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SEFI - EUROPEAN SOCIETY
FOR ENGINEERING EDUCATION

SEFI is the largest network of higher engineering education institutions (HEIs) and
educators in Europe. Created in 1973, SEFI is an international non-profit organisation
aimingto support, promote and improve European higher engineering education,
enhancing thestatus of both engineering education and engineering in society.

SEFl is an international forum composed of higher engineering education institutions,
academic staff and teachers, students, related associations and companies present in
48 countries. Through its membership and network, SEFI reaches approximately 160.000
academics and 1.000.000 students. SEFI represents more than 4 decades of passion,
dedication and high expertise in engineering education through actions undertaken
according to its values: engagement and responsibility, respect of diversity and different
cultures, institutional inclusiveness, multidisciplinary and openness, transparency,
sustainability, creativity and professionalism.

SEFI formulates ideas and positions on engineering education issues, influences
engineering education in Europe, acts as a link between its members and European
and worldwide bodies, contributes to the recruitment of good students whilst always
promoting an international dimension in engineering curricula.

Our activities: Annual scientific conferences, annual conventions for engineering deans,
ad hoc seminars/workshops organised by our working groups and special committees,
scientific publications (incl. the bi-monthly European Journal of Engineering Education),
European projects under ERASMUS + and Horizon2020, position papers, European
debates, cooperation with other major European and international bodies.

The cooperation with partner and sister engineering organisations in Europe and
in the world is also one of our priorities.

¥
IEF" For fur.ther information:
Cir SEFI aisbl
ANNUAL 39, rue des Deux Eglises
CONFERENCE 1000 Brussels (B)
BERLIN 13-16 Tel. + 32 2 5023609

SEPTEMBER
GERMANY 2021 office@sefi.be - www.sefi.be

27



L
T I ~ INTRODUCTION -
49th ANNUAL CONFERENCE | BERLIN | 13.09. - 16.09.2021

Blended Learning in Engineering Education:
challenging, enlightening — and lasting?

The year 2020 has challenged universities worldwide in an unprecedented way.

On short notice, universities had to switch from on-site classroom teaching to online
teaching formats. We all realize that this extensive online teaching will have a
sustainable impact on the way we teach and learn.

The 49th SEFI Annual Conference focuses on the implications of this very special
experience on Engineering Education in Europe and worldwide.Many universities used
this opportunity for extensive evaluations and supporting research to assess the pros
and cons of this transition. How did teachers and learners adapt to the new situation?
Which formats and methods have proven so successful that teachers would like to
integrate them into their courses in the long term? How can students be integrated
into research when they are off campus? How can students socialize with their fellow
students if they meet only by video conference? What forms of online assessments are
secure and appropriate in engineering?

These and many other aspects of blended and online learning has been discussed
during the conference. Via research papers, concept papers, short papers and work-
shops, participants have contributed on the following topics:

> Methods, formats and essential elements for online/blended learning
> Lab courses and projects in online/blended learning

> Digital tools

> Online assessments

> Social aspects and communication in online/blended learning
> Changes beyond Covid-19

> Challenge based education, Maker projects

> Educators Education and Teaching

> Sustainability and ethics

> Mathematics in engineering

> Physics in engineering

> HE & Business, Career support

> Gender, diversity and inclusiveness

> Internationalisation, joint programs

> Attractiveness and future engineering skills

> Niche & Novel
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Hans-Ulrich Heil3

Vice President for Education, Digitalization, and Sustainability
Technische Universitat Berlin
SEFI 2021 Chair

WELCOME

Welcome to the SEFI Annual Conference 2021 hosted by Technische Universitat Berlin!
The pandemic has challenged universities in an unparalleled way. All of a sudden, we
had to switch to online teaching and learning and most students were confined to their
homes, deprived of the usual social contacts to their fellow students and to their teachers
as well. Besides this inconvenience, both teachers and learners made new experiences

in online education which changed their attitudes towards E-learning fundamentally.
This will lead to lasting changes in the way we teach and learn.

The conference and its proceedings give an overview of how the universities coped with
the challenges and what they learned from the online semesters. But also the traditional
topics of engineering education, i.e. ethics, sustainability, skills development, internatio-
nalisation, industry cooperation, inclusion et al. have been addressed providing a wealth
of material to draw on.

We would like to thank all people who contributed to the success of the conference as
committee members, as reviewers, authors, presenters, session chairs, organizational
and administrative staff. Special thanks to the Online Teaching Team of TU Berlin und
the Event Team of TUBS who took the largest load share of preparing and running the
conference.
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Beverley Gibbs

New Model Institute for Technology and Engineering

Beverley is Chief Academic Officer at NMITE, the first new greenfield
higher education provider in the UK for several decades. Welcoming its
first students in September 2021, NMITE’s flagship programme is an
accelerated MEng Integrated Engineering.

Beverley trained as a Production Engineer through an apprenticeship
route, and worked in manufacturing, mining and construction sectors
before transitioning to an academic career. In 2020 she initiated and co-edited ‘Emerging Stronger:
Lasting impact from crisis innovation’ for the UK Engineering Professors’ Council, a May/June 2020
snapshot of immediate responses to the pandemic including case studies and student voices from
across UK HE. A second edition will be published in 2021.

Lasting Impact in Turbulent Times

Colleagues who have been reflecting and innovating for years will have been astounded
by the speed at which higher education has adapted to the changed circumstances
brought on by the pandemic. Yet, even as we pursue transformed learning, teaching and
assessment, our historical roots remain influential — in traditional approaches that have
simply been moved online, and in exerting a pull to ‘go back to normal as soon as
possible’.

In this talk, Beverley will highlight some changes that are likely to prove enduring, and
those which are a poor substitute given all we know about how engineers learn and the
work they do. She will share the structures and approaches NMITE has developed in the
absence of a decades-old cultures and traditions, and draw out principles which can
inspire refreshed views in any institution.
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Rodger Hadgraft
University of Technology Sydney

Prof. Roger Hadgraft is a civil engineer with more than 25 years of
experience in improving engineering education, publishing many papers
on problem- and project-based learning (PBL), and the use of online
technology to support student-centred learning. He is currently Director
of Educational Innovation and Research in the Faculty of Engineering and
Information Technology, at the University of Technology Sydney, Australia

The Engineer of 2035 -
What changes in Engineering Education are required?

Over the last 2-3 years, the Australian Council of Engineering Deans has been working
to define the kinds of graduate competencies we need to be developing by 2035.

The 2035 project has identified several key shifts that are required in
engineering education:

> a re-balancing of the theory-practice components of professional
engineering education,

> the inclusion of more “real-world” problems with a focus on
addressing societal needs;

> young engineers need more exposure to digital engineering, which is,
increasingly, the focus of engineering practice,

> it is assumed that all engineering programs will also make more use of
e-learning and work integrated learning, and

> it is likely that greater sharing of good practice will also be required.

These recommendations are hardly surprising, as they echo other reviews of the last

25 years, such as the UK Henley report and the US National Academy of Engineering
reviews around the Engineer of 2020. The big challenge is how do we change to meet
these new requirements before 2035?

This keynote will summarise these international reviews and point the way forward
to greater collaboration between our universities and societies, including SEFI, to effect
the changes required in engineering education and in our educational institutions.
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Naomi Winstone
University of Surrey

Naomi is a cognitive psychologist specialising in the processing and
impact of instructional feedback and the influence of dominant
discourses of assessment and feedback in policy and practice on the
positioning of educators and students in feedback processes.

Naomi is a Reader in Higher Education and Director of the Surrey
Institute of Education at the University of Surrey, UK. She is also an
Honorary Associate Professor in the Centre for Research in Assessment and Digital Learning
(CRADLE) at Deakin University, Australia. Naomi is a Principal Fellow of the Higher Education
Academy and a UK National Teaching Fellow.

Feedback in digital learning environments:
Distant or Dialogic?

Whilst technology can streamline the feedback process, students often report that
digitally-mediated feedback can feel impersonal. In this talk, | will explore the benefits
and challenges of feedback processes in digital learning environments and consider
how we can design opportunities for dialogue in such environments, minimising the
sense of distance between educator and student.
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CURRENT STATE OF KNOWLEDGE OF ESD IN ENVIRONMENTAL
ENGINEERING PROFESSORS IN COLOMBIA.

PM, Acosta Castellanos’
Universidad de Salamanca/Universidad Santo Tomas
Tunja, Colombia
0000-0002-1010-7210

A, Queiruga-Dios
Universidad de Salamanca
Salamanca, Spain
0000-0001-5296-0271

Conference Key Areas: Sustainability, Academic teachers needs and support for
online teaching

Keywords: environmental engineering, education for sustainable development,
environmental education, engineering teaching

ABSTRACT

With this paper, we want to demonstrate the current state of knowledge of Education
for Sustainable Development (ESD) in the case of environmental engineering teachers
in Colombia (South America). To determine the state of knowledge, a structured survey
with 21 multiple-choice questions with the Likert scale scheme was used. The survey
was applied to 39 university teachers who teach in environmental engineering
programs, from 13 different universities. The survey also verified whether the
Environmental Education (EE) trend is still being used by teachers and therefore
transmitted to students. It was possible to identify a general lack of knowledge of ESD
by teachers and, on the contrary, a strong preference for EE. This is largely due to the
fact that, since 2003, Colombia has a policy that promotes EE, which has not had
updates or derogations that give way to the ESD. It was found that teachers consider
that ESD is important in the field of action of environmental engineers and that this
educational trend must be part of the curriculum. Therefore, although the country has
strong roots and promotes EE, environmental engineering professors see ESD as an
alternative that would strengthen the skills of future engineers.

1. INTRODUCTION

Environmental engineering is one of the areas of engineering, in some countries it is
postgraduate degree and in others, such as Colombia, it is an undergraduate degree.
The Sustainable Development Goals (SDG) are a field of reference and they mark a

' Corresponding Author
PM, Acosta Castellanos

Pedro.acosta@usantoto.edu.co
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milestone in the discussion on Sustainable Development (SD) [1]. It is expected that
with this strategy, companies, communities and especially governments will advance
in achieving SD [2]. With this, it is intended in an integrative way to reconcile the
globalized economic and consumption model that prevails today, in a responsible
model with the environment [3]. Education plays an important role in the promotion
and training on the understanding of SD and especially the SDG, in this sense it has
been highlighted that Education for Sustainable Development (ESD) is the model to
achieve it [4]. ESD holistically addresses the three fundamental pillars of sustainable
development: society, environment and economy [5]. From this, the ESD seeks the
transformation of the person, their environment and society, and this change must be
reflected in their way of thinking and acting, which will end up impacting all levels of
society, in the end, promoting the scope of the SDG [6].

In universities, ESD responds to the need of the labor market where companies are
increasingly interested in hiring SD literate graduates [7]. Therefore, higher education
institutions have a duty to drive and promote the process of transition to sustainability
through teaching, research and dissemination [8, 9]. ESD has increased more strength
since the United Nations declared the decade for ESD between the years 2005 and
2014. Thanks to this, ESD is well knowledge in regions such as Europe and some
parts of Asia. But it seems slight known in places like Latin America [11].

We find Environmental Education (EE), which has a much greater historical trajectory
than ESD, but differ in their objective, ESD seeks to promote the relationship of SD
with economy, society and environment, which is supported by economic growth [5].
On the other hand, the EE is characterized by being protectionist, by seeking the
generation or awareness, for this reason it distances from consumerist economic
models and economic growth [12, 13]. Environmental engineering in Colombia is
characterized by being an undergraduate program, whose areas of application are
mainly focused on solving problems associated with the quality and coverage of basic
sanitation (drinking water, sewers, solid waste, etc.), still persistent problems in Latin
America. This branch of engineering in Colombia is relatively recent, the first
undergraduate programs appeared in the decade from 1990 to 2000 [14].

Within universities and therefore in undergraduate programs, teachers represent a key
factor in promoting education and achieving environmental sustainability. There are
different studies that show the support and research that teachers give in higher
education around ESD [15]. Apart from the knowledge of ESD, teachers seek to impact
students with the goal of achieve a social transformation from their professions [16].
This approach ensures that ESD has teachers as essential actors to achieve the SDG
[17]. The challenge of transforming teaching is broad, since it represents making
changes in disciplinary approaches so that they integrate social, economic,
environmental and cultural aspects in each discipline. This challenge implies new study
plans and curricula adapted for this purpose, and that in turn the teachers are trained
and prepared within the universities [15, 18]. Engineering studies are a fundamental
part of the range of the academic offer of universities; in turn they are engines of
development through science and technology, finding the answer to contemporary
problems of society, especially in terms of infrastructure [16]. In this sense, due to its
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broad capacity to impact on urban and natural ecosystems, engineering companies
are called to adopt ESD in their teaching and therefore, promote development in terms,
not only technical and technological, but in a transversal way involving the
environmental sustainability [19]. With this research, from a survey applied to 43
professors of environmental engineering programs from 13 Colombian universities, it
was sought to establish the degree of knowledge of ESD and, therefore, infer the
degree of transmission and impulse of this current towards students of this discipline.
At the same time, we verified that EE is so deeply rooted in relation to ESD in teachers,
that is, the preference that teachers have in relation to these two options or models of
education.

2. METHODOLOGY
2.1. Type and structure of the survey.

The survey was applied to 39 teachers from 13 Colombian universities that are part of
environmental engineering programs. The questions were asked in a positive
formulation. For the answer option, the horizontal Likert scale model was used.
Questions of this style are structured in a request for an answer, followed by a
statement and a rating scale to answer the question posed [20]. The choice of
horizontality is given in order to avoid extreme response style (ERS), which tends to
occur more frequently in vertical type options [21]. The scale used varies from 1 to 4,
where 1 is equivalent to “not at all” and 4 is equivalent to “completely”, corresponding
to a unipolar scale [22]. The survey includes 21 questions related to the subject of
study, the survey is shown in Table 1.

Table 1. Survey conducted between university teachers.

Are you or have you Have you carried out
taught an environmental
undergraduate education activities in Have you ever
Q1 . Q8 Q15 | applied ESD in your
program in your role as an .
- . classes or subjects?
environmental environmental
engineering? engineering teacher?
Of the objectives of
environmental Do you know the

. H .
education, please a.v © you evgr beg n differences between
trained or guided in

indicate which one environmental Environmental

Q2 | you consider would | Q9 education stratedies Q16 | Education (EA) and
be the most . ¢ . Education for

. outside of academic .
important for an training activities? Sustainable
environmental 9 ' Development (ESD)?

engineer.

Do you think that

How important do within the field of

In your opinion, you

ou think . think that ESD
Q3 y , Q10 | action of the Q17 .
environmental ) focuses on actions for
. environmental .
education is for an the environment.

engineer it is

37



SEFI 2021

49th ANNUAL CONFERENCE | BERLIN | 13.09. - 16.09.2021

environmental
engineer?

important to obtain
tools to develop
environmental
education actions?

- RESEARCH PAPERS -

How important is
environmental

Would you like to be
part of the formulation

In your opinion; Do
you think ESD

student is trained in
environmental
education skills?

sustainable
development?

Q4 . Q11| and implementation of | Q18 | focuses on cultural,
education to you as a . : .
erson? environmental social, economic and
P ' education projects? biological diversity?
As a teacher of the Do you think it is
environmental important that
engineering program, p_ Do you think ESD is
. . environmental . s
do you think you train education be involved important within the
Q5 |your students inthe |Q12 within the Q19 |field of action of the
concepts or . environmental
e Environmental :
principles of . . engineer?
. Engineering program
environmental :
. curriculum?
education?
Do you consider that
there are sufficient In your opinion, in
academic spaces which of the following Do you think it is
(subjects) in the academic contexts of important that ESD be
Q6 stud_y plan where the Q13 the_ s_tructure of thg Q20 mvo_lved within the
environmental training of an engineer Environmental
engineering student should environmental Engineering program
is trained in education be curriculum?
environmental oriented?
education?
Do you consider that
within the contents of How well do you know As an engineering
the subject (s) that the concept or current teacher, do you think
Q7 | you teach, the Q14 | of Education for Q21 | you train your

students in EDS
principles?

2.1.

Survey reliability

For the validation of the survey conducted between university teachers, the Cronbach's
Alpha coefficient was used, which determines the measure of internal consistency of
a measurement instrument where several elements are included [23]. The value of the
coefficient varies from 0 to 1, and it is divided into ranges that qualitatively interpret the
instrument [24, 25]. As a result, an Alpha coefficient of 0.77 was obtained for the
applied instrument, therefore, qualitatively it can be said that the consistency and
reliability are good.
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2.2. Sample and limitations

The total number of universities that offer EE undergraduate degrees are 46, of which
12 are accredited of high quality. High quality accreditation refers to the conditions of
maximum educational quality in research, teaching and social responsibility, it is a
voluntary process, different from the minimum quality conditions called qualified
registration which is mandatory for operation, in both cases the government is in
charge of giving the certifications [26]. The collaboration of 13 universities was
achieved, which corresponds to 28%, of these, 6 are accredited, which corresponds to
50% of the total of accredited universities. In any case, there is a limitation in the
application of the surveys, since many of these are not completed by the entire
teaching staff of the program. Another limitation was to achieve certain universities that
refuse to apply these instruments due to confidentiality or for other reasons not
explained by their directives. It is important to mention that personal or institutional
information was not requested in the applications and in the survey in order to protect
the data and to guarantee a confidential response. The demographic characteristics of
the teachers surveyed can be seen in the table 2.

