of internship, speaking to the variety of benefits
these experiences provide. Among these was knowledge and learning. Throughout
their internships, participants gained a diverse set of new knowledge, using the
experience as an opportunity to learn about engineering processes, as well as their
potential role within the engineering field, these results align with previous work on
internships we have conducted in other contexts [17]. Learning also included
professional skills like teamwork and communication which were necessary to
accomplish project goals, this is consistent with previous findings of our work in
teamwork and professional skills [18]. However, this did not take place without
problems, as most participants mentioned both technical and professional
challenges that occurred throughout their internships. Despite these problems, most
participants described internships as highly valuable, allowing them to gain new
skills, make connections, and experience the engineering field firsthand. The value
of academic preparation both in terms of technical skills and professional skills were
also highlighted by the participants, this reinforces the expectations posed by the
ABET criteria [10]. With positive feedback from students’ internship experience, we
believe that internships add value to the student’s learning in engineering and
academic leaders need to encourage students in participating in internships or even
find better ways to integrate internship experiences within the academic curriculum.
The successful transfer of these skills helped them solve engineering problems and
collaborate with people at different levels in the workplace. Participants have
acknowledged the term ‘boundary spanning’ and described scenarios involving
different types of boundary spanning which aligns with the theory we used for the
study [9]. Our paper gives a preliminary understanding of internship experiences of
engineering students and our current findings demonstrate that more research is
required to understand students’ experiences during their time outside of school in
the complex engineering world.
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ABSTRACT

Service mathematics teaching, such as calculus for engineering, needs to be aligned
with the requirements of the departments it is servicing. Service mathematics
courses can be subject to criticism if they are perceived to suffer from poor
alignment. Designing such courses requires communication between the
mathematics department and the engineering departments and this communication
should remain ongoing as the needs of the students change or as teachers with
different experience and mathematical preferences change.

In the Twente Educational Model the bachelor’s degree is divided into twelve
modules, each lasting one quarter of the academic year. In each module the
students work in groups on projects and the project is supported by disciplinary units
or skills development. Module design differs across and within departments, but the
basic structure of supported project-based learning is ever present. The quarterly
project reports provide insight into the work the students draw on to understand and
complete their projects and offer an opportunity to determine whether the students
have the mathematics knowledge and skills needed for their project assignments.

To investigate existing alignment and to seek ways of improving alignment we
embarked on a project of distilling mathematics content from reports. While
alignment was good in general certain points for improvement were apparent, both in
the realm of content (for example important differential equations) and in key skills
(for example interpretation of graphs). In this presentation | shall provide a brief
synopsis of findings as well as present and reflect on the methodology of the project.
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1 INTRODUCTION
1.1 Service mathematics

Much of the mathematics taught at universities is taught to non-mathematics majors,
such as students of engineering, economics and physical science. These co-called
“service” courses are often taught by people who do not share the same disciplinary
speciality as the students being taught. It is important that the mathematics included
in such a course meet the needs, as far as is possible, of the discipline and the other
courses the students will take and for which they will require mathematical
knowledge and skill [1].

The need for alignment between the mathematics taught and the mathematics
needed can be partially approached as a checklist of topics, for instance do we
include complex numbers, multivariable calculus, compound interest and annuities
and so forth, but the need for alignment is greater than a list of syllabus topics.
Different disciplines have different discourses, different uses of (technical) language
and different modes of engaging with the world. A mathematics course well aligned
with the discipline of engineering contributes to development of an engineering
identity [2,3].

Studies considering alignment between service mathematics courses and the
disciplines they serve have been fruitfully carried out via interviews with and
observations of lecturers [4] or students [5] or analysis of assessment for evidence of
“transfer” [6]. The project-based learning practised at the University of Twente allows
for an opportunity to compile a set of mathematical topics, skills and general
processes not from the top down, but from the project reports, thereby by definition
embedded in disciplinary context. Anecdotal evidence suggests that while alignment
between the mathematics courses taught by the author and the programmes in
which they are located is acceptable it could be improved. The study of which this
paper forms part aims to improve alignment by utilising project reports as
contextualised indicators of disciplinary mathematics requirements. The qualitiative
method of thematic analysis was used to identify themes to inform the research
questions.

1.2 Twente Educational Model

A bachelor’s degree at the University of Twente is structured as a series of twelve
thematic modules each lasting one quarter of an academic year. Each module
consists of a cluster of courses or units as well as a project which the students
complete in groups. An example is module 1 of Advanced Technology, Mechanics,
where courses (or units) on mathematics, mechanics, laboratory practice and
academic skills support a project modelling a dynamical system [7].
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The degree to which the courses integrate with one another and with the project
differs across modules. While the “ideal” of the Twente Educational Model (TEM) is
that the courses in a module all support the project in some way in order to
encourage an intrinsic motivation to learn [8] this is not always possible.
Mathematics in particular can suffer from lack of alignment with any one particular
module given that there is a certain body of calculus and linear algebra that is
required to be taught across the first year and the technical areas in which it will be
used may only be encountered by the students in a later module or year of study.

At the end of each module each group of students has to submit a report on the
module’s project. The reports provide a valuable opportunity to see, in situ, what
mathematical skills, concepts, techniques and processes (in this paper referred to
collectively as “topics”) were employed by the students and hence to determine how
well the mathematics courses are aligned with student and disciplinary need and
whether the alignment could be improved by either minor or major changes. The
method of thematic analysis was used to analyse and organise the data.

1.3 Research questions

¢ What mathematics skills, concepts, processes or techniques are observed in the
project reports?

e To what extent are the mathematics courses aligned with the projects or do they
support the projects?

e In what ways could the mathematics courses adapt or change to better align with
or support the projects?

Finally, not a research question but a reflection,

e How effective was the method of thematic analysis in suggesting ways of
enhancing alignment?

2 METHODOLOGY
2.1 Thematic analysis

Thematic analysis is a qualitative method for identifying, analysing and reporting
themes in data [9]. One begins with a data corpus, in this case the collection of all
project reports, and chooses a data set within that corpus for analysis, in this case
the data set is instances of use of procedural mathematics. Braun and Clarke [9]
suggest a set of six phases for thorough thematic analysis. In this study the analysis
was framed as “three passes through the data” where the first pass, reading the
reports and making a concise list (per group) of anything of mathematical interest
can be aligned with Braun and Clarke’s first two phases of familiarising oneself with
the data and generating codes. The second pass, that of organising the data more
meaningfully in a summary (per module) is also aligned with phase 2. The third pass,
to identify and name themes, align with phases 3-5. Braun and Clarke’s phase 6 is to
produce a report of which this paper represents a part.
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In the context of mathematics as a part of engineering studies, Faulkner, Earl and
Herman [10] use thematic analysis to better understand how engineering faculty
view mathematical maturity, that is as skill at modelling and recognising the role of
mathematics in underatanding the real world. Similarly Engelbrecht, Bergsten and
Kagesten [11] employ thematic analysis of interviews with practising engineers to
conclude that while both procedural fluency and conceptual understanding are
valued in the workplace mathematics taught to engineering students should be more
conceptually than procedurally oriented.

2.2 Context

The two programmes included in this study were Advanced Technology (AT) and
Electrical Engineering (EE), specifically the four first-year modules. At the end of
each module the students submit reports on projects on which they work in groups.
As a member of the teaching team | am permitted access to those reports although |
am not directly involved in the projects. No examples of student work or identifying
information is included in this study.

2.3 Data collection and analysis

First pass: To read project reports and generate codes. The project reports were
read and mathematical skills, processes, concepts and techniques (collectively
“topics”) that were observable in the students’ work were recorded resulting in a
short list per group. A procedural view of mathematics was explicitly taken here. For
the purposes of this analysis mathematics was considered as a toolbox of
procedures and techniques rather than mathematics as problem solving, or “thinking
mathematically” [12,13]. Undoubtedly viewing the project reports through a different
lens would reveal different and rich data, but the task at hand in the analysis
discussed here was to determine indications of concrete curriculum content.

Second pass: To determine the most prevalent mathematical topics. The first pass
produced topics clustered by group. In the second pass those topics were
considered collectively and a summary was produced making note of the most
prevalent topics in each module. Also in this second pass the content of the
concurrent mathematics course was considered and whether the course in any way
supported the project.

Third pass: To look at the entire data set and identify themes including but not limited
to: topics that could be included in the mathematics courses to better support the
projects, and topics that are already included that are clearly supporting the project.
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3 RESULTS
3.1 Three passes through the data

The project reports from two programmes across four modules have been analysed.
Table 1 lists the academic year, module, programme and broad project context.

Table 1. Project contexts by programme and module

Academic Year Module Programme Project topic
2018-2019 4 AT Accelerometer
2018-2019 4 EE Antenna

2019-2020 1 AT Dynamical system
2019-2020 1 EE Sensor package
2019-2020 2 AT Cooling system
2019-2020 2 EE Solar inverter
2019-2020 3 AT Materials for application
2019-2020 3 EE Audio amplifier

AT: Advanced Technology
EE: Electrical Engineering

The first pass through the data revealed immediately that keeping a detailed and
exhaustive count of mathematics topics would be impossible. The same engineering
subject matter written about by two groups could and did include very different
representations of mathematical processes. Sometimes a topic was so prominent
that everyone included it (a system of differential equations, for instance) but on the
whole a general sense of what the students found useful was all that could be
recorded. A surprising finding of this first pass through the data was not content
related but more stylistic. For instance a wide variety of Greek letters was used by
both programmes in multiple modules, suggesting that the mathematics courses
could display a similar prominence and thereby at least display a symbolic similarity
with the technical programmes. Group numbers were recorded, but no names, each
accompanied by a list of observed mathematical skills or techniques. An example:

Group 1

e Step function

e 2" order DE

e Error estimates

e Estimation of quantities

¢ Manipulating symbolic expressions

e Differentials

e Damping

e Graphs

For the second pass through the data the points noted in the first pass were
clustered into those that were present in all or many of the reports and those that
appeared only once or twice and a module summary was drawn up. Thereafter the
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content of the concurrent mathematics course was considered and links were sought
between the mathematics course and the summary, laying the groundwork for
identifying themes. Alignment was classified as None, Weak, Good or Significant.
Table 2 indicates that alignment was Significant in one case (AT module 1), Good in
one case (EE module 1), Weak in two cases (AT and EE module 2) and None in four
cases (AT and EE modules 3 and 4).

Table 2:  Alignment of mathematics course with module project

Year Module | Programme | Alignment

2018-2019 | 4 AT None. The mathematics course is entirely
linear algebra which plays no role in the
project. Instead the project primarily uses
differential equations.

2018-2019 | 4 EE None. The mathematics course is entirely
linear algebra which plays no role in the
project. Instead the project relies heavily on
vector calculus.

2019-2020 | 1 AT Significant. A core topic of the mathematics
course is differential equations which are
used extensively in the project. Another core
topic is vectors which are also important in
the project.

2019-2020 | 1 EE Good. A core topic of the mathematics
course is vectors which are important in the
project. Several project reports include limits
at infinity, also a topic covered in the
mathematics course.

2019-2020 | 2 AT Weak. The project needed very little post-
secondary school mathematics. An exception
is integration in the form of single variable
integration not requiring any special
techniques.

2019-2020 | 2 EE Weak. The project needed very little post-
secondary school mathematics. An exception
is partial differentiation which played a minor
role in the project.

2019-2020 | 3 AT None. The project needed very little post-
secondary school mathematics. A possible
exception is determining best-fit curves to
data points.

2019-2020 | 3 EE None. The project needed very little post-
secondary school mathematics.

AT: Advanced Technology
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EE: Electrical Engineering

The TEM ideal of the courses or units gathered together in a module all supporting
the central project of that module is only apparent in module 1 for both AT and EE.
This is not a problem, however, for two main reasons: First, the projects in the other
modules are not using or needing mathematics which is not available to the
students, that is there are no key topics that have been “omitted” to the
impoverishment of the students’ experience in the module. Secondly, the
mathematics courses, in particular the three calculus courses, form a cohesive body
of work that is drawn on generally. A good example is the third calculus course
(included in module 3) which covers vector calculus which then forms a powerful tool
for use in the EE module 4 project. If the four EE first-year modules form a “meta-
module” [7], as it were, then the TEM structure is indeed apparent.

The third pass through the data was focused on identifying themes, or categories.
The categories recognized as emerging from the data were: (1) mathematical topics
or techniques that can relatively easily be changed or included in the syllabus, (2)
mathematical topics or techniques it would be valuable to include, (3) mathematical
topics or techniques that are already in the syllabus and were clearly useful in the
projects, and (4) ideas related to style or appearance. This method of identifying
themes [9] call “inductive” or “bottom up”.

3.2 Categories

1. Topics for change

The “topics for change” are a collection of mathematical topics that were evident in
the data but not present (or not prominently present) in the mathematics courses, yet
could be included without much difficulty. They are an increased focus on graphing,
differentials and error propagation, and specific examples of certain mathematical
concepts, such as damping, Hooke’s Law and the binomial theorem.

Graphs: Something that leaps out of the project reports is the heavy reliance on
graphing. The students graph their experimental outputs both as continuous curves
and as discrete data. They present the ideal curves that the models predict and
compare their data graphs to those of the model. In some cases they determine
best-fit straight lines (or other curves) to scattered data points and in all cases they
need to interpret all the relevant graphs. Sinusoidal curves and the arctan function
were particularly applicable functions and horizontal asymptotes made several
appearances.

Differentials and error propagation. Differentials made an appearance across several
modules as do the concepts of error and error propagation. The first calculus course,
in module 1, begins with differential equations since the students need

understanding of what differential equations are and some skill in solving them early
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on in the module, both AT and EE. Therafter the course deals with complex numbers

(needed for second order differential equations) and vectors, another important topic.

The course then closes with a cluster of topics generally related to differentiation,
such as limits, continuity, tangent lines and extreme values. Differentials and error
propagation would be a good fit at the end of the course.

Damping and Hooke’s Law. Second order differential equations are a core topic in
the first calculus course, however in the current curriculum damping is not covered.
Simple harmonic motion with damping could be easily included in the syllabus,
similarly Hooke’s Law which is ubiquitous in the project reports could be included as
a contextual example without any difficulty.

Binomial theorem. In the second calculus course we cover sequences and series in
great detail. The students often struggle to see the relevance to any of their other
work, such as calculus or their technical subjects. The binomial theorem,
encountered a few times in the project reports, would be a relevant example to
choose, along with the binomial series.

2. Valuable topics to include

The “valuable topics to include” category is a collection of topics that, if included in
the mathematics courses, would improve alignment, but are not easily incorporated
in the courses as they currently exist. Further thought is necessary to consider how
to include them. There were three topics fitting this description. The first was the
geometry of parabolas, specifically the role of the focal point. The second was the
catenary, a curve with important real world applications and also an opportunity to
refer to hyperbolic trigonometric functions. Finally there were the trio of square wave,
triangular wave and sawtooth functions, all of great importance in EE module 2.

3. Relevant syllabus topics

The mathematical skills and techniques already included in the existing mathematics
courses and obviously present in the project reports included single variable
integration, partial derivatives, vector calculus and 15t and 2" order differential
equations. Also present were vectors (with the same notation we use in
mathematics, which is interesting given the lack of global convention of vector
notation [14]), complex numbers, limits at infinity, sigma notation and polar, spherical
and cylindrical coordinates. As a teacher of engineers without herself having an
engineering background, it is extremely helpful to see where the mathematics | teach
is used.

4. Style elements

Symbolic usage in the reports revealed two common characteristics generally not
shared with mathematics, that of using many Greek letters and manipulating large
symbolic expressions with many constants or variables. The symbols used in
mathematics tend to fall within a small set of Roman and Greek letters. To a student
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new to university and unfamiliar with seeing these symbols it can demystify them if
they are encountered more ubiquitously than only in certain courses. The dot
notation for time derivatives is widely used in the AT and EE project reports. This dot
notation is not currently used in the mathematics courses but it is trivial to introduce
and include.

The research questions were

¢ What mathematics skills, concepts, processes or techniques are observed in the
project reports?

e To what extent are the mathematics courses aligned with the projects or do they
support the projects?

¢ In what ways could the mathematics courses adapt or change to better align with
or support the projects?

The first and second passes through the data answered the first question, the
second pass answered the second question, and the third pass answered the third.
The result is a strategically chosen collection of changes to the existing mathematics
courses that will improve alignment. Continued communication within the module
teaching teams remains important for many reasons, one of them being possible
changes to the module project resulting in different needs for the mathematics
courses.

3.3 Reflection on the methodology

It is important for a service mathematics course to be aligned with the needs of the
discipline it is serving and the teaching and learning programme in which it is
situated (such as these TEM modules) [15]. Typically to achieve that alignment
either the mathematics is taught by people already embedded in the discipline or the
two parties communicate over what is needed, perhaps using checklists of topics.
The methodology of thematic analysis employed in this project is particularly suited
to a pedagogy based on project-based learning, as TEM is. It takes a very particular
and very practical view of the alignment of the mathematics course to the students’
learning needs. A limitation of the method of using project reports is the significant
differences between what different groups chose to include and hence the likelihood
of something important not being apparent. As a mathematics lecturer without an
engineering background | found this study extremely informative and educational. |
have a much clearer idea of what the projects entail, what the students need and
how mathematics can help. The next challenge will be to incorporate the changes
discussed above.

4 SUMMARY AND ACKNOWLEDGMENTS

The study reported in this paper will be carried forward by communicating the findings
of the thematic analysis with colleagues in the two disciplinary programmes in order
to spur conversations of mutual benefit. Furthermore two initiatives are under
development with the two disciplinary programmes: in advanced technology
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workshops are being planned linking calculus and mechanics, and in electrical
engineering a project involving the creation of a suite of contextualised mathematics
exercises is being planned.

Finally, in summary, the methodology of using students’ written project reports as an
indication of mathematics of importance in disciplinary context was successful and
highly informative. The results of analysis will certainly bring about change in the
mathematics courses to better align them with the needs of the projects, in line with
the vision of the Twente Educational Model [8].
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ABSTRACT

The United Kingdom has a tradition of excellence in higher education and is
recognised as an important player in engineering education and research globally.
With 20% of the engineering academic staff and 12% of the student body being
European (based on official data related to 2017/2018), much has been anticipated
about the likely consequences of Brexit, including the disruption of research
collaborations and mobility of staff and students.

Understanding the post-Brexit context is important for British higher education
institutions, but Brexit also has implications for individuals’ home countries, like
Portugal, that have a history of sending graduates to the UK. The study reported
here is part of a larger project funded by the Royal Academy of Engineering to
explore, from the perspective of European students and academic staff, the impact
of Brexit on the UK’s engineering education sector. In this paper, we interrogate the
perspectives of three Portuguese citizens engaged in engineering education in the
UK — two women including one undergraduate student and one postgraduate
student, and one man who serves as a lecturer. The transcripts of semi-structured
Interviews were coded thematically to identify: (1) participants’ motivations to come
to study or work in engineering in the UK, (2) their experiences and future career
plans, and (3) whether all of these were impacted by Brexit.The outcomes of the
project will be relevant to predicting the future of engineering education, and
estimating the impact Brexit wil have on mobility and research collaborations
between the UK and European higher education institutions.
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1 INTRODUCTION

The UK higher education attracts a far higher number of international academics
from all over the world, who teach and do research, than any other country in
Europe, being only surpassed by Switzerland [1]. Moreover, because engineering
itself is considered a global field, this sub-field of higher education also relies on
international mobility more than most academic disciplines in the UK

The impact of the United Kingdom European Union membership referendum of June
2016, commonly referenced as the Brexit referendum, is still unfolding and under
continuing analysis. However, it is widely anticipated that it will disrupt European
student and staff mobility and may have negative repercussions for education,
research and innovation [2]

Data analysis conducted by the UK’s Higher Education Statistics Agency (HESA)
regarding European students and staff revealed an increase of 6.5% in the number
of undergraduate engineering students from EU countries in the academic year
immediately following the referendum (2016/17) [3]. By this time, across engineering
faculties in UK, European academic staff (teaching, research) comprised 17.4%.
Comparing this 2016/17 figure with 2015/16 reveals a 6.5% increase of European
academic staff overall. Looking only at research staff in 2016/17, one in four
academic researchers (26.4%) was European; this reflects a 3.1% increase from the
previous year. These numbers suggest that although UK universities are still
attractive destinations for European academics, staff on ‘research-only’ contracts
may not be as readily enticed to move to the UK after the Brexit as other types of
academics. This could be due to instability of funding available from Europe as well
as UK sources to support work of foreign researchers workgin in the country. As for
students, speculative interpretation of the above data suggests that EU students may
have been taking the opportunity to study engineering in the UK as a ‘last chance’
before fees, funding and visa requirements change. However, more detailed data are
needed to assess if these speculative hypotheses are accurate and also to
understand the impact of the Brexit decision on European students and staff
members who are currently studying or working in the UK’s engineering higher
education institutions.

Prior to this study, no data on experiences and perceptions had been collected from
European engineering students and academic staff regarding Brexit, making it
difficult to anticipate the impact the UK’s departure from the European Union might
have on the engineering education sector. Understanding concerns and expectations
held by European students and academic staff is essential to achieving evidence-
based decisions to effectively support the recruitment and retention of European
talent into UK engineering education. The research project reported here has
collected and analysed data regarding the impact leaving the European Unions may
have on mobility, funding, skills development, future study and career prospects of
Europeans involved in engineering education in the UK.
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1.1 Project “Brexit impact on UK’s engineering education sector”

In April 2019, the Royal Academy of Engineering funded the project “Brexit impact
on UK’s engineering education sector: Exploring EU students and staff experiences”,
a joint collaboration between the UCL Centre for Engineering Education (CEE) and
the Engineering Professors’ Council (EPC) in the UK. This project aimed to
contribute with new and critical understanding of motivations and limitations related
to studying and working in the UK. Issues such as mobility, funding, skills
development, future study and career prospects have been included. The research
team is collecting data from students at undergraduate and postgraduate levels of
study, and from academic staff on both research-only, teaching-only, and research-
and-teaching contracts. The outcomes of this project will be useful for the
engineering education sector in the UK by providing insights for those involved with
recruitment and retention of students and academic staff. Ultimately, the project will
also provide greater understanding of the landscape of international and pan-
European collaboration across Engineering Education.

Although data on the post-Brexit context are important from the point of view of
actors and stakeholders in British universities, the Brexit phenomenon also has
implications for countries that have a history of sending graduates to the UK. In
recent years Portugal has been one of these countries. In the wake of the economic
crisis in 2008, there was a widely reported ‘brain drain’ wherein graduates left
Portugal en route to the UK or other Northern European countries [4,5]. This has
been a source of concern across Portugal. An additional factor at play in the
Portuguese context is that while there has been an enormous expansion of access
to higher education since the country’s political revolution (establishing, in the 1970s,
democratic independence from the former dictatorship) and there have been more
women than men entering its higher education institutions for the last 30 years, the
number of young women enrolling on engineering programs has been relatively low
at around 26% [6,7].

Keeping these factors in mind, this paper focuses on Brexit-related perspectives
contributed by three Portuguese citizens currently engaged in the UK Engineering
Higher Education sector. These Portuguese participants in the larger research study
provide valuable insight that warrant their own dedicated reporting. SEFI is an ideal
venue to share such findings as understanding Portuguese involvement in and
contributions to different education systems outside can benefit the European
engineering education community.

This small qualitative study aims to address the research question: what factors do
Portuguese citizens engaged in the UK Engineering Higher Education sector
perceive as important in planning their future?

2 METHODOLOGY

2.1 Research Design

The overall project has adopted an exploratory mixed methods design involving a
qualitative phase (interview, reported in this paper) followed by a quantitative phase
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(online survey, currently ongoing). In the qualitative phase, a diverse sample of
European students and academic staff members currently studying or working in UK
Engineering higher education institutions were interviewed to explore their
experiences, concerns and future expectations following the Brexit referendum. Key
issues identified in this phase are now being explored via a quantitative phase,
wherein a larger sample of European students and academic staff across the UK is
being engaged in an online survey.

In the interviews, students and staff were asked about: factors they considered when
choosing to study/work in the UK, career prospects they expected to have, and
experiences and skills they were expecting to achieve; their experience in the UK
overall, and what impacts they had felt as a result of Brexit; and what their career
plans entail, and their prefrences regarding leaving or remaining the UK.

Answers provided by each interviewee were followed-up with probing questions to
yield further insight. The interviewer (this paper’s lead author) raised the topics of
mobility, funding (e.g., tuition fees and research grants), international research
collaborations, career development, institutional support and legal advice.

At the time of writing this conference paper, the qualitative phase of the larger study
had been completed, and the quantitative phase was under development.

2.2 Procedure

After approval was granted from the UCL Ethics Committee, participation calls and
participation information sheets were circulated via EPC newsletters and relevant
social media (Twitter and LinkedIn). All interviews were conducted before the UK
General Election occurred on the 12t of December 2019, and well before the COVID
crisis, both of which would have influenced the narratives provided. Online interviews
were conducted in English and recorded for professional transcription.

This paper presents thematic analyses of a subset of interviews with three
Portuguese participants, since only Portuguese citizens were represented across
three different groups of interviewees: undergraduate students, PhD students, and
academics. Thematic analysis [8] of the data was chosen as a methodological
approach as there was an interest in finding themes in order to answer the research
questions. This type of analysis was also chosen by other researchers who
conducted a small-scale qualitative study exploring the impact of Brexit on the career
aspirations of final year British students [9].

The open-ended approach of the interviews was suitable for this methodology as
thematic analysis “is not wedded to any pre-existing theoretical framework” [10, p.
81].

2.3 Participants

A total of 24 participants (15 academic staff and 9 students) were interviewed
between October and early December. This paper focuses on interviews with three
participants, chosen to provide an understanding of the Portuguese context. These
participants are: Sofia, an undergraduate student; Paula, a recent PhD recipient,
now working as a post-doc; and Luis, a lecturer who is currently doing a PhD. All
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names are fictitious. Their academic profiles, engineering sub-fields, places of
work/study and year of having moved to the UK are shown in Table 1.

Table 1. Subset of Portuguese participants

Participant Academic Profile Year moving to the UK
Sofia, Undergraduate 3 year undergraduate student in 2017, after Brexit referendum
(England) Biomedical Engineering
Paula, Postgraduate Postgraduate student 2016, before Brexit referendum
(Northern Ireland) In Environmental Engineering

recently appointed as Post-Doc
Luis, Lecturer Lecturer in Mechanical Engineering 2014, before Brexit referendum
(England) currently doing a PhD
3 FINDINGS

3.1 Factors and expectations when coming to study or work in the UK

Sofia had never considered studying abroad until she heard, from a company visiting
her secondary school, that the learning style in UK universities was more practical
than in Portuguese universities.
| was told that in England it was more practical. It was not so theoretical as in
Portugal. | wanted to take the risk and see how it was and actually, it has
advantages for me to go out of the country
She was interested in gaining work experience after graduation, and saw more
opportunities to do that in the UK.
Also, the recognition after [graduation] (...) they have a lot of employability. | was
planning on maybe staying here [in the UK] for one year or something, just to earn
money because it’s really good here, compared to Portugal, they earn more. Of
course, it’s a different lifestyle, but it's good for opening my career (...). And they
have a lot of placements, that’s really good and even in the master’s, they have
partnerships with another university, which is also really good.
Sofia mentioned that having a degree from the UK on her CV was something that
would have a higher value than a degree from Portugal.
Forthe CV it’s really good (...) for them to see my CV, and that | was studying in
England, that | had some internships (...). It’s better compared to taking a
graduation in Portugal.
This perceived value of a UK degree was also mentioned by the postgraduate
student. Paula, having studied in Portugal for both her bachelor’'s and master’s
degrees, envisioned herself pursuing a PhD abroad. She mentioned the value of a
UK degree, and the opportunity be fully funded for study as the main drivers for
choosing the UK.
Well, considering | did the bachelor’s and the master’s in Portugal, | wanted to
have a PhD somewhere outside of Portugal. At the time | applied to a lot of
universities, even Australia for example, and the US. But | always wanted, deep
down, to come to the UK because (...) it looks well on the CV to do a PhD in the
UK. (...) | don't really understand, but apparently doing a PhD in the UK was
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always very highly esteemed, so | wanted to come here. (...) | tried for a year and
a half, almost two years before | successfully got this PhD because | wanted a
fully funded PhD. There was no way | could live abroad just by myself, so |
needed a fully funded. At least at the time, there were a lot more opportunities in
the UK than in other countries (...).
Luis completed his bachelor’s degree in Portugal and tried to become involved in
projects in his area of interest. However, as none of these projects came to fruition,
he decided to explore other opportunities and found the possibility to pursue a
master’s in the UK.
I've always had an interest, growing up, in this subject area. | felt like | needed
more specialized knowledge on the field to have an easier access into the industry
(...) [coming to the UK] was solely based on the availability of the subject area. |
came to do Motorsport Engineering. It’'s a degree that not all countries have.
Certainly, my home country doesn’t have that degree, there’s no market for it.
Following the completion of his postgraduate degree, he was offered a PhD
scholarship, and also a teaching position at the same institution, and he decided to
accept.
| was offered a scholarship to do the PhD. It was never the plan initially to stay for
research or anything. Staying for work was being considered, but then, yes, the
scholarship — | thought “this is the opportunity to attempt taking a PhD. It will be
now. Later would be much harder”. Teaching commitments started soon after as
well. It was just having the opportunity for doing that, if that makes sense.