Table 2. Characteristics of the teachers surveyed.

Ages Undurgraduete degree
Age groups (years old) % Engineers by training %

20-25 2,3% Biologist 20,9%
25-30 18,6% Environmental engineer 25,6%
30-35 30,2% Chemical engineer 7,0%
35-40 20,9% Civil engineer 4.7%
40 - 45 11,6% Agricultural engineer 11,6%
45 -50 11,6% Industrial engineer 2,3%
50 - 55 4,7% Degrees in social sciences | 27,9%

3. RESULTS

3.1. Qualitative questions

As shown above, three questions that do not include the Likert scale were asked, these
were asked as multiple-choice, questions (Q1, Q2 and Q13). Regarding Q1, of the total
of respondents (n = 43), 90% belonged to an environmental engineering
undergraduate program (n = 39), in order to determine only the results of the people
who are from this program. The responses of the 39 teachers were used for
establishing some results and conclusions. In Q2, it is intended to establish which
approach (practical, theoretical or practical-theoretical) they give when teaching, in this
sense the following options were presented:

(a) hold people accountable and make people aware of the knowledge of the
environment and its problems; (b) Involve people in the realities, practices and
experiences of environmental problems that are perceived in their territories; (c)
develop attitudes that help communities to strengthen their feelings of conservation
and respect for nature and the environment, as well as their own culture; (d) develop
Skills that promote the search for solutions to current environmental problems and
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prevent those that may appear in the future; (e) encourage individual or collective
actions that solve or avoid environmental problems.

Option (b) was selected by 39.5% of the respondents, 27.9% selected option (d), 20.9
option (c), 7% option (a), and 4.75% option (e). Question Q13 refers to the opinion of
teachers about the possible location of EE or ESD competencies in the curriculum, the
possible options were (a) human sciences; (b) basic sciences; (c) basic engineering;
(d) applied engineering. In this case, 39.5% answered option (d), 30.2% option (a),
16.3% option (c) and 14% option (b).

3.2. Quantitative questions

Table 3 shows the results and statistical values of the applied instrument, where fis
the frequency. The value per item was determined, which is the sum of the values
assigned to each response by the respondents. In other words, for this instrument the
maximum value per item is 156, which would mean if all the people (n = 39), assigned
a value of 4 (completely) to their answer in a question.

Table 3. Statistical values of the instrument.

Question Vai';’eemper F@)|F3) | F2) | F(1)] (%) 4| (%) 3| (%) 2| (%) 1
Q3 151 | 35| 3 | 1 | 0 |90% | 8% | 3% | 0%
Q4 151 | 34| 5| 0 | 0 |87% | 13% | 0% | 0%
Q5 135 | 22 |14 | 2 | 1 | 56% | 36% | 5% | 3%
Q6 113 | 11|15 | 11 | 2 | 28% | 38% | 28% | 5%
Q7 121 12| 21| 4 | 2 | 31% | 54% | 10% | 5%
Q8 128 |18 | 15| 5 | 1 | 46% | 38% | 13% | 3%
Q9 115 | 18| 8 | 6 | 7 | 46% | 21% | 15% | 18%
Q10 147 | 33| 4 | 1 | 1 |85%|10% | 3% | 3%
Q11 148 | 33| 5| 0 | 1 |8%|13% | 0% | 3%
Q12 148 | 32| 6| 1| 0 |82%]|15% | 3% | 0%
Q14 120 | 15| 13 | 10 | 1 | 38% | 33% | 26% | 3%
Q15 107 | 12 |11 ] 10 | 6 | 31% | 28% | 26% | 15%
Q16 115 |14 | 12 | 10 | 3 | 36% | 31% | 26% | 8%
Q17 112 |10 |17 | 9 | 3 | 26% | 44% | 23% | 8%
Q18 134 | 20|16 | 3 | 0 |51% | 41% | 8% | 0%
Q19 150 | 33| 6 | 0 | 0 |85% | 15% | 0% | 0%
Q20 148 | 32| 6| 1| 0 |82%]|15% | 3% | 0%
Q21 121 12|19 ] 8 | 0 | 31% | 49% | 21% | 0%

It is important to mention that the mean value was not used as recent studies suggest
not using this value for Likert scales, because the results come from different sources,
that is, questions with different contexts [27]. The highest frequency is given in the
value of 4 "completely" and the lowest in 1 "not at all" in most of the questions, except
for some cases such as Q6, Q7, Q17 and Q21.
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4. CONCLUSIONS

In general, for the survey conducted between university teachers from environmental
education in Colombia, the individual analysis of the items or questions was avoided,
therefore, this discussion, except in some relevant cases, will discriminate the answers
to some questions. This study is based on the recommendations of Harpe (2015) for
Likert scale instruments. We found a notorious attachment of teachers to EE, which
indicates a clear and generalized ignorance of ESD. The answers to the questionnaire
show a greater knowledge and clarity in concepts of the EE.

It can be seen from the results that teachers have no clear idea about the concept and
usefulness of ESD. The question Q14 shows that only 38% of the teachers know it
completely, 59% denote a certain degree of ignorance and 3% do not know this
concept at all. In Q16 it is observed that the teachers are not completely sure about
the differences between the EE and ESD currents. This could mean, among other
things, a mixture of concepts, currents, and methodologies, gaps that will be
transmitted to students. In turn, this can generate a clash between the model of
sustainable development and conservationism. In this sense, students are not fully
informed of the differences, advantages or disadvantages of each model. Knowing that
ESD is the model to achieve the SDG [4], the results of this study help to affirm the low
levels of progress that Colombia has compared to the SDG. This country recently
ranked 9/12 in the Latin America region in the “2019 SDG index for Latin America and
the Caribbean” [29].

The generation of conceptual gaps due to the incomplete transmission of information
may be due to the fact that this country does not have an updated environmental
education policy or a policy that promotes ESD. For the first case the document
"Environmental Education Policy" dates from the year 1994 [14], this has a clear
protectionist trait and urges all educational entities, from primary school to universities,
to enact environmental education. On the other hand, there is no government
document that promotes ESD in this country. All this makes to clearly promote the SD
difficult for the universities and for these in turn to become an engine to achieve the
SDGs. The foregoing evidences in the same way that contrary to what would be
expected, universities in this country are not responding to professional needs, where
graduates must be literate in SD [7].

It can be concluded that there is a consensus that EE and ESD are important in the
teaching of environmental engineering. There is also an agreement that there should
be a modification in the study plans. This option opens up the need to reform the
curriculum and incorporate either of the two EDS or EE streams. In addition, it
promotes the preparation and training of teachers, since the preparation of the subject
pushes teachers to know and position themselves on one of the two streams.

It is important that in addition to what is presented, new research is sought that involves
other academic actors, including students, managers, employers, and graduates. To
know their perception and expand the results.
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ABSTRACT

In the last years, higher education is immersed in the transformation of the teaching
experience with the aim of involving students more, as well as motivating them.
Nowadays, students are very familiarized with new technologies and media while
lecturers have been forced to transform their traditional notes to digital ones. This
transformation pace has been accelerated in the last year due to the COVID19
pandemic. One of the main exponents of the said transformation is the adoption of
the inverted classroom, a substantially studied teaching methodology where students
work on some key concepts before a lecture takes place and face-to-face lecture time
is reserved for added value activities. This work presents the results of a case study
involving the implementation of the inverted classroom in a computer engineering
bachelor's degree. This experiment involves six different subjects in three courses
during the 2020/21 academic year. The paper presents the principal motivation for
the study, as well as the preparation process and methodology of the out-of-
classroom multimedia materials and training of the faculty. It also covers the
methodology used for multimedia content creation. Finally, the evaluation results are
presented, gathered from questionnaires directed to students and lecturers.
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1 INTRODUCTION

In recent decades, the university environment is undergoing through deep changes
derived mainly from technological and pedagogical innovations in the field. New
technologies provide mechanisms to multiply opportunities for communication and
collaboration during the learning process, extending the traditional classroom context
to a digital space. However, these technological advances are experienced unevenly
between the teaching and student communities. On the one hand, newly enrolled
students demand greater use of technology in the learning process, as the
information consumption in newer student generations is marked by the continuous
use of technology (e.g., they are able to use their smartphones, tablets or computers
for hours on end). This ability to be continuously connected through digital devices,
however, rivals the ability to concentrate and learn. On the other hand, the teaching
community, aware of the opportunities and challenges, is engaged in a progressive
transformation to incorporate technology into education in a rational way.

Advances in neuroscience point to student motivation and involvement as a
determining success factor in the learning process. In recent decades, the teaching
community has made innovative pedagogical proposals that seek student
participation through active methodologies as a framework to increase motivation and
involvement. One of the most relevant methodologies is the inverted classroom. This
methodology consists of students studying and preparing lecture contents outside
the classroom, before the actual lecture starts by accessing said contents at home
through the use of technology (e.g. videos or required readings). Subsequently, with
the lecturer as a guide, classroom time is allotted to additional added-value activities
where students deepen and complement the content previously acquired. Such
activities can be guided to develop the practical side of the lecture or engaging in
more interactive and participatory activities such as idea analysis, debates or
teamwork.

With the outbreak of the COVID-19 pandemic, lecturers worldwide have been forced
into emergency remote education during the second semester of the 2019/2020
academic year. However, after the height of the pandemic, some universities
returned to on-site lecturing for 2020/2021 albeit in a partial manner due to classroom
space constraints and social distancing, forcefully adopting the technique known as
blended learning, by combining face-to-face and remote lectures. This reduction of
onsite lectures has outlined the necessity of optimizing onsite lecturing time. In this
context, the pandemic has intensified the use of technologies, as well as the adoption
of innovative teaching methodologies by higher education centres in an attempt to
counteract the (at least partial) lack of traditional face-to-face lecturing: inverted
classroom being one of the main exponents.
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In this context, this paper presents the experience of adopting the inverted classroom
at our university, across the complete computer engineering bachelor’s degree. The
rest of the document presents the work methodology carried out, as well as the
preliminary results of the implementation and the main conclusions.

2 RELATED WORK

In the last decade, flipped classroom has been considered an outstanding
methodology to motivate students in their daily routine. New technologies are
fundamental in this methodology and students are very familiarized with them. This
methodology is not uniquely designed or carried out in the primary or secondary
school, it is also accomplished in the university and engineering faculties.

Gannod et al. [1] implemented the flipped methodology for software engineering
students. It was carried out with 40 students and they had video materials to watch
between 3 and 6 hours every week at home before the laboratories. These
laboratories were associated with the videos and results show that the students were
better adapted and advanced faster without professor’s support.

Mason et al. [2] experimented the flipped methodology in a mechanical degree with
20 students with the aim of producing graduates who have excellent problem-solving
skills. Before the lectures, students had some videos to watch. Then, in class, they
were asked to solve a problem in groups or individually, supported by the teacher to
solve their doubts. At the beginning, students were frustrated due to the methodology.
Nonetheless, final results were equal or better comparing with previous results the
students’ satisfaction was superior.

Kim et al. [3] presented an experience in three different classes with 115 students
involved. Before the lectures, they had some videos to watch and, in class, they had
to solve problems related to the videos, group presentations and role plays. At the
end of the experiment, they develop a set of 9 design principles for a face to face
flipped course.

Parejo et al. [4] implemented the flipped classroom experience in the second year of
software engineering degree in the software architecture and integration subject.
They compared the results of two different years involving 434 students and 6
lecturers. Before the laboratory sessions, students must watch some videos and a
questionnaire was used at the beginning of the class to be sure that videos were
completely understood. If one questions was not correctly answered by the crowd,
the lecturer explains the concept in class. Results show that students had 24 minutes
more to complete the laboratories which provoke that more than 70% of students
considered the time to complete the laboratories adequate.
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Chiquito et al. [5] completed the experience in the second year of a course called
Technology of Materials. They divided students in two groups, 98 followed the
traditional approach and 97 used the flipped classroom methodology. The flipped
students had to watch some videos before the class and complete and activity to
check students' knowledge before the activity. Results show that students which used
flipped methodology obtained better results and they detected that female students
obtained better results than males in this group.

Gren [6] studied the flipped classroom experience in software engineering subject
with 50 students involved. Before the lectures, students had to watch videos around
10-20 minutes. In class, a questionnaire was used to have some feedback about
students' knowledge before the class activity. Comparing their results with the
previous 5 years, they conclude that flipped classroom methodology improved the
academic results.

Hussain et al [7] involved 18 students in a flipped classroom methodology in an
engineering degree in a mechatronics course. Before the lectures, students were
delivered some online videos with the main concepts to use in the next class session.
In class, different techniques were utilized for teaching such as teacher-student
interaction, student-student interaction, engaging students by using audio and visuals
aids, hand-on activities, and problem-solving exercises. After the lectures Bloom’s
taxonomy was used for students’ summative assessments which helps the lecturers
to develop a rubric for grading and discriminating students’ performances at various
levels. Results show that flipped methodology and improved engagements with their
lecturer and their peers although results were not enhanced significantly.

3 CASESTUDY

The starting point of the project is given during the deployment of the strategic plan
of the university in the degree of computer engineering carried out in May 2020.

Among the established objectives, a project proposal is defined for the
implementation of the inverted classroom methodology as a mechanism to (1)
increase the involvement and motivation of students in class and (2) train faculty in
the digitization of content.

The project is presented to the academic coordination and receives approval and
resources for its implementation in the 2020-2021 academic year. The project
involves the implementation at scale of the inverted classroom methodology in two
subjects per course with the involvement of 10 lecturers and 253 students.

Before carrying out the experience, in the early half of July 2020, we gathered
information from other works to see how we could adapt it to our own case. The
related work shows some of the experiences we evaluated.
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The lecturers at our university are experienced in the use of active methodologies.
Evidence of this is that for more than a decade they have been applying the Project
Based Learning (PBL) methodology in all their engineering degrees. In this context,
although the university had been providing training pills to the teaching team in active
methodologies (including training in the inverted classroom methodology) for several
years, a specific training was designed for the project, which took place in July 2020.

During the training, the project's teaching team was trained in the basic concepts of
the inverted classroom methodology and the training was completed with three
workshops: a first workshop to establish the rules of the methodology that all subjects
had to follow, a second workshop to design the implementation of the methodology
in each of the subjects involved and a final practical workshop to get started in the
autonomous management of the recording studio. It should be noted that prior to the
training period, the design and arrangements for setting up the recording studio were
made.

All subjects have adopted 4 rules established in the common methodology:

e (1) Outside of class hours, students watch a video(s) with the contents of the
subject.

e (2) In the following classroom session, they take a brief questionnaire related
to the video they have seen. In this way, students are encouraged to come to
class with the basic concepts already reviewed and with the possibility of
clarifying any doubts they may have about the audio-visual material. Once the
cycle of the more theoretical and conceptual part is closed.

e (3) All subjects have also been supported by exercises and practices. This
activity has been carried out in class (being able to finish out of class) and in
this way the classroom time has been used to really solve doubts in the
application of theoretical concepts. The objective has been to make the most
of the classroom time to reinforce the learning process. After each topic or
learning module,

e (4) The teaching staff provided feedback to the students on the questionnaires
completed.

However, the evaluation applied in each subject has not been affected with respect
to previous courses with the incorporation of the methodology. In all the degrees,
continuous assessment is applied throughout the degree course, which each subject
implements with different types of tests: questionnaires, practices (individual or
group) and individual exams on the subject.

Following the guidelines described above, during the first semester of the current
academic year (from September 2020 to February 2021), the subjects selected in
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July 2020 have already carried out the experience. The following section will show
the results obtained following the inverted classroom methodology described above.

4 RESULTS

The results presented in this section correspond to the first semester of the 2020-
2021 academic year. During this period, 6 subjects, 10 lecturers and 253 students
have been involved. In spite of this being a broad study in which several subjects
have been analysed, it should be noted that the validity of the current work is limited
the results of a single semester.

In this section, the reception of the experience is analysed. For this purpose, two
separate surveys were carried out with students and lecturers.

Table 1. Results of the Student Survey (Strongly disagree, SD; Disagree, D; Neither agree nor disagree, N;
Agree, A; Strongly agree, SA)

Frequencies

SD D N A SA Median Mode

Q1: | usually watched the videos before class. 5 19 45 82 102 A SA
Q2: The videos were easy to understand/follow. 10 | 34 72 90 47 A A
Q3: The video material was well designed, well-structured 14 | 20 69 | 101 49 A A
and clearly defined.

Q4: The videos have helped me to learn. 10 33 71 86 53 A A
Q5: The activities developed in class after the quiz have 22 22 62 94 53 A A
helped me to learn.

Q6: The ability to rewatch and rewind the videos has helped 6 21 35 79 112 A SA
me to learn.

Q7: A short video format presenting the main study topics 10 | 25 71 95 52 A A
helped me learn more than the very detailed and extensive

videos.

Q8: Taking multiple-choice quizzes after watching the 29 | 39 77 78 30 N A

videos has allowed me to delve deeper into the more
complex content before class and therefore helped me
understand it better.

Q9: Having watched the videos and reviewed the materials 14 | 33 76 99 31 A A
provided prior to the class sessions has helped me
complete the class activities with more confidence as | was
not at a loss.

Q10: Having watched the videos and reviewed the materials 11 28 76 | 102 36 A A
provided prior to the class sessions has helped me to
complete the class activities more easily because the
activities were familiar to me.

Following the work carried out by [8], we surveyed the student body to find out their
opinion on this new initiative in ten different aspects (see Table 1). The questions
used in [8] have been slightly modified, and the responses have been collected based
on the Likert scale [9] as in the original paper. A summary of the responses (253
questionnaires in total) by the student body is shown in Figure 1.

In general, the students agreed with the statements made in the survey and the

reception of the experience was positive. It is worth highlighting statements Q1 and
Q6, where the responses have been more favourable. In these statements, it is

50



SEFI 2021 - RESEARCH PAPERS -

49th ANNUAL CONFERENCE | BERLIN | 13.09. - 16.09.2021

affirmed that the videos are viewed prior to the classes, and that one valuable aspect
of having the audio-visual content is the possibility of revision. On the other hand, the
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agree nor disagree, N; Agree, A; Strongly
agree, SA)

use of questionnaires did not receive the same consensus in statements Q8,
regarding the usefulness of the questionnaires.

Table 2. Results of the Lecturer Survey (Strongly disagree, SD; Disagree, D; Neither agree nor disagree, N;
Agree, A; Strongly agree, SA)

Frequencies

sD D N A SA Median Mode

Q1: | enjoy trying to use flipped teaching. 0 0 3 6 1 A A
Q2: | enjoy the flipped teaching method that is completely new to 0 0 4 5 1 A A
me.

Q3: Curiosity is the driving force behind much of what | do in 1 0 3 5 1 A A
flipped teaching.

Q4: The more difficult the flipped teaching task, the more | enjoy 0 2 6 2 0 N N
trying to solve it.

Q5: | am strongly motivated by the recognition | can obtain from 1 2 2 4 1 N A
doing flipped teaching.

Q6: As long as | can do flipped teaching, I'm not that concerned 1 3 1 4 1 N A
about exactly what recognition | can obtain.

Q7: | seldom think about the recognition | can obtain for flipped 0 1 4 2 3 N N
teaching from students.

Q8: | care about what recognition mechanism exists from flipped 2 1 4 3 0 N N
teaching community.

Q9: | could complete the flipped teaching task if there was no 1 3 1 4 1 N A
one around to tell me what to do as | go.

Q10: | could complete the flipped teaching task if | could call 0 0 2 4 4 A A
someone for help if | got stuck.

Q11: | could complete the flipped teaching task if | had a lot of 1 0 0 3 6 SA SA
time to execute flipped teaching.

Q12: | have sufficient ability to prepare teaching materials for the 0 1 3 5 1 A A

flipped teaching tasks in advance (such as recording videos and
collecting educational resources on the Internet).

Q13: The university provides facilities and resources for flipped 0 0 0 4 6 SA SA
teaching.

Q14: The university provides technology and software resources 0 0 0 4 6 SA SA
for flipped teaching.

Q15: The university provides facilities and resources to help me 0 1 3 3 3 A A

improve students’ flipped learning.

Q16: The university provides tutoring or coaching resources for 1 2 2 4 1 N A

students’ flipped learning.

Q17: | intend to continue to use flipped teaching. 0 1 3 3 3 A A

Q18: My intentions are to continue using flipped teaching rather 1 1 3 2 3 N N

than using only traditional teaching.

Q19: If | could, | would like to continue my use of flipped 0 0 3 3 4 A SA
teaching.

Q20: | think my students would be in favour of utilizing flipped 0 1 3 4 2 A A

teaching in their class.

Q21: | think my students would believe that flipped teaching 0 0 3 5 2 A A

could be a useful educational method in their class.

Q22: | think my students possess adequate technical skills to 0 3 1 3 3 A A

use flipped learning.

In order to evaluate the reception of the experience by the faculty, a methodology
similar to that followed by the students, focused on the completion of a questionnaire,
was used. The questions have been defined following the work done by [10]. The
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responses (10 in total) have been summarized in Table 2. In general, the reception
to the experience has been good and pleasant (Q1 and Q2), although the lecturers
are unsure about the recognition that they will receive (Q7 and Q8) and they strongly
agree that completing the flipped teaching task is time-consuming (Q11). On the
other hand, the resources provided by the university have been identified as
adequate to carry out the experience (Q13 and Q14) (see Figure 2). Overall, lecturers
are favourable to continue using this methodology (Q19).

5 CONCLUSIONS AND FUTURE WORK

In this paper we present the results of an inverted classroom experience carried out
in the computer engineering degree. The motivation for this experience is based on
the one hand on the change of information consumption habits of the new
generations as well as the opportunity identified by the faculty to evolve
methodologically as a result of what was experienced during the emergency teaching
of the course 2019-2020 derived by the pandemic.

It is a scaled experience that has involved in the first semester of the academic year
2020-2021 six subjects of the first three years of the computer science degree, that
is to say, 10 teachers and 253 students. During this experience, 164 videos were
created and 38 questionnaires were designed.

For the evaluation, two surveys have been carried out to students and teachers. From
the student survey we can conclude that in line with other similar works, student
motivation is increased with the use of this inverted classroom methodology. On the
part of the teaching staff, it is noted that the effort made by the teachers is high
although it is considered necessary (probably after what was experienced in the
previous course). Based on these preliminary results, we encourage the teaching
community in the field of computer engineering to adopt the methodology.

In the future, we are interested in repeating the experience in the second semester.
The aim would be including in the initiative another six subjects and a survey data
corresponding to the second semester will be collected and an assessment of the
impact of the activity on the academic performance of the students can be made.
Once the entire course is completed and after analyzing the results, a workshop will
be held to retrospectively analyze the experience and propose improvements for the
21-22 academic year for the subjects involved and recommendations for new
subjects that wish to participate in the program.
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ABSTRACT

As the world’s focus turns to the future and not the present, the engineering
profession must respond to the ever increasing need to bring about a sustainable
future. The objective of this paper is to support the reform of engineering education
by acknowledging and building upon the current awareness and understanding of
sustainable development held by key stakeholders in the process.

This paper presents the outcomes of a study involving twelve focus groups with
Academics, Employers and Students in four European countries (Denmark, Finland,
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France and Ireland) as part of the A-STEP 2030 European Project. Based on the
findings, it is clear that the key stakeholders closely associate the theme of the
environment with Sustainable Development. There is also mention of the pillar of
economy, but less so, that of society. The findings also reveal differences in the
awareness of specific Sustainable Development Goals (SDGs), with SDG 13
(Climate Action) being most widely noted. The findings allow educators to engage in
discussion with students to build a more complete understanding of aspects of
sustainable development and to act in redesigning curricula to ensure engineers can
contribute to a sustainable future.

1 INTRODUCTION

During the last decade, there has been an increasing interest in research on the
importance of sustainability in engineering education [1]. The literature highlights the
central role of the engineering profession in the achievement of the SDGs: future
generations of engineers will not only be catalysts of technical innovation but will also
play a leading role in addressing various social issues [2].

It has been argued that sustainability and sustainable development are concepts that
are difficult to define, even that they “mean all things to all people” [3]. As other
observers have noted [4] the nature and meaning of the concept of sustainability and
sustainable development have been hotly debated. A definition that is frequently
quoted and held as affirmative (eg. [5]) comes from the World Commission on
Environment and Development, which defines sustainable development as
development that: “meets the needs of the present without compromising the ability
of future generations to meet their own needs” [6, p.39]. Regardless of these
differences in conception and discourse, sustainable development is usefully
analysed via the “three pillars model” of sustainable development (also called the
three circles model [7] or the Triple Bottom Line [8]). The three pillars of sustainability
are: environmental, social, and economic.

Further recognition of the importance of sustainability was accorded when the UN
chose to include the “preservation of the environment” in its 2000 Millenium
Development Goals. In 2015, the MDGs became the SDGs or Sustainable
Development Goals, a shift in language that affirms that all real development must be
sustainable. Hence as engineering educators we can support educational reform by
preparing our students to achieve the SDGs and to do so we must appreciate and
expose our students to the three pillars of Sustainable Development.

Reform of engineering education to address these sustainability challenges will only
be successful when educators have an opportunity to reflect on their conceptions in
order to find potential pathways to change. The purpose of this study was to gain an
insight into the viewpoints of engineering students, academics and employers in
relation to their understanding of Sustainable Development and in particular to their
awareness of the SDGs.

Specifically, the study sought to answer two questions:

1. To what extent are employers/academics/students aware of the concepts of
Sustainable Development (SD)?
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2. To what extent are employers/academics/students aware of the Sustainable
Development Goals?

2 METHODOLOGY
2.1 Context

It is important at this point to provide overall context for the study, before focussing
on the specific research questions presented in this paper. The focus groups which
are described in more detail in the next section were split into three parts. The first
part focussed on the concept of Sustainable Development and participants were
invited to brainstorm the themes associated with Sustainable Development. The
purpose of this part was to give context to the differing conceptions of Sustainable
Development by the participants, as this may affect how they answered follow on
questions. The second part of the focus group aimed to investigate the awareness of
the SDGs in general and of specific SDGs in particular and finally, participants were
invited to discuss the skills required of engineers of the future in order to achieve the
SDGs. The outcomes from the first two parts are the focus of this paper.

For the final part, we wished to generate conversation, including brainstorming
sessions and discussion and debate on the topic which revealed the differing
understandings from each stakeholder group. Hence, a qualitative research
approach was employed [9] and focus groups were selected as the most appropriate
method of inquiry to investigate complex questions through direct interaction with
participants.

As the intention was to compare the results of each participant group across
countries it was important that the outline for how the focus group was to be carried
out was agreed between all academic partners. To this end, a Focus Group
Instructions document was created and was reviewed and agreed by all parties. It is
important to note that focus groups in each country were facilitated within their native
language, digitally recorded and partially transcribed and only selected citations were
translated into English by each partner organisation. It is important to highlight this as
a limitation of the work, as the frequency word lists were then formed from translated
concepts and terminology. Each partner created a report summarising the findings of
the focus groups in each country, using an agreed report template. This was
forwarded to the lead partner in this activity and the results were collated.

Twelve focus groups were organised with participants from key stakeholder groups
(academics, students and employers) in each of the four participating countries.
Invitational emails were sent to academic staff and students in each partner
institution and employer groups were recruited through invitation emails sent from
either professional organisations in each country or through alumni contacts. There
was no sampling criteria applied as all respondents were selected to take part. In
total, there were 86 participants who engaged in 2 hour focus groups as part of this
study (between March and July 2019) and demographic information is included in
Table 1. As the research work involved human participants, ethical approval was
granted by TU Dublin and researchers in each country also gained ethical approval
for focus groups within their respective universities.
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Table 1: No of focus group patrticipants and level of expertise

No of Students and No of Academics and No of Employers and
no of years of study academic experience length of experience

Ireland 7 9 6
1-5 years 1-20 years experience 1-41 years experience

France 9 7 8
3-5 years 2-20 years experience 2-49 years experience

Denmark 7 8 6
1-5 years 2-40 years experience | 20-35 years experience

Finland 4 8 /
2-3 years 8-24 years experience 15-37 years experience

2.2 Data collection and analysis

In specific relation to the first research question addressed in this paper, participants
were asked individually to brainstorm the words or themes they associated with
Sustainable Development and these terms were collected and collated for each
stakeholder group in each country. The words/themes associated with Sustainable
Development (SD) were analysed using word frequency analysis. It is important to
note here that phrases were separated into individual words in order to cut down the
number of variations available. So for example a phase such as “Renewable
Energy”, would be counted as both “renewable” and “energy”. Whilst this gives a
representative response to this term, it is also important to note that the context of
the word should also be considered, for example “Circular” was normally used within
the phrase “Circular Economy”.

Participants were then also asked individually, if they could name any of the SDGs,
without the researcher giving any introduction as to what the SDG goals were. This
was also an individual exercise. Responses were collected, analysed and tagged to
the relevant SDG where appropriate. Some participants gave specific responses
which were easy to identify such as “Clean Water” (tagged as SDG 6) or “To make
cities safe, inclusive and sustainable places” (tagged as SDG 11). Others gave
responses which were interpreted and tagged to two different SDGs such as “To
provide education to people in the 3rd world” which was tagged as SDG 4 (Quality
Education) and SDG 10 (Reduced Inequalities). Finally, seven responses were not
deemed to be related to a specific SDG (although they reflected the concept of SD)
and were therefore not tagged. These were; “Sustainability and long term vision”,
“‘Environmental Poverty”, “Security”, “Synergy of human being and nature”,
“Sustainable awareness building”, “Technical” and “Social’.

3 RESULTS

Table 2 shows the frequency of the most highly ranked individual words to identify
the themes associated with Sustainable Development, which also corresponds to
Figure 1. Only those words with a frequency of 10 or more are included here.
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Table 2. Frequency of most highly mentioned words by stakeholder group

Term used Overall Academics Employers Students
Frequency | (Frequency) | (Frequency) (Frequency)
Energy 65 29 23 13
Environment 30 10 8 12
Renewable 30 12 9 9
Recycle 28 10 9 9
Economy 26 12 8 6
Reduction 22 11 6 5
Waste 20 7 5 8
Clean 20 13 5 2
Consumption 17 7 6 4
Resources 17 11 4 2
Education 14 6 3 5
Water 14 10 3 1
Efficiency 13 5 6 2
Green 12 7 3 2
CO2 12 6 5 1
Sustainable 11 6 3 2
Materials 10 7 1 2
Circular 10 4 5 1
Climate 10 3 5 2
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Figure 1: Word cloud showing all words and themes associated with Sustainable
Development [All countries, All groups]
The results for each participant group were also analysed to contrast and compare
different groups. Figures 2-4 shows the individual word clouds associated with
Sustainable Development with each participating stakeholder group.
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associated with SD associated with SD associated with SD

The overall results of the word frequency exercise presented here suggest that
“‘Energy”(65) is the key theme associated with Sustainable Development, clearly out
in front and followed by “Environment”(30), “Renewable”’(30) and “Recycle’(28).
These key words align very clearly to the pillar of Environment. “Economy”(26),
“‘Resources”(17) and “Circular’(10) are the most mentioned words associated with
the pillar of Economy. Words associated with the third pillar, Society, are sparse, with
only “Education”(14) and to a lesser extent “Diversity”(5) and “Equality”(5) being
included within this pillar, but with only five mentions each.

The picture when we look at key stakeholders tells a similar story, with Energy,
Renewable and Environment standing out clearly in all groups. With regard to
comparison of student groups across countries, in France, the use of words
“Education” and “Management” in relation to SD stands out. Management in this
context was mainly used in phrases such as “Waste Management”, “Forest
Management” and “Energy Management”.

The academic groups brought the concept of “Clean” to the fore compared to
employer and student groups. Comparing between countries showed differing foci
with Irish academics concentrating on “Renewable” “Energy” and “Water” and
offering words associated with specific technical solutions to SD, such as “Heat
Source pumps” “Ground Source pumps” and “Rainwater harvesting.” French
academics brought out the idea of “Consumption” and “Resources” as a key theme.

Employers placed more emphasis on “Efficiency” compared with academics or
students. In particular, Irish employers associate SD with the “Future” along with
themes such as “Carbon” and “Efficiency. French employers highlighted the word
“Consumption” but also reflected the words “Global” and “Respect (of nature)” which
was not typical of other employer groups. The words “Transport” and “Infrastructure”
and “Urbanisation” also appeared with Danish employers and there was a focus on
“Circular”, “Economy”, “Technology” and the “Future” with Finnish employers.