3.2 Experiences in the UK and impact of Brexit

The three interviewees shared positive experiences in the UK, at both professional
and personal levels.
Sofia was enthusiastic about her learning experiences at the university, and stated
that lecturers were supportive and approachable, and that being part of a small class
was beneficial.
| realized it was even better than what I'd thought. It’s very practical. Professors —
| have a very good connection with them, and we are a small class. We are only
13, so it’s really good. We are very close with the professors. It is amazing!
Sofia also mentioned that, compared to Portugal, the UK’s culture was more
accepting of people’s individualities and that this was something that she cherished.
She also valued the opportunity to connect with colleagues from different cultural
backgrounds. Regarding Brexit, Sofia was initially worried. She was being informed
by the Portuguese company and was going to apply for UK pre-settlement status.
Paula was also very enthusiastic about both her professional and personal
experiences in the UK, specifically in Northern Ireland. She enjoyed her PhD
journey, and valued the skills and knowledge she acquired as also being part of a
welcoming and supportive research group.
I learned how to build actual reactors to make the experiment, which was super
interesting because | had never built one from scratch. (...) | did learn a Iot,
especially in areas that | didn’t have that much knowledge, so it was quite
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interesting (...) | really enjoy, and | absolutely love, the group | work with. How
approachable they are; and the exchange of knowledge is really nice as well. |
absolutely love it, otherwise | wouldn’t have stayed anyway [chuckles]. But |
absolutely love it. | really like it here.
She was also very pleased with her lifestyle in Northern Ireland and said that the
resemblances between Northern Irish and Portuguese cultures made her feel at
home. At the time of the interview, Paula was still sceptical about outcomes of the
referendum. She was hoping that the UK would not leave the European Union. She
based this hope on the constant postponing of Brexit deadlines by the UK
government. At a personal level, she hadn’t noticed any differences since the
referendum, but agreed that the there was tension every time a deadline
approached. This tension was especially high prior to the initial leave date,
scheduled for the 315t October 2019, when she decided to finally apply for pre-
settlement status. In terms of the impact on universities, she was particularly worried
about getting access to research funds in the future, because she could see herself
pursuing an academic career in the UK.
They [university] were scared (...) because funds were going to be cut, because
most of the things come from the European Union.
Luis was pleased with having access to opportunities that he hasn’t even considered
before coming to the UK.
| think it’'s been good. Certainly, | have access to a lot of opportunities which I'm
sure wouldn’t have happened. But at the same time, they weren’t planned
[chuckles]. It's been interesting because none of these... ending up teaching
wasn't the plan coming here. It’s been interesting and rewarding, for the most part.
He was worried about the negative impact of Brexit on feeling welcome, free
movement and overall welfare. He also stated that Brexit would have a negative
impact on various industry sectors at a national level, but wouldn’t affect his
collaborations with local industries.
The commercial vehicle, the automotive side, definitely, there’s potential for
disruption of the industry in the UK. The UK has, | think, engine manufacturers.
I’'m sure there will be disruptions to some extent, at least until they figure
something out to get goods to the other side in a way that complies with legalities,
administration issues. The other one would be [related to] the workforce itself. (...)
A lot of our industry is close by. Even though a lot of the workforce for that
industry is international, but they’re pretty close by. The communication hasn’t
deteriorated in any way. The industry itself will have their own challenges. As far
as our relationship, that I'm aware of, it hasn’t changed.

3.3 Future plans, and intention to remain in the UK

Sofia was planning to apply for a master’s and, possibly, a PhD position in a UK

university. Long-term, work wise, she was considering moving to a different country.
| was not very mature in that time [chuckles] [when applying for an undergraduate
degree]. Now | realized that for my master’s | want a better thing (...) in that time, |
was thinking on the recognition and rankings, and where the students go (...). |
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didn’t pay much attention because | was so excited to come to England. But now
I’'m applying for master’s for next year. I'm starting now doing applications for [a
university in England], and maybe [a university in Scotland] because it’s for
computer science, and they are both good. (...) if | get into the [university in
England’s] master’s, maybe then | can go for a PhD (...). Then after the PhD,
which is a long time from now, I'm thinking on maybe going for a year, or two
maybe, working in England, or maybe another country

When asked about the hypothetical scenario of not being able to apply for a master’'s

or PhD position in the UK, Sofia was not sure where to go. However, she was not

considering going back to Portugal.

Following the completion of her PhD, Paula got a short-term contract in her

university while she waited for her viva (thesis defence). She wanted to stay in

Northern Ireland.
Like | said, I really like the group I'm in, and I really like Northern Ireland, so |
didn’t really want to leave. Then | got extensions and now | have an extension
until [a specific date]. There was a time that | wasn’t sure if | was going to get an
extension or not, and so | was applying to other places.

She also considered enrolling in courses on teaching in higher education, so she

could develop a new set of skills to work in academia in Northern Ireland.
| don’t know what’s going to happen in a year. Well, | think if | can, I'd rather stay
but | might think about doing one of those courses, like the courses for teaching in
higher education. Maybe start thinking about applying to grants, but then again it
will depend if Brexit goes forward or not. Maybe go do some teaching as well. |
would like to stay here.

Although she would prefer to stay, Paula was ready to explore other opportunities for

postdoc positions outside the UK.
As a lecturer, Luis had already considered exploring job opportunities outside of the

UK, particularly in industry.
Definitely sometimes, there are thoughts of exploring positions in other countries,
more in the industry than academia (...). Yes, yes, | think [Brexit] definitely has an
impact. The question between academia and industry was always there. But now,
it’s more academia here versus industry, which | could access at somewhere else.
Because engineering skills are quite easily transported across borders. They don'’t
depend so much on the local language to a certain extent. They are easily
integrated.

His decision to remain in the UK, on the other hand, would be influenced by non-

professional impacts of Brexit, such as freedom of movement and quality of life.
For me to continue to think of the UK as afttractive as it was before, if we could
keep people moving backwards and forwards without any more hassle than it
already has, and if life as a whole doesn'’t deteriorate — ideally it would improve —
but if it doesn’t get worse than what it is, then yes, I'll be happy to continue here.
Professionally, I'm in a good place. (...) So, professionally, I'm not too concerned.
It’s more to do with the quality of life and enjoying the place.
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4 DISCUSSION

Based on having such a small sample size, little of what the participants said can be
assumed true for a larger group, yet some of the patterns were very strong across
these three Portuguese participants, and resonate with the larger sample of
participants. For these three participants, the UK was perceived as offering top-notch
education that would be well-received in Portugal and recognized worldwide. All
participants described having good experiences in the UK, both personally and
professionally. All described supportive learning environments and enjoyable
teaching and working styles. They had all felt welcome and enjoyed interactions with
peers and citizens but now fear things may change after Brexit. Nevertheless, all
three of these participants would like to remain in the UK longer.

They all showed a high level of adaptability in dealing with the many unknowns and
uncertainties created by Brexit. They all described upward career mobility following
their initial studies in the UK and a desire to learn more and to develop themselves
farther in the future. They would all be happy to continue to live and work in the UK,
as long as further education and job opportunities remain available, as long as
quality of life persists, and as long as they feel welcome.

At the point of the interviews, all conducted before the UK general election (12
December 2019), and the official withdrawal of the UK from the European Union (31
January 2020), these three participants were positive about their experiences in the
UK, and the engineering higher education system they found in the country. They
remained happy with their choice to come to the UK. However, they realised there
might be a need to leave, and they might have to take additional actions to be
granted rights to stay and work in the UK.

This paper presents an overview of the initial findings of interviews conducted with
European engineering students and staff studying and working in the UK, after the
UK’s decisions to leave the European Union. The interviews conducted with three
Portuguese participants provide a snapshot of what was discussed with the larger,
more diverse group of participants. As noted above, the results of these three
specific interviews may not be immediately transferrable to a larger population;
however, comparing these data with the other interviews and with the quantitative
survey data that is soon to be collected, will support wider transferability of the
findings.
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ABSTRACT

There is no doubt that sustainable development (SD) education is crucial for
achieving the UN Sustainable Development Goals (SDG) and we believe that
engineering students are important actors for developing SD actions. However, we
have few information about how engineering students think about SD issues. The
papers aims to investigate engineering students’ sustainability awareness in the
prism of the SDG. This is a key point in order to design well suited multi- or
transdisiplinary curriculum in engineering education so as to develop their
awareness of the key role they have to play. We applied an online quantitative
survey to French engineering students at first year master level just before starting
their specific courses in SD and entrepreneurship. This survey covered different
dimensions: SD awareness, SD perception and actions towards SD. Our primary
findings show that engineering students mostly associate SD to environmental end
economic aspects related to technology (e.g.: renewable energy, low energy
consumption, recycling or zero waste) and pay less attention to social aspects like
social responsibility and partnership. They consider SD is very important at the
global and national level but less important in their professional or personal life. They
are reluctant to integrate SD actions in their everyday practice mainly because of
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lack of convenience or financial constraints.There is thus a room for raising their
awareness about the central role of engineering in SDGs achievement and their
understanding about the social impact of engineering. It would also worth putting
more emphasis on social responsibility in their engineering curriculum.

1 INTRODUCTION

In 2015, the United Nations introduced 17 Sustainable Development Goals (SDG),
including challenges of poverty, inequality, climate change, environmental
degradation, peace and justice; for creating a better and more sustainable future for
all by 2030. These complex and interconnected sustainability challenges are closely
related to engineering disciplines and give numerous new perspectives to the
engineering profession. Without any doubt, engineers will play a fundamental role in
achieving these sustainable development goals. As a consequence, sustainability
awareness of engineering students who will became engineers in some years is
essential for meeting these goals successfully. We would like to investigate what do
engineering students know about SDG challenges and what are their SD perception
and actions.

2 LITERATURE REVUE

There is a growing number of study in educational literature about students’
sustainability awareness in general but less in engineering education in particular.
This is quite surprising given the central place of engineering body in sustainability
development.

What does knowing and understanding sustainability mean? For Carew and Mitchell
[1, pp. 352], an expert-like understanding of sustainability is ‘to have factual and
theoretical knowledge of sustainability, the ability to apply that knowledge
appropriately to contextualized decision-making, and be adept at judging the ethics
and sustainability of one’s decisions and decision outcomes’. They make a clear
separation between the elements of content knowledge (declarative knowledge as
the factual knowledge relevant to discipline and theoretical knowledge as the
abstract form of declarative knowledge) and structural knowledge (including
procedural knowledge, conditional knowledge and critical thinking). There is a
learning hierarchy to acquire sustainability understanding: the acquisition of
structural knowledge could start only after the successful acquirement of content
knowledge. Accordingly, the inclusion of content knowledge as an essential
prerequisite of the structural knowledge, should be very important in the engineering
curriculum.

According to Azapagic et al. [2], engineering students have a relatively low level of
knowledge and understanding about sustainable development and have difficulties
to associate sustainability development with engineering practice. Even so, it is
encouraging that they have a positive attitude towards sustainability development.
Another interesting finding is that they consider it important at their personal level
even if it concerns mainly the future generation.
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In line with these findings, the empirical study of Kagawa [3] confirmed that students
associate the concept of SD with the environment in a unidimensional view rather
than applying a multidimensional view including his economic and social dimensions.
Concerning sustainability changes in their personal lifestyle, they privilege consumer
actions like using of public transportation, changing purchasing habits, recycling or
saving energy or water. Similarly to previous studies [4, 5], Nicolaou et Conlon [6]
found that engineering students have a deficient knowledge and understanding
about sustainable development, more particularly about the social dimension of it.

3 METHODOLOGY

For answering our research question, we carried out a quantitative online survey with
closed questions. This survey covered engineering students at Master level in
electronics and physics engineering in a French public engineering school. In our
initial research design, our intention was to survey engineering students in two steps:

1. For afirst time, just before starting their specific SD courses and

2. At the end of their courses, for measuring changes in their sustainability

awareness.

Finally, due to unexpected circumstances (exceptional school closing due to world-
wide pandemia), we were able to complete only the first survey but not the second
one. The courses that were designed partly in flipped classrooms could not take
place in a proper way actually during the lockdown. For this reason, our adjusted
objective for this survey is to investigate the initial sustainability awareness of the
engineering students.
In total, 73 engineering students (composed of 22% female and 78% male students)
completed the online survey just before the beginning of their first SD courses
developed in the framework of a French national working group of sustainability
education [6]. Before the beginning of the survey, students received detailed
information about the objective of the survey, the applied confidentiality policy, the
storage and use of data as well as the possibility of withdrawal.
Our online survey included the following questions about students’:

- knowledge and understanding of sustainable development (four questions),

- previous sustainability education (three questions).

- perception of sustainability (two questions) and

- attitudes towards SD (two questions).
All questions were designed as closed questions for facilitating the data analyses.
Before launching our online-survey, we made a pre-test with 10 students (separate
from the 73 students mentioned before), asking their feedbacks, allowing us to
improve our survey design.
Initially, we planned to make advanced statistical analyses on collected data. As we
have a limited sample size and numbers of data, we opted finally to analyze our data
with descriptive statistical analyses.
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4 RESULTS
4.1 Sustainable development awareness

When asking to students how relevant they would consider the importance of taking
economic, or environmental or social actions toward SD, we found that 87% of
surveyed students considered these actions either important or very important.. This
is a promising result showing students understanding of the importance of SD in their
current and future life, even if there are strong differences when their perception of
SD is analysed deeper in details, as will be shown in section 4.3.

Concerning their source of information, it was not surprising that surveyed students’
main source of information about SD is Internet. Education was at the second place,
next to the media, which is encouraging from our educational view.

Table 1 : Source of information considered as significant

A [ P Fri . .
certain :larel)nts, rlgnds, Education Media Internet
teacher Siblings | acquaintances

33 % 41 % 56 % 69 % 69 % 90 %

Regarding their SD education, 71% of the surveyed students considered it was a
basic one, which took place indeed mainly during primary and secondary school.
Only a very little percentage of students (5%) attended specialized courses on SD in
general, or during higher education. This is confirmed by their poor knowledge of
SDGs as shown in table 2.

Table 2 : Percentage of engineering students who have some knowledge or know a
little bit about SDGs.

SDG 112 |3 |4 |5 |6 |7 |8 |9 (101112 |13 |14 |15 |16 |17

% 33 /41|42 | 55|49 |59 |53 |32 |33 48|39 53|50 27|27 |34 |21

SDGs definition: 1 No Powerty, 2 Zero Hunger, 3 Good Health & Well Being,
4 Quality Education, 5 Gender Equality , 6 Clean Water & Sanitation, 7 Affordable &
Clean Energy, 8 Decent Growth & Economic Growth, 9 Industry Innovation &
Infrastructure, 10 Reduced Inequality, 11 Sustainable Cities & Communities,
12 Responsible Consumption & Production, 13 Climate Action, 14 Life Below Water,
15 Life on Land, 16 Peace, Justce & Strong Institutions, 17 Partnerships

From Table 2, we observe first that the SD knowledge of the surveyed students is
quite restricted. With the exception of quality education, it is focusing on
environmental aspects like climate actions, clean water, and clean energy. Second
observation is that SDG 9 (industry, innovation and infrastructure), which should
highly concern engineering students, is poorly known, even 29% of them never
heard about it. Other surprising result is that SDGs 1, 5, 8 and 10, which are social
aspects of SD, are also quite poorly know. We also noticed that SDG 17
(partnerships) is the worst known SDG, even 48% of students never heard about it.
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These last two observations are somehow surprising for engineering students who
are taught to collaborate, co-create and share their work.

Finally, our last but encouraging observation is that engineering students are incline
to develop their SD knowledge and understanding: 80% of surveyed students
consider that SD education for engineering students is important or very important.

4.2 Sustainable development perception

Our findings depict an important discrepancy in the surveyed students’ perception
about the importance of SD in the society, as shown in the table 3. On one side, at
the macro level of the society, surveyed students considered SD as crucial for the
the world-wide society, and relevant only at a country-level. On the other side, at
their individual level, they give smaller importance of SD for their professional life
and even less for their personal life. This low consideration of SD at their individual
level is also contradictory to the fact that SD is considered as crucial for future
generation. This is as if they were not aware that they are bound to become key
actors of SD achievement.

Table 3 : Rating of the importance of SD

Personal life Professional life Country Society world-wide Future generation

23 % 30 % 53 % 66% 75 %

4.3 Actions towards sustainable development

Regarding engineering students’ day-to-day actions and engagements at their
personal level towards SD (like transportation, energy and water consumption, waste
management or purchasing habits) our findings are not really encouraging and
confirm the low importance of SD for the students at their personal level.

The most common action, for nearly all surveyed students, is collecting waste
selectively. This is not surprising as it is obligatory in France. At the second place, all
kind of actions for decreasing their energy consumption. Which is consistent with the
fact that 60% choose an environmentally friendly transportation.

We observed a lack of engagement concerning surveyed students’ purchasing
habits (66% never or occasionally buy energy-efficient devices, 64% never or
occasionally buy products with an environmental label, 56% never or only
occasionally reduce the use of disposable product and 52% never or occasionally
buy local products). This lack of engagement in their purchasing habits seems to be
contradictory to their environmental awareness but could be explained by the fact
that simple convenience or financial reasons are the main reasons preventing them
from living in @ more sustainable way. This is consistent with our finding that 49% of
surveyed students have the feeling that the conditions to have an environmentally
friendly lifestyle are not easily available.
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5 CONCLUSION

As the main conclusion of our study, our findings confirm that surveyed French
postgraduate engineering students have a limited knowledge and understanding of
SDGs. As a matter of fact, many of SDGs are totally unknown to them. In line with
previous studies [2,3,6], they associate SD to its environmental and economic
aspects and ignore social aspects like responsibility or partnership that should be
very important for practicing their future engineering profession.

They are convinced that SD is fundamental for our planet and for their own country
but have a lack of awareness of its impact in their professional and personal life, in
contradiction with the results of the previous studies [2, 6]. Conforming to this, they
have limited SD actions and engagements at their individual level in their everyday
life. However, this low level of engagement could be partially explained by
convenience or by their limited financial conditions.

Our findings are very encouraging from an educational perspective. This is
confirmed by the strong interest of the students in having not only basic SD
education focusing on the acquisition of declarative knowledge but also more
extended and comprehensive SD education. The inclusion of social aspects of SD,
more specifically social relationship and responsibility, in multi- or transdisciplinary
SD education framework would be interesting.

The limits of the present study include the relatively low sample size, the limited
engineering disciplines (the surveyed engineering students are studying electronics
and physics engineering), the educational level (only postgraduate students) and
finally the lack of a second survey after their SD courses.

Future research conducted on more representative samples of engineering students
from different engineering domains, but also involving students from different
curricula such as management, law, etc., and from different countries are in
perspective. As well as, a second survey at the end of specific SD courses should be
carried out for assessing the influence of these courses on the SD awareness of the
students.
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ABSTRACT

Due to changes of the labor market and increased competition on an (inter)national
scale, institutions of higher education are forced to innovate, creating an additional
need for teacher professional development. In engineering education,
interdisciplinary education has become increasingly important, bringing many
advantages for both students and teachers. Instead of being individually responsible
for a course, teachers collectively design and teach courses that integrate their areas
of expertise and make interdisciplinary education a reality. However, to better support
teacher teams and their professional development, higher education institutions
require more information on their course design processes. This case study
compares the course design processes of two teacher teams in the context of a
university-wide educational innovation. One team chose to create an interdisciplinary
course, whereas the other chose to design a multidisciplinary course. Design
conversations of these teams were analyzed to study the similarities and differences
between both teams concerning the design topics and design acts shown during
team meetings. Our findings show that both teams primarily focus on the same three
design topics: the teaching practices, course organization, and their own teamwork.
Other important topics such as the specific characteristics of the student population
were mostly neglected. When comparing the specific design acts of the two teams,
the interdisciplinary team more often engaged in collaborative planning and adaption
of the course and also engaged in more collective reflection compared to the
multidisciplinary team. In doing so, the interdisciplinary team created more
opportunities for professional development of its team members.
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1 INTRODUCTION
1.1 Collaborative course design to further educational innovation

There is an ongoing demand for higher education to change its focus from
monodisciplinary education focusing on one discipline at a time to educational
approaches that integrate different disciplines such as in interdisciplinary or thematic
education. This demand is placed on both graduate and undergraduate education,
for example in engineering, health care, or business.['?l Changes of job market
requirements and increased (inter)national competition between universities makes
educational changes necessary.l?l For engineering education, interdisciplinary
education has for example become increasingly important to meet the changing job-
market needs.®! The challenges for higher education not only call for pedagogical
changes, but also changes in the way education is designed. Teachers in Higher
Education, being used to a high degree of autonomy, are more and more required to
work together in multidisciplinary teams, and collaboratively design courses that
allow for the integration of various disciplines.*! Collaborative curriculum design has
been shown to be an effective strategy for ongoing educational renewal and
corresponding professional development of the teachers involves.[®*!

However, it is one thing to promote collaboration among highly qualified academics, it

is quite another to succeed in practice. Collaborative course design practices
confront teachers with major challenges.® A planned innovation may result in
completely different outcomes as originally intended. The design process of any new
course requires making many decisions about the content and teaching methods of
the unit, as well as practical decisions regarding organization and scheduling. This
holds for both individual teachers as for teacher teams. Practical decisions may feel
as more pressing matters and may put off the importance of taking pedagogical
decisions. Consequently, intended changes or innovations are not implemented as
planned, resulting in conservative courses: the innovation failed because of urgent
other matters.

The present study unwraps essential conditions of the course design process
conducted by teacher teams engaged in innovative course design in undergraduate
engineering education. We focus on collaboration within teams by assessing design
conversations topics, the cognitive demand of specific design tasks, and the
evolution of these topics and design tasks over time. This study aims to provide a
clearer understanding of how multidisciplinary teacher teams can prepare and
provide education that better prepares students for the complexity of their future
profession and also supports the necessary professional development of the
teachers involved.

1.2 Conceptual framework

As is the case with any design process, the design cycle of a new course requires
teacher teams to go through the stages of preparation (phase 1: planning), teaching
(phase 2: enactment) and evaluation (phase 3: reflection). During each stage,
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teachers discuss various design topics that involve the content and teaching methods
of the course on the one hand, and the organization of the unit on the other hand.[”!
Finally, when discussing important design topics, teams engage in various task-
related actions, which we refer to as design acts. These design acts can be divided
into five categories of increasing cognitive demand (see Figure 1). Design
discussions of teacher teams should involve higher level design acts to ensure that
important topics are discussed with sufficient depth.

Adapting

Reflecting
Planning Brainstorming
Sharing Judging the oprlg:]ask]:grg
i Making educational
React .
SaeHng Sharing plans and tdeslgn, ?Esr;%i?stg
i experiences, generating eaching
?rﬁfni'(;‘igﬁe" ideas, ideas forthe ~ experiences, rt;?éi‘t’ioonns
tasks opinions etc. current opinions etc.
course

Fig 1. Higher and lower levels of design acts in teacher teams!”-¢

A collaborative design process can be challenging as failing to keep to the steps of
the design cycle, to focus on all important design topics and to engage in higher level
design acts, will ultimately threaten educational change as well as the professional
development opportunities of the team members.

The design cycle: During each stage of the design cycle, teams have to overcome
various challenges that are related to the design topics and the design acts they
perform. For example, teams need to make sure not to prioritize practical decisions
over pedagogical needs (1st phase), to monitor their design and allow themselves to
adapt it to the needs of the students (2nd phase), and to employ a meta perspective
and critically reflect on their own design and implementation (3rd phase). However,
keeping to this design cycle can be a problem for teachers who lack the knowledge
and/or skills to do so. Research has shown that design conversations are often
shallow, and limited by a lack of design skills.®!
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Design topics: During collaborative curriculum design, multidisciplinary teacher
teams need to discuss a variety of design topics. They not only need to decide on the
content of their course, but also on the teaching or assessment methods they want to
use. In doing so, they have to make sure that they meet the needs of the student
population. However, previous research in secondary education has shown that
teachers have a tendency to focus more on urgent and pragmatic components of a
curriculum, neglecting the pedagogical basis for their design decisions.['% For
innovative teams this could mean missing the point of the innovation (adapting the
content and methods of the course to the changed needs of students and the job
market) completely.

The design acts: Instructional design involves a high level of precision and
expertise, is cognitive demanding and requires higher order thinking skills (see
Figure 1). Research has shown that cognitively demanding conversations are not
only crucial for the design of a new course (as important issues are discussed with
sufficient depth), they also create valuable learning opportunities for teachers.!”]
When teams do not engage in higher level design acts such as collective planning by
building on each other’s knowledge, interdisciplinary education will fail as teachers
are not able to truly combine their disciplines and further develop their educational
design.

A shift from traditional monodisciplinary education to interdisciplinary education is
difficult to make. It requires that teacher teams are supported in this endeavour.[!]
However, research on educational design issues in the domain of education seems
to be missing. It is therefore crucial to zoom in on teams’ design conversations to
determine how teams can best be supported. The present study examines the
following three questions:
1) What topics are discussed during teacher teams’ design conversations?
2) How do types of design acts vary among the different topics of the design
conversations?
3) How do types of design acts vary in relation to the topics of teacher teams’
design conversations during the phases of the teams’ design cycle?

2 METHODOLOGY
2.1 Setting

The present study was conducted at a Western European university that had recently
introduced a curriculum innovation for all bachelor programs in the university, making
the step from traditional lecture-based education to project-based education. This
innovation required teachers for the first time in their careers to work together in
teams to design new courses. These courses put a student project at the core of the
course, supported by lectures, tutorials etc. Twelve teacher teams were formed for
each bachelor programme. ['"] Teacher teams had a high degree of autonomy in
designing the new course with respect to course contents and choice of teaching
methods. The teams were required to create courses that included a central project
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and integrated various disciplines. However, the specific design of the course was
left up to the teacher teams.

2.2 Sample

Two teacher teams, one from the civil engineering and one from the applied
mathematics study programs, both consisting of six teachers, participated in this
study. The teams also included teachers from other disciplines such as governance
studies and educational sciences, respectively. The members already had several
years of teaching experience. Each team was assigned a designated team leader.
Both teams were among the first to design integrated courses at this university. The
teams were selected for the study based on the comparable amount of team
meetings during the course design cycle.

2.3 Analysis

Team meetings of both teams were audiotaped and transcribed. The transcripts were
divided into meaningful utterances (i.e. one speaking turn) and coded regarding the
topics and design acts involved. A total of 10 different design topics were deductively
and inductively coded: Pedagogical knowledge, content knowledge, pedagogical
content knowledge, scheduling, teamwork process, student population, student
feedback, student learning and off topic (see Table 1). All five design acts (Reacting,
Sharing, Planning, Reflecting, Adapting) were coded. The inter-rater reliability of .87
(Cohen’s Kappa) shows the validity of the findings. To answer the research
questions, the percentage of utterances of each design topic was calculated,
followed by the percentage of design acts per topic. Finally, the percentage of topics
per design act was calculated for each phase of the design cycle. Based on these
calculations, the design processes of both teacher teams were compared.

3 RESULTS

Providing the teacher teams with a high amount of freedom concerning the design of
the new courses led to two different educational approaches. Whereas team A chose
to create an interdisciplinary educational module, team B chose to create a
multidisciplinary module.¥ In the interdisciplinary module, various disciplines and a
project where closely integrated. In the multidisciplinary module different disciplines
were added to one another instead of being integrated. When looking more closely at
the design conversations of both teams, some similarieties but also important
differences can be seen concerning the design process.

In both teams, the vast majority of utterances involved pedagogical content
knowledge (e.g. talking about aligning the content of the course with suitable
assessment methods) followed by scheduling of teaching activities and talks about
the teamwork process of the teacher team itself (see Table 1). Other important
design topics such as the student population or discussions about how student
learning can best be supported were (mostly) neglected.
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Table 1. Percentage of utterences spend on various design topics
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Team B: 35% 23% | 19% 9%
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Note. Only results above 5% of utterances are reported; percentages were rounded.

Furthermore, when comparing the two teams, the results show that design acts
varied greatly between both teams as well as among design topics. Team A engaged
in more higher level design acts (reflecting and adapting) than team B. For both
teams, and especially for team A, higher level design acts were mostly connected to
the topic of pedagogical content knowledge (see Table 2 & 3).

Team A also engaged in reflecting and planning for the topics of scheduling and the
teamwork process itself. Other topics were not discussed with this level of cognitive
demand, limiting the learning opportunities for team members of both teams. Crucial
topics such as the student population were almost never discussed and if they were
discussed, the conversation involved low cognitive demand. The fact that team A
engaged in more higher level design acts compared to team B could be explained by
the different educational approaches of both teams. Whereas the goal of a high level
of integration of different parts of the course asks for a more collective planning
(Team A), the multidisciplinary design of the course of team B involving more
separate unit components made it easier to divide tasks and not engage in collective
design acts of a higher cognitive level. As shown in the case of team B, this practice
can be problematic as it withholds teachers from in-depth conversations and is
therefore a missed learning opportunity for them. Furthermore, combining disciplines
to reach interdisciplinary education becomes difficult and the educational innovation
is not implemented as intended.

Finally, for team A the level of design acts involving pedagogical content knowledge
also increased during the design cycle (see Table 2). The design acts of other design
topics however stayed on a low level during the whole design cycle. Team B showed
no actual increase in level of design acts during the design cycle (see Table 3) apart
from some reflection in the second phase. Especially the lack of the higher level
design acts of reflecting and adapting in the third phase of the design cycle is
apparent.
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Table 2. Percentage of topcs per design acts per phase of the design cycle: Team
A (interdisciplinary)
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Note. Only results over 5% of utterances are depicted; percentages were rounded.

Table 3. Percentage of topcs per design act per phase of the design cycle: Team
B (multidisciplinary)
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Note. Only results over 5% of utterances are depicted; percentages were rounded.
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4 SUMMARY

The results show that independent of the educational approach chosen, it is difficult
for teams to engage in higher level design acts. However, for some topics such as
pedagogical content knowledge a cognitively demanding discussion might come
more natural than for other topics. Furthermore, a more interdisciplinary teaching
approach makes the engagement in discussions involving higher level design acts
(such as collective planning, reflecting and adapting) necessary, whereas this is not
necessarily the case for a multidisciplinary teaching approach. This study shows that
teacher teams have the potential to support the shift from monodisciplinary education
to interdisciplinary education as it is demanded from both undergraduate education
as well as from professional education. When teacher teams meet the right
conditions, teachers can learn from each other and truly combine their disciplines in
new courses that better prepare students for the new demands of the job market.
However, although literature on professional education is pleading that collaboration
of teachers (and other stakeholders) can make interdisciplinary education a reality,
this study shows that this is not easily done. Teachers often lack design experience
and tend to prioritize specific design topics while neglecting others and miss their
chance to engage in collective reflecting and adapting. However, compared to a
multidisciplinary teaching approach, interdisciplinary teaching opens opportunities for
teachers to share and build new courses together. In doing so, teachers can create
valuable learning opportunities for themselves. A multidisciplinary teaching approach
on the other hand seems to hold the danger of teacher teams missing out on
valuable collective design opportunities as well as opportunities for their own
professional development.

Previous research has shown that teacher teams benefit from the support of a
facilitator, which might also be the case here.['?l Team leaders can also play a crucial
role in creating cognitively demanding design conversations that benefit the design of
the course as well as the professional development of the team members.["l This
however requires a preparation of the team leader for the leadership role that
focusses on both the design topics that need to be discussed and the skills that are
needed to foster cognitively demanding discussions. Furthermore, teams need to be
exposed to robust design processes as a good example for their own teamwork. It
has become clear that universities cannot expect teams to engage in innovative
design processes without supporting them in this endeavor.
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ABSTRACT

Structural Mechanics (SM) is a fundamental subject in engineering bachelor curricula.
Since experimental investigations play a central role in the discipline, laboratory
practice is often present in SM courses. Many instructors recognize in laboratory
activities, not only a way to develop laboratory skills and appreciation of the scientific
method, but also a chance to reinforce students’ conceptual understanding of the
discipline. However, there is evidence that laboratory instruction is not always
successful in achieving conceptual understanding.

To address this problem, the goal of the presented study is to investigate how
laboratory activities can be designed to support students' conceptual understanding of
SM. First, the disciplinary body of knowledge is analysed through Johnstone’s model
of multilevel thought. In SM, as in Physics and in Chemistry, phenomena are analysed
at different scales: the phenomenological level, the invisible level, and the symbolic
level. The understanding of most Structural Mechanics concepts relies on linking the
phenomenological world to the underlying invisible world using symbolic
representations such as equations, diagrams, experimental data plots, and physics
models. To transition and translate between “levels of thoughts” and understand SM
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concepts, representational competence and abilities in model-based reasoning are
needed. In the next paragraphs, a review of successful studies from similar subjects
is presented, where the learning activities targeted representations and model
reasoning in laboratory settings. The findings are summarised in a set of design
guidelines to help instructors develop successful laboratory learning activities for SM.

1 INTRODUCTION
1.1 Problem analyses and research question

This paper explores the design of instructional laboratory practice for the discipline of
Structural Mechanics (SM), a fundamental subject in bachelor engineering curricula.
Laboratory practice is of central importance in the engineering professions in general.
Specifically, experimental data are needed in the characterization of materials, in the
design of new products, and to measure design performances [1]. Laboratory practice
is also a fundamental part of knowledge creation in SM. Although research is mainly
carried out through simulations and computational methods, new models and theories
are validated experimentally [2]. Students are expected to acquire practical laboratory
skills as well as the ability to design and conduct experimental investigations to be
ready for their future professions. To fulfil these requirements, laboratory practice is
often present in SM undergraduate curricula, either as a stand-alone course or
integrated into lecture-based courses.

The complexity and the high level of formalism of Structural Mechanics tend to hinder
students’ understanding of disciplinary concepts [2]. Therefore, many instructors
recognize in the experimental practice also a chance to reinforce students’ conceptual
understanding of the discipline [3]. However, there is evidence that laboratory
instruction is not always successful in achieving that aim. In fact, during laboratory
practice, students often follow provided step-by-step procedures focusing on
procedural issues rather than elaborating on the disciplinary concepts for which the
activity was designed. Hofstein and Lunetta already came to this conclusion in a first
review in 1982 [4], and their conclusions are still currently valid for many laboratory
courses [5]. Nevertheless, there have been also successful initiatives, especially at
secondary level science education. For example, the European Labwork in Science
Education project [6] provided a framework to reflect on the effectiveness of practical
work in science.

Moreover, there are very few studies investigating how laboratory practice can scaffold
conceptual understanding in engineering. Specifically, there is a lack of research
focusing on instructional laboratories in Structural Mechanics and on the specific
challenges linked to Structural Mechanics disciplinary concepts. As a consequence,
there is a need for clear guidelines that instructors can use in the design of effective
instructional laboratories, useful at scaffolding students’ conceptual understanding
and applicable in the everyday classroom learning environment. Hence, the main
research question that guided the presented study is: “How can laboratory activities
support students' conceptual understanding of Structural Mechanics?”. The aim is, on
the one hand, to define requirements for laboratory instruction in a Structural
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Mechanics course, and, on the other, to investigate the link between laboratory
activities and conceptual understanding in Structural Mechanics. Design guidelines
serve both aims, they provide practical goals for the intervention and they are useful
for sharing the theoretical understanding.

1.2 Methodology

In determining the design guidelines, an approach developed by Van den Akker (1999)
has been followed, as suggested by Bakker in [7]. The approach consists in the
formulation of every design principle in terms of intervention characteristics and
implementation procedures, providing theoretical and empirical arguments. In order to
define the theoretical arguments, first conceptual understanding is defined, as well as
its relationship with models and representations. Secondly, the disciplinary body of
knowledge is analysed through Johnstone’s model of multilevel thought. Skills
necessary to reach conceptual understanding in Structural Mechanics are identified.
Successively, discipline-specific challenges that students face are considered, as
described by relevant research studies in the domain of SM teaching and learning.
Finally, for the empirical arguments, studies that addressed those challenges with
laboratory activities in similar domains are presented. Existing recommendations from
the literature have also been noted.

2 CONCEPTUAL UNDERSTANDING IN STRUCTURAL MECHANICS
2.1 Conceptual understanding, models, and representations

The revised Bloom’s taxonomy [8] defines conceptual understanding as the
abstraction from factual knowledge, the understanding of the disciplinary core ideas
and principles and their interrelationships. From an epistemological perspective [9],
students with a correct understanding of the discipline, have concepts organised and
related to each other in a coherent and robust mental model, from which they derive
correct reasoning under different circumstances and contexts. In a similar manner,
scientific disciplines provide models to describe and explain real-world events and
phenomena, and to predict the outcomes of new events. Therefore, modelling is often
considered the ultimate goal of science. Scientists generate models using
experimental evidence, and they search for new evidence using models. Such
intertwining of evidence- and model-based reasoning supports the understanding of
phenomena [10].

Models are dependent on a broad spectrum of representations, in order to fully
represent the salient characteristics of phenomena and their interrelationships. In fact,
every representation affords access to some attributes of the phenomenon and hides
some others. Taken together and coordinated, disciplinary representations provide the
opportunity to fully 'see' the phenomenon [11]. Therefore, as Etkina et al. point out
[12], effective instruction guides students in achieving representational competence:
extract information from representations; translate between types of representations
and build one representation from another; use them to construct meaning of
phenomena under-study. Hence, modelling and representational competence are
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necessary for concept learning. In the next section, the models and representations
necessary in the case of Structural Mechanics are described.

2.2 Johnstone’s model applied to Structural Mechanics

The discipline of Structural Mechanics (SM) studies the effects of loads on deformable
bodies and physical structures. Unlike many scientific disciplines, the purpose of SM
is practice-oriented: its knowledge system is meant to be used as a resource in
engineering activities, such as the design of structures [2]. The results of the structural
analysis are employed to compute deformations and stresses, to predict and avoid
structures failure and to evaluate and verify structures suitability for use.

In order to fully describe the structural phenomena, the physical system is analysed at
different scales. A useful tool to represent the levels at which phenomena are
explained is Johnstone’s model [13] of multilevel thought, frequently used in science
education and especially in chemistry education [14]. Johnstone’s model recognizes
three levels of thought in physics and chemistry: the phenomenological or macro level,
the invisible or micro level and the symbolic level. Since Structural Mechanics is
closely linked to Applied Mechanics and Material Sciences, we argue that this
explanatory framework is applicable to Structural Mechanics as well.

As seen in the example in Figure 1, in the analysis of deformable bodies, the physical
system is modelled at the phenomenological and at the invisible levels.

Figure 1- Examples of symbolic representation at phenomenological level (1.A and 1.B) and invisible
level (1.C and 1.D)

At the phenomenological level, the observable features of the system are considered,
such as the structure geometry, supports, applied loads and displacements. These
concepts are formal conceptualisations of processes or features that students can
experience directly.

The invisible level in SM is better defined with the term ‘local level’. At this level,
material properties, internal forces, stresses, strains are considered. Depending on
how detailed the analysis is, materials can be modelled as a continuous mass, or
considering material micro or nano structure (such as the crystal lattice and/or fibres
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and defects). Usually, at bachelor level, the first approach, based on continuum
mechanics principles, is followed. Therefore, representations such as the infinitesimal
cube (figure 1.c and. d) are used in the analyses [15].

SM provides models that describe, explain, and predict what is observed at the
phenomenological level thanks to the integration of local level properties. This is
achieved through the coordination of symbolic representations, for instance equations,
graphs, free body diagrams. The understanding of most Structural Mechanics
concepts such as stress, strain or deformation rely on linking the phenomenological
world to the underlying local level using symbolic representations. In many cases,
several representations are needed to fully represent concepts and their
interrelationships. Therefore, in order to translate between “levels of thoughts” and
understand Structural Mechanics concepts, representational competence and abilities
in model-based reasoning are needed.

2.3 Teaching and learning Structural Mechanics

Structural Mechanics is often considered a difficult subject, due to the level of
abstraction of its symbolic representations [16]. As noted by Kurrer [2], this high level
of formalism is intentional. Structural systems have a high degree of indeterminacy
and interdependency between variables, so, historically, the solution of complex
problems became possible only when new mathematical tools such as calculus and
matrix notation were implemented. This new formalism generated new concepts that
cannot be directly inferred from experience; in other words, some symbols and
relations are not directly linked to physical characteristics of the system. However, this
formalism also enabled the solution of complex structural problems by fast
manipulations of symbols, without having to interpret the symbols or knowing what
they mean.

Because of the complexity of the symbolic representations, instructors and students
tend to focus more on formulae and mathematical procedures for problem solving [17],
which do not directly afford the visualization of the system behaviour at a
phenomenological and local scale. Students become proficient at dealing with the
symbolic representations, but they do not connect them to phenomenological and local
levels. Therefore, students often acquire the procedural skills needed to pass the
exam but fail to grasp the physical reality hidden behind the equations. For example,
Montfort et al. [17] studied the development of conceptual understanding from a
sophomore-level mechanics of materials class to a graduate-level advanced steel
design class. They proved that students in higher-level courses were better at solving
problems but did not demonstrate significantly more conceptual understanding than
students in the earlier courses, which is a typical result found in many sub-disciplines
of Physics and Chemistry.

In a recent study, Brown et al. [16] investigated students’ difficulties of acquiring
conceptual understanding of Mechanics of Materials. This research highlighted how
students had the abilities to correctly calculate outcomes of phenomena they could not
properly explain. Students’ wrong explanations appeared to stem from attempts of
linking observable features of the problem (the direction of loads, point of application)
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directly to local level features in a rather simplistic manner (for example “the maximum
stress is always at the application point of the load”; “normal load only creates normal
stresses and shear load only creates shear stresses”.)

The present study recognises that to help students develop proper explanations,
instruction should provide different representations, showing the relationships
between loadings and stress distributions. Laboratory activities can provide students
with the direct experience of Structural Mechanic phenomena, bypassing the analytical
formulation scaffolding conceptual understanding.

3 CONCEPTUAL UNDERSTANDING AND LABORATORY ACTIVITIES
3.1 Guided inquiry-based instruction style

Conceptual understanding is the main learning goal pursued by instructional
laboratories [3]. However, this kind of laboratory activities is not often successful. In
fact, the goal of increasing conceptual knowledge is commonly tackled by verification
laboratories, i.e. instruction focused on verifying analytical formulas and theory
through experimental observation. Learning outcomes are likely to be influenced by
the style of laboratory instruction employed and, as discussed by Holmes et al. [18],
verification laboratories tend to be overly structured in an attempt to make students
perform the experiment correctly at the first trial. As a result, students blindly follow the
provided step-by-step procedure without engaging in the learning process. For this
reason, verification laboratories are also called cookbook laboratories [19].
An alternative instruction style is the guided inquiry-based approach, also known as
discovery learning, whose central focus is students’ investigative work. The general
principle of guided inquiry-based learning is to present students with problems and
questions and to guide their curiosity into the discovery of solution and answers [20].
The guided inquiry-based approach has been widely developed in the years, with
implementation heuristics being clearly defined [21]. The main ones are:
e Students do not know the outcome of the experiment and are only given the
information they need to design and carry out the experiment.
e Students should be actively involved in developing or deciding upon at least
some elements of the procedures of the laboratory exercise.
e Students should have opportunities to encounter both positive and negative
results.
e Students’ learning is guided with questions for discussion and reflection on the
implications of the experiment they perform or the data they collect.

3.2 Model-based reasoning and representational competence

Von Aufschnaiter & Von Aufschnaiter [22] brought new evidence in support of the
inquiry-based approach, studying conceptual understanding and model-based
reasoning in higher education instructional laboratories. Their research aimed at
characterising the learning process taking place in a laboratory setting, video recording
several different students’ activities within typical laboratory instructions. They
observed that whenever laboratory instruction tries to ‘inform’ students about the
theoretical model and symbolic representation at an early stage in the learning
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process, students make no use of that information. Less than 10% of the time spent
in the laboratory is usually given to explicit discussions of concepts or conceptual
reflection on practical activity. Instead, students tend to first explore tool functions and
find the shorter way to the numerical result. From these results, Von Aufschnaiter &
Von Aufschnaiter suggest that laboratory activity designed to promote learning of
unfamiliar concepts should not focus explicitly on the symbolic level at the beginning.
Instead, instruction should facilitate experiences at the phenomenological level, as
these are a prerequisite for students to arrive at an understanding of the phenomena
based on their observations. Thus, post-processing should be the phase when
students integrate their experiences in the laboratory with physics concepts.
Bernhard et al. [23] argue that the fundamental purpose of laboratory work in physics
and engineering is linking theory (symbolic level) to experimental observations
(phenomenological and local level). Because of the complexity of the learning
environment, it is difficult to see and analyse how students perform those links and
construct their understanding. Therefore, Bernhard et al. developed an analytical tool
to study student learning in the laboratory, the “learning of complex concepts model”,
reported in Figure 2.

Figure 2- An example of an analysis of learning in a laboratory on the topic of bending of the beam,
using the model for learning a complex concept

First of all, the representations that an expert would use in performing the experimental
task are identified and illustrated by circles. Representations are divided into two
groups, one pertaining to the experimental evidence, which in Figure 2 are coloured
in light grey, and the other pertaining the analytical model, coloured in white. Through
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model-based (mathematical transformations, physical modelling) and evidence-based
reasoning (collection of data, interpretation, qualitative judgment) experts translate
from one representation to the other in order to analyse the experimental results [24].
These links are represented with arrows between the circles. As a result, an ideal path
through the representations is identified, upon which the instructional laboratory
activity is built. Students are provided with some representations; they are guided by
assignment questions and cues in producing missing representations and connecting
them together. The model can be also used to assess students’ work, highlighting the
links that students were able to make, either by observing students during the
laboratory practice or assessing their lab reports. Moreover, the model can be used to
refine the design of the activity, identifying gaps between what students were expected
to do and what they actually did.

4 DESIGN GUIDELINES

The findings discussed in previous sections have been summarised in a set of design
guidelines that can help instructors in the development of instructional laboratory
activities in Structural Mechanics.

1. Prefer the guided inquiry-based style of laboratory instruction over the validation
and cook-book approach because it scaffolds students’ engagement with
disciplinary concepts.

2. Create the opportunity for students to directly observe and experience the
phenomenon bypassing the analytical model, because this allows students to
arrive at an understanding of the phenomenon based on their observations. Ask
students to link observed episodes to the theoretical propositions only in a post
processing phase.

3. Develop data processing tasks based on the use of different representations, such
as free body diagrams, infinitesimal cube, load-displacement plots, and strains
distributions. Many representations beyond formulae are needed to fully
characterise what happens at local level and the events visible at the
phenomenological level.

4. Ask students to analyse data linking the observed physical events at the
phenomenological level to the theoretical propositions at the symbolic level. Guide
students in extracting information from representations; translating between types
of representations and build one representation from another. This helps students
intertwine model and evidence-based reasoning and expanding their
understanding of concepts.

5. Track how students move from experimental data and analytical model during data
processing because this provides feedbacks on how students construct meaning
of the phenomenon under-study and on the effectiveness of the laboratory activity.

5 DISCUSSION AND CONCLUSIONS

To answer the research question: “How laboratory activities can support students’
conceptual understanding of Structural Mechanics?”, first a definition of conceptual
understanding is provided, highlighting the importance of representational
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competence and modelling in understanding science. Then, the body of knowledge of
Structural Mechanics has been analysed with Johnstone’s model of multilevel thought,
discussing how representational competence and abilities in model-based reasoning
are needed to translate between “levels of thoughts” and understand Structural
Mechanics concepts. These theoretical lenses have been used to study students’
difficulties at learning Structural Mechanics, identifying the main issue as linking the
symbolic representations, especially the analytical model, to the underlying physical
phenomena.

Then possible ways in which this issue can be overcome in laboratory settings have
been addressed. Inquiry-based instruction helps students engaging in the process of
constructing meaning of physical phenomena. Von Aufschnaiter & Von Aufschnaiter
suggests to first let students experience the phenomenon without the mediation of the
symbolic representation. The experimental observations can be linked to the analytical
model in the post processing phase. Bernhard et al. developed a model to track the
links students build between the phenomenological word and the symbolic
representations.

These findings are summarised in a set of design guidelines to help instructors
develop successful laboratory learning activities for Structural Mechanics. The design
guidelines are grounded in the Structural Mechanics domain and the specific
challenges students face learning it. However, the same procedure can be followed to
develop design for other domains.

The presented analyses are the first step of a design-based educational research
project, in which the presented framework will be used for the design of a laboratory
activity in a real Structural Mechanics classroom setting. Validation, feasibility, and
robustness of such guidelines will be tested in a subsequent design iteration, having
the design guidelines do real work in educational practice. This will be the first trial and
test, consequently and informed by evidence and experience, the design framework
could be edited and refined.
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ABSTRACT

In the past years, the interest in collaborative learning has increased substantially.
However, despite the attention for collaborative learning and the existing body of
knowledge on that topic, many lecturers experience problems when implementing
collaborative learning. Consequently, the theoretical benefits of collaborative learning
are not always achieved in practice. To address this gap, this research studied
higher education students collaborating on an engineering design-assignment during
lectures, as a form of collaborative learning. The specific research question was:
how can lecturers improve learning outcomes of small groups working on an
engineering design-assignment during lectures? The research is a design-based
research, aimed at systematically investigating problems, and designing and
evaluating solutions to improve lecturers’ actions and education. Five groups were
videotaped when working on an assignment and the learning outcomes of those
groups were assessed. Then, problems were analysed and possible solutions to
improve learning outcomes were developed. The solutions had the form of practical
interventions that lecturers could apply straight away. The interventions were
evaluated by applying them to treatment groups and comparing their learning
outcomes with those of control groups, which were not subjected to interventions.
The results revealed that for most of the groups to which the interventions were
applied, learning outcomes were better. However, there were also exceptions.
Further analysis was needed to explain these. This research is relevant for lecturers
who apply group work in their lectures because it reveals some mechanisms behind
collaborative learning, and provides insight in variables that can be adjusted for
further improvement.
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1 INTRODUCTION
1.1 Research background and objective

In the past years, the importance of collaborative learning has increased
substantially. Collaborative learning can be defined as instruction that involves
students working in teams to accomplish a common goal, under conditions that
include team members’ interdependence, individual accountability, face-to-face
promotive interaction, the use of collaborative skills, and group processing [1, 2].
Collaborative learning can take many forms such as students working together on
projects, Problem-Based-Learning and Team-Based-Learning. Collaborative learning
has gained importance in higher education because of its effectiveness. Among
others, collaborative learning tends to exhibit higher academic achievement, greater
persistence through graduation, better high-level reasoning and critical thinking
skills, and deeper understanding of learned material [3, 4].

Many lecturers acknowledge the importance of collaborative learning and apply this
in some form in their courses, but despite the attention for collaborative learning and
the existing body of knowledge on that topic, many lecturers experience problems
when implementing collaborative learning. Consequently, the theoretical benefits of
collaborative learning are not always achieved in practice. To address this gap
between theory and practice, this research studied higher education students
collaborating on an engineering design-assignment during lectures, as a form of
collaborative learning. The specific research question is: how can lecturers improve
learning outcomes of small groups working on an engineering design-assignment
during lectures? The corresponding goal of this study is to develop interventions to
improve the learning outcomes of small groups working on an engineering design-
assignment during lectures. This research is relevant for lecturers who apply group
work in their courses because it provides actions to improve learning outcomes and
reveals some mechanisms behind collaborative learning.

1.2 Activity Theory as a theoretical framework

In this research, a well-supported theory is used for analysing collaborative learning
in groups working on an assignment. This theory is called Activity Theory (AT). The
theory is suitable for studying collaborative learning in various learning environments
[5]. Moreover, the theory has been used earlier to analyse collaborative learning in
design and engineering education and in other learning environments too. In
addition, key steps for carrying out research with the use of AT have been
formulated [6], and an example of applying this theory in an engineering design
setting at higher education is also available [7]. Thus, there is reference material to
facilitate a thorough and evidence-based research.

AT assumes that learning should be studied within the context in which it occurs
because context and learning are intertwined. AT therefore can be categorised under
the heading of the social constructivist learning perspectives. Rather than being a
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process of knowledge transmission, knowledge is socially constructed, based on the
intentionality, history, culture and tool mediation used in the process. AT helps to
understand the subtleties of the collaborative learning process and the dynamics of
collaboration between group members.

1.3 Elements of Activity Theory

AT distinguishes six interrelated elements to interpret an activity carried out by a
group. The elements are related to one another, forming the AT triangle (Figure 1).

Tool
A
Transformation
Subjects &— —_Object ° — Qutcome
b Process
Rules .
Division of labour
Community

Figure 1 Activity Theory Triangle [6]

The core elements, forming the AT triangle, can be described as follows:

e The subject is the participant in an (learning) activity, motivated towards a
purpose or attainment of the object.

e The object describes the problem space at which the subject is directing his or
her attention. It is an invitation to interpretation, personal sense-making, and
societal transformation. It is the raw material and future-oriented purpose of an
activity. The object as such, represents the motives for a subject to engage in an
activity. For example, an object can be a certain design task that the student has
to complete.

e The outcome is the consequences that the subject faces because of his/her
actions driven by the object. This is the ‘ultimate goal’. In an educational setting,
these outcomes could be passing the course, or getting a high grade.

e Tools are socially shared cognitive and/or material resources that the subject can
use to attain the object. For example, the student may use a certain design
methodology or strategy (cognitive resources), or a computer (material resource),
for achieving the object.

e Informal or formal rules regulate the subject’s participation while engaging in an
activity. For example, an informal rule is that the student is not allowed to cheat.
This is a rule that is not stated explicitly, but students know it is not allowed. A
formal rule could be that the activity should be finished within two hours.

e The community is the group or organisation that has a relation with the object and
that can influence how the subject behaves. For example, in an assignment in
class, the lecturer belongs to the community. In addition, other students or groups
that work on the same, or similar, assignment can be part of the community, as
they can exert influence.
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e The division of labour is the shared participation responsibilities in the activity.
For example, the subject/student makes appointments with his/her other team
members about the division of tasks and responsibilities

The elements within the AT triangle are related to one another. For example, the
subjects (S) could experience that they are not able to work with a specific tool, such
as a software program (T). In that situation, there is a tension between S and T. By
studying the elements as well as the relationship between the elements of the AT
triangle, groups can be analysed, as demonstrated by Zahedi et al. [7]. According to
AT, the tensions within and between the elements in the AT triangle can provide the
leverage points for improving learning. For example, the lecturer can apply
interventions to these tensions. An intervention can be defined as: “A purposeful
action by a human agent to create change” [8]. AT adopts a perspective of learning
that sees the members of the group as actively constructing meaning within a
cultural-historical context. Although the group members are conceived of as active, it
is the responsibility of the culturally more advanced facilitator (e.g. lecturer) to
provide opportunities for acceptable constructions, and to create opportunities for
groups to learn.

2 METHODOLOGY

This section describes how the research was carried out. The research is a design-
based research, aimed at systematically investigating problems, and designing and
testing solutions to improve lecturers’ actions and education.

2.1 Step 1 — Data collection

As a first step, the groups working on an assignment during a lecture were observed.
This assignment was part of a design course: Course |. The purpose of this step was
to understand what is going on in the groups when they are working on the
assignment during lectures. The groups were only observed and there was minimal
intervention by the lecturer. Observations were done from the perspective of AT,
meaning that the elements of the activity triangle were studied [6]. There was one
lecturer involved as the main lecturer and another lecturer to assist with the video
recordings. The main lecturer was also the researcher. The data collection method
used in this step was video recording. This method was used because this allowed
the researcher to gather in-depth data simultaneously on multiple groups. Five of the
twelve groups in Course | were studied in this step. The groups were first-year
university Bachelor students and were randomly selected from all groups in Course |.
Each group consisted of 5 to 6 students. Analysis was done in keeping with the
approach proposed by Zahedi et al. [7]. Based on an analysis of speech and
behaviour in the group, the recordings were tagged with the elements of the AT
triangle, using the software program Atlas.ti.

After the AT framework was described and put in a timeline, the learning outcomes
were studied. The outcome of the group assignment is a FAST diagram (Function
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Analysis System Technique). It represents the functionality of a system with boxes
and arrows that connect the boxes. This FAST diagram, as developed by each
group, was assessed with an assessment protocol. The basis for this protocol were
the learning goals of the assignment. The protocol was validated with a peer-lecturer
with knowledge of FAST diagrams. This validation showed that the protocol is
robust.

2.2 Step 2 - Data analysis

In the second step, the AT observations and scores of the groups were compared to
one another and differences and similarities were assessed. It was also tried to
identify patterns. It is relevant to analyse differences, similarities and patterns,
because this provides directions for interventions.

2.3 Step 3 — Developing the interventions

In the third step, the interventions were developed, based on the findings of the
previous steps. This was a creative step in the research and could not be completely
designed in advance, as it was not known beforehand what was exactly going on in
the groups. The interventions were discussed with experts and lecturers to validate
them.

2.4 Step 4 — Applying and evaluating the interventions

In the fourth step, the interventions were applied and evaluated in another design
course: Course Il. The interventions were applied to eight groups (all groups in the
course). Each group consisted of 5 to 6 students. The students in these groups got a
similar assignment as those in Course | — to produce a diagram — but for different
projects. The reason for using different projects was that the interventions have to be
useful in other courses as well. Nevertheless, the method and underlying theory of
the assignment remained the same. Only the project to which the method should be
applied was different.

3 DATA COLLECTION AND ANALYSIS

In this section, the results of step 1 and 2 of the research approach are described.
This concerns data collection and data analysis of the groups in Course I. First, the
learning outcomes of the groups are presented, followed by the problems that
affected learning outcomes of these groups.

3.1 Learning outcomes

The learning outcomes of the groups in Course | are presented in Table 1. The
groups that were analysed were randomly selected. The numbers of the groups were
those given in the course. The learning outcome, or score, is the number of points
that the groups received for the FAST diagram that they produced. This score was
determined with the use of an assessment protocol. Scores range from -7, to +7. In
the next section, the problems that affected the learning outcomes are described.
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Table 1 Learning outcomes of the groups in Course |

Course | — no intervention
Group Score
4 3
5 0
6 -2
7 4
10 1

3.2 Problem 1: Lack of understanding

The lecturer had developed the assignment for Course | to his best knowing. This
means that the lecturer estimated that students were able to understand and apply
the theory of the FAST assignment during the lecture with the use of instructions on
paper. However, based on the observations, it appeared that all groups struggled
with understanding the theoretical concepts of the assignment, and had difficulty
applying these during the lecture. None of the groups achieved the maximum score.
This demonstrates that the lecturer overestimated the students’ capabilities to
understand and apply the theory and instructions of the assignment. This has been
recognized in literature as well and is known as the ‘curse of knowledge.’ This clearly
became apparent during this research. Although the lecturer was aware of this
phenomenon, the effect appeared greater than expected.

3.3 Problem 2: Instructions are not read

The results revealed that the two best scoring groups (7, 4) read and followed the
provided instructions and examples more carefully than the groups that scored
lower. These two groups applied instructions and used the examples provided in all
steps of the assignment. In other words, they followed the assignment more strictly
than the groups that scored lower (10, 5, 6). The average scoring group (10) applied
instructions for step 1 and 2, but not for step 3. The two lowest scoring groups (5, 6)
only used the examples provided, but in none of the steps did they apply additional
instructions.

3.4 Problem 3: No strategy to handle assignment

The results have revealed that the average group (10) and high scoring groups (7, 4)
not only read and followed the provided instructions and examples more carefully
than the groups that scored lower, but they also explicitly discussed how to approach
the assignment. In AT terms, they devised a strategy for tackling the assignment.
The low scoring groups (5, 6) did not do that. They just started working without
discussing a strategy in advance.

3.5 Problem 4: Skipping steps

The low scoring groups (5, 6) skipped step 1 of the assignment and jumped straight
to step 2. This means that they started immediately with structuring the diagram,
without brainstorming its elements first. It appeared that this way of working is less
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effective, as these groups scored lower, needed more help from the lecturer, and
needed to look at the results of other groups to be able to proceed.

4 DEVELOPING INTERVENTIONS FOR IMPROVING LEARNING OUTCOMES

In the previous section, several problems were described that affected learning
outcomes of the groups. In this section, the interventions are described that were
developed to solve the problems to improve learning outcomes. This is step 3 in the
research.

4.1 Intervention 1: Separating explanation and application

As mentioned in the previous section, the interventions should address the
theoretical principles of the assignment more explicitly because groups had trouble
applying these. However, it may be ineffective to add this theory to the instructions
and/or give students more time, as the results have shown that groups do not always
read the instructions, or do not really understand them in the timeframe of a lecture
(1.5 hours). A better option might therefore be to explain the theory in another lecture
in advance of the application lecture. Thus, separating explanation and application.
This provides the students with some digestion-time between the explanation lecture
and the application lecture, and students can study the theory more thoroughly.