In regard to the second research question, we sought to investigate the awareness of
the SDGs in general and of particular specific SDGs. Figure 5 shows the
differentiation in which particular goals were most often identified, indicating the level
of general awareness of each individual SDG. This figure also shows the number of
goals identified by each participant group.
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Figure 5: No of mentions for each SDG by patrticipant group.
SDG 13 (Climate Action) tops the list with the greatest number of mentions (23), and
far exceeds other goals. With 15 mentions, SDG 4 (Quality Education) comes in
second place, followed by SDG 6 (Clean Water and Sanitation) with 10 mentions.
Perhaps surprisingly, SDG 5 (Gender Equality) comes in fourth place, along with
SDG 10 (Reduced Inequalities) and SDG 15 (Life on Land). These particular SDGs
(5 and 10) relate to the wider concepts of the SDGs, or align to the societal pillar of
SD. Students did not identify SDG 2 (Zero hunger) nor SDG 3 (Good Health and Well
Being), whilst both were identified by Academics and Employers, perhaps reflective
of the older age profile within these groups.

4 DISCUSSION AND IMPLICATIONS

Due to space considerations, this paper presents only a snapshot of the findings
within the focus groups. More detailed results including detailed differentiation
between each stakeholder group and each country (including the influence of
governmental policies) can be found in the full project report [10].

The findings concur with previous studies on the lack of awareness of the pillar of
society in conceptions of SD [11] and the lack of mention of terms associated with
the social pillar in a study on the understanding of “global responsibility” from
engineers working in industry [12]. This highlights the need for educators to enhance
the engineering curriculum to bring forth the social aspect of SD, as a combination of
all three pillars are needed to really achieve a sustainable future.

More specifically, the findings highlight three implications for learning and teaching in
engineering education. The first is by acknowledging the differences in each
stakeholder group in relation to what we mean by Sustainable Development.
Students are focusing on terms such as “recycle” and “waste” more so than
academics. This is perhaps due to the updated curriculum being taught at primary
level in recent years in relation to the environment and climate action. This should
encourage engineering educators to generate discussion amongst students in
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relation to the three pillars of Environment, Economy and Society so that a more
complete understanding is reached by all.

The second is by looking at the gaps or differences between stakeholder groups in
relation to awareness of specific SDGs. For example, academics approach the
classroom with an awareness of SDG 2 (Zero Hunger) and SDG 3 (Good Health and
Wellbeing), yet students are unaware of these SDGs. Finally, the overall awareness
of specific SDGs may indicate that engineering educators should turn their focus to
goals such as SDG 16 (Peace, Justice and Strong Institutions) as one SDG that
needs more attention in the classroom, whereas SDG 13 (Climate Action) may need
less initial focus as it appears that academics, students and employers have a clear
focus on the aspect of climate action and environmental change.
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ABSTRACT

The pandemic has negatively impacted many students’ ability to continue schooling,
or to do so with the same level of success. What is not well understood is how
universities’ responses to pandemic-induced changes helped or hindered students’
success during the spring 2020 transitions to online learning. To better understand
campus closures and transitions to online and blended learning, this paper explores
students’ perceptions of their universities’ handling of and responses to the
pandemic and which actions and resources would better support their success in the
new normal. It is important to understand the impacts of universities’ responses on
students not only because some changes are likely here to stay, but also because
pivots caused by pandemics may be required with increasing frequency in the future.
The data came from an online survey conducted in the United States in spring and
summer of 2020. The survey respondents were 669 undergraduate engineering
students from 140 institutions. Student responses addressed several distinct groups
of stakeholders with most related to individual instructors, followed by academic
administrators, and counselling and disability service centres. Less prominent but
still important themes related to other groups were also identified. Responses for
each of these groups are presented in turn, and the paper concludes with
recommendations for each group.

! K. Beddoes. Email: kacey@sociologyofengineering.org
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1 INTRODUCTION

The COVID-19 pandemic has negatively impacted many students’ ability to continue
higher education in the United States [1]-[3]. Even for those students who are able
to continue, changes caused by the pandemic have made many aspects of attending
college more difficult. What is not yet well understood is how universities’ responses
to pandemic-induced changes either helped or hindered students’ success during
the spring 2020 transitions. It is important to understand the impacts of universities’
responses on students not only because some changes are likely here to stay, but
also because rapid pivots will likely be required with increasing frequency. Shifts to
blended and online learning, for instance, may continue permanently in some cases,
and pandemics and epidemics are happening at increasing frequency [4], [5].
Therefore, we must understand the impacts of shifts to blended and online learning
and to be better prepared to make rapid pivots in the future. To that end, this paper
explores students’ perceptions of their universities’ handling of and responses to the
pandemic and which actions and resources would better support their success in the
new normal.

2 METHODS

The data for this paper came from a nationwide online survey of 669 undergraduate
engineering students from 140 universities in the United States. Further details about
data collection, the survey instrument, and respondent demographics can be found
in [6]-[8]. This paper focuses on responses to three open-ended questions related to
universities’ responses to the pandemic: 1) What did your university do that was not
helpful in supporting mental wellness during the pandemic? 2) What strategies do
you wish your university had taken during the pandemic to support mental wellness?
3) What resources do you wish had been provided by the university during the
pandemic to support mental wellness? While the survey questions focused on
mental health, we found that the open-ended responses spoke to broader
instructional issues and held more generalisable lessons for shifts to online learning
and universities’ responses to emergencies of any kind. Similar responses were
found across all three questions, such that it made sense to organise findings by
stakeholder group rather than by individual question. Therefore, responses were first
categorised by stakeholder group and subsequently by inductive themes within each
of those groups. Findings were then narrowed down to prioritise themes that were
actionable and that we deemed reasonable. Several quotations were edited for
anonymity, to correct typos, or to increase clarity.

3 RESULTS
3.1 Instructors

The majority of comments concerned individual instructor’s actions. These
comments addressed three categories: 1) amount of work assigned, 2) lack of
empathy for student difficulties, and 3) course organisational and instructional
problems. As readers will see, there was some overlap between the categories.
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The first category of comments related to instructors indicated that students believed
instructors assigned an unreasonable amount of work following the pandemic
outbreak. While some comments suggested that even a regular workload would be
excessive due to pandemic considerations, many noted that instructors assigned
significantly more work than they would have during a normal, in-person semester.
Phrases such as “drowning in homework”, “flooded with work”, and “an absolute
immense amount of work” captured these experiences. Other representative
quotations included: “The amount of school work is excessively more than what
would be done during the regular school year”, “Some teachers increased workload
while students were still trying to get used to different platforms of online learning”,
and “classes [are] far more difficult, causing mental wellness to be compromised
due to stress/anxiety”.

The second category of comments indicated that students believed instructors had
acted without empathy. The general perception was that instructors acted as if their
courses could and should carry on as normal and did not recognise, care about, or
adjust to the myriad ways in which some students’ lives were upended by the
pandemic. Phrases such as “unsympathetic”, “not at all compassionate”, and “cruel”
captured this sentiment. Representative quotations included: “Professors need to
understand that not all students are local and have access to being on the computer
all the time especially with Wi-Fi issues and housing insecurity by not being able to
pay rent due to loss of job”, “They just kept going with the course material like if we
were still in class”, “[...]"when | missed an assignment due to technical difficulty
(hardware failure after dealing with two family members getting sick (grandmother is
fine, cousin has COVID)), they ignored my emails asking them to understand my
situation, then responded two weeks later saying that | had waited too long to ask”,
“The grading policy, it's much more difficult to get stuff done when you have an
insecure internet connection. You get dropped out of class in the middle of lecture.
I’'ve missed points because my internet sucks. Or just flat out couldn’t do homework
because of my internet was out for a couple of hours”, “Professors were being
horrible and not at all compassionate. They didn’t care about what we felt”, “[they
should have] Kinda relaxed more and not have students stress about grades. So that
we could focus on surviving”, “Kept pushing ‘maintaining academic integrity’ and
constantly making us feel like the only thing that mattered was our grades”, and
“Completing my regular coursework was unreasonable and cruel to expect of me in
my mental condition. It almost cost me my life. When | reached out for support, | was

not believed and | was reluctantly given *some* accommodation”.

The third category of comments indicated that students experienced organisational
or instructional problems with their courses. These problems ranged from instructors
not adhering to specified exam times, a move to asynchronous learning, and an
overreliance on YouTube and letter grading policies (not switching to pass/fail).
Representative quotations included: “My professors made the exams longer because
we were at home and they overlapped the time which made it incredibly stressful
and difficult to get done within the timeframe given”, “| wish lectures still remained at
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designated times instead of YouTube videos”, “Half of the professors quit teaching
and just sent out YouTube videos as their lectures (videos were often not made by
them)”, “Some classes became completely asynchronous (lectures posted for
students to go over on their own) which is good to help with time zones, but a lot
harder to engage in the material and makes asking questions a lot harder (primarily
due to required effort)”, “Teachers assigning us projects without proper instruction or
support”, and “[they should have] Taken it slower. Not to expect students to have
every single engineering software on laptops when it was not required. Not to expect
students to be able to get help from professors, because it takes a lot longer through

email rather than in person”.

3.2 Academic Administrators

Academic administrators (e.g., deans and chairs) were the second group of
stakeholders referenced in students’ responses. The majority of these comments
reinforced the salience of the themes identified above for individual instructors. For
example, many students commented that administrators should have prevented
instructors from increasing student workload during the pandemic. Representative
comments included that administrators “Did not regulate or coordinate the workload
between classes”, that “professors didn't communicate on when or how much work
they were going to assign so it made the workload 10x worse”, and that
administrators should “Instruct professors on not to give more just because it is all
online”.

The theme of instructors acting without empathy was reflected in comments that
administrators should have required and enforced more empathetic actions by
instructors. One specific means of doing so that was repeatedly mentioned was
implementing a college-wide switch to pass/fail grading policy: “It is completely unfair
to expect all students to complete school work at the same level when there are
HUGE disparities between ability and privilege”. Other specific actions mentioned
were “mandating assignment extensions or forgiveness for certain situations”, and
“taking mental wellness into consideration when discussing online learning”. Another
student said: “I also wish the college had been more helpful instead of making me
fight for my incompletes while | waited for access to my chronic pain treatments
(which were shut down because of COVID)”. More generally, comments indicated
that administrators should: “More closely supervise the professors because some of
my professors have been very difficult and not understanding during this period”,
“Enforce that all teachers go a little bit easier on us rather than just encourage it”,
“Tell professors to take it easy and realise students are now just trying to survive and
school now has to come 2nd to that”, and encourage “professors to lay back a bit on
the harshness”.

The theme of organisational or instructional problems was reflected in comments
that administrators should have done more to prevent these problems. Specifically,
students voiced a need for: 1) more coordination at a college and department-wide
level (i.e., not leaving organisational and grading decisions up to each individual
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instructor); 2) more communication with professors on how long and frequently
exams should be given, 3) better substitutions for labs; 4) better and more
communication with students and staff overall, and 5) helping instructors transition to
online learning. For example, one student said the university should:

Help the teachers be better prepared for the transition to online. Each teacher is
trying to figure everything out just like the students. Some professors don't have
adequate audio setup which has wasted valuable time in class and makes it
harder to understand lecture material.

Additionally, students needed access to computers and software programs that they
previously were able to access on campus. As one said: “| wish they would help
those who have limit [sic] access to school equipment, such as a laptop, the ability to
check one out. | wish they would have better prepared the professors for it, too”. A
similar comment said: “As an engineering student, we use many computer programs
to do schoolwork. | personally never really had the money to pay for these so
therefore | would do these assignments at the school computers...Now working from
home, | found myself forced to buy them because the department did not offer any
help paying for them”.

3.3 Counseling and Disability Service Centres

The third group of stakeholders referenced in comments was counseling and
disability service centres. Comments indicated that there was a need for 1) more
services, 2) different services to respond to pandemic conditions specifically, and 3)
continuity of services. These comments indicated that many students’ mental health
needs were not being met during this time. For example, they indicated that it was
difficult to access the counselling during this time. There were many suggestions for
different services and resources that were needed in response to the pandemic.
Desired services and resources included: emails regarding available health,
wellness, and online therapy options; continuation of free counseling that was
previously available on campus; more accessible and free online counseling; better
availability for counseling; a counseling helpline; online seminars or courses on
aspects of mental health including anxiety management and coping with loneliness;
psychological testing; and group support meetings or group therapy “where we can
all talk or do some kind of activity together”. Additionally, responses indicated the
need for continuity in counselors, (i.e., not having to meet with a different counselor
each time).

Continuity of services was needed in other ways as well. Respondents indicated that
services and accommodations normally offered on campus had been disrupted
during this time, to the detriment of their mental health and coursework. For
example, one respondent shared a story of having their accommodation request
ignored: “I had a request for disability accommodation for ADHD ignored. It wouldn't
have happened if classes were on campus. I'm really embarrassed about needing
accommodations so | didn't follow up on it”. Similarly, another shared difficulties not
normally experienced:
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Due to chronic migraines, | could not easily access any of my class material
because it was all on a screen, nor could | access my usual medical treatments
due to COVID shutdowns. My university made it extremely difficult for me to get
accommodations and eventually incompletes for my classes. For much of the
semester in shutdown | was under significant stress and thought | would not be
able to graduate at this college due to my inability to complete essential courses
without my usual accommodations.

Another respondent shared: “l was denied a psychiatry appointment | had scheduled
before we left campus with student health. Because | had not yet had an
appointment, | therefore could not receive medication for my anxiety which was
heightened due to the extreme life change”. And still another lamented that, “It was
difficult to accommodate tests for people with disabilities that allow them to receive
accommodations”. These comments indicated that counselling and disability centres
need to work on adapting their services to meet conditions of the new normal.

3.4 Other Stakeholders

The final category of comments concerned other groups of stakeholders not
referenced in the above groups. These groups included financial aid, health centres
and gyms, on-campus housing, student employment offices, and others. First, a
large number of students were unhappy with how quickly their universities shut
down. Students reported being forced to leave campus housing with only two days’
notice and never being allowed to return to collect their belongings after that.
Second, many comments indicated need for direct monetary support or grants to
support students financially. Students found themselves unable to pay for food, rent,
relocation costs, or access to therapists once free access on campus was no longer
available. Relatedly, there is a need for changes to financial aid polices in light of the
pandemic. Primarily this is due to changes to expected family contribution, which is
used to determine need. One student explained: “Because of the pandemic my
family will require aid next year but the financial aid office said that they would only
look at the 2018 financial year which means we will not qualify for aid.” Also related
to those financial challenges, the fourth theme in this category was an expectation
that tuition and fees should have been lowered and/or refunded. This included fees
for services that were no longer accessible, such as gyms, student union buildings,
room and board, and parking passes, as well as lowered tuition for “lower facilities
and learning”. Fifth, many students needed access to healthy food to help address
food insecurity. Less common, but mentioned, needs included gyms offering virtual
exercise programs, creating more remote jobs for students who previously worked
on campus, domestic abuse support, providing PPE to keep students safe, better
access to tutoring/support services, and offering ways to keep people connected or
engaged with online social activities. As one student summed up: “It would have
been useful to have resources that could have made up for what we are missing
since not being on campus (food security, gym access, internet access). Some
people’s lives were flipped upside down due to this, and the university made minimal
effort to help the affected people”.
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4 DISCUSSION

We recognise that students were not the only group negatively impacted by the
pandemic. Changes to home and work lives were stressful, disruptive and traumatic
for many university staff as well. Most employees did the best they could under the
circumstances, and challenges were to be expected because no one was prepared
for this. Nonetheless, the data revealed that there are many actions within university
control that can and should be improved going forward. Improved responses are
needed not only for academic success, but also for engineering students’ mental
health, which is a persistent challenge, and which the pandemic made worse in
some regards [6], [9], [10]. Perhaps most notably, findings revealed that decisions
need to made with greater empathy toward students’ changed and differing
situations. Additionally, findings revealed that some actions, perhaps taken in order
to be empathetic, did not actually benefit some students in the ways intended. For
instance, although instructors may have decided to switch regularly scheduled live
class meeting times to asynchronous videos in order to accommodate differing time
zones or changed student obligations, some of our respondents wished that normal
class schedules had been maintained. Looking to countries, such as Australia, with
longer histories of extensive online engineering education programs could prove
useful for understanding how to better conduct remote labs or accommodate testing
requirements for those with disabilities.

While some of the resources and actions students wanted may initially seem
unrealistic, rather than dismissing them out of hand, it would be worthwhile to invest
in creative solutions to the problems—if the goal is to retain and support a larger
number students. For example, while still honouring contracts and payroll
commitments, are there ways in which fees for services that are no longer operating
could be redirected to better support students in new ways? Finding ways to best
support students through these realities could mitigate the negative cyclical impacts
of attrition. Loss of students has had detrimental impacts on universities’ budgets;
programs, staff positions, and even entire departments have been eliminated and
furloughed. During such times, finding new and creative ways to support students
financially may seem out of the question. However, if they are supported fewer may
leave and budget impacts ultimately lessened. This is a cyclical problem whereby if
those supports are not provided, students will be lost, which will further decrease
revenue.