4.2 Intervention 2: Separating steps of the assignment more explicitly

The results have shown that some groups skipped step 1 of the assignment. This
means that they started immediately with building a FAST diagram, without
brainstorming its elements first. The results have shown that the quality of the FAST
diagrams that these groups produce is lower than those of the groups that
brainstorm functions first. To prevent jumping to step 2, it could be a good idea to
separate the different steps of the assignment more explicitly. This can be done by
separating and sequencing the instructions, in combination with timekeeping by the
lecturer. By separating steps, the problem of skipping steps is solved, and the
attention of the groups is more directed to each separate step.

4.3 Intervention 3: Stressing importance of instructions and strategy

The results have revealed that the high scoring groups read and followed the
provided instructions and examples more carefully than the groups that scored
lower. They also devised a strategy on how to approach each step. Therefore, at the
start of the lecture, lecturers should explicitly stress that it is important to follow the
instructions, and to think of a good strategy, before conducting each step of the
assignment. Not only at the beginning of the lecture is this needed, but also later
during the assignment this should be repeated. The lecturer will also write these
instructions explicitly on a whiteboard and direct attention of the groups to the
whiteboard during the assignment.

5 APPLYING THE INTERVENTIONS

The interventions were applied to groups in another course: Course Il. Each group in
Course Il consisted of 5 to 6 students. Because there are multiple interventions, it
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was also evaluated which interventions had the most effect. This was done by
dividing the eight groups in two separate clusters of each four groups. The four
groups in cluster A were subjected to a specific intervention (treatment group), while
the other four groups in cluster B, were not be subjected to this intervention (control
group). The results were compared.

The first intervention was to separate theory explanation from theory application in
two different lectures with some days in between them. To test this intervention, it
would be logical to subject the groups in one of the clusters to this intervention
(treatment group) and the groups in the other cluster not (control group). However, to
refuse half of the groups to follow the explanation lecture would be unethical and
would probably lead to so much negative spin that the entire experiment would be
disturbed. Therefore, all groups were subjected to the first intervention and hence
they all followed the theory explanation lecture and the theory application lecture.
Thus, with regard to this intervention, there was no difference between cluster A and
B in Course Il.

The other intervention was to stress at several moments during the application
lecture that it is very important to read the instructions and examples carefully, and to
devise a strategy. To test the effect of this intervention, it would be logical to subject
the groups of one cluster to this intervention (treatment) and the groups in the other
cluster not (control). However, that would require two different plenary starts for the
two clusters, which would lead to practical problems. Therefore, also this intervention
was applied to all groups in both clusters.

The final intervention is to separate the steps of the assignment more explicitly. This
intervention was indeed tested in an experiment with a treatment and control group.
It means that groups in cluster A received the instructions for each of the steps in the
assignment in chunks and in sequence, while the groups in cluster B received all
instructions at once and from the start. To carry out this experiment appropriately,
the groups of cluster A were separated from those of Cluster B by a moveable wall,
and students were not allowed to move beyond the wall. This experiment is ethically
acceptable because all groups received the same information, only the sequence is
different. Besides, students did not receive a grade for the assignment. Finally, this
experiment can be conducted without students noticing it at first glance, because the
assignments on the table look the same.

6 EVALUATING INTERVENTIONS

Regarding evaluating the effectiveness of the interventions, the first expectation was
that the groups of Course Il would score better than those of Course | because they
were subjected to the interventions. However, the findings show that this was only
partly the case. Four of the eight groups of Course Il (groups 2, 3, 6 and 7) indeed
scored equal to, or higher than the highest score in Course | (see Table 2). To clarify
this, the highest score in Course | is 4 (group 7), but in Course Il, four groups score 4
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or even higher. This is in keeping with expectations. However, three of the eight
groups of Course Il (groups 1, 4 and 8) scored equally low, or even lower than the
lowest score in Course |. The lowest score in Course | was -2, but the groups of
Course Il scored -2, -4 and -6. Thus, it cannot be concluded that the interventions
have led to an increase in scores of all groups.

Table 2 Learning outcomes of the groups in Course | and |l

Course | — no intervention Course Il — intervention

No clustering Cluster A Cluster B
Group Score Group Score Group Score
4 3 2 5 1 -6
5 0 3 5 4 -2
6 -2 5 3 7 7
7 4 6 4 8 -4
10 1

The second expectation was that cluster A groups would score better than cluster B
groups, because cluster A groups received the assignments in parts (intervention 2).
With regard to this expectation, the findings show that this is largely confirmed. As
can be seen in Table 2, the four groups in cluster A scored much better than groups
in cluster B. There is, however, one exception: group 7 in cluster B scores the
maximum score possible, and higher than the highest score in cluster A.
Nevertheless, based on these results, it seems likely that separating and sequencing
instructions indeed improves learning outcomes.

7 EXPLAINING THE FINDINGS

The findings show that the groups in Course Il score both higher and lower than
those in Course I. Four of the eight groups of Course Il score similar, or higher, than
the best groups of Course I. This is in keeping with expectations and implies that the
interventions have an effect. However, it was not expected that three of the eight
groups of Course Il scored considerably lower than those of Course |. An
explanation why the scores of the three groups in Course Il are so low, could be that
these groups had a less effective group composition. For example, these groups
could consist of weak students, or of students that could not work together well. This
seems a plausible explanation, because literature has shown that the composition of
groups can be of great importance for performance, not only in professional life, but
also in higher education [9].

Another finding related to the effectiveness of the interventions is that in Course I,
cluster A groups scored considerably higher than Cluster B groups. This means that,
as expected, chunking the assignment seemed to have had an effect, as this was
the only difference between cluster A and B. This is also in keeping with literature, in
particular with the Cognitive Load Theory [10, 11]. Although not undisputed, this
theory states, among others, that presenting material in a simple-to-complex, or part-
whole sequence, reduces cognitive load and increases performance of groups [12].
This could explain the differences in scores between the groups in cluster A and B.
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However, there is also contrasting evidence that does not support the idea that
chucking and sequencing the assignment has an effect. Group 7 in cluster B has the
highest score observed during this entire research, but this group has not received
the instructions in parts and in sequence, but all at once. Based on expectations and
Cognitive Load Theory, this group should not score so high. Most likely, group 7 is
just a great group. A group that might have scored high under any circumstances.
This also supports the idea that group composition is very important.

8 DISCUSSION AND CONCLUSION

There are some final remarks that need to be pointed out to put the research in the
appropriate perspective. First, it appeared very difficult to draw valid conclusions with
regard to the causal effects of the interventions. Not only because there is a limited
data set, but also because there have been some unexpected results that require
further study. Apart from the interventions applied, the results showed that there
have been other factors that affected learning outcomes, but these are still unclear.
Consequently, the interventions that were proposed in this research only increase
the likelihood of improving learning outcomes, but do not guarantee it. Further
research could study the effects of the interventions more in-depth. In keeping with
our findings, it is particularly relevant to study the effect of group composition on
learning outcomes. In addition, the effect of chucking and sequencing is worth further
exploration. For this, the Cognitive Load Theory could provide helpful directions.

In this research, Activity Theory has been used as a framework to analyse the
groups. This theory appeared to be useful as a structuring device to organize the
data. However, the theory posits that tensions within or between the elements of
group activity (represented by the Activity Theory triangle), can provide the leverage
points for the group to learn, but in this research, it appeared that these tensions
were difficult to detect. Let alone to observe how these tensions resulted in learning.
Therefore, the idea to focus on these tensions had to be abandoned. Nevertheless,
as an observation framework the Activity Theory triangle was very effective.

Finally, the goal of this research was to develop interventions to improve the learning
outcomes of groups working on an engineering design-assignment during lectures.
The idea was initially to limit the interventions to lecture interventions. However, the
research showed that in order to improve learning outcomes, lecture interventions
needed to be considered in a broader sense too, i.e. at the course level. As a result,
the meaning of the word ‘intervention’ has changed during this research. It has
extended to guidelines for embedding lecture assignments in the course as well.
Nevertheless, this can be considered a good thing, because interventions in group
work during lectures should not be isolated from the broader educational context in
which they take place.
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ABSTRACT

Research has shown that spatial ability is important for success in STEM. Spatial
ability is closely linked with understanding often complex scientific concepts. It is
important that the future STEM workforce, the current students in second level
education, are developing their spatial ability and hence strengthening their STEM
skills. This study presents an investigation of the relationship between spatial ability
and scientific reasoning within Junior Cycle (15t-3 year of second level) science
students (12-15 years old). The tests used in this study are the Mental Rotation Test
(MRT) [1] and the Lawson Classroom Test of Scientific Reasoning (CTSR) [2]. This
study is part of a larger study currently in progress. Due to the current health crisis,
the entire study could not be completed at this time. Data has been gathered for 84
students to date, with further testing scheduled for 100-200 students once restrictions
are lifted. This paper presents preliminary findings to date. The analysis shows a
significant correlation between Junior Cycle science students’ spatial ability and
scientific reasoning. There was no significant gender differences observed, however
the percentage increase in spatial ability and scientific reasoning from first year to third
year was higher for the boys. This study is relevant, as a better understanding of how
to educate low spatial ability students, a group over-represented by females, in second
level education could lead to the development of strong STEM skills and ultimately a
higher uptake of the study of STEM by female students at second and third level.
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1 INTRODUCTION

There is a large gender imbalance within STEM disciplines and careers in Ireland
today. In a report by Kavanagh et al [3], they estimated that only 25% of the STEM
workforce is made up of women. There have been many research studies aimed at
explaining and addressing this often observed gender gap within STEM fields [4-7]. It
is a complex issue, where girls choose to not pursue their studies in STEM for many
reasons. In order to be successful in effecting change, a multi-faceted approach would
be ideal [3, 8]. Parents and teachers are one of the largest influences when it comes
to girls choosing their subjects in school and third level education pursuits in Ireland

[8].

However, there are also cognitive barriers to consider. Spatial ability has been strongly
linked with success in STEM [4, 5, 9]. The link between scientific reasoning and spatial
ability has been highlighted in various studies [10-12]. A particularly important finding
from spatial ability research is the large and repeatable gender differences favouring
males [6]. The largest gender differences are generally observed in tests of mental
rotation, the particular spatial skill most associated with success in STEM [4, 13]. In
this study, the aim is to investigate the levels of spatial ability, specifically, mental
rotation ability, and scientific reasoning of a sample of Junior Cycle science students.
If the relationship between these variables is better understood in this context, then
this could lead to improvements in teaching practice, and help to aid the female
students in particular to develop strong scientific and problem solving skills at this
important time in their STEM learning. The research questions are:

« What is the relationship between Junior Cycle science students' skills in spatial
ability and scientific reasoning?

« What are the gender differences, if any, of the Junior Cycle science students’
spatial ability and scientific reasoning?

2 METHODOLOGY

For this study, Junior Cycle science students in one mixed school in Ireland were
administered the MRT and CTSR tests within their normal science class (40 minutes
duration). The MRT was given first, taking 7 minutes, and the CTSR given second,
taking 30 minutes. 84 students were tested, with 32 students in first year, 18 students
in second year, and 34 students in third year. 55 students were male, and 29 students
were female. The age range was between 12-15 years old. All the students were taking
the same level science class in Junior Cycle. All students had the opportunity to read
and sign an informed consent form for the study. The researcher administered the
tests in class, adhering to the recommended protocol and time limit for each
subsequent test. The tests were presented as reasoning and problem solving tasks.
The students were encouraged to answer each question honestly.
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2.1 Instruments

For this study, two psychometric tests were employed. The Mental Rotation Test
(MRT) [1] was chosen to measure spatial ability. This test is the redrawn Vandenburg
& Kuse [14] mental rotation test. The MRT is a test of mental rotation ability specifically,
a factor of spatial ability that has been shown to have large and repeatable gender
differences [4, 6, 7, 13]. The MRT has 24 questions, with each question having four
possible answers to choose from. For each question, two answers are correct,
therefore 1 point is awarded only if the two options selected are both correct. The
Junior Cycle science students’ age is comparable to the US middle school student
population (11-14 years old). The MRT has been shown to be suitable to use with this
age group of students [15, 16]. In terms of test validity, Cronbach’s alpha was found
to be 0.87 [17].

For the scientific reasoning measure, the Lawson Classroom Test of Scientific
Reasoning (CTSR) [2] has been chosen. The test aligns well with the learning
outcomes of the Junior Cycle science curriculum, and is suitable for middle school age
students. The CTSR has 24 questions, with each question having between three to
five possible answers to choose from, with one correct answer per question. Questions
1-22 are paired, therefore one point is awarded only if both parts are answered
correctly, i.e. questions 1 & 2, questions 3 & 4, and so on. Questions 23 and 24 are
stand alone questions, with one correct answer per question. In terms of test validity,
Cronbach’s reliability was found to be 0.70 [18].

3 RESULTS

For this study, the variables were examined to investigate if gender differences existed
for mental rotation ability and scientific reasoning. Table 1 shows the mean values in
percentages of the variables, separated by gender.

Table 1: Comparisons of means for the MRT and CTSR by gender.

Test Male Female

n Mean (%) SD n Mean (%) SD t-test  Sig (2-tailed)

MRT 55 33.12 23.20 29 27.87 20.36 1.024 .309
CTSR 55 32.86 16.70 29 32.65 15.19 .064 .949

Table 1 shows the mean scores in percentage correct, averaged over all three years.
An independent sample t-test was then performed, which showed there were no
significant differences by gender for either measure. The sample is small and mixed
in age range, therefore significant conclusions cannot be drawn at this stage of the
study. Table 2 below shows the mean values of the variables, separated by year and
gender.
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Table 2: Comparisons of means for the MRT and CTSR by gender and year.

Test Male Female

Year Mean Age n Mean (%) SD n Mean (%) SD

MRT 1 13 21 25.78 1840 11 22.36 13.61
CTSR 1 13 21 27.86 17.23 11 30.79 14.18
MRT 2 14 12 33.34 2752 6 4513 33.89
CTSR 2 14 12 26.95 13.73 6 34.63 18.03
MRT 3 15 22 39.96 2330 12 24.30 12.53
CTSR 3 15 22 40.92 14.86 12 33.36 15.84

Again, as the sample numbers are very small, no significant conclusions can be drawn.
However, it is interesting to note that when the percentage increase in spatial ability
and scientific reasoning is calculated from first year to third year, the boys percentage
increase in spatial ability was 55.0%, compared to the girls at 8.7%. Similarly for
scientific reasoning, the boys percentage increase was 46.9%, compared to the girls
at 8.3%. Although the n is very small, this is an interesting preliminary finding. If this
proves to hold as the sample increases, this could potentially indicate that, although
the girls appear to have a similar level of skills as the boys in first year, they are not
developing their spatial ability and scientific understanding as much as the boys do,
as they progress through their science education. As this experience of Junior Cycle
science is the basis for the students’ subsequent choices of what subjects to pursue
at leaving certificate level, this could mean that the girls are at a disadvantage when
choosing to pursue STEM subjects further, and are perhaps more likely to avoid them.
This is only speculative at this stage. Table 3 below, shows the correlational
relationship between the variables.

Table 3: Correlation for MRT and CTSR
n CTSR Sig. (2-tailed)
MRT 84 502" .000

The results show a moderate positive statistically significant correlation at the .01
percentile between mental rotation ability, and scientific reasoning. These preliminary
findings suggest that there is a relationship between second level science students’
spatial ability, and understanding of scientific concepts.
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4 SUMMARY

The findings from this preliminary study showed no significant gender differences for
spatial ability or scientific reasoning. However, the percentage increase from first year
to third year in spatial ability and scientific reasoning was higher for boys, at 55.0%
and 46.9% respectively, compared to the girls, at 8.7% and 8.3%. The correlational
analysis showed a moderate positive relationship between spatial ability and scientific
reasoning for Junior Cycle science students. This possibly indicates that a student’s
strength in reasoning spatially is related to their understanding of scientific concepts.
However, as the sample is so small, no significant conclusions can be drawn from this
study. As this paper is a work in progress, it will be interesting to analyse the data
within the context of a larger sample as the study progresses.
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ABSTRACT

While professional engineers must frequently make compromises between
competing outcomes and take decisions in the face of uncertain information, multiple
studies have identified that most engineering students are ill-equipped to confront
such situations. These skills fall into the category of sophisticated epistemic
practices, an area of engineering students’ training which is persistently
underdeveloped.

The fine-grained approach of Elby & Hammer’s relatively recent epistemic resources
model takes a practical approach to observing the ways in which students interact
and manipulate knowledge. This study exploys their approach to confirm the
relevance and generalisability of Gainsburg’s 2015 characterisation of the use of
mathematical models in engineering. It uses an a priori analysis of the think-aloud
problem solving behaviour of 8 engineering students in Switzerland.

An important outcome of this engineering-specific, fine-grained approach is that it
can be implemented by teachers following Finster's recommendation that teachers
design activities that challenge students to use n+1 strategies in order to promote the
development of epistemic thinking. Consideration of the epistemic nature of these
small strategies can assist teachers to create scaffolded steps for learners to acquire
the sophisticated knowledge practices required to address real-world, complex
problems both as students and graduates.
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1 INTRODUCTION
1.1 Why epistemic sophistication matters for engineering students

The increasingly complex and trans-disciplinary nature of professional engineering
practice requires a well-developed understanding of the nature of knowledge?. The
importance of epistemic sophistication for engineers is ubiquitous in the literature, in
order that students “will be more capable of addressing engineering problem-solving
in real world contexts because of their ability to see problems from multiple
perspectives and recognize that more than one right answer exists” [1]. More
prosaically, epistemic sophistication is present in the accreditation of engineering
programs; for example 4 of the 11 student outcomes required by ABET explicitly
include the complex context of environmental, social and ethical constraints [2]. The
persistence of naive conceptions in engineering graduates is clearly problematic. For
example, a graduate with an unexamined trust in figures of authority and a belief in
the existence of a single correct answer to real world applied engineering problems
is ill-suited to exercise the judgement required of a certified engineer. It is thus
disconcerting to note that Pavelich & Moore [3] and Wise et al. [1] found only a
quarter of engineering students who completed their undergraduate degrees held
sufficiently sophisticated epistemic beliefs to choose appropriately between
competing knowledge claims in a complex environment.

Although the study of epistemic beliefs has attracted significant research effort since
its inception in 1970 by William Perry, a model that permits robust quantitative
measurement has proved elusive. This study takes a pragmatic approach to
epistemic beliefs by focusing on students’ epistemic practices [4], which are the
sense-making and knowledge justification strategies, employed during problem
solving. This characterisation of engineering students’ more and less sophisticated
epistemic practices is desirable as it can serve to assess students’ ability to
confidently navigate in complex, open-ended engineering environments.

1.2 A succinct literature review

There is near-unanimous agreement that naive epistemic beliefs take a dualist,
absolutist view of knowledge, while a more sophisticated epistemic approach
involves an awareness of the constructed and evolving nature of knowledge and the
development of criteria against which to evaluate knowledge claims. However
neither the early stage-based models nor the semi-independent dimensions models
have an adequate empirical foundation [see 4]. The long-running debate about the
generalisability of epistemic beliefs has been decided in favour of domain-specificity.
However, taking “science” as a discipline is clearly too broad, as illustrated by Tsai’s
study showing differences in students’ epistemic conceptions in physics and biology

[3].

2 This area was historically referred to as ‘personal epistemology’ but is now plagued with a chaotic
mess of terminology. Please see [4].
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Elby and Hammer’s cognitive resource model [6-7] marks a significant departure
from previous models by taking a highly contextualised, fine-grained approach to
characterising the different ways that students interact with knowledge. Their model
seeks to address two major shortfalls of previous models; (1) instruments that are
too general and coarse-grained, and (2) a failure to differentiate between the
correctness and productivity of different epistemic practices. Elby and Hammer’s
model posits that people have a set of cognitive resources from which they chose
which element to bring to bear in each specific context. The naive approach will be
the most effective, and thus appropriate, in some situations despite the range of
strategies available to the student. In fact, rapidly alternating between high and low
epistemic approaches resembles the problem solving of expert engineers, as the
applied nature of engineering involves repeated navigation between abstract models
and physical reality. For Elby and Hammer, effective epistemic cognition is adopting
an appropriate knowledge practice for a specific knowledge claim. Thus, higher
epistemic sophistication is not identified by the consistent use of high-level
behaviours but rather an ability to select and employ productive cognitive resources.

Gainsburg’s 2015 study [8] investigated, in the fine-grained manner of Elby and
Hammer, the problem solving behaviours of 9 American civil engineering students’
while working on their homework assignments. She identified various behaviours
representative of the use of mathematical models in engineering problem solving
and then organised them into a 4-level framework of increasing epistemic
sophistication.

The current study has 2 aims. First, to test the relevance of Gainsburg’s model in a
novel culture (Switzerland) and across multiple study programs, and secondly, to
leverage these observations to examine how the learning tasks can be structured to
better support students’ epistemic development.

2 METHODOLOGY
2.1 Think-aloud problem solving protocols

Think-aloud protocols were used to provide information about the strategies and
approaches used by students during problem solving. While this method requires
students to verbalize their thought processes, a task constrained both by cognitive
load limits and the self-awareness of the student, it makes the connection between
epistemic conceptions and actions visible. The think-aloud problem solving protocol
was immediately followed by a stimulated recall interview which focused on elements
relevant to epistemic beliefs. Each student’s own written work was used to structure
and anchor the interview.

2.2 Problem solving tasks to elicit epistemic practices

A series of 4 tasks were designed to require a diverse set of problem solving
strategies without requiring knowledge beyond that of a typical first year engineering
curriculum. While the think-aloud tasks were intentionally constructed to avoid
providing any formulae or equations, the problem statements were designed to
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prompt students to remember and use fundamental equations from physics and
thermodynamics. Each task was presented in a contextualised format to offer
opportunities for students to verify the plausibility of answers or to employ real life
observations. An example was the possibility to use whether a 10 degree
temperature change would be acceptable for an in situ dental polymerization as
advance problem solving.

2.3 Analysis Using Gainsburg’s Model as a Framework

Gainsburg’s descriptions of epistemic practices [8: p.156] were culled to those
relevant to an isolated think-aloud problem solving task. This meant eliminating
behaviours which would not occur outside the context of a course, such as “Sees no
connections among course content (unless topics are identical).” The behaviours
retained are presented in Table 1 and were used as a priori codes to mark specific
episodes in the transcripts across both the problem solving and stimulated recall
portions of the interviews. This short study does not make a distinction between
enacted behaviours, such as a student previewing her method for how to go about
solving the problem, and professed beliefs, such as recounting her habit of
discussing different problem solving approaches with other students. Sessions with
students lasted between 60 and 90 minutes, largely depending on students’ facility
and determination in solving the exercises. In total, the data comprised 79 coded
episodes, with 8 to 14 episodes per student.

Table 1. Selected Codes for Engineering Students’ Enacted Epistemic Views [8]

can be done as a

and look at the

understanding

Stage 1 — Dualism Stage 2 - Stage 3 - Stage 4 — Sceptical
Integrating Relativism reverence
Believes engineering Will step back Seeks deep Big picture present

throughout problem

instructor sole means
of verifying solution

intermediate
values to guide
solving process

values to physical
phenomena, to
guide solving

purely mathematical overall picture even if it delays solving
enterprise solving the current
problem
Goal for exercises is Goal for Verify solution
to get the right answer | exercises is to using own
train the mind experiences
Answer key or Uses units on Attempts to relate Assess

reasonableness of
answers, computer
output

No effort to connect
mathematical
procedures to real-
world phenomena

Sense-making
using concepts,
math

Sense-making
using real world
observations

Recognises fallibility of
models, need to
understand underlying
assumptions

Little trust that peers
have useful ideas
about problem
solutions

Discusses with
peer to refine
understanding

Discusses with
peer to learn from
peers’ ideas about

Recognises non-
routine nature of
solving problems and
the need for judgement




solving methods,
even if imperfect

Pattern-matches to Uses methods Previews task and
previous problems, other than those | states overall plan
without understanding of instructor and predicts result

2.4 Participants

Following approval from the institutional human research ethics committee, eight
students from a range of different study programs were recruited. Purposeful
sampling was employed to obtain diversity in the year of study and study program,
as presented in Table 2. Students are identified by a pseudonym of their own
choosing, where a name beginning with A indicates a first year student and a first
letter C name is a third year student.

Table 2. Study participants

Pseudo Year Study Program
Amandine First Computer engineering

Anna First Electrical engineering

Antoine First Life Science engineering

Benoit Second Microengineering
Boris Second Mechanical engineering

Clément Third Microengineering

Damien Master1 | Technology Entrepreneurship (B.Eng electrical)
Ernest Master2 Environmental engineering (B.Eng civil)

3 RESULTS

3.1 Epistemic behaviours exhibited by students during problem solving

Applying the behaviours described by Gainsburg, listed in Table 1, as a priori codes
allowed the frequency of behaviours at each level to be recorded. It is important to
note that the observed behaviours are diverse in nature, ranging from a single
instance constructing a table of values, as he always does with this kind of exercise,
despite not being sure what is asked (level 1) to reporting that the solutions provided
by the instructor would be the only way to check a calculated answer (level 1).
Further, the number of codes per level is not consistent. It is thus simplistic to report
the level which occurs most frequently as though each behaviour is of equal
importance, but it does provide a crude measure of the range and distribution of
students’ various epistemic practices.

Despite the relatively brief format of the sessions, each student was observed to use
a range of different approaches, as shown in Table 3. All students exhibited at least
one example of level 1 behaviour and at least one example of level 3 behaviour,with
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the exception of Benoit. Benoit did not exhibit any level 1 behaviour and was unique
to demonstrate awareness of the limitations of the models underlying the equations
employed during the problem solving (level 4).The most common level 1 behaviours
were making no attempt to relate mathematical procedures to real-world phenomena
and seeing the goal of exercises as getting the right answer. Using concepts and
maths to make sense of the tasks, illustrated by Anna’s quote below, were by far the
most common level 2 behaviours. Sense-making using real world observations was
the most common level 3 behaviour, illustrated by Ernest’s quote below.

« When air condenses to solid on the windshield... logically, when it
freezes it would lose energy, right? Yeah, because it changes state.
The vibrational state is lower. » Anna

"l was thinking more like on the street, like I'm walking in the winter.
It's winter, therefore it is cold. | just don't picture myself taking energy
from another object. It's just me losing the energy." Ernest

“Given that chemists invented the mole, which is very practical, it not
surprising that they use it in concentration. This is not an equation
where | have a lot of doubt. However, there is more ambiguity in the
equation | used a minute ago, PV=nRT. There are a lot more
hypotheses behind it. Here you can't be in just any conditions, it is
more complicated, there are approximations.” Benoit

Table 3. Frequency of Behaviours Exhibited by Students in Think-aloud & Interview

Name 1 — Dualism | 2 — Integrating | 3 — Relativism |4 — Sceptical reverence
Amandine 2 4 2
Anna 1 6 4
Antoine 2 5 1
Benoit 7 3 1
Boris 4 5 1
Clément 5 6 3
Damien 2 5 1
Ernest 2 6 1

All students were observed to use level 2 most frequently, despite all students
exhibiting higher level behaviour on at least one occasion. This broad range and
below-peak functioning is consistent with Gainsburg’s study. A notable difference is
that she found level 1 to be most commonly exhibited by students, but her
participants were working on their own course work and had access to their notes.
The tasks constructed for this study were intentionally unfamiliar to students and no
study resources were provided, which makes many level 1 behaviours such as
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pattern-matching less accessible. These differences are particularly salient given the
context-dependant nature of the epistemic resource model employed in the study
and serves to reinforce the findings. The differences between the observations of the
two studies are interesting for what they reveal about how tasks can be designed to
encourage students to use more sophisticated epistemic practices.

3.2 Implications for epistemic beliefs models in engineering

This study tested the generalisability of Gainsburg’s model of epistemic beliefs [8] in
engineering by asking students from several different study programs to solve think-
aloud chemistry tasks with real world contextualisation. While some of the
behaviours identified by Gainsburg were not observable in the experimental
conditions of this study, most of the behaviours related to different problem solving
approaches in levels 1, 2 and 3 were observed in this small study. As with
Gainsburg’s own study, level 4 behaviours were rarely observed. Thus, the
observations of this study supports the relevance of Gainsburg’s model across
engineering disciplines and to non-Anglophone educational systems. Future work
will include a grounded theory approach to the themes arising from the think-aloud
data.

Observations in this study also support the epistemic resources model of Elby and
Hammer [6-7], where individuals draw on the different resources available to them
depending on what will be effective in the current context. Students were observed to
employ a broad range of behaviours on the different tasks and at different moments
during the tasks. Students were observed to function at level 2 most frequently, as
this appeared to be most effective for the tasks at hand. This is consistent with Elby
and Hammer’s definition of epistemic sophistication as the ability to select and
employ productive cognitive resources.

3.3 Recommendations for teachering engineering

Worryingly, students reported that the tasks and assignments which constitute the
bulk of their university experience do not encourage them to adopt more
sophisticated epistemic practices. Demonstrations of problem-solving and assigned
exercises appear to nearly exclusively feature single, precise answer tasks that
preclude the need to check the assumptions of the models used or tolerate
uncertainty. The ability to calculate a highly precise answer was generally taken by
students as equivalent to a highly accurate answer, completely ignoring any
simplifications or approximations employed in obtaining the equation used to model
the system. Further, it seems that assigned tasks rarely provide sufficient
contextualisation for students to leverage their lived experiences for sense-making or
answer checking, and do not require students to make estimates or work with
imprecise values. These observations may contribute to why engineering students
develop more slowly in their epistemic practices than other students [10].

In order to assist students in adopting more epistemically sophisticated practices,
Finster [11] recommends that teachers create opportunites for students to employ
n+1 strategies. The detailed, engineering-specific practices outlined in Table 1 can
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serve as a guide for teachers to create appropriate n+1 activities that stimulate
epistemic growth. Providing opportunities for students to work in less constrained,
more imprecise situations, will better equip students to work on big, open-ended
projects at school and in their future professional lives [1].