It is also important that instructors and administrators rethink and counter the myth of
the “ideal” student when making pandemic-related decisions. Prior to this pandemic,
engineering education was structured for the “ideal” engineering student who was
tacitly assumed to be “White, male, between the ages of 18-22, on campus and
without major obligations such as full-time employment or family care” [11, p. 24].
Such assumptions about students disadvantage those whose lives are outside the
idealised model of what an engineering student should be. Given the changes
caused by the pandemic, some aspects of this idealisation need to be highlighted. It
is important that university staff not operate on the assumption that their students
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have safe and stable home lives, reliable housing, food, reliable internet and
technology access, no children or family obligations, and the same income,
resources, and healthcare they had on campus. Our findings showed that many
students do not fit this “ideal” student myth.

5 CONCLUSION

In response to questions about their universities’ handling of the COVID-19
pandemic, engineering students identified a wide range of stakeholder groups whose
actions could have been more helpful. Responses indicated that instructors and
academic administrators had the biggest role to play, but also that various student
services could be improved. By way of conclusion, we offer the following
recommendations for US institutions. Applicability to other countries will necessarily
vary. Instructors should: not make students do more work than usual, and consider
assigning less; adhere to scheduled timeslots for classes and exams; ask “Am |
making this decision based on the myth of the ideal student?” If so, make a more
inclusive and empathetic decision; find ways to respect disability accommodations
students are entitled to; and not overly-rely on YouTube videos to teach class.
Academic Administrators should: enforce the above recommendations for
instructors; develop a plan for future transitions to online learning that ensure staff
and students have the technology they need, including for remote labs; during times
of crisis, consider requiring empathetic changes to grading policies (e.g., universal
pass/fail); coordinate instructional decisions at a departmental or college level rather
than leaving up to individual instructors; and learn from other countries and
institutions with more experience with distance learning. Counseling Centres
should: maximise continuity of services and providers; create new online group
therapy/support groups offerings; offer all existing appointments remotely where
allowed by law, or develop strategic partnerships with counselling centres in different
regulatory regimes to ensure wide availability of service to students; and create
courses/programs for supporting mental health. Disability Service Centres should
work directly with instructors to help them find ways to accommodate disabilities for
online learning and testing, and create new ways of testing for and documenting
disabilities that can be done remotely. Financial Aid Offices should change any
policies that are based on income from before the pandemic to be based on current
income. (We recognise this may require changes at the national policy level first).
Other stakeholders should: redirect or refund fees for services that are no longer
being offered; create ways for providing food that was previously available on
campus; identify new opportunities for remote student employment to replace on-
campus jobs; and identify ways to transition on-campus services to remote options.
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ABSTRACT

Labwork is usually seen as an essential element in engineering and science
education. One, of the many purposes, with labwork is to strengthen, develop and
deepen students' understanding of real phenomena (i.e., objects and events) and the
connection between real phenomena and theoretical models and theories. Another
main purpose of lab work is to develop students' abilities to collaborate in
experiments and empirically investigate and describe technical systems, natural and
technical objects, and natural and artificial phenomena.

In connection with distance learning, it is in general a challenge to design labwork in
a good way so that the intended learning outcomes mentioned previously are
achieved. This does not only apply specifically to the situation with “forced distance
teaching” that has arisen in connection with the COVID-19 pandemic, but generally
applies to all kinds of “off campus” teaching and learning.

| have carried out a comprehensive exploratory review of what is reported in the
science and engineering education research literature regarding laboratory work
conducted as distance labs or as home labs. In my paper | will present initial results
from my literature review. | have found that there is, indeed, a quite substantial
literature describing remote labs and online labs. However, with few exceptions, the
literature is mainly focused on the technical aspects of remote labwork and less on
the pedagogical aspects. In addition to various forms of "online" labs and remotely
controlled labs, | will highlight different forms of home labs and labs with low-cost
equipment as an interesting option.
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1 INTRODUCTION
1.1 Labs in engineering education

Almost 80 years ago, Muller [1] argued that “there is little evidence to show that the
mind of modern man is superior to that of the ancients. His tools are incomparably
better” (my italics). He reminds us “that the history of physical science is largely the
history of instruments and their intelligent use” (ibid.). Indeed, the laboratory is seen
as having a “central and distinctive role” in science education [e.g. 2, 3] and as a
learning environment that “sets science apart from most ... subjects” [4].

As a result labwork is usually seen as an essential element in engineering and
science education. During lab-work, students are expected to use, or learn to use,
symbolic and physical tools (such as concepts, theories, models, representations,
inscriptions, mathematics, instruments and devices) in order both to understand the
phenomena being studied, and to develop the skills and abilities to use the tools
themselves [5]. The aim is that students should develop an understanding of the
relation between theories and models, and objects and events, and to develop
holistic, conceptual knowledge [6]. This is often seen as the fundamental purpose of
lab work [7].

The use of laboratory learning activities in formal instruction in science and
engineering is intimately related to technology-enhanced learning. In recent decades
there has been increasing interest in “technology-enhanced learning”: i.e. the use of
new technologies to support the learning in science and engineering. Kyza, et al. [8]
have suggested that learning technologies that support meaningful learning in
science can be categorized as: a) scientific visualization tools, b) databases, c) data
collection and analysis tools, d) computer-based simulations, and e) modelling.

A common question in the context of technology-enhanced learning and lab
instruction is if “computer simulations can replace real experiments”? However, the
results from earlier research contrasting similar labs using real versus virtual
environments have been contradictory. Some studies have reported better learning
results with simulations [9, 10], while other studies have reported that there is a risk
that simulations become a world in itself and that students’ do not develop links
between theories and models to objects and events in physical reality [11, 12].
However, recent findings indicate that combinations of real labs and virtual labs or
real labs and computer-based modelling provide better learning outcomes than
either option alone [13-17]. Moreover, engineers need to work with real, complex,
systems, non-linear effects, and non-idealized components [18, 19]. Such systems
might not easily be modelled using basic laws from science and thus an engineer
need to have competence to empirically investigate the behaviour of real systems.

1.2 Labs in distance learning

In connection with distance learning, it is in general a challenge to design labwork in
a good way so that the intended learning outcomes mentioned previously are
achieved [20-24]. This does not only apply specifically to the situation with “forced
distance teaching” that has arisen at many universites world-wide and in connection
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with the COVID-19 pandemic, but generally applies to all kinds of “off campus”
teaching and learning.

As | am writing this paper we do not yet know how fast and effective the present
COVID-19 pandemic can be controlled and stopped world-wide or if some mutations
will reduce the effects of (mass-)vaccinations. What we can anticipate is that in some
future mankind will experience the outbreak of some, yet unknown, pandemic.
Moreover, it is worth noting that not only outbreaks of pandemics and diseases, but
also natural catastrophies, fires, and other disturbances can result in a need for rapid
change to distance teaching (see, for example, Potgieter et al. [25]). Thus
universities need to be prepared. There is also a general interest in society to
increase access to higher education through distance education and in this context it
is a challenging task to design learning environments that also includes the learning
students usually get through labwork and similar practical experiences. In this
context the term MOOL (Massive Open Online Lab) have been coined [e.g. 26]).

The demands and challenges mentioned above have lead to the following research
question: What is reported in the science and engineering education research
literature regarding laboratory work conducted as distance labs or as home labs?

2 METHODOLOGY
2.1 Literature search and review

To answer the research question | searched for articles and book chapters using the
Scopus database using search terms such as, for example, “remote lab”, “distance
education” AND “lab”, “home experiment”, “take home’ lab”. Different synonyms
were used and, for example, “experiment” and “practical work” were used as
alternatives to the search term “lab”. The title, abstract and keywords of papers were
searched and aone limitation was that papers needed to be written in English or
German. Another limitation was that the subject area was restricted to subjects
typically taught at schools of engineering, i.e. papers related to engineering sciences
including material science, physical sciences (physics and chemistry), and
environmental and earth sciences. As | were interested in (practical) labwork
mathematics were not included and to get a more manageable number of hits
pharmacy, medicine, and health and life sciences were not included in the search
although | know that there exist interesting publications in these fields. Although
online labs can be adapted to learning in a distance mode | deliberately did not
include online labs in my search string. One reason for this is that currently the
publication of a special issue of European Journal of Engineering Education
targeting online labs is in progress and another reason is that | wanted to focus on
distance labs, i.e. labs not conducted by students’ while on campus, and thus my
search terms would probably catch those papers that describe online labs for the
purpose of distance learning. | deliberately did not put any restrictions on year of
publication in effect as | wanted to able to find older papers describing at home labs
using simple materials as these could still be relevant.
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The main body of the search was performed in May to mid July in 2020 with a
supplementary search to find recently published papers performed May 29, 2021.
Hitherto, the search in Scopus has yielded 513 documents (of this total 73 papers
were found in the additional search in early May, 2021, i.e. they were indexed in
Scopus in the period July 19, 2020, to May 1, 2021).

In the first stage the titles and the abstracts of papers that were found in the search
were read. Papers that apparently did not match the research question were
excluded at this stage. For example the search term “home lab” also found papers
that included the phrase “smart home lab” (or similar) in their title or abstract, i.e.
(research) labs that were investigating the design and properties of “smart homes”
and not labs for education. Although outside the research question, papers focused
on school level education (and not higher education) were included in this stage as it
could not be a priori be ruled out that such a paper could contain useful ideas.

The papers that remained after this initial screening and could be accessed in full
through Linkoping University Library were downloaded for a first skim reading of the
full texts of the papers to get a first, exploratory, overview of the material. In this
(skim) reading it was noted (to the extent information was available in the paper) the
topic of the lab, the type of lab, the equipment and technology used, the target
audience, the pedagogical design, experiences, and resulting student learning were
noted. As this conference paper report a work-in-progress | will in the following not
report any quatitative analysis of the material as the analysis is not yet completed.
Instead | will as a result of my initial exploratory review in the following section report
my general findings and observations from reading the papers. | will also, as
examples mention some papers from my literature search.

3 RESULTS
3.1 Types av labs and categorisation

Somewhat simplified, laboratory work can be seen as divided into those that are
carried out in the form of a simulation and/or modeling "virtually" and those that are
carried out by observing some "real" phenomenon in reality. For the sake of
simplicity, | disregard here that it can be successful for the sake of students’ learning
in laboratories to combine computer simulations with real measurements (cf. [13-
17]). Moreover, students’ access to the resources or equipment essential to carry out
a lab can either be local or remote leading to the typical categorisation and types of
labs displayed in Table 1 [27, 28].

By equipment and resources is meant the equipment or resources that is critical to
carry out a particular lab. For example, in a distributed virtual lab students typically
access a specific, dedicated, webpage through a webbrowser to run a simulation of
some specific phenomena. They still need to have local access to a computer, a
tablet, or a smartphone to run the simulation (not all simulations will run on any
hardware) and they might need a computer or a tablet to write a report. In a /ocal
virtual lab the simulation or the modelling is can run locally, “off-line”, on students’ (or
the lab rooms’) computers (or tablets/smartphones) and access to internet is not
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necessary. As more and more resources are placed in the “cloud” | would argue that
the distinction between local and distributed virtual labs are becoming more and
more blurred. Indeed, both local and distributed virtual labs are commonly referred to
as online labs.

Table 1. Types av laboratory experiments (Adapted from [27, 28])

Nature of lab equipment Students’ access to essential equipment or resources
and resources Local access Remote access
Physical (real) “Hands-on” Lab Remote Lab

Virtual (simulated / . L ,
modelled) (Local) Virtual Lab (Distributed) Virtual Lab

In a remote lab students control and collect data from an experiment carried out with
real, physical, equipment on some remote location (i.e. not in the same room as from
where the experiment is controlled). This remote location can be everything from
nearby on the same campus to be very far away and even in another country.
Typically, but not always, the experiment can also be observed through some
camera while running. As with distributed virtual labs students still need a (local)
computer to control the experiment, to receive data from the experimental results,
and to analyze data. In a “hands-on” lab the experiment is carried out by the
students in immediate vicinity and control. It is important to note that nowadays the
experiments in “hands-on” labs often are controlled by a local computer and
measurements are carried out digitally by sensors or equipment connected to a
computer.

One observation from reading the literature is that terms quite often are conflated. |
have already mentioned that the term “online” often is used for both local and
distributed virtual labs. Another conflation is the use of “virtual” for both virtual labs
and remote (real) labs. “Digital” is sometimes used to distinguish virtual labs and
remote labs from hands-on labs. However, heavy use of digital tools are common in
hands-on labs and the term “digital” is used when one mean distance education or
distance meetings.

To avoid confusion when discussing labs in distance education (in the following |
also include “distance mode” in this category) | will use the categorisation | have
proposed in Table 2. The types of labs in the right column (“remote access”) in Table
1 can easily be interpreted as the types of labs appropriate for distance education.
However, as will become evident in the following, | (and the literature) claim that all
types of labs in the grey area of Table 2 should be considered for labs in distance
education (Traditionally, in distance education, students have also travelled to a
university campus for a concentrated, hands-on, lab-course. However, this has for
many reasons been cumbersome [20] and in the time of Covid-19 not appropriate).
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In the following, | will briefly describe (preliminary) observations from my exploratory
literature review.

Table 2. Proposed categorisation of labs for a discussion related to distance education. The
labs relevant for distance education is marked by a grey background.

Students’ location

On Campus At home
Nature of lab Studen_ts’ access to essential Studer{ts’ actt:ess to essential
equipment equipment or resources equipment or resources
and resources Local access Remote access | Local access Remote access
Physical (real) | “Hands-on” Lab Remote Lab At home lab Remote Lab
Virtual , . . .
(simulated / (Local) Virtual (Distributed) At home Virtual (Distributed)
Lab Virtual Lab Lab Virtual Lab
modelled)

A general challenge in distance education, regardless of type of lab, is that students
are much on their own in labs and that fruitful collaboration is much more difficult to
achieve. Much of the learning gains in successful, on campus, laboratory learning
environments have been attributed to students’ shared experiences, discussions and
collaborative work [5, 29].

3.2 Virtual labs

Virtual simulation and modeling labs can be relatively easily (technically) performed
remotely and there is a fairly extensive literature [e.g. 30]. However, there may be
requirements for what computer equipment the students have and there may be
problems with licenses that do not allow programs to be installed on students’
computers or to be run outside the network of the university. This can be
circumvented by using students’ computers as a remote terminal, but is somewhat
cumbersome. A further complication is that all students do not have access to a fast
internet connection. In physics in particular, there are ready-made programs and
modules that have been developed especially for teaching purposes [31], but even
“professional” programs such as Matlab, Simulink or Circuitlab can be used to
advantage. As mentioned earlier the literature presents conflicting results regarding
students' learning when participating in virtual labs. Above all, it is pointed out that
there is a risk that the simulations will become a "world in itself* with little or no
connection to reality.

3.3 Remote labs

There is also fairly extensive literature for remote labs [e.g. 32-38]. In addition to
descriptions of projects where several universities have merged around remote-
controlled multi-user and multi-experiments laboratory work, there is rich literature
that describes how remote control can be created with relatively simple equipment
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such as Arduino cards. With a few exceptions, however, the focus in the literature is
on technical aspects and not on pedagogical issues. The resources (material and
personnel) required to build and maintain systems are often not clear. In addition to
the pedagogical issues and maintenance of systems mentioned challenges to solve
in connection to remotely-controlled labwork are scaling, communication protocols
and the lack of standardization.

3.4 At home labs

As a curiosa it can be mentioned that the oldest paper | found in my literature search
was one from 1938 in which it was described how a chemistry lab could be built in
ones home [39]. However, at home labs are less well described in the literature. At
home labs can roughly be divided in three categories: Labs that can be performed
with simple materials, labs that utilize the inherent capabilities of modern digital tools
such as smartphones and tablets, and labs that utilize low cost digital equipment.

There is a lot of older literature that describes labs that can be performed with simple
equipment and with simple materials that are available at home, in everyday life or in
the environment [e.g. 40]. There are publications that are aimed at higher education,
but mainly the literature is aimed at children and young people of school age or
younger. In my opinion, however, this literature is worth studying to get inspiration for
suitable experiments that can be adapted to courses at university level through
requirements for a different and more advanced analysis of studied phenomena. In
addition to the older literature it seems that the forced distance mode have led to the
revival of at home labs using, for example, using commonly available materials and
resources for physics [41] or turning the kitchen into a chemistry lab [42, 43] or into
an electromagnetics lab [44].

The development of increasingly advanced digital tools that at the same time have
fallen in price enables home laboratories of a different type than before with more
advanced measurements and data processing. Various smartphones such as the
iPhone and surfboards such as the iPad contain a built-in camera and built-in
sensors that can be used for laboratory work. In my literature study, | have seen that
there are constantly examples of new ways to use smartphones and surfboards [45,
46]. In addition to the built-in sensors in smartphones and surfboards, there are
sensors and measuring equipment that can be connected to these via Bluetooth. In
this way, laboratory work can be carried out that previously required a computer.