4 SUMMARY AND ACKNOWLEDGMENTS

This small study supports the 4 level framework of engineering-specific epistemic
practices proposed by Gainsburg [8] and its generalisability to other areas of
engineering. Additionally, the diversity and sub-peak behaviour functioning are
coherent with the cognitive resource model of Elby and Hammer [6-7].

While Marra et al. [9] found that epistemic beliefs do change over 4 years of
engineering undergraduate studies, Paulsen and Wells [10] found that, when
controlling for other demographic factors, engineering students were more likely to
hold beliefs about knowledge being simple and certain than other fields. This
researcher hopes that the fine-grained characterisation of more and less
sophisticated epistemic practices in engineering will make it more accessible for
instructors to obtain insight into this aspect of engineering students’ thinking and thus
make targeting the development of such abilities a more explicit goal of their
teaching.

| would like to thank Professor Paul Ashwin, Department of Educational Research,
University of Lancaster, for useful discussions.
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ABSTRACT

Exploratory laboratories are fundamental to engineering education, since they enable
students to apply theoretical subjects to practical situations. The ongoing technical
innovations are rendering remote laboratories possible. However, their implementation
and operation encounter several challenges. This contribution gives an overview about
the experiences gained throughout the project ELLI over a time period of 8 years. In
2012, a whole variety of remote laboratories was set up. At Ruhr-University Bochum,
they are associated with Civil and Environmental Engineering, Mechanical
Engineering, and Electrical Engineering and Information Technology. At TU Dortmund
University, they are related to manufacturing processes, especially forming technology.
To avoid individual software solutions, LabVIEW was set as standard tool throughout
all applications. To summarize the experiences made, a final evaluation study was
conducted in 2018 and 2019. The research design of this evaluation comprised a non-
standardized survey method: From October 2018 to September 2019, a total of 11
expert interviews was under-taken with research assistants and professors. The
interviews followed a semi-structured guideline which had previously been developed
in a focus group discussion, containing five categories of leading questions. The
transcribed interviews were analyzed via qualitative content analysis. This contribution
presents challenges as well as potential for the use of remote laboratories in
engineering education, in order to make the experiences gained available to the
scientific community and to encourage further exchange about the use of digital
innovations.
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1 INTRODUCTION & BACKGROUND

The current trend of remote experimentation provides new possibilities to enhance
engineering education. Right now, different types of remote experiments, virtual and
physical, are available. Hence in this publication, the term remote laboratory defines
laboratories once there is a remotely operated experimental setup involved. Remote
experimentation is used in several different disciplines with the main usage in electrical
and control engineering [1,2], where downsized model plants are often used [3]. In this
publication, laboratories in the field of mechanical engineering are dealt with. To
provide a remote experiment, remotely controlled machinery, infrastructure to connect
the laboratory to a public network, management systems for user scheduling, as well
as experimental data transfer and storage, are needed.

The investigated remote laboratory in this study is developed as a part of the German
project ELLI. This project is a collaborative effort at the RWTH Aachen University,
TU Dortmund and Ruhr-University Bochum to improve the available methods for
engineering education. In continuation of the results published in [4], which are based
on the results from the remote laboratories at the Ruhr-University Bochum (RUB)
alone, this research is focused on the remote laboratory at the TU Dortmund (TUD).
At RUB, several laboratories were developed by different institutes and chairs of the
engineering faculties, whereas the laboratory at TUD represents a more extensive and
interconnected laboratory developed by the Institute for Forming Technology and
Lightweight Components (IUL). The following paragraph gives a short description of
the development team and the laboratory. More specific details can be found in [5].
The main components are depicted in Fig 1.

Fig 1. Fully automated tele-operative testing cell for material characterization as in [5]

The remote laboratory allows for the conduction of different experiments, featuring a
tensile test stand (1), and a cupping test stand (2), both of which are fundamental for
material characterization in mechanical engineering. The machines, robots (4), and
microcontrollers (5) are connected by an overlaying control and safety system (6),
which is based on the software LabVIEW, and an optical measuring system (3).
Nowadays, access to the remote lab is provided by a self-developed control and user
management platform. The development team was and still is a multi-disciplinary one
comprising manufacturing engineers, mechanical engineers as well as automation and
IT specialists. This paper deals with the development of the laboratory during the last
8 years, the lessons learned and compares them to results derived from the study
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conducted at RUB. Thus, 8 years of experiences of two collaborating universities are
shared, covering different kind of remote laboratories. The results are combined to
extend existing guidelines for lecturers wanting to develop new remote laboratories
from the ground up or based on their existing machines.

2 RESEARCH DESIGN OF THE LABORATORY EVALUATION

A qualitative study with expert interviews was conducted as described in [4]. In
summary, the interviewees were questioned “based on their role as an expert for a
certain field of action” [6], concerning 5 different topics. These topics are listed in
Table 2. A semi-structured guideline with open questions was used for the interview
that covered all stages from the initial planning phase to the permanent implementation
in education. Follow-up questions were asked whenever the interviewer felt that certain
aspects remained unmentioned or if certain answers needed elaboration. The
interviews were recorded via a voice recorder, transcribed, and analyzed by qualitative
content analysis [7]. Therein, information was categorized according to analytical
categories defined before the beginning of the investigation and subsets for each
analytical category were formed. All the while, the analysis remained open to the
dynamic formation of new categories or restructuring of subsets. The final categories
and subsets were compared to the aspects found in [4], adding one further category.

Table 1. Categories of interview guidelines

Topic 1 General questions and history of the remote laboratory
Topic 2 Planning phase of the laboratory

Topic 3 Development and implementation

Topic 4 Conducting experiments

Topic 5 Conclusions and outlook

3 RESEARCH RESULTS / LESSONS LEARNED

The results were categorized using the aspects found in the study at RUB: technical
and technological challenges, didactic concepts and learning objectives, and project
management. An additional category dealing with the long-term implementation of the
remote laboratory was added. First, the findings at TUD are presented and then
compared to the study conducted at RUB. This gives insight into similarities and
differences of the development of several smaller remote laboratories compared to the
development of a single larger laboratory.

3.1 Technical and technological challenges

In this section, the findings and experiences regarding the implemented technology
are presented. The main technical elements mentioned in the interview were
automation and control of both hardware, which includes machinery, cameras as well
as control units, and software components, graphical representation of the laboratory,
and safety measures to protect hardware and personnel.

Findings at TUD: The physical components were chosen from commercially available
hardware. This focused the development on the required software and controls, which
in its current properties contains several years of development. For control and
automation of the equipment, the trial-and-error method sometimes had to be used to
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achieve compatibility between hardware and software even though the installed
communication protocols were known, leading to highly complex systems. Due to the
complexity of the systems, a self-developed platform was created. It functions as a
user management and scheduling system and allows for the control of any number of
experiments allowing the team to work on both systems separately. It also redirects
validated users to other webpages, being the graphical user interface (GUI) for the
remote laboratory. Executable commands are integrated by buttons and input fields
enabling the choice of values for the experiments.

The integrated safety measures prevent damage to personnel as well as to the
equipment. A hardware-oriented system, which is disconnected from the remote-
controlled system, functions as an emergency shutdown if detecting movement near
the equipment. It requires a manual restart after each emergency shutdown. The
software-based safety measures restrict experimental parameters to safe limits of the
machinery and predefined movement of the robots, preventing misuse of faulty use.
Operation is only possible when both systems are active and no error is present.
Additionally, the systems only allow the transition between safe states of operation
informing the user about invalid actions and denying their execution.

Comparing both universities: It became apparent that the complexity of the remote
laboratories was a challenging factor. Therein, it was distinguished between the
complexity of the user interface and the complexity of the underlying control system.
To create a stable system, certain limitations and simplifications had to be made at
both universities. This became especially apparent for some laboratories at RUB,
where experiments had to be significantly altered from the way they were conducted
as hands-on experiments. The laboratory at TUD was chosen for easier “remotization”,
i. e. transition into remote operability. It already was highly automated, thereby lost
almost no sensory feedback, and needed less alteration in general. At RUB, the aim
was to conduct "usual experiments" as remote experiments, while at TUD, a highly
automated experimental setup was chosen for degree of realism and increased
learning potential. At RUB, most laboratories relied on some level of abstraction, while
at TUD, an interface design was chosen to approximate the students being in the
laboratory as realistic as possible, incorporating video streams and experimental raw
data. In all cases, the learning objectives and target audience played a huge role in the
design of the user interfaces. Finally, during the study at RUB, most interviewees
stated that nowadays they would also recommend integrating more sensory feedback
into the interfaces. At both universities, the implemented safety measures were
implemented on the hardware as well as on the software side of the labs. For all labs,
they imposed limitations and restrictions on the experimental setup. However,
maintenance efforts were decreased simultaneously, ensuring long-term operation of
the labs. The long-term operability of the system was in all cases established by a
reduction of selectable process parameters. The safety measures also include means
for an emergency shutdown via the user interface or through the hardware at any time
during the experiment. After every emergency shutdown, a manual reset is required to
guarantee the analysis of the shutdown, and to prevent the same error in the future.

3.2 Didactical concept and learning objectives

The didactical elements presented in this section are considering the inclusion of
students' perspective, collaboration with experts in didactics, graphical representation
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needed for education, students' preparation for the experiments as well as the
utilization of the remote experiment as a teaching tool.

Findings at TUD: The targeted audience is Bachelor's students of mechanical
engineering, mechanical engineering informatics, industrial engineering, and logistics.
The students' perspective was considered through the team's reflection and
experiences, as most of the team took the same course of study. Still, it was
recommended to acquire the opinion of students for the final touch of the development.
From the beginning, a didactical team supported the technical team by advising the
selection of experiments, discussing learning objectives, improving the utilization of the
remote laboratory, and by continuously evaluating the learning outcomes. The principal
learning objective was determined to having the students learn how to use this remote
laboratory to answer scientific questions instead of learning how to operate the
equipment. A setup was chosen for which the limitations due to the safety measures
only slightly differ from the hands-on version. This enhances the focus on the learning
objectives as only actions aligning with the learning objectives are allowed.
Additionally, the control of the GUI was designed as faithful as possible to the hands-
on experiment to create a realistic impression of "being in the lab. Each student is
granted a limited time slot, therefore groups need to combine relevant data and have
to apply project management skills. Required background knowledge from lectures is
examined in a digital quiz before the start of the experiment. Finally, before the
conduction of experiments, an introduction into the control and user management
platform and the GUI is available by presentation and video tutorials.

Comparing both universities: The initial target audience for the remote laboratory at
TUD was students in the Bachelor's program only, while the initial target audience at
RUB also included students in the Master's program. However, for testing purposes
the remote laboratory at TUD was first used in the international Master’s pre-course
due to smaller group sizes. The students' perspective was rarely asked for in the
design of the GUls, as most teams consisted of (former) students or student assistants.
Yet in this study, it was recommended to integrate the students’ perspective during the
final development of the user interface, thereby preventing uncertainties in
explanations about control and concepts. A difference was found considering the
cooperation with didactic experts for higher or engineering education. At RUB, the
members of the engineering faculties rated their expertise in teaching as sufficient and
stated that the required understanding of highly complex measurement techniques was
most important in deriving appropriate teaching approaches. On the other hand, the
team at TUD continuously cooperated with a team of didactic experts in the
development of the laboratory. Concerning the required levels of automation and
usability, those were similarly high at both universities. This potentially enabled users
to conduct experiments without understanding the involved mechanisms. Due to this,
the original learning objectives had to be adjusted and the focus was shifted from
understanding and executing of a measurement technique to the gathering of
experimental data and the subsequent evaluation. At TUD, those learning objectives
were already defined at the beginning with the didactical teams’ support. As a final
point, some of the developers at RUB expressed it to be unlikely that a remote
experiment can fully replace a hands-on experiment. Mentioned reasons regarded the
importance of the more comprehensive, yet mostly unnoticeable, safety measures,
absent development of manual skills, and faulty perception of time. The team at TUD
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also regards their laboratory as valid and comprehensive substitute, that is yet best
used in combination with additional hands-on experimentation.

3.3 Project management

Lessons learned regarding project management, i. e. dealing with teamwork and
knowledge management, time management and unforeseen delays are summarized.

Findings at TUD: During the development phases, the teamwork changed from more
individual work to shared work. Regular team meetings were used to discuss recent
and pending developments. This has proven to be useful in times when research
assistants were leaving or joining the team due to their expiring contracts. Additionally,
some team members have worked on the project almost from the beginning. This
shared knowledge allowed to only document successful ideas, and to omit ideas that
had proven to be unfeasible due to too high effort.

Time management was often impaired by external factors, which sometimes
necessitated the reduction of self-imposed aims to keep the development on time.
Adjustments to the safety measures have proven to be especially time-consuming.
According to the interviewees, a full work-year has been needed until the laboratory
was able to be used, and then only in its most fundamental functionalities. Concerning
overall project management, the effort proportionality for each new development idea
had to be carefully evaluated. Alterations to initial concepts were only feasible if they
enabled a reduced effort for a high number of cases. On the other hand, student theses
being related to the development of specific aspects of the remote laboratory were a
welcome addition.

Comparing both universities: For all laboratories, the initial schedule experienced
delays because of unforeseen challenges. The requirements for the development of
hardware or software solutions were often underestimated by the research staff and
lead to significant delays for most projects. For some of the more complex laboratories
at RUB, the learning contents, as well as the hardware, had to be downsized and
adjusted multiple times during the development. The choice of a technical and
didactical suitable laboratory at TUD rendered these iterations unnecessary. The setup
of a remote laboratory demands interdisciplinary skills working together, from the
respective field of engineering in which the laboratory is used, electrical and control
engineering, and automation as well as programming. The interviewees often
mentioned that additional expertise therefore had to be acquired. During the interviews
at RUB, it was recommended that at least one person should oversee the project and
work on it during its entire development time gaining knowledge in the required fields
and additionally serving as a form of documentation. The developments at TUD serve
as an opposite example, since the mixed team of mechanical engineers, programmers,
automation engineers, and electrical engineers reported no such problems. This
allowed for easier setup of the experiments and a stricter focus on the control system
and didactical aspects. For all laboratories, the interviewees mentioned that standard
procedures for documentation are not suitable and need to be adjusted. In this study,
the interviewees stated that developments and new possibilities were discussed in the
whole team and only successful developments were documented. As a final aspect,
the team at TUD had at least one team member working on the project for the entire
time. This helped accumulate and store knowledge about the project, and it positively
influenced the documentation.
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3.4 Long-term implementation

This fourth and final paragraph contains lessons learned about the transition to a
permanently operated and maintained remote laboratory as well as other beneficial
aspects regarding the development and synergistic effects.

At TUD, the fully developed remote lab, initially demanding huge effort, significantly
reduces staff's workload and operational costs by dispensing with the need for safety
and operating instructions and the provision of personal protective equipment for every
participant. Due to its limitations relating to safety measures and the learning
objectives, the remote laboratory is unfit for conducting scientific research. Yet, the
equipment is extensively used for scientific research and student research projects in
its hands-on version, requiring only slight modifications. This generates synergistic
effects or a “second use-case”. This ,second use-case" contributes to the preservation
of the remote laboratory beyond its funding phase since the equipment still generates
scientific value in their standard, non-remote operation mode. Therefore,
arrangements between educators and researches have to be made regarding the
scheduling of remote experimentation and scientific research. Hence, the remote
laboratory configuration has to be restored after each research period. In the
interviewees' opinion, applying for research funding should become more likely to
succeed in combination with educational context as a second-use case for expensive
machines. Developing a remote lab with already available equipment should focus on
such equipment that is scientifically used with sufficient downtime for educational
purposes and control units that are easily configured for remote control.

4 CONCLUSION: RECOMMENDATIONS FROM LESSONS-LEARNED

The qualitative study via expert interviews has proven to be a suitable method for this
evaluation as it allowed for responsive questions, which lead to the fourth category not
explicitly mentioned in the previously conducted study. The conclusions drawn from
this study and the comparison to the previously conducted study are given in the form
of recommendations for others interested in the task of developing remote laboratories.

As technology advances and software solutions regarding connectivity and remote
control has become more and more available features in recent years, the effort of
developing new laboratories is significantly reduced. Still, the required complexity of
the remote laboratory should be discussed and its effort-to-use ratio should be
evaluated carefully. This transition might necessitate an adjustment of learning
objectives. In the following, guidelines regarding encountered technical challenges are
given:

» For “remotizing” a lab with new or already existing equipment, use hardware
that already features remote operability, Alternatively, begin with available open
source software packages to connect existing machinery via well-defined
interfaces. In both cases, direct support from the manufacturers is
recommended.

= Separate laboratory control from user management, e. g. by utilizing a central
content management platform. This provides the benefit of being able to work
on both systems in parallel and to integrate further laboratories via the same
interfaces.
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Integrate safety precautions both on the software- and on the hardware-side.
Restrict the selection of parameters to ensure the equipment, and to provide
staff's safety. In addition, enable an automated shutdown in case of faulty
operational states or parameters.

Use the safety measures to enhance the focus on learning objectives, by
denying executions of faulty decisions and giving appropriate explanations.
Incorporate adequate sensory feedback (i.e. video- and audiostreams or
animated process visualizations) to give a realistic impression of “being in the
lab”. Use those to sharpen the focus on the learning objectives, e. g. process
visualization, control algorithms, or analysis of experimental data.

In remote laboratories, no direct feedback from supervising instructors is available,
therefore the didactical approach has to be appropriately well-defined.
Recommendations regarding the didactical concepts are listed in the following:

Cooperate with experts in didactics to evaluate your laboratories’ potential for
‘remotization”. Already highly automated setups are preferable.

Define targeted audiences and create learning objectives for each one.
Incorporate those into the user interfaces, only depicting necessary features.
Start this process already before starting the technical development.

Provide instructions for the handling of remote systems, especially for
experiments that can be repeated a limited number of times only.

Integrate feedback from the targeted audience into the final designs of user
interfaces and the systems’ instructions. Evaluate the system with a limited
testing group first.

Consider the remote laboratory as a tool to enable further didactic methods and
see it as an extension rather than a replacement to traditional laboratory work.

The development of a remote laboratory can be a time consuming task requiring high
effort. Therefore, several aspects regarding project management are recommended:

Appoint one or more persons in charge for the whole period of the expected
development time, especially when team member exchanges are common
practice like in German higher education.

Assemble an interdisciplinary team, consisting of programmers, electrical,
control and automation engineers.

Discuss and document recent and current developments in regular intervals, to
facilitate knowledge management throughout the project.

As time management has proven to be very challenging, define a multi-layer
approach and start by implementing base functionalities of the laboratory, which
can be improved later. Also, a generous scheduling of the project is
recommended.

(Optional) Concerning necessary approvals of changes of infrastructure or
safety measures in your laboratory, retain flexibility by specifying what you want
to achieve. Still, remain as unspecific as possible regarding the chosen
methods, as unforeseen changes might later become necessary.

The transition of the developed remote laboratory into permanent operation at the chair
needs to be rated as beneficial, despite the necessary maintenance effort. To achieve
this aim, the following recommendation are given:
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Remote laboratories should reduce workload and operational cost by not
requiring supervision or safety instructions for students. Carefully consider the
costs of a full automation against having to take manual action from time to time.
Increase the nominal operating hours by also conducting scientific research in
the laboratory, probably in a slightly less restrictive mode of operation.

Finally, partial developments of remote laboratories can be used for student theses,
giving students the chance to work on a real project and acquiring additional skills in
an interdisciplinary field. All in all, remote laboratories can be greatly beneficial to
students’ education and, despite the initially high effort, reduce costs and workload of
the staff in the long-term.
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ABSTRACT

Being able to deliver effective and compelling presentations to various audiences,
becomes more and more important for engineers. However, with full curricula and
growing numbers of students in engineering domains, the training of good
presentation skills often receives (too) little attention. Instructors don’t have time to
train the students intensively, let alone that there is room for individual, formative
feedback. The use of Virtual Reality (VR) might offer a solution. With this technology,
students can practice their presentation skills on their own in front of a virtual
audience.

The study presented here is part of a line of research into the effects and user
experiences of VR presentation skills training for students of engineering. The
current study is about capturing the user experience and focused on an attribute that
is assumed to be central to VR technology, namely the capacity to induce a strong
sense of immersion in the user. The current study sought to explore if VR users
respond to a virtual audience as were it a real audience. In order to investigate this,
a mixed-method study with 46 students from a technical university was applied, in
which the responses from the virtual audience were manipulated, and the effects of
those manipulations on the level of user immersion were measured. We also
investigated if personality traits moderated these effects. Quantitative
(questionnaires) and qualitative (interview) data were collected to capture the effects
of the manipulation, and the extent to which personality influenced the responses of
users to the VR experience.

1 INTRODUCTION
1.1 Problem statement

More than ever before, engineers have to deal with complex technical problems in
interdisciplinary teams and in competitive market conditions. About 60 percent of the
work of engineers is communicating with others [1; 2]. Therefore, it is of utmost
importance that engineers are capable of communicating clearly and are able deliver
effective and compelling presentations to various audiences, including colleagues,
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management, and clients. Companies actively search for engineers who have these
skills [3].

Engineering studies recognize the importance of these communication skills.
However, with full curricula and growing numbers of students in engineering
domains, the training of good presentation skills often receives little attention.
Instructors don’t have time to train the students intensively, let alone that there is
room for individual, formative feedback. The use of Virtual Reality (VR) might offer a
solution. With this technology, students can practice their presentation skills on their
own in front of a virtual audience.

1.2 Training of presentation skills

In the literature about 21st century skills, it is often emphasized how important it is
that students can train complex skills in realistic contexts [4; 5]. In the case of
presentation skills, this means that students must be able to train their skills in front
of an audience. The realism of the practice context in presentation skills training is
important for two reasons. First, most people experience some level of stress will
speaking in public. In some publications it is estimated that at least 75 percent of the
student population fears speaking public [6]. The stress affects their posture,
gesturing, use of voice (e.g., speed, pitch), and so on. Students have to get used to
such stress and learn how to deal with it. Second, during a real presentation there
might be interfering factors, such as mobile phones that are ringing, people in the
audience that appear distracted or uninterested. Students must also learn how to
deal with such situations, or at least how they can keep their focus on their
presentation, without getting distracted.

In the previous section, the use of VR was suggested as a solution that could
offer students a venue where they can train their presentation skills in front of a
(virtual) audience. The question is however: does such a virtual environment really
make students feel like they are in an official lecture-hall giving their presentation in
front of an audience? And if so, could this virtual experience, or perhaps we should
call it ‘perceptual illusion’, be so compelling, that students even respond to the non-
verbal behavior of the virtual audience?

1.3 Virtual Reality and presentation skills training

Mikropoulos and Natsis [7] describe Virtual Reality (VR) as "technologies that
support the creation of synthetic, highly interactive three dimensional (3D) spatial
environments that represent real or non-real situations." Users have to wear a head-
mounted display (HMD), that is a head-mounted set of VR goggles in combination
with headphones and (often) hand-held controllers. When wearing the HMD, the
users can’t see the real world outside themselves anymore. Instead, they see a 360
degree virtual world that is projected inside the HMD. When the users turn around or
turn their heads, they see what is next to them or behind them.

In the case of presentation skills training in VR for example, the application
gives the users a first-person perspective of a presenter on a stage. The users find
themselves on this virtual stage in front of an audience that is looking at the user.
Behind the user there is often a screen on which the user’s PowerPoint slides are
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projected (most applications allow users to upload their slides in advance into the VR
application, so they can practice their presentation with their own slides). In some of
the more advanced VR applications, the users can move around through the virtual
room and when they move, the eyes of the audience will follow them. Some
applications even allow the level of audience engagement to be set, ranging from an
audience that appears highly engaged (e.g., nodding in approval, looking alert and
interested, keeping their eyes on the presenter, looking friendly) to an audience
which appears disengaged (e.g., sitting with their arms folded, looking at the ground,
looking at their phone, yawning).

1.4 One of the key attributes of VR: Presence or the feeling of ‘being there’

One of the attributes that are assumed to be central to VR technology, is VR’s
capacity to induce a strong sense of presence or psychological immersion in the
user. Witmer and Singer [8] view this as a "psychological state characterized by
perceiving oneself to be enveloped by, included in, and interacting with an
environment that provides a continuous stream of stimuli and experiences" (1998, p.
227). Many other authors refer to this psychological immersion as 'presence’, the
psychological perception of being “there,” within a virtual environment in which the
person is immersed (Witmer & Singer, 1998). Onwards we will use the term
‘presence’.

Several factors have been found to influence the level of presence, both from
the side of technology as from the side of the users. An example of the role of
technology in inducing presence is offered by Freeman and colleagues [9], who
found that virtual environments that allow or even stimulate the users to act and
move around, are associated with higher levels of presence. But characteristics of
the users might also play a role. It may be that for some persons it is easier to
experience presence than for others. Weibel et al. [10] for example, found a positive
relation between the level of presence on the one hand and the personality traits
Neuroticism, Extraversion and Openness to Experience on the other hand.

1.5 Research questions

The main question in this study is: Can a VR environment provide students with a
realistic context for practicing presentation skills in the context of a technical
university? Will the students feel that they are “really there”, in that (virtual) lecture-
room in front of an audience? In order to answer these questions, we have the
following sub-questions:

1) To what extent does a VR training of presentation skills induce a sense of
presence in students?

2) Does the level of engagement of the virtual audience, as expressed by their
nonverbal behavior, affect the students and their sense of presence?

3) To what extent do personality traits (Extraversion, Neuroticism, and Openness
to experience) moderate the students’ sense of presence and their response
to the audience’s level of engagement?
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2 METHODOLOGY
2.1 Design

In this study we use a mixed-methods approach. In the quantitative part, within-
subject and between-subject designs are used. The qualitative part consists of semi-
structured interviews with the respondents.

2.2 Respondents

In this study, 46 students from a technical university participated. Thirty-four female
participants and 12 male participants participated. The mean age of the participants
was 23.41 years (SD = 3.99, ranging from 18 to 34 years old).

2.3 Instruments

Hardware and software

The VR hardware that was used in the study was an HTC Vive set. The software
was produced by Brainstud. In this application, users can practice their presentation
on a virtual stage. PowerPoint slides can be uploaded in advance of the practice
session. During the practice session, the slides are displayed in the virtual
environment. The engagement level of the audience can be controlled by the
instructor. This level can range from 0% (highly disengaged) to 100% (fully
engaged). When the engagement is at the lowest level, the virtual public looks down,
talks among each other and appear uninterested. When the virtual public is fully
engaged they nod every now and then, and they show interest in the talk by looking
at the participant. The instructor can vary the level of engagement during the
presentation. He or she also can let phones ring in the audience, or let the audience
give a round of applause.

Questionnaires

Sense of presence

The Igroup Presence Questionnaire (IPQ) (Schubert et al., [11] was used to assess
the extent of sense of presence. The IPQ is a combined questionnaire constructed
from previous published validated questionnaires [12]. The subset used in this
research contained 14 items about the extent of sense of presence a participant
experienced when standing inside the virtual environment. Participants rated each
item on a seven-point Likert scale. The IPQ measures several constructs of
presence: Spatial Presence (SP) (e.g., “l had a sense of acting in the virtual space,
rather than operating something from outside”), Involvement (INV) (e.g., “l was not
aware of my real environment”), Experienced Realism (REAL) (e.g., “How real did
the virtual world seem to you?”), and one general item measuring presence, called
General Presence (GP) (e.g., “In the computer-generated world | had a sense of
‘being there”).

A reliability check was carried out to measure the internal consistency
coefficient of the IPQ. The seven-item scale showed adequate internal reliability with
a Cronbach’s alpha of .78 for the results of the IPQ disengaged public and .79 for the
results of the IPQ engaged public. Principal axis factoring with oblique rotation
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confirmed the presence of the four IPQ factors in our data: Spatial Presence (SP),
Involvement (INV), Experienced Realism (REAL), and General Presence (GP).

Personality traits

The NEO Personality Inventory (NEO-FFI) was used to assess the participants’
personality in terms of the three dimensions extraversion (e.g., “I am spontaneous”),
openness to experience (e.g., “l have a very active imagination”), and, neuroticism
(e.g., “Frightening thoughts sometimes come into my head”). This set of subscale
consisted of 26 items and turned out to be reliable (with Cronbach’s alphas of .86,
.80, and .65 respectively). The participants rated each item on a 5-point Likert scale.

Semi-structured interview

After completing the two questionnaires a semi-structured interview gave insight into
the overall VR experience. For example, “How aware were you of us being in the
room?” and “Did you notice any difference in the type of public?”.

2.4 Procedure

At first, permission was asked for conducting this experiment to the ethics committee
of the University of Twente. The participants were asked for consent, before
participating. All participants were informed in advance about the purpose of the
study. They were asked to prepare a short presentation (max. 5 minutes) about their
topic of choice, before attending the experiment. They also received a link to an
online questionnaire to assess their personality. Participants were asked to fill out
this questionnaire before the participated in the experiment. During the experiment,
participants presented one time for a disengaged virtual public and one time for an
engaged virtual public using the VR speech application, with a small break in
between. Counterbalancing was applied, so in one condition, participants started
with presenting for an engaged audience, followed by presenting for a disengaged
audience. In the other condition, particants started with a disengaged audience
followed by presenting for an engaged audience.

On the day of the experiment, each participant was exposed to the virtual
environment to get familiarized with the technology before starting his or her

presentation. The participants did not receive any feedback during or after their talks.