The digital evolution has also led to the development of specific measurement
equipment that is now available at an affordable price — some technical universities
have developed boxes with affordable equipment they allow students to borrow for
their own use or buy it [47]. | have already mentioned that Arduino cards have been
used to control remote labs. Such cards can also be used for home labs and there is
some literature describing this [48]. Other examples are Digilent Analog Discovery
which is a small interface (dimensions approximately 8 x 8 x 2 cm) that is connected
to a computer's USB input and has the ability to function as an advanced signal
generator and a multi-channel oscilloscope with spectrum analyzer among other
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features and is therefore suitable for laboratory work in electrical engineering [49].
Another example is iOLab which is a small trolley (3 x 7.5 x 13 cm) that not only has
built-in sensors (position, speed, acceleration, force, rotation) that make it suitable
for mechanical experiments [50], but it also has sensors for magnetic field, light,
sound, temperature, pressure and voltage. Communication with the host computer
takes place wirelessly. The literature for Digilent Analog Discovery and iOLab is
more limited, but there are already examples of iOLab being used with good learning
outcomes (according to concept tests) in distance physics courses [50].

4 SUMMARY AND DISCUSSION

In summary, there is fairly extensive literature on remote labs and "virtual" labs that
can be used for inspiration. However, the focus is more on technical aspects than on
the learning and pedagogical aspects. There is an uneven distribution of subjects
with most publications related to teaching in electronics, control theory, mechatronics
and physics. For distance labs, | would suggest that it is even more important to
think through what purpose and intended learning outcomes you have with a lab and
focus the design of the lab on that. Moreover, the literature indicates that the
pedagogical design of laboratory work is more important than the technology itself
and that the costs of developing good laboratory work and maintaining equipment for
remote-controlled laboratory work should not be underestimated.

Personally, | think that labs utilizing low-cost equipment (such as Digilent, iOLab and
similar that students can borrow or own is something we will be of increasing
importance and something we will see more of in the future. Such equipment is also
of value for campus teaching as it gives students the opportunity to work outside
scheduled labs. Such equipment also provides flexibility to meet different
developments of the current pandemic and (possible) future pandemics. Finally |
note that labs using such type of equioment will enable students to work “by hand
and by computer” [cf. 51]. Indeed, it corresponds to the “postdigital perspective [in
education], in which the digital makes up part of an integrated totality” argued by
Fawns [52]. |.e. a totality in which digital as well as analogue technologies and tools
have its place as well as human senses and embodiment.
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ABSTRACT

The context for this study is the course Introduction to Analog and Digital Electronics
piloted during the autumn semester 2020 with 120 first year students. Through the use
of observations and interviews, we explore how the use of learning assistants can help
in the design and co-creation of learning environments that explicitly support students
in their individual development of reflective skills in large first year engineering
courses. Grounded in the qualitative analysis of the empirical material and the
literature, we argue that activity-based course design in combination with the use of
learning assistants can be an important element in engineering curriculum
development.
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1 INTRODUCTION

For engineering students to be able to solve problems in their future profession, it is
essential for them to be able to actively participate in and experience engineering
practices during their education and connect these experiences to theory [1]. In this
process of learning from experience and integrating it with theory, it is essential that
students engage in reflective practices [2]. Building on Dewey’s work [3], we argue
that learning is a continuous reorganization, reconstruction and transformation of
experience, and that reflection is a meaning-making process that helps students to
move from one experience to the next with a deeper understanding of the experiences.

It is, however, important to notice that not all students will automatically engage in
reflection, and it has therefore been proposed to frame and integrate reflective
activities explicitly within courses [4]. Engaging in reflective activities right from the
beginning, when entering higher education, emerges therefore as an important goal in
the re-design of engineering curricula. A major hindrance for these efforts is the large
number of students in typical first year engineering courses. This leads to the question
of how to design and create learning environments that explicitly support students in
their individual development of reflective skills [5] in large first year engineering
courses.

In this study, we will approach this question and explore how the use of learning
assistants (more experienced students) can help to overcome some of the limitations
regularly experienced when integrating reflective activities in large courses. In our
analysis and discussion, we draw mainly upon the qualitative analysis of interviews
with both students and learning assistants, as well as the research literature on
learning environments and course design.

2 RESEARCH CONTEXT AND DESIGN

The context for this study is the course Introduction to Analog and Digital Electronics
(ADE) planned for approximately 700 first year students in electrical engineering,
computer science and communications. A pilot for 120 students was given during the
autumn semester 2020. Through activity-based course design, the course aims at
combining the planned and predictable from lecture-based teaching with the
exploratory and participatory from problem-based learning [6].

At the heart of this approach are recurring 3-hour long Experience — Reflect — Practice
(ERP) sessions. Over the period of a semester, the students have 20 ERP-sessions
and each session contains a mix of different activities like practical experiments,
theoretical reasoning and calculations. Students are encouraged to work in groups in
a large designated open work area suited for collaboration, but those who like to work
on their own are allowed to do so.

Instead of traditional lectures, each ERP sessions is preceded by a classroom
assembly. During this maximum 45 minutes long assembly, teachers will take up
themes that have been identified as difficult during the previous ERP session, as well
as provide some framing and information for the coming ERP session. The topics for
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the assembly are generated during weekly meetings between learning assistants and
teachers and are based on recurring questions and challenges they have encountered
when interacting with the students. All activites were mainly done physically at
campus, but with the possibility of following digitally if necessary.

When it comes to hand-ins, the students deliver individual reflections focused on the
activities they participate in once a week rather than solutions to an assignment or lab
report. To allow for facilitation and support of all students, learning assistants take an
active role in the course [7]. They support the students during the ERP-session and
have individual meetings with each student every other week to discuss the students’
reflections and progress from the two preceding weeks. There were 8 learning
assistants involved in the course, which comparable to similar courses at NTNU and
as such resources will not pose a limitation in the implementation process.

To explore the role that ERP-session play in the course design and how the individual
meetings are experienced, we used a qualitative research approach. Data was
collected through observations of individual meetings towards the end of the course
and individual interviews with students (n=4) and learning assistants (n=4). Students
were recruited from the entire student population in a self-selected manner. Learning
assistants were recruited based on the already recruited students to ensure a match
in the student-learning assistant pairs. The interviews lasted between 20 and 50
minutes and were recorded and transcribed. They were conducted and transcribed by
Carvajal, who is not part of the teaching team in the course. The interviews were held
in the participants mother tongue, Norwegian, and only the sections used here have
been translated to English.

For the analysis, the interviews were pooled together and a general inductive analysis
approach [8] was used to identify, analyse and describe patterns and themes within
the data. The material was read and re-read to explore what role ERP-sessions play
and how they are experienced. Through this iterative process, we identified different
themes that emerged from the interviews. These themes were further explored by
considering relevant literature and using it as an additional perspective to develop and
deepen the analysis. In this study, we will focus on two themes from the analysis:
course design and individual meetings. In addition to the interview data, we draw upon
some quantitative results from an end-of-year survey given to the students in the
course (n=45).

3 RESULTS

From the survey, we observe that most students appreciate the design of the course,
96% of the respondents answer that they are overall satisfied or very satisfied with the
course. The students were also asked to assess the degree various activities
contributed to their understanding of electronic systems. Here, 87% reported that the
ERP sessions to a large or very large degree increased their understanding; 84%
reported this for interactions with peers; and 87% for interactions with learning
assistants during the ERP-sessions. With regard to interactions with learning
assistants during the individual meetings, 56% said it had to large or very large degree
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influenced their understanding, and 23% reported little or very little increase in
understanding.

Based on the interviews, we will in the following section focus on the students’ and the
learning assistants’ experiences with the activity-based course design and the
individual meetings between student and learning assistant.

3.1 Course design

From the interviews, it becomes clear that the students and learning assistants are
aware of the course design and its connection to their learning. Furthermore, the
students state clearly that they prefer the structure of this course compared to their
other course which have a more traditional design. From their point of view, their
involvement in the discovery and exploration through the ERP-sessions contributes
greatly to their learning:
«l think it is absolutely brilliant really! | wish that all my courses were like this, because | felt
that | was left with new learning after every single session, and it may sound quite strange
that you do not do that in all the courses, but there are many courses | in fact feel that you are
not left with leaning after each session. But, here it was like something new and you were part
of the whole process itself. So for me at least it has been a really good way to work» (S4).
The students point out that it is important for them to take ownership of their own
learning and to participate in discussions:
«I have not had any courses that are organized in the same way, so much self-learning or like
you have to experience and learn from. | really think that a lot of people have been content
with it because you have room for discussions and can experience things yourself as
well» (S2).
By situating active experiences of electronic phenomena at the center of the course,
the students’ curiosity is stimulated giving them the opportunity to think about their
own questions, resulting in reflections where experiences are related to theory:
«[...] in ADE | feel that it has been sort of like « why does the current go there? » and then we
get an explanation for it and then «ok, but that make sense » and then | remember it. So, |
really think that the course has suited my curiosity very well» (S3).
While many courses aim to foster independence and reflective approaches
with respect to content, the learning assistants report that this course motivates
students to reflect regularly on their own learning processes in addition to the content:
«Because it is not something you just say, « We will teach you to reflect, and that it is important
that you become independent, and that you think about what you can and what you cannot»,
all the course coordinators says that regardless, if you ask them. But here it actually
becomes a task for the student to do it, be set to reflect, and you have to do it once a week»
(LA4).
Through further comparisons with courses with similar content but different designs, it
becomes apparent that the students believe that learning through experiences
facilitates the entire learning process and leads to more understanding. To some
degree on the expense of rote theory memorization:

«l really think it is interesting. And | like the way it is organized, because the difference in
relation to other courses that are quite the same is that we learn more, it makes it easier, one
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understands it in a more practical manner. While others may learn even more theory and
knowledge about the things, but they do not understand the why» (S1).
This is echoed by the learnings assistants, who also highlight that the students have
learned a large amount of theory without realizing the extent due to the design of the
learning experiences:
«And then they have learned quite a lot the first year, in fact they have learned a lot of theory,
but they have not felt it themselves that they have had a lot of theory, so the course has been
altered... it has been done in such a way that they feel that things are going well and that they
understand things, even though there is a lot» (LA3)
As the course is organized around activities with an extensive support system through
collaboration with peers and the learning assistants, students who cannot or do not
want to participate in the course at campus can find the course more difficult than their
peers. Participation is a key factor of the learning process in this course and the
students recognize this clearly:
«[...]If you are not sitting in [the working area] when you are working with it, where one kind of
has access to all the learning assistants and resources, then it was quite difficult to work with
the subject. [...] » (S4)
Overall, the students and learning assistants emphasize that the course design
facilitates the students’ learning and development of knowledge and understanding
through a focus on discovery, exploration and a support system of peers and learning
assistants.

3.2 Individual meetings

An important part of the support system mentioned above is the obligatory individual
meetings between student and learning assistant. While collaborating in small groups
with their peers can be beneficial with regard to both motivation and understanding,
the students can choose to not ask their peers questions due to concerns that they
will slow down the progress or reveal a lack of knowledge, thereby losing some of the
benefits of the collaboration. The individual meetings with the learning assistants, on
the other hand, provide a dedicated arena for students’ individual needs and based on
the interviews and our experiences it appears that they are comfortable asking
questions without considering the needs of their peers in those meetings:
«The greatest learning outcome is probably getting things explained until you understand
them. Because when you are working, it is quite normal to just understand things halfway and
then one wants to move on, you do not want to be the one that linger or halter the work. While
here you have a quarter of an hour of conversation that is only devoted to your competence,
S0 you can ask until you receive the answer you want or you understand it. So, that is perhaps
one of the best things about those conversations in relation to groupwork» (S1).
This is supported by the learning assistants who experience the individual meetings
as a safe space for the students, where the student can ask questions freely as only
the learning assistant and student are present:

«They can talk to someone in private because some might feel that is a bit embarrassing to
say that «/ did not understand this» in front of the other students and then they have... | think
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that a big benefit of them being able to come and ask us questions in a confined manner is
that there is only one person that are listening» (LA3).
To succeed as learning assistants, they must have the skills to create a safe
environment and at the same time be knowledgeable enough to meet the students’
expectations on the course curriculum. This is noticed by the students who report,
when comparing experiences, varying levels of competence among the learning
assistants:
«l find it very nice to be able to ask someone who knows it a little better, but unfortunately
there has been a big difference between the learning assistants, because some know both
the inside and outside of the course, while others are a little like that they do not completely
understand all of the principles» (S1).
Similarly, from the learning assistants’ perspective, the usefulness of the individual
meetings was greatly influenced by the student’s preparation and motivation, which
differed from student to student:
«Some students were very engaged and prepared, had a lot of questions and got a lot out of
the conversations. And others, they did not have anything with them, they did not have
anything they were wondering about, something that made it very difficult for me to try to figure
out what they were thinking about» (LA2).
As a result of these differences between the students, the learning assistants
explained that they developed different strategies to handle the diversity in the student
population; asking questions to lead the students into discussions or reducing the time
dedicated to the meeting:
«But then | started asking different kind of questions to try to get them started. And now it is
not like | must force them to have a conversation, if there is nothing to talk about then there is
no point anyway»(LA1).
The ability to guide the students through these conversations is an additional skill
required by the learning assistants in their role in this course. This along with the ability
to create a safe environment and a mastery of the course content results in high
requirements placed on the learning assistants. This is also reflected upon by
the learning assistants themselves, who identify the importance professional self
confidence in this role:
«You have to have professional self-confidence, or at least confidence, to keep doing it this
way, because having to ask questions...to ask the correct questions, be curious and such,

requires that you also have belief in your own skills and certitude that you actually know this,
otherwise it will be very difficult» (LA4).

To summarize, the individual meetings fill an important role in the course design.
These meetings give the students an arena where they can fill the gaps in their
understanding. By using learning assistants as facilitators, it is possible to use activity-
based course design in courses with many students. However, the effect of the
individual meetings is highly dependent on the mindset of the student and the
competence of the learning assistant, which is reflected in both the interviews and
survey.
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4 DISCUSSION

From the survey and the interviews, we see that the activity-based course design
appears to support students in their learning process. The survey shows that a large
majority of the respondents were satisfied with the course and that the organization
supports their learning. While the students interviewed were recruited through self
selection, and therefore might have a bias, we believe the results of the survey support
the findings from the interviews and allow us to use them to explore the effects of this
course organization further.

By situating the ERP-sessions at the center of the course, instead of lectures or written
material, the students become curiosity driven and are required to continuously reflect
on their own mastery. Collaborative work and learning assistants are important
elements to address gaps in students learning through discussions with peers or
through the individual meetings.

One success factor of the course design, identified by both students and learning
assistants, is active participation of the students in the organized learning activities
and conscious use of the support structures in the course. Discussions with peers and
with learnings assistants are highlighted as important to learning both in the interviews
and the survey. Students that do not actively participate will therefore have less
opportunities for reflection and potentially learning compared to their peers.

A safe and inclusive learning environment is therefore paramount to allow a diverse
group of students to participate in the learning activities and benefit from the activity-
based course design. To co-create this type of learning environment requires a
particular focus on the social dynamics between students, between students and
learnings assistants, as well as the physical learning space. The social environment
needs to be based on and embrace values of support, trust, and collaboration, rather
than competition [9]. Furthermore, learning assistants and teachers need to act as role
models and live these values and emphasize the importance of exploration, discovery
and reflection rather than finding the “right answer”. In addition, the physical space
needs to be designed in a way that is conducive to collaboration and discussions [10].

As underscored in the interviews, mastering the role as learning assistant in this
course requires a professional self-confidence. The learning assistants need to master
the course content while simultaneously being able to reflect on their own position as
role models who foster a certain type of social learning environment. As this course
is planned to be given to approximately 700 per year, the learning assistants must be
aware of that they both need to work together to create a supportive learning
environment and as a group be independent facilitators as the course faculty cannot
follow every assistant closely. Based on the initial empirical findings in this pilot, we
are, however, positive that an activity-based course design where learning assistants
play a central role is possible and a suitable approach for large first-year engineering
courses. By involving learning assistants in new ways, we can overcome challenges
and limitations with teaching resources that traditionally constrain first-year course
activities.
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5 SUMMARY AND ACKNOWLEDGMENTS

Grounded in the qualitative analysis of the empirical material and the literature, we
argue that activity-based course design in combination with the use of learning
assistants can be an important element in engineering curriculum development. In
order to be able to upscale the ideas outlined here and to apply the concepts to other
courses, it will be important in the future to gain even more insights into how learning
environments can be co-created with students, learning assistants, and faculty, as well
as how this affects the learning process, and how the learning assistants understand
and develop their role within the course. Finally, we would like to thank all students
and learning assistants that have been part of this pilot.
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ABSTRACT

In software engineering and other technology related teaching educators increasingly integrate de-
facto online tools into coursework. However, the impact of using these tools is not clearly understood.
To this end, this research project will provide a visual dashboard with extensive and stakeholder-
specific visualizations to serve the diverse needs of different stakeholders, e.g., teachers, teaching
assistants, administrative personnel and students.

This paper reports the results of our initial analysis of what kind of views teachers want to take
to their courses and what kind of information teachers see as valuable visualizations on learners’
progress. We conducted 17 semi-structured interviews in two universities. The interviews were
thematically analysed, giving as results three key themes. The results give a good starting point to
create a visual course dashboard. Our study takes a step towards supporting various stakeholders
in learning environments through visual means. While the input data, metrics and visualizations are
based on the tools used in software engineering courses, we see that several results can be applied
to other contexts.
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1 INTRODUCTION

Online teaching tools have been utilized in teaching for decades and their potential is widely recog-
nized [1]. Massive Open Online Courses (MOOC) have risen as a method to provide non-formal and
informal learning to many [2]. At the same time, the importance of software engineering education
has increased because of the constant growth in the need for software engineering professionals. In
addition, professionals in many other fields today need basic programming skills. When the COVID-
19 pandemic hit, formal teaching was also forced to take a major leap toward online teaching and
learning.

The number of courses and the number of participants per course in software engineering higher
education today are big. This leads to the teaching staff needing more tools to 1) support a growing
number of students and 2) deal with students with heterogeneous backgrounds and motivation.
Learning management systems (LMS) such as Moodle, TIM [3] and A+ LMS [4] are used to reduce
the teachers’ workload by the means of online course material and automation in grading [4, 5] and
the students’ learning is student-driven and independent of time and place. In addition, the content
is categorized so that students who specialize in Information Technology can take more difficult
exercises than students from other fields [6].

Already, LMSs combined with professional software engineering tools such as Continuous Integration
(CI)! and version management tools give the teacher information of the outcome of the students
work, but little about the progression of work before final submissions or the students’ general feeling
and motivation towards learning. Hence, there is a need for more information and several tools -
teaching and programming - that can provide that information.

The goal of VISDOM project’s teaching use case is to provide a visual dashboard that can meet
the diverse needs of different stakeholders, e.g. teachers, teaching assistants, admin personnel and
students - mainly in the context of online and hybrid learning since there the students are assumed to
work more independently. To study educator needs to monitor learners’ course progress and learning,
we interviewed 17 programming and software engineering teachers in two universities. Our research
question (RQ): What kind of visualizations software engineering teachers would like to have? is
answered with thematic analysis of the interviews giving three key themes.

The rest of the paper is structures as follows: Section 2 gives the background of the work. Section
3 describes the planning and execution of the interviews and Section 4 gives the results of the initial
analysis. Section 5 gives the discussion of the results and Section 6 concludes the paper.

2 Software Engineering Education

The general guidelines for software engineering undergraduate [7] and graduate [8] curriculum are
published by Assosiation of Computing Machinery (ACM). These curriculum guidelines specify soft-
ware engineering education content in terms of elements of skill and knowledge the students should
learn, including the software development process. Similarly, the software engineering Body of Knowl-
edge [9] is used when building university level software engineering curricula. While these plan out
the thematic content, the teaching methods should support the students’ learning as well.

In their systematic literature review Santos et al. [10] identified four approaches to set up innova-
tive approaches in teaching programming, one being project-based teaching practices. They found
that students are better motivated when collaborative learning and continuous monitoring are used.
However, the study does not indicate any particular use of software development tools to support
learning or how information about the learning process and student progress should be shown to
teachers or students.

!4 practice commonplace in software development where members in a software team integrate their work frequently.
https://www.martinfowler.com/articles/continuousIntegration.html

92



SEFI 2021 - RESEARCH PAPERS -

49th ANNUAL CONFERENCE | BERLIN | 13.09. - 16.09.2021

A gap between industry and teaching [11] has been identified to exist, mainly because of the nature of
the software engineering profession; software industry expands to new areas faster than the academia.
This leads to problems in teaching, as student projects tend to lack realism, and courses on different
topics may be isolated and the connections between courses are not visible enough to students.
Software engineering education is also not considered to teach enough soft skills (collaboration and
teamwork). Further gaps related to the required skills in industry have been identified in [12]. A large
number of students makes it difficult for a teacher to focus on individual issues and provide needed
tutoring. To improve learning results and increase the real-world competencies of the students, more
comprehensive education setups have been created and used at universities around the world [12].
Such setups pursue to offer the students an opportunity to practice their software development skills
in environments and tasks that are as close to typical industrial contexts as possible [13].

A survey on program visualizations in education has been conducted by Sorva et al. [14]. Thereis a
variety of approaches and tools to visualize programming structures and the behavior of software, such
as Jeliot [15], Javavis [16] and AnyviewC [17], that are used in programming courses. Visualizations
have also been used in teaching project management. There the most common visualizations used are
Gantt charts showing the project activities such as those presented by Vanhoucke et al. [18]. Other
works have used Gantt charts alongside other visualizations. Deblaere et al. [19] have create RESCON
— an educational tool for illustrating scheduling and project management concepts, where they have
included project duration curves and resource profiles in addition to Gantt charts. Salas-Morera et
al. [20], who have created PpcProject to teach project management, also include visualizations on
resource allocations in addition to Gantt charts. Scheduling and resource allocation are also key
elements in a simulator developed by Collofello [21], where schedule pressure is visualized with a
speedometer.

Matthies et al. [22] used ScrumLint, which enables comparing teams and there progress, to check
for process violations on a software project course using Scrum. They only used the tool post-hoc as
a way to supplement their survey and tutor-based evaluations of students’ performance, but discuss
how the tool could be helpful already during the course in showing teams how they are performing.
Makiaho et al. [23] have developed the MMT tool for teachers to monitor progress in students’
capstone projects through a visual dashboard based on manually entered data.

To the best of our knowledge, there are no studies where visualizations would have been used in
the context of teaching software engineering processes or project management using real life data
from various tools and combining that data with informative visualizations. Furthermore, existing
studies have mainly used visualizations to illustrate one particular aspect, such as the duration of the
projects or the overall progress. In this research we aim at visualizations that are created from real
software development work of students, using multiple data sources and providing useful information
to several stakeholders.

3 RESEARCH METHODOLOGY

This work aims to identify, what kind of visualizations teachers would like to have from online and
hybrid course work. The study was conducted as a single case study [24] to gain insight on educator
needs in higher education. The method was selected as case study research [24, 25] is suitable to
study a topic tied to and not clearly separable from its practical context. This is true for higher
education learning where teachers have practical experience on the everyday learning in online and
hybrid learning.

The case study was executed by interviewing teachers from two universities. The interview questions
were iteratively designed by the authors in late May, early June 2019. The authors have extensive
experience in software engineering higher education. The goals of the research project as well as
knowledge on the state of the art of software development tools was used in designing the interview
protocol (interview protocol is onIineZ). It's worth to note that the protocol was designed before

2The interview protocol:
https://docs.google.com/document/d/1LtRR4AGBa_12ZfMDjcv0JotYQrnRSaYM30jfHaYyJXp0/edit?usp=sharing
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the COVID-19 pandemic. The interviewees were identified from the universities based on availability,
experience and the topic of the courses taught. The courses ranged both undergraduate and graduate
level teaching.

3.1 Data Collection

Data was collected through 17 semi-structured interviews of teachers in two universities. The in-
terviews followed the interview protocol and lasted approximately one hour. Two researchers, one
conducting the interview and the other taking notes, were present in each of the interviews. Open
ended questions were used to ask further questions based on interviewee's answers. The interviews
were recorded with consent and the tapes transcribed with professional transcription services. How-
ever, one interview is included in the analysis only based on the notes as the interviewee states not
wishing the interview to be recorded. From a total of 17 face-to-face interviews, 11 were conducted
in October 2019, whereas 5 interviews were conducted between June 2019 and March 2020. The
last interview was conducted over Zoom? in March 2021 as a complementary interview due to the
changed needs for the global pandemic. The interviewee demographics can be found online?*.

3.2 Data Analysis

Thematic analysis [26, 27] was used to analyze the collected data. Data-driven coding [28] was
utilized instead of any predefined codes to ensure the interviewee's experiences were represented
accurately. The initial thematic analysis was developed by one researcher who went through each
interview and coded meaningful segments. A second researcher participated in discussions regarding
the codebook’s structure to achieve consensus on coding practices. The codebook’s validity was
evaluated in three rounds by having two other researchers fit a selection of citations to the correct
codes. In the first iteration the codebook and 26 citations, two randomly selected for each theme,
were assigned to evaluators. The initial codebook was restructured after the first evaluation round
based on evalutors performance and feedback. The second evaluation round was conducted with the
same logic by providing the restructured codebook with two randomly selected quotes for each theme,
overall 18 citations. The second evaluation round resulted in an interrater reliability (IRR) of 0.43,
signifying a moderate agreement [29], which was calculated using Fleiss’ Kappa [30, 31] as it allows
IRR to be calculated for three or more raters. After the second round, the coder and evaluators had a
session where coding related disagreements were discussed and resolved. A third round of evaluation
was performed with 12 citations, again two randomly selected citations per theme, once the themes
were agreed upon by the three researchers. In the third round, the coder and two evaluators discussed
their disagreements and the round resulted in an IRR of 0.66, signifying a substantial agreement.
The final themes are described in the following section.

4 RESULTS

Six themes were identified with thematic analysis (Figure 1). Each theme had two to six sub-
themes, denoting different aspects of each theme. However, several themes were not directly related
to teacher needs or visualization. Our aim is to work towards extracting a number of metrics for
visualizing student progress within software engineering teaching. Thus, we take a data-oriented
approach on our results by focusing on three main themes as they best address teacher needs from a
visualization viewpoint. The remaining three themes (social aspects and communication in teaching,
teaching resourcing, and tooling and the use of data) left out of the scope of this study relate
to teaching experiences with communication, resourcing, and the use of tools. The rest of this
section describes the selected themes and the visualization opportunities and metrics discussed by
the interviewees.

*nttps://zoom.us/

*The interviewee demographics:
https://docs.google.com/spreadsheets/d/1Y43zwlLPSSjzoS9S3TZByh6qOpVZWFpEDekgVTgQET8/edit Tusp=
sharing
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Figure 1: The codebook resulting from the thematic analysis of software engineering teacher in-
terviews. The six boxes originating from the center represent the identified themes, whereas the
outermost items originating from themes represent individual codes.

4.1 Theme one: Student Working Process and Effort Spent

The results suggest that software engineering teachers lacked a higher-level view of student or group
progress and placed significant interest in tracking the students’ working process — what is happening
and what is not happening. Several interviewees had come up with different strategies to try to have
students work in a continuous manner. In the first stages of a course, teachers were also interested
whether work had even begun for groups or individual students. Later on, the interviewees sought
statistics and trend-related information about participation and assignment-related points collected
by students. Programming related courses often utilized the number and timing of commits in
version control system (VCS) as an easy indicator whether actual work was being done. Project-
based courses also tracked the ratio of not started, currently working on and done tasks. Several
interviewees described they would like to know how points were distributed between students, how
student’s points accumulated overall during the course, how the points were distributed per week,
and how many students were projected to pass the course at given time. Tracking presence in lectures
and exercises and the number of assignment submissions also served the interviewees in judging how
many students were actively participating in the course.

The findings show that one of the main reasons for tracking student working process and activity was
to identify the students, groups or projects having problems or whether some students had stopped
working and disappeared from the course. Several interviewees mentioned that they would like to
have a tool that allowed them to proactively contact students having problems or those otherwise
falling behind. It was also considered important to discover what were the problems students were
having. The interviewees felt that such a tool could help them focus their resources in helping those
who need it by resolving student issues before they silently dropped out of the course.

The results indicate a clear need to understand how much time students used for each task and
that the effort was reasonable. Concrete work-related metrics such as how many students completed
specific tasks overall and how much time they used for each task were often used to determine how
much effort assignments required from students. Additionally, the time spent on tasks was considered
as an indicator of how difficult the tasks were for students. However, it was noted that students tend
to report hours in a sporadic manner.

"1 cannot see their working hours. Sometimes they share the Google document, but no.
We see them, they deliver it every week, when they collected all the things. Because not
every student is recording the hours every day. Before the actual presentation they try
to fill up those things. And for me as a teacher, it will be a nightmare to follow all the
working hours every day for them.”

The results further suggest that the interviewees wished to prevent freeloading in group assignments
by evaluating the distribution of work within groups. While programming courses could use commit
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information from VCS, courses without programming assignments often featured peer review as a
method of ensuring fair evaluation for all students. When students were assigned to communicate
with each other, the interviewees described that they would like to see statistics about communica-
tion activity. These statistics included whether students post their answers on time, the number of
comments to peers, how fast comments were made in response and the imbalance of communication
between groups. Finally, several interviewees hoped for a way of automatically detecting plagiariza-
tion, as currently providing proof of plagiarization was difficult and often a manual process.

4.2 Theme two: Curriculum and obtaining skills to progress in it

The results suggest a need for a higher view of teaching on a degree program level. Teachers felt
that collective yearly reports did not provide early or accurate enough information to intervene before
students get into problems. Higher level visualizations would allow teachers to be able to gain
continuous information, see how students are progressing, and even contact students pre-emptively
in case of problems. One interviewee proposed an idea of visualizing degree programs as stories,
where students would understand what a software professional would do in different roles, and how
courses related to each others as a story towards being a professional developer. Another interviewee
proposed a similar solution where the whole degree program would be visualized.

"But we should get that kind of graph, that here is the, let's say study module, take its
course, and show what needs to be in front of it, form just like this chain, that we don't
have. But all of the information is there. This could be a great tool for students so that
they, we'd show a kind of tree, that here are your courses, and as you complete them the
color changes. Here's how you progress. And in this spot comes the bachelor’s thesis
and like that.”

Furthermore, the results suggest that visualizing thesis work as a part of higher-level visualizations
would benefit various stakeholders such as teachers, students and university staff. A few interviewees
suggested a similar tooling solution that would allow students to report their individual thesis progress
on a template, allowing teachers to structure thesis work for students, track their individual progress,
see whether students actually worked on their thesis, and increase transparency on estimating realistic
graduation dates. Besides reporting progress, students would use said tool to reflect the bigger picture
of thesis work and how much work is done and still needs to be done.

The results further suggest that students may lack the necessary skills or knowledge when enrolling
to more advanced courses. Interviewees often expected students to have an understanding of topics
introduced in prior courses as they were necessary for performing well in their courses. Lacking the
required prerequisites is challenging for students as well, as interviewees noted that students without
necessary skills tend to silently drop out of their courses without telling anyone.

4.3 Theme three: Student learning and reflection

The results indicate a need to see whether students had learnt what was taught. Correct execution
of tasks was seen as one of the simplest indicators, such as whether students were able to complete
weekly assignments. For project based courses, a few interviewees discussed that correctly performing
the process itself was an indication of learning.

"That we have different step of the different processes, and then they are able to imple-
ment the different step of the different processes. So if we go to requirement elicitation,
| just check if we are able to write the user stories correctly, (...) to write them in the
correct format, and then if they are able to split them and not to make (-) too big user
stories.”

Other interviewees discussed essays and learning diaries as good ways to gauge learning. However,
some remarks were made that not everyone is capable of expressing themselves in written assignments,
making discussions and face-to-face sessions a good way to find out how well students had understood
what was taught. Overall, interviewees considered automatic analysis of often free-form qualitative
assignments challenging. Both concrete and abstract metrics such as number of sections, length of
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text and indication of a reflective thought process were proposed to aid in analysis of text-based
assignments.

The results further indicate that visualization from a student viewpoint could serve as a reflection tool
for students. Examples of this include providing assignment specific visualizations or a visualization
where students could benchmark their own progress against others in the same course. Additionally,
some interviewees were interested in learning the general disposition of students towards the course.
Concrete examples were provided as collecting feedback, checking whether students completed op-
tional assignments and whether they thought the assignments were useful.

5 DISCUSSION
5.1 Visualization opportunities

Interviewees described possible visualization needs and opportunities in two different fashions: 1)
detailed descriptions of what kind of data they had or would want to have available to them, and
what kind of information they would like to see based on that data, and 2) visionary visualizations to
help understand complex and multi-variate concepts such as progression in degree program. We will
primarily take a data-oriented focus, in order to extract a number of metrics and envision visualizations
based on them.

Tracking time spent on tasks helps understanding required effort to complete tasks, which in turn
may help understanding difficulty level of tasks. Understanding the needed effort and difficulty of
tasks could also be used to determine whether the required workload from students was reasonable in
practice. Visualizing actualized effort would be beneficial both for the teachers as well as for students.
Interviewees mentioned that some students had difficulties in understanding and estimating the effort
required to complete courses and were sometimes surprised of the required effort.