Furthermore, the researcher was unaware of the participant s’ NEO-FFI scores.
After each presentation, participants were asked to fill out a questionnaire
about their experienced sense of presence, based on the Igroup Presence
Questionnaire (IPQ) [11]. The presentations were audio and video recorded. The
level of engagement of the virtual public was at the discretion of the researcher. For
the public who was fully engaged, the engagement was set at 100%, hereinafter
referred to as the engaged public. For the public who was disengaged, the
engagement was set at 0%, hereinafter referred to as the disengaged public. To
equalize the experience across participants in the experiment, a mobile phone rang
in the virtual environment at 2 min 30 when presenting for the disengaged public.
The public applauded only when the participants finished their presentation for the
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engaged public to emphasize the positive ambiance. For ethical reasons,
participants who presented for the disengaged public the second time were
debriefed and told that the negative reaction from the audience was not due to their
talk. At the end of the second and final presentation, a semi-structured interview was
taken by the researcher to gain more insight into the overall VR experience of the
participant. The overall experiment lasted 60 minutes for each participant.

3 RESULTS

3.1 Presence

First, a comparison was made between the experienced levels of presence when
presenting for an disengaged audience versus presenting for an engaged audience.
The average IPQ scores are displayed in Table 1.

Table 1. IPQ scores when presenting for disengaged and engaged audiences

Disengaged audience Engaged audience
Mean SD Mean SD
Spatial Presence (SP) 4.51 0.75 4.67 0.65
Involvement (INV) 4.77 1.11 4.82 1.03
Experienced Realism (REAL) 3.93 0.99 4.16 0.98
General Presence (GP) 5.17 1.12 5.33 1.10
Average IPQ score 4.60 0.79 4.74 0.68

A paired-samples t-test was carried out to compare the mean IPQ scores when
presenting for a disengaged or engaged engaged audience. Results indicated that
Experienced Realism was significantly higher when presenting in front of an
engaged audience as compared ot presenting for a disengaged audience ({(45) = -
2.66, p < .05). No significant differences were found within the subscales Spatial
Presence, Involvement, General Presence, or the average IPQ score.

To facilitate the interpretation of the sense of presence (IPQ) scores, we
provide some benchmark IPQ scores reported in other studies. It should be noted
that in all cases, 7-point Likert scales are used, however in those other studies, they
are scored from 0-6. In our study, we score them from 1-7. In order to be able to
compare the scores, we have added 1 point to the scores of the other studies, so
they are now in the 1-7 range as well. The benchmark data come from three
sources. The IGroup [11; 13], the inventors of the IPQ. They have reported IPQ
scores of participants playing two highly immersive games, Tomb Raider and Half
Life. Second source is a study by Buttussi and Chittaro [14] in which they offered a
safety training in a virtual environment in which users experienced a full emergency
evacuation of a commercial twin-aisle, narrow-body aircraft. The third source is a
study reported by Peperkorn, Diemer, and Muhlberger [15]in which they studied a
VR exposure therapy application aiming at the treatment of spider phobia. The
benchmark scores are displayed in Table 2.
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Table 2. IPQ benchmark scores

Tomb Half Safety Spider
Raider [13] | Life [13] training anxiety
[14] [15]

Mean Mean Mean Mean
Spatial Presence (SP) 4.06 4.99 4.90 3.95
Involvement (INV) 3.40 4.27 5.15 3.20
Experienced Realism (REAL) 2.92 3.34 3.81 4.57
General Presence (GP) 4.00 4.93 4.75 4.45

When we compare the benchmark scores in Table 2 with the scores obtained in our
study (see Table 1), we see in our study, the levels of reported spatial presence are
mid-range, the levels of involvement are relatively high, experienced realism is also
relatively high, and our level of general presence is the highest of all studies.

3.2 Personality traits

Neuroticism

The role of the personality trait Neuroticism was investigated in two ways. First, it
was assessed if the participant’s sense of presence (that is, their IPQ scores) with an
engaged audience, with a disengaged audience, and the difference between those
scores, was affected by the participant’s level of Neuroticism. A repeated measures
ANCOVA was carried out with IPQ scores (with engaged versus disengaged
audiences) as within-subject factor and Neuroticism score as covariate. The analysis
showed that the effect of audience engagement on the sense of presence was not
significant, and neither was the role of the covariate Neuroticism.

Second, we split up the group of participants in a low Neuroticism group and a
high Neuroticism group, using a split-median approach. Then, we tested for possible
interactions with the effect of audience engagement on sense of presence. The
repeated measures ANOVA showed that the interaction was not significant.

Extraversion

For the personality triat Extraversion, the same analyses as for Neuroticism were
run. The repeated measures ANCOVA, showed no significant role of Extraversion. In
the media-split procedure, where a group of participants scoring relatively low on
Extraversion with a group scoring relatively high on Extraversion, did not show a
significant difference.

Openness to experience

The same analyses were repeated for personality trait Openness to experience. The
level of Openness to experience did not play a significant role as covariate in the effect
of audience engagement on sense of presence. Also, a comparison between a group
scoring relatively low on Openness to experienct to a group scoring relatively high, did
not show a significant difference between those groups with regard to how their sense
of presence was affected by audience engagement.
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3.3 Results interview

After completing the second talk a semi-structured interview was held to gain more
insight into the overall experience. Despite the fact that the participants were facing a
virtual audience, they stated that they felt it was more real than expected (e.g.
“Although it didn’t seem real, | was fully captivated in the virtual world”). The majority
(38) of the participants indicated that they were unaware that the researcher was in
the (same) room (e.g. “I completely forgot my environment”). Eight participants
stated that they were only the first time aware that the researcher was in the (same)
room. Forty-five participants were able to successfully distinct the disengaged public
from the engaged public, one participant only failed to recognize a difference in the
type of public. A summary of the reactions can be found below.

Comments regarding presenting for a disengaged audience

The reactions on the speeches for the disengaged public were inconsistent. Twelve
participants indicated that the disengaged public distracted them. Many reported
feelings of confusion and a tendency to forget what they wanted to say. Moreover,
one participant stated: “| felt insecure because they seemed bored.” Different from
some participants who argued that the disengaged audience did not influence them,
what made it easier to give the presentation, for instance: “l felt less nervous
because they didn’'t seem to care. You can make mistakes as they would not notice
it”, and “The public didn’t look, that makes it easier. You are less distracted.”

A further finding was that 12 participants felt like talking to a wall. One participant
recalled: “After a while, | tended to say that if they don’t want to listen, they rather
go.” And another one stated that he was just going to finish the 5 minutes without
paying attention to the public. Participants described the disengaged public as
‘demotivating’, and ‘uncomfortable’.

Comments regarding presenting for an engaged audience

Participants’ reactions regarding the presentation for the engaged public were in
contrast to the disengaged public more consentient. Twenty-one of the participants
indicated that speaking in front of the engaged public was more motivating than
speaking in front of the disengaged public. One participant commented: “For the
second one (engaged) | felt the time moved on faster”, and “For the second one
(engaged) | didn’t have to concentrate that much, because | had the engagement of
the audience, so it was easier.” “In the second presentation (engaged) | used more
body language and | was more into it.” Another indicated: “And also people looking
at me, | felt better”. Though, there were some idiosyncratic reactions amongst the
participants. Nine participants argued that the engaged public was making weird
gestures with their hands. One stated that he had a hard time interpreting the
engaged public and one participant recalled: “I found the second (engaged) public
annoying. You are watching them and they are making gestures which don’t make
sense.”
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4 CONCLUSION AND DISCUSSION

The results of our study show that a VR environment for the training of presentation
skills is capable of inducing relatively high levels of presence, the feeling of being
there. In that sense it can compete with highly immersive computer games such as
Tomb Raider and Half Life. Actually, the average reported levels of general
presence, the sense of being there, were in our study even higher than in the
benchmark studies.

In our study, we also looked at the effect of the level of engagement of the
audience on the experienced sense of presence of the user. The engagement level
of the audience was expressed by their non-verbal behavior, and two conditions
were compared, one with a highly engaged audience, and one with a highly
disengaged audience.Our quantitative data do not show much of an effect. Only for
the level of experienced realism, engagement level makes a significant difference. In
case of an engaged audience, the students on average rate the experienced realism
higher. For all other cases, no differences were observed. Interestingly though, is
that our qualitative data, that is the data from the interviews, indicated that the
engagement level had quite a profound effect on the user experience. Apparently,
our quantitative measures were not fully capable of capturing the effects of audience
engagement. In a future study, this point needs reconsideration.

We also conclude that personality traits did not seem to play any role of
significance in our data. This might suggest that students’ responses are not or only
to a minor extent dependent on their personality traits. From an educational point of
view, that might be good news. No differential effects are to be expected from
personality. Still, since personality has been found to play a role in other studies, this
needs to be investigated further.

Limitations of the current study are, for example, that in the study we did not
measure the training effects of the VR training, the training effects compared to
“traditional” trainings. And also, we did not compare the level of presence and
realism to non-VR conditions, varying from practicing in one’s own room to practicing
in front of a real audience. However, at this moment we are running studies to
address these points.

For now, we conclude that a VR environment for the training of presentation
skills can be promising for technical studies as a means for practicing and training of
students in more or less realistic circumstances.
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ABSTRACT

Learning multi-cultural team competencies is important for engineering students to
prepare for an increasingly global workspace. We evaluated the game BAFA BAFA
with groups of Master students from varying engineering programmes using a mixed-
methods approach. The game experience of 118 participants was measured. These
participants experienced the game overall positively, although difficulties to
understand other players in the game triggered mild stress and confusion. 91
respondents also completed questionnaires before and after the game about certain
attitudes, skills, and values related to working with people from other cultures:
willingness (attitude) and ability (skill) to understand those people; and appreciation
(value) of working with them. We used paired t-tests and qualitative analysis to
determine the game’s effectiveness: after playing the game the players’ willingness
increased significantly (1(90) = 3.6, p=.001), but their ability to do so decreased
significantly (t(90) = 3.3, p=.001) and their appreciation remained constant (t(90) =
1.3, p=.195). The qualitative responses supported our quantitative results: after
playing the BAFA BAFA game, players were more willing to understand people from
other cultures. Moreover, players had become more aware of their own
shortcomings in understanding people from other cultures. Finally, the learning
effects were likely not caused by a test effect, since the appreciation (value) of
working with people from other cultures had not increased after playing the game.
We concluded that the BAFA BAFA game is a powerful instrument to embark upon
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teaching multi-cultural team skills, and therefore, to train more culturally aware
engineers.

1 INTRODUCTION

Engineering traditionally focuses on addressing applied problems through
technology. However, as we come to understand the complexity, interconnectedness
and interdisciplinarity of most engineering problems, we realise that future engineers
need to be prepared to work as multi-disciplinary problem-solvers with people from
very different cultural backgrounds. This calls for new learning domains and learning
approaches.

1.1 Multi-cultural teams and intercultural learning

Cultural backgrounds shape how people think, feel, and act across a range of
professional and life situations. Culture determines what is perceived as good or
bad, forbidden or permitted, abnormal vs. normal, or irrational vs. rational [1]. The
difficulty that arises in working with culturally diverse others is that what one
assumes as normal and proper can be completely the opposite for someone

else. And even if we see and interpret obvious aspects of culture as expressed in
particular behaviours, customs or language, we remain blind to the underlying
unspoken assumptions, values and ways of thinking. This can easily lead to
misunderstandings and wrong interpretations, hurt feelings, if not a breakdown of
collaboration in culturally diverse teams. The negative impacts of ignoring substantial
differences in cross-cultural team work and business, even among well-trained top-
level managers, are well-known [1,2].

Intercultural learning, gaining awareness of one’s own and others’ culture, does not
come easily. Cultural change and learning is “...] intrinsically difficult, because the
re-examination of basic assumptions temporarily destabilizes our cognitive and
interpersonal world, releasing large quantities of basic anxiety” [3]. To unlock culture,
it is important to look beyond national culture to explain differences and
commonalities between people. Research supports that any social group has cultural
traits that distinguish it from other comparable groups, be it a family, organization, or
society at large. Also, professions like engineering or economics are considered to
have particular and distinguishable cultures [4,5]. For instance, the distinguishing
characteristics of engineers mentioned in the literature include being technophile and
practical while also holding analytically-minded and substantial scientific expertise,
being competitive, technically self-confident and valuing individual autonomy, next to
uncommunicative and socially awkward tendencies [6].

Concluding, multi-cultural teams are at risk of collapsing if team members with
different national, professional, or other cultural backgrounds are not equipped for
intercultural learning. If even culturally-trained top-level managers struggle to
overcome issues in multi-cultural interaction, how can we effectively bring such
learning to the MSc engineering classroom? Below, we will explore the opportunities
for this provided by immersive teaching approaches such as a game.
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1.2 Game-based learning with BAFA BAFA

BAFA BAFA is a well-known simulation/game to learn about culture and diversity [7,8].
Various studies have been conducted to evaluate the BAFA BAFA game and its
effects on players. For instance, Glover et al. [9] found significant increases in
tolerance for ambiguity and significant decreases in dogmatism among
undergraduate educational psychology students who played the game. Pruegger
and Rogers [10] compared two methods of training cross-cultural sensitivity: playing
BAFA BAFA vs listening to a presentation about cultural differences. Although
quantitative measurements could not show a difference between the two methods, a
qualitative comparison did signal greater effects of the experiential approach using
BAFA BAFA. More recently, Ong-Flaherty et al. [11] performed a qualitative study on
using BAFA BAFA to raise cultural awareness among students of health professions,
which supported earlier work about the game’s effectiveness. Finally, Wendorf
Muhamad and Yang [12] analysed quantitatively how the game influenced players’
intercultural sensitivity and intercultural communication competence. They found
significantly higher sensitivity and competence amongst players who had played the
game when compared to a control group.

Concluding, the game BAFA BAFA was shown to be effective in teaching multi-
cultural team competencies to students of various backgrounds, such as educational
psychology and health care professions. In this paper we will aim to answer the
question to what extent the game is effective when applied to groups of engineering
students. Below, in section 2, we outline our methodology for studying the effects of
the BAFA BAFA game on engineering students. In section 3, the results are presented
followed by a brief discussion in section 4. Finally, we draw conclusions in section 5.

2 METHODOLOGY

We played BAFA BAFA with three different student groups from Delft University of
Technology in the Netherlands. The first group consisted of second-year Masters
students subscribed to the course Joint Interdisciplinary Project (JIP). JIP students
worked with other engineering students from all over the world and from and a wide
range of engineering disciplines and played the game as part of the project kick-off.
The second group consisted of first-year Civil Engineering students from the Master
track on Environmental Engineering (EE) who played the game as part of the course
Integrated Project. The third group comprised first-year Masters students from the
Engineering and Policy Analysis (EPA) programme who played the game as part of
their onboarding activities.

2.1 Game session design

Each game session begun with a 5-minute ice-breaker game and a plenary briefing
after which the game was started. In the game, players are randomly assigned to
either of two groups or ‘cultures’: the Alpha Culture is oriented towards strong social
relationships, hierarchy, and close physical proximity; whereas the Beta Culture is
more egalitarian, competitive, and distant. The game starts with both cultures, in
separate rooms, getting themselves familiar with the habits, rules, and interaction
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patterns of their culture. For this we had developed video clips to explain the rules of
the players’ new culture in English. The videos were supplemented with English
subtitles to support non-native English speakers. Game facilitators then helped the
players to practice interacting with other members of their culture according to the
rules that had been explained.

In the second phase of the game, both cultures exchange group members with the
other culture. In the first exchange round, an observer visits the other culture,
watches the members of the other culture interact with each other, and reports back
their observations. In subsequent rounds, small groups of players exchange with the
other culture and interact with their hosts. The players are explicitly requested not to
explain the rules that govern the behaviour of members of a culture. Instead, visitors
should learn these rules through trial and error. Every time a group has visited the
other culture, they report back to the members of their own culture. Although the
rules for behaving in each culture are relatively easy to learn, the resulting behaviour
looks rather complex to an outsider who is not familiar with them: it is very difficult to
deduce the rules from the observed behaviour. Moreover, if visitors do not know how
to follow the social codes of the other culture, they run the risk of being ignored by
their hosts or even expelled from the room. As a result, visitors need to be very
attentive and careful when trying to interact with the other culture.

After all players had visited the other culture, the game was ended and all players
were gathered in the plenary space. Here, a debriefing session was held consisting
of two phases: first we gathered qualitative data on the players’ game experience;
second the players held small group discussions about the cultural differences in the
game followed by a plenary discussion. At the end of one of the courses (EE
students), feedback about the course learnings were collected in-class as well as via
individual written reflections.

2.2 Research design

Following the framework by Mayer et al. [13], we applied a mixed methods approach
to studying the effects of the BAFA BAFA game both quantitatively and qualitatively.
First, we used questionnaires before and after the game to quantitatively measure:

e Several background variables of players (age, gender, frequency of playing
games in their daily lives; pre-questionnaire only)

e Seven dimensions of the players’ game experience [14] (post-questionnaire
only): five positive dimensions (competence, immersion, flow, challenge, and
positive affect) and two negative dimensions (tension and negative affect).
Each dimension was measured by averaging the scores on two items
provided by participants through self-report (scores on 5-point Likert scales).
The overall game experience was calculated by averaging over the scores for
the five positive dimensions and the inverted scores for the two negative
dimensions.

e Changes in certain attitudes, skills, and values that resulted from playing the
game. To measure the latter changes we developed three constructs: (1)
willingness (attitude) and (2) ability (skill) to understand team members from



other cultures; and (3) appreciation (value) of working with them. Each

construct was measured through self-report by scoring multiple items on a 7-

point Likert scale in the pre- and post-questionnaires.
We used paired t-tests to determine the significance of changes in players’ attitude,
skill, and value and thus measured the effects of the game sessions for the complete
sample of students (N=91). Independent-samples median tests were applied to
determine the effect of the game sessions and background variables on the game
experience and game effects. We used this non-parametric test instead of the more
common ANOVA due to the relatively low number of respondents in one of the game
sessions.
In addition to the quantitative measurements, we asked players qualitatively about
their learning experience through open questions during the plenary game debriefing
(immediately after the game), in the online post-questionnaire (individually and
anonymously), and during the course evaluation (EE students only).

3 RESULTS

A total of 118 participants from all game sessions completed the Game Experience
Questionnaire. 91 participants completed the attitude, skill, and value measurements
in both the pre-survey and post-survey. The age of respondents ranged from 20 to
33 years old (M=24, SD=2). Of all respondents 28% were female and 47% were
male (25% gender diverse or unknown). Below we report on our respondents’ game
experience (Section 3.1) and the measured game effects (Section 3.2).

3.1 Game experience

During the post-game debriefing sessions students were asked about their
experiences when visiting the other culture in the game. The great majority reported
mild stress (such as feeling ‘awkward’, or ‘not belonging’) or indicated confusion
(‘confused’, ‘weird’).

The scores on all seven dimensions of the Game Experience Questionnaire [14] as
well as the overall game experience, averaged over the entire sample, are shown in
Fig. 1.
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Fig. 1. Sample averages for seven dimensions of the Game Experience Questionnaire [14] (five
positive dimensions (green) and two negative dimensions (red)) and the overall score (blue). ltems
were scored on a 5-point Likert scale ranging from 1 (low) to 5 (high).

The figure shows that all positive dimensions (green) score on or above the
theoretical average value of 3 (possible scores range from 1 to 5). Immersion has
the highest average score (M=4.0, SD=0.6), whereas the negative dimensions (red)
have the lowest averages (both Tension and Negative affect: M=1.8, SD=0.8). This
means that respondents reported on average a more positive than negative game
experience.

Independent-samples median tests were conducted to determine the effects of the
game session, the frequency of participants playing games in their daily lives and the
participants’ age, country of origin, and gender on the overall game experience. No
statistically significant effects were found at the p<.05 level.

3.2 Learning effects

We measured learning effects of the game in two ways. First, participants reported
several types of take-home messages in the post-game questionnaire. Some
mentioned quite specific learning outcomes, while others stated more general
insights they had gained. Examples of specific learnings are:
e “It’s very hard to live under a brand new culture. It's common to make
mistakes and offend others.” - female Chinese student, age 22.
e “The difference between an intrinsically competitive society and a social
dynamic driven society is high.” - female Indian student, age 24.
Examples of more general insights are:
e ‘It is important to spend time learning about other cultures before pursuing
your own goals.” - male South African student, age 22.
e  “When you go into another culture you try to understand them but you are
only looking for the things that you find important in your own culture.” -
female Dutch student, age 21.
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Some respondents referred explicitly to what they learnt during the debriefing after
the game had ended (when they discussed the rules of the different cultures):
e ‘It is good to explain how things work in your culture.” - male Dutch student,
age 23.
e “Talking about differences is essential to gaining understanding [of other
cultures]” - female Canadian student, age 30.

Second, as part of their course evaluation, the EE students highlighted the
importance of including intercultural and team work training into their studies and
how the game had left a lasting impression. The individual reflections illustrate the
intercultural learning outcomes obtained during the course that started with playing
BAFA BAFA.

e “Being in an international group that you do not know even their culture, it
was so stressful for me but in the next steps, | became able to adapt myself to
these situations.” — male Iranian student, age unknown.

e ‘[...] | experienced both the difficulties and power of combining people from
different cultures.” — female Chinese student, age unknown.

e ‘I did learn a lot on different cultures and how to tackle problems within a
project group. [...] now I will have some understanding of how to deal with it or
even resolve the problems.” — female Dutch student, age unknown.

e “The differences in culture is something that should be always on your mind.
It’s applicable in almost every situation and really helped our team work
together very pleasantly. [...]' — female Dutch student, age unknown.

3.3 Effects on willingness, ability, and appreciation

The willingness and ability to understand team members from other cultures and the
appreciation of working with them, are reported in Table 1.

Table 1. Willingness, ability and appreciation averaged over the entire sample before
and after the game session. Also shown are the results of student-t tests to
determine the significance of the differences between the average values before and
after the game session.

Before After t(90) p-value
M SD M SD
Willingness 4.6 0.8 4.8 0.8 -3.603 | 0.001
Ability 5.0 1.0 4.7 1.1 3.320 0.001
Appreciation 4.9 1.0 5.0 1.0 -1.305 0.195

We conducted student-t tests to determine the significance of the differences

between the average values before and after the game session. The results, shown
in Table 1 above, indicate that the average Willingness score has increased
significantly from 4.6 to 4.8. In contrast, the participants reported a
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significant decrease of Ability from 5.0 down to 4.7. Finally, Appreciation increased
from 4.9 to 5.0, but not significantly at the p<.05 level.

As was done in the analysis of game experience, we conducted independent-
samples median tests to determine the effects of the game session, the frequency of
participants playing games in their daily lives, and the participants’ age, country of
origin, and gender on the (change in) willingness, ability, and appreciation before
and after the game session. No significant effects were found.

The results bear three main implications. First, after playing the game participants
were on average more willing to understand team members from different cultures.
Second, after playing the game participants felt on average less able to understand
team members from different cultures. Third, after playing the game participants did
not appreciate working with people from different cultures more or less than before
the game.

4 DISCUSSION

Our results suggest that playing BAFA BAFA leads to deeply felt, lasting, affective
experiences, both positive and negative. Recent research by Tyng et al. [15] shows
the importance of affective experiences for learning and memory development.
Negative affect, such as confusion or frustration, serves to increase focus and
attention, where mild-intensity, short-duration stress facilitates learning [16]. In
contrast, positive affect triggers self-motivation and satisfaction [17] thus enhancing
curiosity and exploration, preparing one to learn and remember. Therefore, the
affective experience of playing BAFA BAFA is likely an important factor in the learning
effects of the game.

Also, we noticed that the game triggered thought processes beyond the direct
experience of players, inviting them to elaborate on the message of the game. Many
of the reported take-home messages related to the debriefing phase of the game
session, which marks the importance of a debriefing to make tacit learnings explicit
[18].

Comparing our results directly to earlier work, such as the recent study by Wendorf
Muhamad and Yang [12], is difficult due to differences in experimental designs and
measurement instruments. However, comparing interpretations of the studies is
feasible. For instance, like in the earlier work, our results suggest that the game
motivates players for intercultural learning: we measured a significant increase in
willingness to understand people from other cultures, where Wendorf Muhamad and
Yang found significantly higher engagement, communication motivation, and
interaction attractiveness scores (i.e. proxies of learning motivation), next to high
interaction enjoyment (positive affect). However, when looking at skill development
our study may have yielded other outcomes than the earlier work. Our qualitative
and quantitative measurements showed a decrease in the players’ ability to
understand people from other cultures after playing the game. We interpret this
outcome as follows: players had become increasingly aware of the difficulties they
encounter when they interact with people from different cultures. Or, in terms of the
“conscious competence” learning model [19]: players had become consciously
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incompetent after playing the game. This finding may contrast the results of Wendorf
Muhamad and Yang [12]. The latter reported higher intercultural communication
skills in the group that played the game when compared to the control group. This
could mean that playing the game increased the ability to communicate with people
from other cultures in the earlier work, where it decreased the ability to understand
people from other cultures in our study. More research is needed to understand the
difference. It could be due to various factors such as the slight difference in the
constructs that were measured, the differences in the participants’ background, or
the ways in which the game and debriefing were facilitated.

Finally, we found that the reported value of working with people from other cultures
did not change after playing the game. This absence of change can be interpreted as
a sign of the reported learning effect not being caused by a ‘test-effect’ [20]. A test-
effect in questionnaire research causes items in a post-questionnaire to be scored
higher than similar items in a pre-questionnaire, for the simple reason that attention
has been devoted to those items in the pre-questionnaire.

5 CONCLUSIONS

We used a mixed-methods approach to explore the effectiveness of the BAFA BAFA
simulation/game to teach multi-cultural team competencies to MSc engineering
students. Our respondents reported an overall positive game experience, although
the game also triggered some negative emotions when it concerned players’ abilities
to understand other players in the game. We argued that these mild intensities of
stress contributed to deep learning experiences at multiple levels of abstraction,
ranging from rather specific lessons learnt to more general insights about multi-
cultural teamwork. In line with the qualitative outcomes, our quantitative analyses
showed significant increases in players’ willingness to understand people from other
cultures, after playing the game. In contrast, players reported a significant decrease
of their ability to do so, which may be interpreted as players becoming consciously
incapable, which is the first step towards mastering multi-cultural team skills. Finally,
players reported no significant change in their appreciation of working with people
from other cultures, which was expected from the experimental design and likely
rules out possible test-effects in the response to our questionnaires. We concluded
that the BAFA BAFA game is a powerful instrument to embark upon teaching multi-
cultural team skills, and therefore, to train more culturally aware engineers. Based on
the findings, to create intercultural awareness and facilitate learning, we suggest to
include games such as BAFA BAFA ideally during early stages of a programme or
course. Closer study of the mechanisms underlying BAFA BAFA outcomes and their
effect on learning is needed for evidence-based design of intercultural training as
part of engineering programmes. Other opportunities for future work include the use
of more established scales for intercultural sensitivity and intercultural
communication competence in our quantitative measurements, in order to compare
our outcomes to those of other authors. Also, we recommend to study in more detail
why, after playing the game, respondents reported a decrease in their ability to
understand team members from other cultures.
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ABSTRACT

This paper will provide an insight into how French engineering students and employers
perceive the competencies needed to meet the UN Sustainable Development Goals
(SDG). It draws on the findings of two exploratory focus group studies carried out in
the context of the A-STEP 2030 European Project. Our results indicate significant
differences in the awareness of sustainability goals among respondents, but a
relatively high level of convergence around the skills and competencies that appear
most necessary for attaining sustainable development. The respondents considered
that technical knowledge and skills were adequately included within French
engineering school curricula, yet they felt that achieving the SDGs would demand that
more emphasis be placed on the development of transversal skills. According to our
results, engineering schools need to more comprehensively integrate transversal skills
and competencies. Our findings also suggest that this may best be achieved via
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interdisciplinary teaching and an increased use of project-based education (PBE) and
learning carried out in a real work context.

1 INTRODUCTION

Sustainablity education is definitively a crucial element in addressing the ‘2030
Agenda for Sustainable Development’ established by the United Nations in 2015.
Engineers in particular will play a central role if the 17 Sustainable Development Goals
(SDG) are to be met. Consequently, engineering schools ought to prepare engineering
students to meet these challenges. This implies that they are able to address the kind
of complex and wicked problems that sustainable development presents.
Nevertheless, and even if sustainability education has gained a considerable
institutional momentum over the past few years, there remains ambiguity regarding
which competencies are needed for future engineers. In this study, we investigate how
this question is answered by engineering students and industrial organisations
currently on opposite sides (supply and demand) of the employability market in
France.

2 LITERATURE REVIEW

It is widely recognised that the engineering profession has a major impact on society
and that it will play a central role in addressing the SDGs. Engineers working towards
achieving sustainability have to be creative and innovative. They must also adopt a
future-oriented way of working and thinking [1]. During the last two decades, we have
witnessed a transition from the traditional role of engineering which involved
supporting industry and providing technical solutions to industrial problems towards a
new and more inclusive role within society. This new role embraces not only technical
approaches but also recognizes human and social factors [2].

This evolution of the role of the engineer requires the integration of new competencies
in sustainability into the engineering curriculum. Based on a recent literature review
[3] carried out in the context of the A-STEP 2030 project, even if sustainablity
competencies are considered as critical for graduate engineering students, there is a
lack of consensus in the educational literature regarding the relevant competencies.
Following Wiek et al. [4], one can distinguish between ‘regular competencies and
‘essential’ competencies. We consider technical competencies (including technical
knowlegde, skills, aiblities, capabilities, capacities and other related concepts) that are
systematically included in engineering academic programs as regular competencies.
As a matter of course, engineering schools are putting emphasis on these
competencies, which are considered as the core competencies of the engineering
profession. Transversal competencies such as anticipatory thinking [5], integrated
solutions [6], social participation [7], sustainable entrepreneurship [8] and normative
or action competencies [9] are essential for meeting the sustainabilty challenge.
However, these competencies are not entirely integrated into traditional academic
engineering programs and are thus by and large neglected by engineering schools.
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3 APPLIED METHODOLOGY

For the data collection of our exploratory study, we opted for the focus group method,
a widely used and popular data collection method in qualitative research. This allowed
us to inverstigate our research question by generating debates which were informed
by group dynamics [10].
This method, which involves human participants, requires ethical considerations to be
taken into account. We thus sought ethical approval from the Ethics Committee of TU
Dublin before beginning the data collection. Focus group participants received written
information about our research project, focus group study objectives, confidentiality
and the possibility of withdrawal. They were asked in advance to give written consent.
We completed two focus groups with engineering students and corporate
representatives. For the student focus group, 9 participants from bachelor to master
level were selected with the help of the local BEST (Board of European Students of
Technology) student association. For the corporate focus group, 8 participants from
diverse industries (electronics, automotive, energy, naval,...) were selected with the
help of a local Alumni association.
As this study was part of the A-STEP 2030 European project, we carried out the focus
groups in a very standardized way, following a collectively agreed upon Focus Group
Handbook. Focus groups were undertaken in French as it was the native language of
the participants and thus facilitated discussion. We undertook the following procedure:

1. At the beginning, participants were asked about their awareness of SDGs.

2. As a second step, they were asked to consider the skills needed for engineers

to meet SDGs and to present their choices in a brainstorming session.
3. The third step consisted of a deep discussion about their choices and
reasoning.

The two focus groups were digitally recorded and transcribed. Only selected citations
were translated into English.
For the data analysis we also followed a standardized and collectively approved
thematical analysis framework. The qualitative data analysis process was carried out
by two senior researchers. This allowed us to discuss the group dynamics and to
include group interactions in our analysis [11].

4 RESULTS

Our findings show a particularly low level of SDG awareness among professional
participants. The most surprising finding was that students’ awareness of the SDGs
can be described as moderate, which was lower than our expectations.

Concerning the competencies needed for achieving the SDGs, participating students
defined the following requirements illustrated in Table 1 below:
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Table 1.

needed for SDG'’s

Unordered list of student participants’ perception of competencies

Competencies — Student focus group in France

Technical skills

Holistic thinking

Open mindedness

Economic skills

Stress management

Agility

Digital skills

Creativity

Adaptability

Multidisciplinarity skills

Global Awareness

Emotional Intelligence

Decision making skills

Social Responsibility

Perseverance/Grit

Communication: Listening skills

Sustainability Awareness

Ethical Conscience

Critical thinking

Environmental Awareness

Personal engagement & agency

Life cycle thinking General Knowledge

Analytical thinking Respect for others

First, they outlined the importance of fundamental technical skills and digital skills
complemented with economic skills. They were unanimous that technical skills are
currently well-covered within the curriculum, arguing “all that is technical knowledge,
we currently have it.” They highlighted the need for economic skills, as “we are living
in an economic world, we must have economic skills...that allow us to perceive the
world today... especially for innovations”. Surprisingly, they referred to relatively few
application skills like multidisciplinary skills or decision-making skills.

Non-technical skills and competencies were considered by student participants to be
vital for future engineers. They pointed out the importance of communication skills,
and most particularly listening skills and ways of thinking (such as critical thinking,
lifecycle thinking, analytical thinking or holistic thinking). However, they cited
numerous attitudinal competencies related to their world views (a sense of social
responsibility, environmental awareness, general knowledge or global awareness).
They also highlighted character traits like adaptability, open-mindedness,
perseverance/grit, respect for others, personal engagement, agency and ethical
conscience.

Corporate focus group participants outlined the following required competencies for
SDGs in Table 2:

Table 2. Unordered list of corporate paricipants’ perception of needed
competencies for SDG’s

Competencies — Employers focus group in France

Digital skills Inter-cultural skills Challenging the status quo

Mathematics skills Collaboration Social responsibility

Economics skills Communication: Foreign languages Respect for others

Design Skills Respecting Diversity Open-mindedness
Interpretation skills Teamwork Agility

Innovation Creativity Ethical Conscience
Project management Convergent thinking
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For professional participants, similarly to students, “technical competencies are well
taught in engineering schools;...this is their principal mission”. They pointed out that
“digital skills are important, engineers need to know how to process information, how
to protect it, how to use software even without being specialized in that domain”
regarding a “strong and practical knowledge in applied mathematics® as equally
important. For the application skills, they highlighted the relevance of innovation
capacity and design skills as critical to the innovation process.

They put a particular emphasis on the non-technical competencies like intercultural
skills, collaboration, teamwork, respect for diversity and “project management with
multicultural partners who understand each other...and work together with people who
do not have the same culture. When working in a team and everybody has good ideas
and we get better results”. Related to these multicultural concerns, they called
attention to the importance of “practical knowledge of foreign languages...this is much
more than a basic knowledge of the English language”.

Similarly to student participants, they found attitudinal competencies important but
were less focused on character. This is an interesting finding. Concerning ethical
conscience, they highlighted the significance of “intellectual honesty that means not
stealing others’ ideas” which was evoked several times. This finding demonstrates that
industrial companies and organisations have a strong interest in innovation and
creativity and their applicability for developing and protecting industrial patents.
Comparing the results of students and employer focus groups, there is agreement
regarding the fact that the technical competencies are well taught in French
engineering schools. From these technical competencies, they single out digital skills
as particularly important to engineers. As a matter of fact, technical skills should be
combined with economic skills to provide a solid understanding for future engineers to
face the challenges of SDGs. Concerning the non-technical competencies, creativity
was outlined as an important skill for fostering innovation. We observed a strong
convergence relative to attitudinal competencies such as social responsibility, respect
for others, open-mindedness, agility and ethical conscience. Among these attitudinal
competencies, the significance of social responsibility and ethical conscience were
accentuated.

5 CONCLUSION

The main conclusion that can be drawn from our study is that there is a growing need
for non-technical or transversal competencies, especially for all kinds of competencies
related to the attitudes of future engineers. Our findings are broadly consistent with
previous research available in the literature suggesting emphasis on “competencies
considered essential for sustainability that have not been the focus of traditional
education and therefore require special attention” [4, pp. 204]. The engineering
students suggested the integration of these essential competencies into the curricula
in a transdisciplinary way within the traditional technical education through an
increased use of project-based education (PBE) carried out in a real work context.

The principal limitation of our study, in addition to the general limitations of qualitative
studies, is its restriction to one engineering school. Within the framework of the A-
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STEP 2030 project, future research involves the comparison of participating countries
at a European level.
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ABSTRACT

One of the popular educational technologies today is adaptive learning.

TUSUR has been conducting research in the field of adaptive learning since 2013.
Models, algorithms, techniques, and software have been developed to create
adaptive e-learning courses for a wide range of disciplines. These technologies are
based on the elements of artificial intelligence and predictive analysis of the
knowledge level (forgetting curve).

The presentation will show the experience of TUSUR University in the task of
development and testing in the real educational process of an adaptive e-learning
course. The basic approaches in content design will disclose as well.

1 INTRODUCTION
1.1 Project purpose and objectives

The need for continuous learning and the acquisition of new skills does not fit well
with the concept of consistent, structured, static learning offered by familiar LMS
systems. A training course in which the instructor designs the content and then
presents it in a certain logical sequence is well suited for classical full-time
education. But a modern online course must be so dynamic that it generates
personal learning trajectories "on the fly". An adaptive learning course should be
based on a model of the learner to offer him or her at any moment the optimal (in
terms of knowledge level, presentation form, etc.) element of content.

Thus, the objective of the project is to develop an adaptive learning platform and to
pilot it on the case of developing and implementing an adaptive learning course. For
this purpose, the following tasks need to be solved:
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1. To design and implement an adaptive learning platform. This task has already
been solved and the results have been published, so the development of the
platform is not described in this article. Only general information about it is given.

2. To develop rules of preparation of learning materials as well as necessary tools for
creating an adaptive course.

3. To implement and integrate an adaptive course into the learning process.

4. Evaluate the impact of using adaptive technology in training.

1.2 Project history

The Laboratory of Instrumental Modelling and Learning Systems (LISMO) of the
TUSUR Institute of Innovation has been developing the concept of an adaptive
learning platform since 2013 [1, 2]. The concept has been based on:

- Breaking down the learning material of the discipline into modules;

- dividing the competences learned in the course of the discipline into
subcompetences (learning outcomes);

- measurement of students' knowledge level in each subcompetence on the basis of
testing;

- extrapolation of students' knowledge level using Ebbinghaus forgetting curve [3];

- fixation of the studied material in long-term memory on the basis of repetition effect
[4].

In 2017 the first software implementation of the platform was released [5, 6]. In 2018
for the National University of Science and Technology MISIS was created an
adaptive course in the discipline "Chemistry" [7, 8]. This article describes its
development and experience of its use in the learning process.

1.3 Difference from existing solutions

There are several companies on the market that offer ready-made solutions for
adaptive learning. These include companies such as Knewton?, Khan Academy?, as
well as Pearson Education*, McGraw-Hill Education®, and others. However, a
number of factors hinder the use of the adaptive courses they offer in the Russian
Federation in general, and in TUSUR in particular:

1. Language barrier. The overwhelming majority of disciplines in the Russian
Federation are taught in Russian. Meanwhile, finding Russian-language adaptive
courses from publishers in Europe or the USA is very problematic or impossible at
all.

2. Availability of tools. Adaptive learning platforms from these companies and
publishers are closed. That is, they certainly have their tools for filling adaptive
courses with content, but they do not provide them for public access. Therefore, the
development of new adaptive courses is only possible within these companies and
publishers.

2 https://www.knewton.com/
3 https://www.khanacademy.org/
4 https://www.pearson.com/
5 https://www.mheducation.com/
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3. A question of scale. From the previous paragraph follows the high cost of custom
development of a new adaptive course, which is justified only if the launch of such
courses has a high commercial potential and the number of participants in one
course starts from 10,000 students or more.

Therefore, the development of an adaptive learning platform with open tools and the
possibility of implementation into the existing LMS used in higher education
institutions is relevant, making the development of their own adaptive courses
appropriate even for small educational institutions.

2 METHODOLOGY
2.1 Content preparation

At the initial stage of developing an adaptive course, a team of methodologists
should break down all the material of the discipline into modules and competencies.
This is a rather time-consuming process.

Kin¢ty — —b — Kout (1)
. Module .

: M :
Kin (n) — — Kout (m)

Fig. 1. General presentation of the module

Modules (Fig. 1) are indivisible, autonomous units, carrying enough information (text,
graphic, multimedia) to unambiguously define the output skills and knowledge
(competencies) that the trainee will acquire after mastering this module [1]. The
competence tree is presented as a link diagram (or memory card). Further, for each
module, a document (in the format of Microsoft Word, OpenOffice Writer, HTML,
etc.) is prepared, including the module name, its content, as well as a list of
questions for the test, allowing to check the level of knowledge of students on the
output competences after studying the module. And, finally, a table (Microsoft Excel,
OpenOffice Calc, etc.) is compiled for describing the links between modules and
competencies. Thus, the set of modules and competences of an adaptive course
forms a directional bipartite graph [2].

2.2 Algorithm for providing modules to students

If the stage of modules and competences design is completed responsibly, the
adaptive course is able to work completely autonomously in the training process,
independently deciding the further trajectory of training, providing students with
training modules, testing their knowledge, and collecting analytics.

The general block diagram of the algorithm is shown in Fig. 2. Here P is the graph-
path (the path in the graph, passing through the unexplored modules in such a way
as to provide the maximum average level of remaining knowledge of a student at the
moment of the end of course), S is the student model, consisting of the history of his
learning, and individually selected coefficients of Ebbinghaus forgetting curves as
well [3].
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Fig. 2. General block diagram of the adaptive learning algorithm

The algorithm uses two basic concepts. The first is the choice of the optimal learning
path P as the solution of the genetic algorithm of the optimization task

ZTM,
2R
j

Here TM; is the time required to study the P; module from the proposed path, R;is
the predicted level of knowledge of a student in K; competence at the time of
graduation. Thus, the genetic algorithm minimizes the time spent on studying the
residual material, while trying to ensure the maximum level of remaining knowledge.
The second concept is the use of Ebbinghaus forgetting curves to predict the
remaining level of knowledge of the student in each competence of the course.
Initially, each student in his model S is assigned coefficients of the Ebbinghaus
forgetting curve with default values. But during further training, they are corrected,
providing unique behavior of the algorithm for each student.

F(P)= — min, (1)

2.3 Toolkit for creating an adaptive course

At present the toolkit is made as a plugin for LMS Moodle (Fig. 3). This toolkit allows
the author of an adaptive course [5, 6]:

- to fill the course with modules and competences;

- to link the modules with each other, specifying their input and output competences;
- link the competences with tests that measure the level of knowledge of these
competences;

- follow the progress of students, receiving various kinds of analytics.
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Fig. 3. Adaptive Course Developer Interface

Since adaptive courses are used not only in distance learning but also in face-to-face
teaching, it is possible to add competences to the base, for which grades can only be
obtained from the teacher. For example, it can be laboratory work — first, the student
studies the necessary theory in an electronic adaptive course, performs tests, etc.,
and then the laboratory work is performed directly at the university and passed
before the teacher. Correspondingly, there is a tool for setting the level of knowledge
on such competences. But, as mentioned above, their inclusion in the adaptive
course is not mandatory, i.e. it can function fully independently.

2.4 Procedure for developing adaptive courses

Thus, according to the proposed methodology, the development of an adaptive
course is carried out in the following order:

1. The authors of the course (teachers or methodologists) prepare all necessary
materials (description of competencies, modules, tests). For this purpose, a special
instruction was developed, which specifies the principles of decomposition of training
material into modules and competences, as well as the format of their description.

2. Technical specialists parse the prepared materials and import metadata into the
system. Metadata sets the course structure (linking modules, competencies, and
tests) and properties of its elements. After that, the layout designer handles the
content of the course modules, and the testing specialist handles the layout of the
test questions.

3. Technical specialists perform the final assembly and adjustment of the adaptive
course, as well as its test run. Its purpose is to make sure that the trajectories offered
by the system coincide with the expected trajectories. After that, the test run is
performed by the authors of the course. If any deficiencies are detected, technical
experts will edit the metadata and course content.
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4. A ready-made adaptive course is provided to the trainees. The analytics collected
in the course of its operation allows, among other things, to identify defects in course
design (for example, too simple or too complex elements of the course).

Therefore, all the necessary tools are now available, as well as a well-tried
procedure for creating adaptive training courses. The described methodology has
been tested in the process of creating the adaptive course "General Chemistry" for
MISIS.

3 RESULTS
3.1 Results of the adaptive course approbation

When teaching the discipline "General Chemistry", the model of blended learning
based on "inverted class" technology was used [7, 8]. The traditional structure of
"General Chemistry" course includes three types of activities: lectures, practical and
laboratory classes. Each type of classroom sessions was supplemented by an
adaptive component implemented in an LMS environment.

The effectiveness of the adaptive course can be assessed on the basis of the
diagram is shown in Fig. 4. On the ordinate axis, the percentage of students who
have successfully coped with the examining activity by certain activity type is given.
Test groups were selected from a single stream of the same specialization, taught by
one teacher.

Fig. 4. Approbation results

The chart shows that the performance of students from the experimental group
(using adaptive learning) in all types of control activities is significantly higher than
students learning the program in the traditional format.

Thus, all the tasks of the project have been completed. The implementation of the
created course proved the effectiveness of adaptive learning technology in general
and the effectiveness of the developed platform in particular. Therefore, a new
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adaptive course in the discipline "Mathematics" for MISIS is already being developed
and a number of other courses for different universities are planned to be developed.

3.2 Further development of the platform

The platform is currently being actively developed. Accordingly, the additional
functionality described below can be used when developing new adaptive courses.
Firstly, there are new possibilities to set up links between modules. The practice has
shown that in some cases, the learning path can loop when a student can not pass
the exit test after studying the next module, and there are no alternative modules to
study at the moment. Therefore, it is possible to establish additional links that
describe possible paths for further study. For example, with references to previously
studied material: it is possible that it is precisely what a student has poorly learned
prevents him or her from progressing further in the course.

For this purpose, new concepts - "prerequisite” and "marker" - have been introduced.

Prerequisites to module M are other modules that a student should have studied
sometime before (perhaps even within another previous discipline). Initially, they are
not placed into the path but appear in it if the student was unable to pass module M.
Markers are a more subtle tool. Markers mark individual questions in tests, and it
depends on the correctness of the answer to the question whether the module to
which the marker points will be included in the further path or not.

Gradation of modules by types has also been added. For example, a diagnostic
module allows a student to exclude from the trajectory whole sections of a discipline
if the student is already familiar with them.

Secondly, the concept of platform implementation in the form of a cloud solution
independent of the specific LMS is being developed. Integration into LMS will be
done with the help of LTI or xAPI standards. This will also allow to take into account
the student's progress in other disciplines, if it is preserved, for example, in the LRS
(Learning Record Store). On the other hand, a student's progress in an adaptive
course can be preserved in the LRS, many of which have powerful learning
information analytics tools.

Thirdly, the adaptive course developer toolkit is being developed in the way it is not
dependent on the LMS Moodle. For example, a trial version of the module and
competence editor has been implemented on the Semantic MediaWiki® platform.

In general, the author's team has the concept of creating a common interdisciplinary
storage of modules and competences. Then it will be easy to include into one
discipline topics from other disciplines, as well as take into account the progress of
mastering competencies from one discipline to another. In addition, it would allow
using modules from other disciplines as preconditions. In this way, an integrated
adaptive learning process will be created from the moment students enter the
university until the moment they graduate.

8 https://www.semantic-mediawiki.org/

286



REFERENCES

[1]

[2]

[3]
[4]
[3]

[6]

[7]

[8]

Krechetov |.A. Algoritm generacii posledovatel'nosti obrazovatel'nyh modulej v
tekhnologii polucheniya adaptivnogo obrazovatel'nogo kontenta // Materialy
dokladov vtorogo Mezhdunarodnogo Pospelovskogo simpoziuma «Gibridnye i
sinergeticheskie intellektual'nye sistemy» (GISIS 2014, g. Svetlogorsk). — S.
200-206.

Krechetov I.A. Ob odnom algoritme adaptivhogo obucheniya na osnove krivoj
zaby-vaniya / I.A. Krechetov, V.V. Kruchinin // Doklady TUSUR. — 2017. —
Ne1. — pp. 75-80.

Lange, V.N. (1983), O skorosti zabyvaniya, Voprosy psihologii, Ne4, pp. 142-
145.

Bujmov A.G. Veroyatnostnaya model' effekta povtorenij v obuchenii / A.G.
Bujmov, B.A. Bujmov // Doklady TUSUR. —2010. — Ne1, ch. 2. — pp. 236-242.

Krechetov |.A., Romanenko V.V. Realizaciya i vnedrenie tekhnologii
adpativnogo obucheniya v universitete / Materialy mezhdunarodnoj nauchno-
metodicheskoj konferencii "Sovremennoe obrazovanie: povyshenie
professional'noj kompetentnosti prepodavatelej vuza - garantiya
obespecheniya kachestva obrazovaniya". 2018. pp. 191-192.

Krechetov |.A., Romanenko V.V., Kruchinin V.V., Gorodovich A.V. Realizaciya
adaptivnogo obucheniya: metody i tekhnologii / Otkrytoe i distancionnoe
obrazovanie. 2018. Ne3 (71). pp. 33-39.

Krechetov |.A., Dorofeeva M.YU., Degtyarev A.V. Raskryvaem potencial
adaptivno-go obucheniya: ot razrabotki do vnedreniya // Materialy
Mezhdunarodnoj konferencii «eLearning Stakeholders and Researchers
Summit 2018». — M: Izd. dom Vysshej shkoly eko-nomiki, 2018. — pp. 76-85.

Krechetov I.A., Romanenkov V.V., Dorofeeva M.YU., Degtyarev A.V.
Rezul'taty vnedreniya adaptivhogo elektronnogo kursa v uchebnyj process /
Materialy mezhdunarodnoj nauchno-metodicheskoj konferencii "Sovremennoe
obrazovanie: kachestvo obrazovaniya i aktual'nye problemy sovremennoj
vysshej shkoly". 2019. pp. 116-118.

287



IMPLEMENTING ICT WHEN TEACHING IN HIGHER EDUCATION
- A QUESTION OF SUPPORTING TEACHERS’ MOTIVATION

N. Svarre Kristensen
Aalborg University
Denmark, Copenhagen

L. Busk Kofoed
Aalborg University
Denmark, Copenhagen

L. Birch Andreasen
Aalborg University
Denmark, Copenhagen

J. Ram Bruun-Pedersen
Aalborg University
Denmark, Copenhagen

Conference Key Areas: Interdisciplinary education, E-learning, blended learning,
virtual reality & Engineering curriculum design, challenge based education, maker
projects, use of professional tools.

Keywords: ICT, Integration, Curriculum, Motivation, Change, Competences,
relatedness, autonomy.

ABSTRACT

Information and Communication Technologies (ICT) to support teaching and learning
practices at universities has become widely spread through digitalization strategies
and to enhance efficiency. It brings new possibilities and challenges and a growing
number of studies show how it affects students’ learning and motivation [1]. In this
paper we will look at how the implementation of ICT affects the conditions under which
the teachers work and are motivated for creating motivating teaching. At Aalborg
University (AAU), in a research project “Future directions of problem-based learning
in a digital age”, a subproject is studying how changes, when implementing new ICT,
are affecting the pedagogical support of students’ learning. The research group have
documented the ICT implementation of a bigger change, and in this paper, student
surveys and an interview with a teacher will be used to illuminate the challenges and
the influences on motivation that teachers experience when trying to integrate courses
and projects.
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1.INTRODUCTION

Teaching in a Problem Based Learning (PBL) environment as done at Aalborg
University (AAU) is for teachers to actively work with and have directions for the
pedagogical approach used at the university. At AAU, the pedagogical PBL models
cover a variety of problem

understandings from rather

structured problems to ill-

structured and very complex

problems [2]. The PBL approach at

the university is based on 9

guiding principles which are meant

to support a mix of collaboration

and project management skills as

well as subject specific skills

through an integrated structure of

course work and project work [3].

A semester in general is structured
with three 5 ECTS courses and a Figur 1. lllustration of semester structure at AAU

15 ECTS project work. Application
of knowledge from the courses to the more in depth work in the large project is
crucial for the whole structure of the curriculum. Integration of courses and project is
therefore important [3]. Although the PBL-model is a distinctive feature of Aalborg
University, the principles have been challenged in recent years. Lack of resources
and a change of semester courses to be individual courses with related stand-alone
exams has impacted the ability to integrate courses and projects [4]. Students’
projects though, are still cornerstones in many curricula and the knowledge from
courses still have to support and be included in the projects.

However, surveys have shown that both students and teachers have difficulties
integrating knowledge from courses into the project work [5],[6]. Many teachers are
aware of improving their teaching strategies and have been involved in different
forms of new pedagogic approaches as flipped classroom, gaming, new ICT
platforms etc.

Under the cross-faculty research project “Future directions of problem-based
learning in a digital age” (PBL Future) [7], a subproject is studying how changing to
an ICT supported teaching approach affect the learning conditions and the PBL
support. In a co-creation process [8] between the research group, under the PBL
Future project, and teachers at a 4th semester bachelor program in Media
Technology, a new ICT based semester structure has been established and run for
the first time in spring 2019 and again in spring 2020.

From running the three courses relatively separate and having a semester project
running parallel, with a wide framework for students’ choice of what to work with and
how to integrate things from the courses, a new flipped and integrated semester
project was developed. In this case of changing to an ICT supported teaching
strategy the flipped learning approach has been used. We have seen that the flipped
learning approach can be a great support for more active learning when doing in-
class activities, as the flipped learning approach builds on some of the same learning
theories as PBL, such as social and active learning theories [9],[10]. Research
though show that teachers using the flipped learning approach have to put an extra
effort into motivating the students, especially because the approach is relying on ICT
based self-study materials that can be difficult for students to get through [11],[5].
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Studies at Aalborg University shows that students are highly motivated when doing
their project work, but the motivation can be lacking in course-work [6].

Looking at self-determination theory by Ryan and Deci [12], intrinsic motivation is
dependent on three basic needs: autonomy, competence development and
relatedness. Looking at the AAU PBL model the biggest emphasis on these three
basic needs is found in students’ project work, where they work in groups with self-
defined problems and have time for in-depth studying what they themselves have
chosen to engage in. They have autonomy of what to work with, and relatedness to
the group, whom they do the project together with. In courses, the study plan is
stricter and based on the disciplinary learning objectives of the course subject. This
research project running at two full semesters is building on the theory, that
integration between project work and coursework will increase the intrinsic
motivation with students, as they will be able to draw on the motivation for the project
when doing project related work in the courses. Designing the semester structure
that support students’ motivation while implementing ICT is the rationale behind the
initiative done at 4th semester Media Technology. In this paper, we want to put focus
on the teachers’ motivation and ability to go through such huge changes in their
teaching practice which leads to the general research question:

What are the conditions for teachers’ motivation when starting ICT based teaching in
a PBL environment aiming at integrating courses and projects, and how is the
pedagogical approach affected in this transition?

2. THEORETICAL FRAMEWORK

When teachers implement ICT into their teaching strategy the whole practice can be
affected. llleris [13] presents three basic dimensions for planning and analysing
learning: Content, Incentive and
Interaction. The teachers of 4th
semester had to plan and practice
their teaching according to the flipped
and integrated semester concept and
we will use llleris’ figure to analyse
how these basic dimensions are
changing and further we will look at
how this change affects the teachers
and their motivation. As teachers
implement new ICT they have to
interact with a new materiality. In this
case teachers have to interact with
video, sound, pictures and other
flipped learning material, and they are
to communicate and cooperate the
content and incentive of their teaching
within new digital interaction forms.
Teachers have to get skilled within
ICT to communicate and create the
pedagogical aimed interaction cf.

PBL at AAU. By looking into the Figur 2. llleris’ three dimentions of learning [13 p.118]
planning and practice of the 4th

semester concept we will be able to see an example of how the ICT implementation
affects the basic dimensions of learning. Further we will, by looking at the
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implementation of the new ICT based concept, from a teacher perspective, illuminate
the effect of the implementation on the teacher’s motivation.

Ryan and Deci and the self-determination theory are traditionally only looking at
students’ motivation, but in a new article 2020, they focus on the teachers’
perspective of motivation [12]. Teachers also need motivational support to create
motivational teaching for their students. Ryan & Deci indeed point out that the
teachers’ position today is filled with overwhelming demands from both above
(administration and policies) and below (students and parents), which can make it
difficult to be a motivating teacher. Teachers have, like their students, the same
basic needs for autonomy, competences within the content of teaching and
relatedness, all to support their self motivation, take initiative, be engaged and do
adjustments in their teaching [12]. Studies show that motivated teachers make more
motivated students [14]. We will bring this perspective of motivation theory into use
while looking at the conditions in which teachers of the 4th semester is implementing
new ICT while working on integration.

3. CASE STUDY: THE 4~SEMESTER OF MEDIA TECHNOLOGY

4+~ semester Media Technology is an Engineering Education based on mathematics,
technology and humanistic disciplines. Almost all teachers are educated within
engineering and science, but are interested in the pedagogical aspects, especially
because not all students have an interest or find themselves motivated in subjects as
math or programming [15]. Five teachers are running the three courses listed as 5
ECTS each: Audio Processing (AP), Design and Analysis of Experiments (DAE) and
Physical Interface Design (PID), and the semester project is 15 ECTS with the theme
Sound Computing and Sensor Technology [16]. All three courses have been flipped
simultaneously from semester start in 2019. One of the courses had undergone the
transition towards a flipped approach several years prior. According to the teacher,
these years had included many mistakes and experiences, leading the course to its
current format, including its didactic and pedagogical strategy. The AP course that
we will look further into in this paper has one main course teacher who has not been
working with the flipped learning approach before this project started. The AP course
has not been well liked by the students.

4. METHODOLOGY CONSIDERATIONS

The authors of this paper were following the ‘experiment’ on the 4» semester, and
collected data throughout the entire semesters from 2018 - 2020. Different kind of
data has been collected, but in this paper focusing on the teachers’ motivation only
three forms of data will be used to illuminate the effect of ICT on teachers’ motivation
for changing teaching practice. A student survey from October 2019, evaluating the
first run of the flipped and integrated semester concept, will be used to look at how
the teachers were affected by the feedback and recommendations to change their
teaching approach in spring 2020. These data give insight in the feedback that the
teachers had to adjust their teaching according to. In this evaluating survey 2019,
there were 59 students enrolled at the 4~ semester. 40 out of the 59 students
answered the survey and we will in this paper draw on some of the overall evaluation
outcomes [17]. Further we will use data from semi-structured interviews [18] done in
February 2020 with 4th semester teachers. The focus of the interviews was as
follows: Experiences done in 2019 and the planning process of the 2020 semester,
outline of the 2020 concept and how the research group have supported the
development. Finally we have used observations from in-class sessions and the
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learning platform Moodle. As many factors play a role when looking at the effect of
implementing ICT in a teaching practice, we have chosen to look at only one of the
courses as a case study for this paper [19] and thereby go deeper into the
complexity of handling the transformation to the new flipped and integrated semester
concept. The AP course were chosen and a one hour interview with the main
teacher of the course has been fully transcribed and anonymized.

From the beginning of the process it was decided that the teachers and researchers
would develop the new semester in cooperation. During the process our roles have
shifted between co-creation, passive participation, active participation and complete
participation [20]. The longitudinal studies meant that it has been an imperative to
reflect the different data as well as give immediate feedback to the teachers. This
feedback system has been of great interest and well-liked by the teachers, who are
not used to much feedback on their work, but we are aware that it might also have
served as an element of pressuring the teachers’ work.

5. MOVEMENTS WITHIN THE LEARNING DIMENSIONS WHEN IMPLEMENTING
ICT
In summer 2019, the first run of the flipped and integrated semester was done, and
expectedly there was room for improvements. Student surveys evaluating the
semester were very informative and in general, students' feedback gave a lot of good
advice as well as concrete suggestions for changes [17]. Teachers were given the
feedback and it outlined problems with especially the integration between courses
and project work. Feedback from students showed that a lot of the course content
was not applicable to the projects and one reason for that was that the ICT were not
aligned and thereby could not ‘talk together’. Therefore, the technological platforms
used at AP had to be changed entirely for the spring 2020. The teacher explains:
“We changed the entire technical platform. And that didn't come just like out of
the blue to do that. So, we spent a lot of time getting the knowledge, getting
the first parts. So, | don't feel too shy to say that | used part of my summer
holiday for that, but | think it pays off. So, it's investment to the future.”
(Teacher A, 17.30)
The AP teacher had to be qualified within the new ICT that he now had to use and a
lot of resources had to be put in, getting qualified and knowing how to interact with a
new ICT. Further we see that these tasks did not end with the planning process. The
teacher had to be very agile and find new technological solutions handling problems
that arose on the way. The teacher had to, after semester start, move the entire
platform to a cloud solution to make sure all students, independent of their user
hardware, could participate in the lectures. Cross-cutting ICT became essential for
integration and for relating in a similar way to the teaching content. Students also
outlined other problems concerning the interaction with ICT and recommended
extensive change. The AP teacher reflects on the feedback saying:
"One of the feedbacks [from the students] was, | still remember it, it's a good
way of putting that [...] Having a third-party guy’s videos, coding on the
computer is not too relevant for us and not motivating us” (Teacher A, 36.04).
This third-party guy’s video material affected the relatedness between student and
teacher and affected the students’ ability to be motivated. Teaching in a PBL
environment requires a social and active learning approach and the relatedness
between teacher and student is very important for the facilitation of PBL supported
teaching. The AP teacher chose to change his entire teaching content to plan for a
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better relation with the students and thereby a better possibility for motivation in the
teaching practice.
Student evaluations from 2019 formed a range of pressure for improving teaching
practice. Beside extensive changes in the teaching content and change in ICT to
enhance better integration, the students’ feedback also placed a pressure on the
teachers’ internal and administrative communication. Students asked for a
substantial coordination effort, including how to align courses, semester projects and
exams better. Constructing a tighter scope-limiting frame for the semester projects
became necessary for creating integration points across the courses.
Communication and integration found its peace in some common touch points, e.g.
joint supervision, midterm presentation and joint workshop week. The AP teacher
describes the communication like this:
“‘We spend more time this year of coordinating the initial plans. But now | think
we're executing that separately, with some kind of touch points about the joint
supervision. And some touch points in the mutual events. And | think this is
much better, because it kind of concentrates the collaboration time to specific
points that you don't feel all the time, that you should coordinate.” (Teacher A,
23.02).
Creating these touch points for when and how to work on integration was planned in
advance, meaning that regular communication between the teachers could be less.
The integration initiative is thereby focused on those touchpoints and less holistic.
The AP teacher explains how he needs to create a focus in all of these new and
changing ways of doing his teaching practice:
"So we can interleave the focus maybe, but | think nobody should expect that
all the courses are learned well and the projects are integrated at the same
time. So right now, I'm openly focusing on the course. | invested a lot in the
course and other courses as well [not on Media Technology]. If we can share
the [ICT] platform next year we can look at better project integration. So that is
my personal working, but | don't give up so it's not that we don't do it.”
(Teacher A, 53.34)
Many things had to be changed on the AP teacher’s course just to get the ICT
working and find technology to make integration possible across courses and
semester project. He has had to be very agile reacting on all of the student feedback
and adjusting his teaching on the go, and he has now had to draw a line for how
much to embrace. He don't give up on the integration, but have had to choose a
focus and integration can be looked at again when some of the ICT related teaching
concerns are more stabilized.

6. TEACHERS’ MOTIVATION

Ryan and Deci’s perspective on the teachers’ basic needs can be relevant for
looking at the effect of implementing new ICT into a teaching practice. As the teacher
at the AP course implement the new ICT and is working on creating a more
integrated structure across the full semester, a lot of feedback for improvements
have affected the teacher. Because the research group have been involved, a lot
more feedback than usual have been given to the teachers and huge changes have
been made on the basis of this. The AP teacher has had to qualify within new ICT
competences, and he has had to change the ICT platform to create better conditions
for integration and relating to the students. The teacher’s basic need of feeling
competent and being related to the students has been challenged because of the
ICT mediated interaction. Teachers are in general responsible for the courses they
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are teaching, and they have the autonomy within this framework, but integration puts
new demands upon the teachers autonomy. They have been challenged to
cooperate and adjust their course so it is aligned with the other courses and the
semester project, this by again changing ICT platform to an ICT that is cross-cutting
and planning the content to fit common touch points across the semester. What
before was one or two teachers’ own domain in a course where they had the full
autonomy, is now affected by teachers from the whole semester. Further teachers’
feeling of relatedness have expanded from only concerning the students to in much
higher degree also concerning the other teachers at the semester. Disciplinary and
interdisciplinary collaboration is needed, and studies show that the communication is
getting more complex all the more interdisciplinary the task is [21]. Settling on some
joint touch points is a way of framing the communication to a certain degree making
it easier to handle, but also limiting the actual integration. If the teachers don't
communicate regularly they don't have the ability to adjust in an agile manner to
what is happening in the actual teaching practice. As many changes have been
necessary, handling the planning of students’ learning abilities, because of the
implementation of new ICT, teachers might run to the wall of lacking motivation. A lot
of initiatives have been done both concerning adjusting the teaching to the ICT and
working on the integration, but the AP teacher must conclude that not all can be
done at the same time. Handling integration tasks while also working with ICT
supported teaching is challenging to the teachers and their motivation because it
pressures the teachers on all basic needs for being motivated.

7. CONCLUSION

Implementing ICT in a PBL environment and also supporting an integrated
curriculum has shown to imply a lot of pressure on the teachers to make big
adjustments in the teaching design, and it have affected their motivation. We
conclude in relation to the three motivational factors: Competence development,
relatedness and autonomy.

Competence development during the process of implementing ICT and a new
teaching practice has been challenging. It is not only the technical issues but also
developing new materials as well as defining and testing a new teaching and
learning design that fits students’ developmental process.

Being related to students during a change, learning and teaching process is
demanding as students have to be ‘on the same page’ meaning that teachers have
to follow students’ developments to be able to communicate with the students. The
importance of establishing a good communication is essential.

The teachers’ autonomy is challenging even. There is still freedom and responsibility
for the single teacher, but they have to recognize the bigger picture of integrating
courses and project work and this pressures the teachers’ autonomy.

A lot of pedagogical tasks working with integration have been placed in a defined
frame to reduce the complexity of cooperation and communication among the
teachers, but this also decreases the level of integration across the full semester.
The ICT might at first increase the need for confined and autonomous teaching
practises as a reaction to all of the changes needed when implementing new ICT in
a teaching practice, but the AP teacher still have the motivation to work on
improving the integration when the ICT changes don't take up so much time.

It shows important when working with implementing ICT, while also aming for an
integrated curriculum structure, to make room for the teachers’ development and
adjustment of the practice. Both to ensure that the teachers are not pressured too
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much and loose motivation in the process, and to ensure room for adjusting the
teaching design and thereby ensuring the quality of the teaching.
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ABSTRACT

Mathematics is a language for expressing physical, chemical and engineering laws
nevertheless engineering students often perform poorly in mathematics. Studying can
be influenced by several different social, cognitive and non-cognitive factors which all
can have an impact on students’ academic performance. Many researches revealed
positive effects of mathematics self-efficacy on mathematics achievement. Similar
results can be found among learning approaches, students using deep-approach
achieve better results. It is legitimate to question whether there is a relationship
between self-efficacy and learning approaches.

My research focused on the interrelationship between two aspects of mathematics
self-efficacy (mastery experience, physiological state), learning approaches (deep
strategy, deep motive, surface strategy, surface motive) and achievement. This
research also examined the variance of self-efficacy, learning approaches and
achievement in relation to the number of failed attempts.

306 undergraduate engineering students at a Hungarian university took part in the
study. To examine the above mentioned question the study employed quantitative
approach and data were collected using two questionnaires during the semester. The
self-efficacy scale was adapted from a variety of sources and was modified to local
conditions. To measure learning approaches the Revised Two Factor Study Process
Questionnaire was rephrased to the domain of mathematics and to the local conditons.
The data were analysed quantitatively using descriptive statistics, bivariate correlation,
partial correlation, and regression analysis. The results show that self-efficacy,
learning approaches and academic achievement were strongly correlated with each
other. Students who have higher level self-efficacy use deep strategy in learning and
have deep motives, while students classified as low in self-efficacy adopted surface
learning approaches. A new variable was introduced which has not been investigated
yet in other researches: the number of failed attempts. A significant correlation
between the mentioned variables and the number of attempts was identified.

My results demonstrate the importance of such kind of learning environment which
fosters self-efficacy and deep learning approach.
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1 INTRODUCTION

Numerous studies investigate factors that impact graduation and transfer rates in
higher education but most of them focus on demographic factors. Amelink et al. [1]
examined graduation from an other perspective and they found that college students
who experience high self-efficacy are more likely to graduate and transfer. Cohen et
al. [2] identified other factors as well, they suggest that rate of science and
mathematics course completion, science and mathematics course enrollment, and
required mathatics remediation coursework were significant predictors of graduation
and transfer, namely taking mathematics and science coursework is positively related
to successful outcome.

Mathematics is very important in the study of engineering but many students perform
poorly in mathematics. There are many factors which can influence mathematics
achievement: based on Marzano [3] meta-analysis 80 % of the variance in
achievement could be accounted for by student effects, 13 % by teacher effects and
7 % by school effects [4]. This provides a strong reason for a deeper examination of
student-related intraphysical factors including self-efficacy and learning approaches
(deep strategy, deep motive, surface strategy, surface motive) and an other student-
related factor — which has not been yet researched — such as the number of failed
attempts.

2 THEORETICAL BACKGROUND
2.1 Self-efficacy

The findings of Stankov et al. showed that a group of self-beliefs constructs, in
particular, self-efficacy in PISA, confidence in TIMSS, and educational aspiration, in
both TIMSS and PISA, were the best predictors of individual-level student
achievement in mathematics [5]. The concept of self-efficacy was originally introduced
by Albert Bandura as part of the social cognitive theory [6]. Self-efficacy can be
examined in all areas of life but in this study education is in focus. Academic self-
efficacy refers to students’ beliefs about themselves and their academic competence
influences their academic performance and level of engagement in learning and help
determine what they do with the knowledge and skills they possess. Bandura [7]
hypothesized that self-efficacy produces different effects through four major sources:
mastery experience, vicarious experience, social persuasions, physiological states.
The most powerful source is mastery experience that students gain during a learning
process as they interpret their academic competence when they accomplish an
academic task. Personal experiences with success and failure form students’
perception about their ability to complete a task. The second source appears as
vicarious experience. Observing others’ experiences can empower students to believe
in their own ability and success. The third source of self-efficacy comes from social
persuasions, through feedback from peers, teachers, family. Finally, the fourth source
is based on the physiological states such as stress, anxiety, fatigue and mood. These
sources obviously contribute to students’ decisions, how much effort they put in
studying. Although all four sources examine one part of self-efficacy, but not with the
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same weight. Hutchison et al. [8] implemented a qualitative measure of first year
engineering students’ self-efficacy beliefs and their results presented the majority of
mastery experiences.

Previous reseaches report the variance of self-efficacy in the context of gender, grade
level, age, achievement, different domains, migration background. However, self-
efficacy is not independent from other intrapsychological concepts, researches
investigate its interrelationship with e.g. goal orientation, self beliefs, confidence and
learning approaches.

2.2 Learning approaches

Learning approaches has been investigated since 1970’s, when Marton and Saljo, two
phenomenological psychologists, postulated surface and deep level learning
processing. This dichotomized view was extended by Biggs [9] who proposed surface,
deep and achieving approach to learning all with two components, motive (why the
student wants to approach the task) and strategy (how the student approaches it). A
number of studies showed that a two factor model with deep and surface approaches
has the best fit, instead of the three factor model. Table 1 provides an overview of the
definition of learning approaches and its components.

Table 1. Learning approaches

Learning approach Learning Motive Learning Strategy

Surface Approach meet requirements reproductive: reproduce
minimally: balance through rote learning
between working too hard
and failing

Deep Approach intrinsic interest: develop  meaningful: read widely,
competence in particular  searching for analogies,
academic subjects interrelate with previous

relevant knowledge

The European Society for Engineering Education (SEFI) published A Framework for
Mathematics Curricula in Engineering Education which aims to provide guidelines for
universities and educators in the topic of general mathematical competencies for
engineers, content-related competencies, knowledge and sKkills, teaching and learning
environments, and assessment. A chapter is dedicated to attitudes, in which we can
read about learning approaches and a possible path to a deep learning strategy [10].
Before any educational intervention, a state measurement is needed to set clear goals.

3 OBJECTIVE

The purpose of the present study is to reveal the relationship between students’
mathematics self-efficacy, learning approaches and academic achievement in a new
context by introducing a new variable (the number of failed attempts). Therefore, the
present study aimed to answer the following questions:
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1. What is the preferred learning approach toward mathematics of engineering
students taking the course Mathematics 1 or Mathematics 2 at Széchenyi Istvan
University?

2. Is there a significant interrelationship among mathematics self-efficacy,
learning approaches and academic achievement?

3. How the number of failed attempts relates to the listed variables?

4 METHODOLOGY
4.1 Participants

This study was part of a larger multiphase research which examined students’ learning
characteristics and teaching method preferences in a Hungarian technical university.
The participants of this study were 306 engineering students who participated in
Mathematics 1 or Mathematics 2 courses in the same semester. Mathematics 1 and
Mathematics 2 are successive courses in the first year at Bachelor level, and all
students have to attend both courses. 36% of students have repeated the course at
least once. Most of the students were mechanical engineering students (61%), but
there were vehicle engineers, logistic engineers, computer science engineers,
architects, and environmental engineers. Students completed two questionnaires right
before writing the first mid-term test in October 2019 and second mid-term test in
November 2019.

4.2 Survey instruments

The data collection instruments that were used: mathematics self-efficacy scale, study
process questionnaire, university records.

2.2.1 Mathematics self-efficacy scale

The mathematics self-efficacy scale was a 5-point Likert type mathematics
specific scale. The scale was comprised of 15 items which were adapted from a
variety of sources and were modified to local conditions. Since mastery
experience is the strongest and consistent predictor of self-efficacy [11], 11 items
assessed this source of self-efficacy. Moreover 4 items aimed to measure the
emotional and physiological states of students. One item in matery experience
and each of the physiological state items were reverse worded. The maximum
possible score for self-efficacy was 75 (55 for mastery experience, 20 for
physiological state) and the minimum score was 15 (11 for mastery experience,
4 for physiological state). The reliability coefficient (internal consistency) of
Cronbach alpha was .89 for mastery experience and .77 for physiological state.

2.2.2 Study process questionnaire

The Revised Two Factor Study Process Questionnaire was adapted to the local
conditons. The original 5-point Likert type questionnaire consists of 20 items. It
measures two approaches: deep and surface approaches. Both approaches
contain two subscales: motive and strategy. Each subscales (deep motive, deep
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strategy, surface motive, surface strategy) have 5 items. These statements were
rephrased based on local mathematics education for engineers. Some examples
for rephrasing:

“l find that studying mathematics can be just as exciting as other engineering
subjects.” (Original sentence was: | find that studying (academic) topics can at
times be as exciting as a good novel or movie.)

“I spend a lot of my free time finding out more about the mathematics background
of engineering classes.” (Original sentence was: | spend a lot of my free time
finding out more about interesting topics which have been discussed in different
classes.)

Cronbach’s alpha coefficient was used to examine internal consistency among
items, .873 for deep approach, and .737 for surface approach.

2.2.3 University records

In this study academic achievement was measured by the sum of the two mid-
term tests scores. The maximum possible score for each mid-term test was 12,
consequently the total maximum score was 24.

The number of attempts means how many times a student registered for the
same course because he failed to pass.

4.3 Method of Data Analysis

The data were analysed quantitatively using descriptive statistics involving mean and
standard deviation, frequency distribution and percentage, bivariate correlation, partial
correlation, and regression analysis by using the Statistical Package of Social
Sciences (SPSS version 26). Mean and standard deviation were used to see the
variation among the variables. Correlation revealed the interrelationship between self-
efficacy, learning approaches and academic achievement. Partial correlation was
employed to see the relationship between the listed variables while controlling the
effect of the number of attempts. Regression was performed to see the independent
contributions of the predictor variables to the criterion variable (academic
achievement).

5 RESULTS

The purpose of the present study was to examine the interrelationship between
students’ mathematics self-efficacy, learning approaches and academic achievement,
and their relationship to the number of failed attempts.

5.1 Preferred learning approach

The data in Table 2 below present descriptive statistics of variables.
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Table 2. Descriptive statistics of variables

N Minimum Maximum Mean Std. Deviation
Deep Approach 260 10 50 30.32 8.038
Surface Approach 260 10 44 26.42 6.649
Mastery experience 256 13 55 37.94 8.563
Physiological state 256 4 20 9.63 4.009
Academic achievement 306 0 24 9.15 6.000
Valid N (listwise) 219

Table 2 indicates that the most preferred learning approach was deep approach
(M=30.32). The plot in Figure 1 gives information about that most students belong to
a group with high scores in deep approach and moderate scores in surface approach.

Fig. 1. Scatter Plot of Study Approaches

More detailed analysis was conducted with cross tabulation. The numerical distribution
in Table 3 supports the above mentioned results. Most students are classified as
having moderate to high deep learning approach and moderate surface approach

(43,84%).
Table 3. Cross Tabulation of Deep and Surface Learning Approaches Scores
Deep Approach Scores
10-19 20-29 30-39 40-50
; . Total
(low) (moderate) (high) (very high)
Surface [ 10-19 (low) 4 4 23 1 42
Approach 20-29 (moderate) 7 52 62 14 135
30-39 (high) 11 30 29 3 73
Scores 40-50 (very high) 6 1 1 2 10
Total 28 87 115 30 260
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5.2 Interrelationship among mathematics self-efficacy, learning approaches
and academic achievement
To reveal the interrelationship between the variables an analysis of the correlation
coefficients was used. Figure 2 presents the bivariate correlations of mathematics self-
efficacy (mastery experience, physiological state), learning approaches (deep and
surface approach with the subscales), and academic achievement. There was
statistically significant interrelationship between all examined variables except for
surface approach where no significant correlation with achievement was observed.

** Correlation is significant at the 0.01 level (2-tailed).
Fig. 2. Correlation among variables

A significant predicative correlation of deep approach, mastery experience and
physiological state have been recorded on academic achievement. The deep learning
approach explains only 4,7 %, the physiological state explains 3,5 %, while mastery
experience explains 13% of the variability of academic achievement. This means that
the more deeply students understand the material, the better their achievement is. As
well as the more positively students evaluate the level of their acquired knowledge,
skills and competences, the higher their academic achievement is. Furthermore, the
more stressful a course is for students, the lower their academic achievement is.
Moreover the reverse causality effects also work. The better students perform, the
more students are motivated intrinsically/ the better students believe in their own
abilities/ the less anxiety they experience. In summary mastery experience and deep
approach have positive effects on later achievement and achievement is a source of

303



later mastery experience and deep approach. Furthermore physiological state has
negative effects on later achievement and achievement is a source of later
physiological state.

5.3 A new variable: the number of failed attempts

Several possible variables can influence the relationship between self-efficacy and
achievement. Possible mediating or moderating variables can include but not limited
to students’ homework behaviour, motivation, engagement, perceived difficulty of the
domain, effort regulation, goal orientation, personality, past performance, self-
regulatory learning strategies, parental support, emotional intelligence, time spent on
task.

Numerous researches examine the change of self-efficacy over time with longitudinal
and cross-sectional sampling. Time appears in these researches as grade level but
time can appear in other context as well such as how many semesters a student needs
to accomplish a course. Since mathematics courses in higher education have a high
failure rate, repetition of the subject may change the student's perception of their own
competencies and may even lead to other learning strategies for success. These led
us to investigate the relationship between self-efficacy, learning approaches and the
number of failed attempts. There is a lack of research which would reveal the effect of
the number of attempts. Table 5 presents the bivariate correlations of mathematics
self-efficacy (mastery experience, physiological state), learning approaches (deep and
surface), academic achievement with the number of attempts. Data show that there is
a significant correlation between all variables which show that the number of attempts
is a crucial variable. It should be emphasized that there is a negative correlation
between mastery experience and the number of attempts, deep learning approach
and the number of attempts, as well as achievement and the number of attempts.

In other words, the more times students fail the course the less they feel they have
mastery experience, and the higher the level of arousal they have. Moreover, the more
times students fail the course the less they use a deep approach to learning, and the
more they use a surface approach. Furthermore, the number of attempts has negative
impact on achievement.

Table 5. Correlation matrix among variables

Correlations

Mastery Physiological Deep Surface
experience state Approach Approach Achievement
Number of attempts -.285" 2117 -3117 132 -.138

** Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

If we want a pure measure of the interrelationship between self-efficacy, learning
approaches and academic achievement we need to take account of the influence of
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the number of attempts. In this case, the results of partial correlations show that there
is no significant correlation between any of the variables. Consequently there is no
significant relationship between self-efficacy, learning approaches and academic
achievement controlling the number of attempts.

5.4 Limitations

In this sample, there are students who failed several times in mathematics or in other
subjects than it is allowed, so they had to finish their university studies. However, the
following year they were able to reapply to the university and continue their studies. In
these cases, we do not have information about that how many times they have failed
in mathematics before.

6 SUMMARY

The present study reveals that the deep learning approach was dominant among
engineering students which supports the findings of research by Hussin et al. [12].
This result suggests that engineering students are aware that to understand a
mathematical concept deeply contributes to their academic success and professional
life.

Significant correlation was found between all examined variables except between
surface approach and academic achievement. Our findings corfirm the conclusions of
research performed by Veresova et al. [13].

The hypothesis that academic self-efficacy influences academic achievement was
confirmed by numerous other researchers [14]. In our case mastery experience was
the strongest predictor of achievement.

Our research is a niche in the context of examining the relationship between the
number of attempts and learning approaches and self-efficacy. There has been a
significant correlation between the mentioned variables. These results confirmed that
the number of attempts is a significant variable, which can affect students’ self-
efficacy, learning approaches and achievement through persistence, desperation,
coping strategy and self-confidence as the number of attempts increases.

Failing mathematics courses can prevent students from advancing in their other
university courses and may impact their experiences about university, about their
learning ability and negatively change their attitude toward learning. Mathematics
courses appear as stepping-stones to understand the background of other sciences
and to seek deeper in the field of engineering. Academic self-efficacy and learning
aprroaches have been identified as crucial concepts when considering success and
drop-out in higher education among underrepresented groups in STEM fields. The
above discussed results capture a state in which educators have to intervene actively.
Several “what to do” and “what to say” strategies for improving self-efficacy and
motivation are listed in Margolis and McCabe’s article [15] in order to help struggling
students develop a more positive attitude. Problem-based learning seems to be a
possible solution to enhance active learning and studies show that PBL enhances
deep learning through discussing professionally relevant problems [16]. The authors
of A Framework for Mathematics Curricula in Engineering Education propose that
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mathematics should be tought as an integrated subject, and as an applied science
because real-life problems can enhance students’ deep learning approach [10]. The
continuation of this research may focus on the success of the application of the above
mentioned strategies. It is our responsibility to set our students on a more productive
and satisfying life path.
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ABSTRACT

Flanders, the Dutch-speaking part of Belgium, has a very open access to higher
education. As a result universities have to accept any student with a secondary
education diploma into the engineering bachelor, even if the secondary education
program does not provide the required knowledge and competencies. To ensure that
aspiring students are aware of the required level of mathematical problem solving
skills, the universities are since 2013 organizing a non-mandatory and non-binding
positioning test in the summer prior to entering higher education. In 2017, the
Flemish government decided to make participation to a positioning test mandatory
for aspiring engineering students from 2018 on. This mandatory participation could
form an additional hurdle for aspiring students, which might impact students of
minority groups. This is a concern as female students, pioneering students, and
socio-economically challenged students are underrepresented in Flanders’
engineering education, while industry still requires more engineers.

This paper is the first to study the impact on the diversity within the engineering
program of the mandatory participation to the positioning test mandatory. This paper
takes a quantitative yet descriptive approach and looks at the student population
regarding gender, socio-economic status, pioneering status, and disability. The first
results indicate that the extra hurdle of mandatory participation attracts more
students and does not threaten the diversity in engineering bachelors. Furthermore,
the mandatory participation to the positioning test did not affect the already better
performance of female compared to male students, and reduced the performance
gap for pioneering and learning-disabled students.
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1 INTRODUCTION
1.1 Gender and diversity in Engineering Bachelors

News regarding the need for engineers in our high-tech society is omnipresent. As
no talent should be wasted in engineering education and as diversity can strengthen
engineering education and practice, it is important to look at minority groups. Lent et
al. present a social cognitive career development model for understanding three
intricately linked aspects of career development: (a) the formation and elaboration of
career-relevant interests, (b) selection of academic and career choice options, and
(c) performance and persistence in educational and occupational pursuits [1]. The
model shows that both personal, contextual, and experiential factors influence the
career choice [1]. This paper focuses on female students, students with socio-
economic challenges, pioneering students (students whose parents do not have a
higher education degree), and students with disabilities. Gender and disability are
included among the personal characteristics in Lent’s model, while socio-economic
status and pioneering status are included among the contextual characteristics.
Female students are underrepresented in engineering studies in Europe as shown,
among many, by the Attract project [2]. Interviews with engineering professors
showed that, despite the underrepresentation of women, policies related to
underrepresentation in undergraduate engineering programs are marginalized [3].
Blickenstaff [4] distinguishes six domains within the broad range of explanations in
literature regarding the underrepresentation women in STEM: biological, lack of
academic preparation, prior attitude, absence of role models, irrelevance of curricula
for women, pedagogy tailored for men, chilly climate, cultural pressure for traditional
role models, and an inherent masculine worldview inside science. He stresses the
responsibility of all actors in the engineering education pipeline, and provides
particular recommendations to reform STEM education [4]. Brainard & Carlin [5]
found that a significant drop in academic self-confidence during their freshman year
is often-occurring reason for female students to leave STEM programs. A Swedish
study [6] showed that a competitive environment of STEM studies, the “chilly climate
female students perceive, and the stress they experience during studies can make
them less confident in their STEM abilities and can increase the potential for
dropping out. Beside gender. DeWitt et al. [7] found that ethnicity and cultural capital
influence students’ attitudes, experience, and participation of science in school and
out of school. While less literature and data is available on the position of students
with disabilities in engineering education, the Attract project [2] showed that, as for
socio-economic factors, the proportion of students with disabilities in STEM faculties
is lower in comparison to other faculties.

1.2 Admission and gender & diversity

Admission, and testing being often part of this, can be a potentially important, hurdle
for aspiring engineering students. Within the social cognitive career development
model, admission tests relate to both experiential and contextual factors [1]. High-
stakes testing during admission have been shown to suffer from a gender and
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diversity gap. This gap has been hypothesized to be wider in domains where a “fixed
ability” (e.g. believing that success requires innate talent or natural genius) mindset
was more common [8]. Even more, high-stake entrance tests strengthen the
competitive atmosphere, which has been shown to be discouraging for female
students [6]. The impact of gender on high stakes test score is complex. Casey et al.
[10] for instance showed that spatial abilities and math self-confidence indirectly
mediated relationship between gender and the high stakes test score (SAT in their
study). Interestingly, using secondary school grades as a basis for admission has
shown to introduce a bias in favour of women, while the reverse is true for
standardized test scores [9]. Gender bias in the admission process can therefore
strongly be influenced by the admission criteria [11]. Therefore bias can also be
mitigated by adapting these admission criteria [11].

1.3 Context

Access to higher education in Flanders, the Dutch-speaking region in Belgium, is
open: if students have a diploma of secondary education or a (foreign) diploma
declared equivalent, they are directly admitted to any professional or academic
bachelor’s programme, with an exception for medicine, dentistry, and some
programs in performing arts. Even for programs such as the Bachelor of Engineering
Science, which rely on a strong mathematical prior skills, no formal requirements
regarding students’ prior education or mathematical proficiency can be formulated by
the university. Together with the open-admission policy, low tuition fees (around
1000 euro for one academic year) are seen as important for the accessibility of
higher education. On the negative side however, it results in a heterogeneous
population regarding prior knowledge and skills, challenging teaching and guidance
of especially first-year students. Students who do not have the required prior skills or
motivation still enter the program, which contributes to a rather high drop-out rate of
around 40% in the Bachelor of Engineering Science. Historically, the Engineering
Science programs in Flanders did not have such an open-admission policy: until
2004 a multi-topic entrance exam existed for Engineering Science in Flanders, which
assessed the mathematical prior skills of aspiring students. This entrance exam was
believed to contribute to the high level of mathematics education in secondary
schools, as it acted as a beacon for aspiring students and the schools of secondary
education, and contributed to an international high reputation of the Flemish
mathematics secondary school education [12]. After the abolishment of the entrance
exam in 2014, a steady decrease of the first-year success rate was observed: from
around 70% it dropped to less than 50%. In order to address the decreasing success
rate all three Flemish universities with an Engineering Science bachelors in 2013
jointly installed a positioning test, which provides aspiring students with feedback on
their mathematical skills and allows to compare their skill level with the required one
[13]. The positioning test, called ‘ijkingstoets’ (www.ijkingstoets.be), is administered
in the summer before entering higher education in two separate session. The
multiple-choice test has around 30 mathematical problem solving, which the aspiring
students solve in maximum four hours. The feedback aims at encouraging students
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who succeed to subscribe in the program, stimulating students who are less
successful to better prepare themselves by entering a remediation trajectory, and
triggering reflection around the study choice for students who clearly lack the
required skills. The score on the positioning test was found to be predictive for
student success [14]. Furthermore it was shown that while female students on
average score lower on the positioning test, their decision to enrol or not does not
differ from male students [15]. The inclusive approach of the positioning test, by
granting all participants more than enough time for completing the test, seemed to be
successful as students with learning disabilities did not obtain lower scores on
average [15]. After a decision of the Flemish Parliament, the positioning test became
a “mandatory, non-binding entrance exam” in 2018, indicating that participation to
the positioning test is mandatory for all aspiring students wanting to subscribe to the
Bachelor Engineering Science, but that entrance to the program does not depend on
the actual score on the test (non-binding). Each university has a committee who can
grant exceptions for students who could, due to individual circumstances, not
participate to th