Tracking succession rate may also benefit understanding how difficult tasks are. Particularly with
programming assignments, students may commit several times before their code passes the tests. If
the number of commits for particular tasks is significantly higher than on average, it may indicate
a more difficult task or that the teacher should address a certain topic more in depth. Similarly,
if significantly fewer students submitted answers to a particular task, it could be considered more
difficult than others.

Level of participation may be an indicator of commitment towards finishing the course. Some
interviewees already mentioned having explored participation and point related data statistically
with varying results. Examples of the relationships explored include steady assignment completion,
participation in consecutive exercises and the relationship between points and exercise projects and
exam. Overall, possible metrics are distribution of points between students, cumulative points and
distribution of points over time, and the completion of optional assignments.

Tracking progress and trends would allow teachers to get an overall view of how many students
and groups have difficulties keeping up from early on, and also get a realistic idea of the pace with
which students advance during the course. Teachers could also benefit from visualizations of student
peak activity periods to determine whether students work systematically or in spurts near the end of
deadlines. Some interviewees also mentioned that students could be motivated by providing them
visualizations that would allow them to compare their progress with others in the same course. Both
teachers and students could also benefit from a projection of passing the course with the current
trend.

The presented results set the stage for developing software that visualises student progress in software
engineering, forming a base for prototype implementations and further research within the project.
Combined, metrics for tracking time, success rate, progress and participation could be presented using
visualizations. These visualizations could be implemented with a tool that would allow teachers to
investigate the visualizations, learn of students in trouble (clear deviations in the visualizations),
and be able to proactively contact such students. Lastly, several different viewpoints for framing
and interpreting data were mentioned in the interviews such as student, group, course and between
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courses. This means that each of the presented metrics might look slightly different when viewed from
varying perspectives. The interviewees also mentioned teaching assistants, teachers themselves, and
staff such as study advisors as potential users (stakeholders) of such metrics and visualizations.

5.2 Threats to Validity

We will consider threats to validity as described by Wohlin [32] and cover the points which are relevant
to our study. Conclusion validity concerns the correctness of conclusions drawn, and internal validity
concerns threats that may affect the variables with respect to causality. For both the key issues
are elements in data collection and analysis. We selected interviewees based on their expertise,
availability, and relevance. We had no prior knowledge as to how they would consider the questions
or what their attitude would be towards the topic. The interviewees did not volunteer directly (which
might give falsely positive results), but they did all individually agree to partake in the study. The
same interview protocol was followed for all interviewees. The only difference was that one interview
was conducted via Zoom, with an additional question on distance learning.

We also need to consider the threats posed by having the themes validated by authors only. Here the
majority of interviews were performed by other authors than the one creating the codebook. Further,
one of the evaluators of the codebook was not part of performing the interviews. The validating
authors were given the quotes and themes separately and independently, and no indication was given
as to how the first author had done the initial mapping.

Construct validity concerns how well the results are generalizable to the concept or theory behind
the experiment, and external validity regards generalizability to industrial practice. Our results are
not meant to be generalizable over the whole software engineering teaching related field but indicate
starting points for further research in visualizing useful information and data for teachers of software
engineering. Finally, there are elements common to software projects within university setting and
projects in the industry. Having visualizations applicable for multiple stakeholders and environments
is also a goal of the research project. However, for the purpose of this study, we are only aiming at
results for teaching.

6 CONCLUSIONS

This paper provides a report of our initial analysis on what kind of views software engineering teachers
want for their courses and what kind of information they value in following learners’ progress. We
found that software engineering teachers lack higher-level views for tracking student progress in
both course and degree program level. Additionally, our results indicate that software engineering
teachers lack tools for identifying and contacting students that are lagging behind or having problems
completing assignments. Thus, it is important to create initial metrics that can help teachers towards
understanding the required effort and difficulty of tasks, sensibility of student workload and the pace
of work. This creates a starting point for further research. Based on the results presented, we
are currently building the first prototype implementations of a system that can visualize student
progress.
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ABSTRACT

Employers recognise that the future is changing and as such the structural
engineer’s role is changing along with the skill set required. The skills gap has been
acknowledged yet there is no consensus on which skills are most important for these
engineers. This research presents the outcome of a project which proposes future
professional skills needs for the structural engineer and the co-creation of their
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definitions. A review of the most recent relevant literature alongside chartership
requirements of the Institution of Structural Engineers (IStructE) and Engineers
Ireland (El), as well as consideration of three seminal consultation and analysis
reports on the future skills in the sector, led to the identification of 7 skills. These are
the traditional, though evolving skills related to communication, technical ability,
management and engineering practice as well as emerging skills related to
sustainability, technology and digitisation and society. It is accepted, however, that
there may be different conceptions of each term, therefore, the presented research
describes the co-creation of definitions for each of these skills with undergraduate
structural engineering students. The work describes how focus groups were used to
engage students in a conversation around the meaning and importance of each skill
resulting in specific action orientated definitions for each skill. These definitions will
then be used in the next phases of the project which engage the same students in a
reflective e-portfolio exercise and structural engineering educators in a review of the
programme outcomes in relation to such skills.

1 INTRODUCTION

Third level institutes are increasingly concerned with ensuring that their students
develop attributes which will better equip them for the world of work, but also as
members of society [1]. This paper presents the methodology and findings from the
first work package of a project which aims to “design our structural engineering
programme so that students can develop skills which will enable them to become
exemplary structural engineers with a focus on the future of our planet and it's
people.” This work package aims to firstly identify these skills and then co-create
their definitions with undergraduate students.

A narrow field of literature was targeted due to the aims of the project being focused
on Ireland specifically and professional structural engineering skills as students
move to chartership beyond graduation. The identification of skills needed for the
structural engineering graduate began with the two Irish bodies which offer
chartership in Ireland; the Institution of Structural Engineers (IStructE) and Engineers
Ireland (EIl). Chartership is essentially a professional registered title, and the
requirements for achieving it are different for each body. Under Irish law certain
engineering work is reserved for El chartered engineers. The application process is
based on the submission of evidence of learning and experience particularly related
to 5 competencies. The IStructE require graduates to undertake a programme of
Initial Professional Development (IPD) which is then followed by an interview and
intensive examination. The IStructE IPD programme outlines ‘core objectives’ that
applicants for chartered membership must achieve. These competencies and core
objectives for chartership were examined alongside engineering academic literature.
This built on the previous work by some of the authors who synthesised two
systematic reviews of worldwide literature on the topic, [2] identifying communication,
teamwork and interpersonal skills as the top most referenced skills in recent
literature, followed closely by core technical skills and business acumen. Aspects of
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each of these skills also need to be evidenced as competencies when applying for
Engineers Ireland chartership [3] or core objectives for IStructE chartership [4]. The
terminology varies between the sources, therefore“Core Technical Skills”,
“Communication”, “Management” and “Engineering Practice” were chosen as the
terms to describe the key skills required.

The second area of focus is on the future of the construction industry and emerging
needs of the sector. Primarily, relevant aspects of three sources were used, again
due to the specific focus on Ireland; The Expert Group on Future Skills Report on the
Built Environment [5], Engineering 2020 [6] and KPMG’s 2020 analysis of the
construction sector [7]. These were scrutinised alongside the recent proposed
changes in Engineers Ireland Accreditation programme outcomes [3] and the new
TU Dublin Strategic Plan [9], the university at which the authors carried out the
research. These formed the core focus of our study. Looking to the future allowed us
to identify several areas of future change which may not have previously been
prioritised in structural engineering programme designs nor included in graduate
attribute models. They are summarised as:

* Modular, off-site or prefabricated construction/manufacturing [5, 7, 8]

* Environment and Sustainability and/or related SDGs [5-7, 9]

» Diversity and inclusion [3, 6, 9]

+ Technological advancements including collaboration techniques (BIM) and
digitisation [6, 7, 9]

» Engineering as a business / Commercial Awareness [3, 5, 6]

* Increasing regulation inc. GDPR and other new or tightened standards [3, 7]

» Ethical and societal responsibilities and/or related SDGs [3, 6, 9]

These emerging skills were clustered into “Technology & Digitisation”,“Sustainability”
and “Societal” skills for the purpose of this study.

Having examined the literature surrounding specific requirements for structural
engineers in Ireland, a synthesis of the requirements can be described as: Technical
Skills (including Core Technical Skills and Technology and Digitisation), Non-
technical skills ( including Communication, Management and Engineering Practice)
and Attitudes (including Sustainability and Society) [10]. The seven clusters are
identified in Figure 1 which also shows the key themes emerging from each literature
group.

Despite describing how the clusters of skills emerged, the authors recognise that
there may be different perceptions of each term and any research work which
discusses or tests these skills should provide descriptions to reduce the risk of a
misunderstanding [2]. This research study takes this concept one step further by not
providing definitions created by the authors, but by co-creating the definitions with
third year structural engineering students using small focus groups as detailed
below. These same students will use these definitions in a later part of the project.
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Figure 1: Clustering of Skills emerging from the literature

2 METHODOLOGY

Co-creation has been described by Ryan and Tilbury [11] as a pedagogical idea that
emphasises learner empowerment, engaging learners in constructing and
questioning knowledge and learning. For this study, the students engaged in co-
creation in the curriculum as described by Bovill and Woolmer [12]. In order to attain
broad definitions and potential new skills that may have been overlooked by the
researchers and for the sake of rigour in the qualitative data collected, the
researchers chose to adopt a focus group methodology to generate deep discussion
on the skills, their definitions and any missing aspects.

The aim was to co-create definitions for the identified 7 skills clusters, and produce
‘action lists’ for each cluster. These lists were generated for two reasons. Firstly,
because action learning aligns with the overall ethos and long term goals of the
project which will include the introduction of new activities within the programme to
strengthen skill development. Secondly, ‘learning outcomes’ within module design
and re-design are defined by action terms that are measurable and observable. This
format and wording will be familiar and easily interpreted by educational staff during
the next phases of the project.
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2.1 Sample identification

The sample of students for the study was drawn from current third year structural
engineering students at TU Dublin. This is a four year programme which is
accredited by Engineers Ireland as meeting the education standard (with further
learning) for chartership. The rationale for selecting these students is that they have
a better range of educational experiences when compared with first or second year
students and so they are best equipped to define the skills that are presented to
them. We also hope to assist them in developing their portfolio of skills development
in this year and also in final year.

2.2 Ethical Approval

As the research work involved human participants, ethical approval was required for
the focus groups. Focus group participants received written information about the
objectives of the focus group study, confidentiality of data collected and the
possibility of withdrawal. Following the researchers provision of the rationale and
outline of the study, students were provided with an ethical consent form seeking
their permission to use the data collected for this research. The audio from
discussions with students was also recorded to enable checking and clarification at a
later date as required. Participants provided written consent before the focus groups
began and ethical approval was granted by the TU Dublin Research Ethics and
Integrity Committee [Ref: REC-20-77].

2.3 Focus group

A request for research participants was emailed to the third year structural
engineering class group and all volunteers who had signed the ethical approval form
were accepted. The procedure guidelines used by the researchers was agreed with
the research team before the session and the focus groups were carried out
remotely using Microsoft Teams. After introducing the researchers, the project and
the aims of the focus groups, the students were provided only with the titles of the
seven skill clusters; “Communication”, “Core Technical”’, “management” and so on.

Taking each skill in turn, students were prompted initially to consider each skill
individually and then discuss in the group what that skill meant to them. As this was
a co-creation exercise, the co-creation took place in real time by recording,
discussing and agreeing the definitions of each skill presented using a Powerpoint
slide to work through the process and record the outcome. After the focus group, the
two researchers involved in the focus group, met to review and refine the definitions,
based on the outcomes of the discussions and the audio recording. This included
correcting grammar and syntax. The definitions were also reviewed by the remaining
research team to check for clarity. These exercises helped add validity to the
outcomes. The definitions were then compiled into a table of skills and definitions.

3 RESULTS
Definitions and action lists for each skills cluster are presented in Table 1.
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Table 1: Definitions of Skills co-created with Third Year Structural Engineering Students
Core Technical

Definition:

The skilled structural engineer of the future has a strong grounding in mathematics and

science within structural engineering. This includes the fundamental principles of structural

engineering, material behaviour, engineering equations and problem solving.

Action List:

»  The ability to design and analyse a structure or parts of a structure

»  The ability to use appropriate equations and methods to solve a problem

«  The ability to recognise, understand and use structural engineering terminology and
definitions

Engineering Practice

Definition:

The skilled structural engineer of the future understands and follows the protocols,

processes, rules and regulations of practicing within this field.

Action List:

+  The ability to identify and follow the required standards and codes

«  The ability to describe and recognise the design stages in a project

+  The ability to perform a cost-benefit analysis in comparing options during initial design

«  The ability to recognise roles and responsibilities within a team

+  The ability to follow good practice and protocols in design and on-site engineering
including health and safety, Universal Design, and Environmental impact statements

Communication

Definition:

The skilled structural engineer of the future can effectively exchange information through a

variety of diverse means and with diverse groups in various settings and circumstances.

Action List:

«  The ability to present information in a clear and understandable form

+  The ability to communicate through a variety of online formats including video
conferences, emails, or messaging services

*  The ability to present to a group

+  The ability to write in a clear, well-structured and understandable manner, cognisant
of spelling, grammar and syntax

«  The ability to share, understand and record information in a meeting setting including
minute-taking

Management

Definition:

The skilled structural engineer of the future can manage themselves and others in keeping
on track towards an end goal.

Action List:

«  The ability to delegate responsibilities within a project or task

*  The ability to display leadership

*  The ability to motivate a team towards a goal

*  The ability to plan a project, it's tasks and deliverables

*  The ability to record progress and keep themselves and the team on schedule

*  The ability to prioritise tasks within a larger project or subject
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Table 1(cont.): Definitions of Skills co-created with Third Year Structural Engineering
Students

Technology and Digitisation

Definition:

The skilled structural engineer of the future is able to learn and use new technologies and

digital advancements in analysis, testing, communication and collaboration.

Action List:

»  The ability to translate 2D drawings to 3D models and images

+  The ability to use online resources for self-directed learning

+  The ability to use up to date software for structural design

+  The ability to use hand calculations to check software output

+  The ability to use automated testing equipment and data recording devices in a
laboratory setting

+  The ability to interpret output from software and data recording devices

*  The ability to convert between metric and other international systems

Sustainability

Definition:

The skilled structural engineer of the future has a working knowledge of the impact of

design choices on sustainability and targets the reduction of impact on the planet and its

natural resources.

Action List:

*  The ability to compare design choices in terms of sustainability

*  The ability to reduce material usage through design

»  The ability to design for longevity

»  The understanding of the relative green credentials when choosing between materials
or structural products

*  The ability to do examine the environmental impact of a structure

+  The ability to list locally available structural materials and products

Societal

Definition:

The skilled structural engineer of the future has an understanding of how they can impact

society directly or indirectly, and makes efforts to give back to the community,

understanding the inseparability of structure or structural engineering practices and people

and place.

Action List:

»  The ability to engage with a community for the betterment of structural engineering or
a structure

*  The ability to research and reduce the negative impact of a structure on a locality,
including the local community, local services, traffic, and local businesses

«  The ability to be ethical in daily engineering practice
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3.1 Discussion and Conclusions

Several disparities were identified between the commonly understood definitions of
terms in academic and professional writings and the interpretation by the students.
One example of this is the complete omission of any discussion on Building
information Modelling (BIM) within “Technology and Digitisation” when compared to
its almost exclusive presentation under this heading in the Future Skills report [5].
The students are taught BIM in several modules throughout the programme and are
therefore very familiar with it. This brought to light the importance of using
terminology which relates concepts to specific skills and module titles.

The skill that students struggled most to define and produce action lists for was
“Societal”. They needed to be encouraged to think about their future role within the
engineering profession and larger society many years into the future. It is interesting
to note that this reflects initial findings of other aspects of the project, whereby
societal skills were identified as being the most poorly represented within individual
modules.

The co-create approach was found to produce results which could not have been
identified through literature examination alone. The findings were very specific to the
cohort and within the context of the programme being examined. This serves the
purpose of this project well as the intention is to consider the existing programme
design and introduce changes where needed. The approach would need to be
adopted across several institutions in order to gain results that could be combined
and generalised across all structural engineering programmes. As an exercise in
itself, the co-creation process facilitated students to reflect on their own experiences
and abilities, which is a requirement within the chartership process for both the
IStructE and EIl. Students were engaged and lively throughout and all requested a
copy of the results and to be kept informed.

The next stage of this research involves a full programme review in order to examine
areas where the skills presented here can be integrated. During this step, the staff at
the school will reflect on their own modules and rank the extent to which each skill is
represented. Staff are also provided with the opportunity to detail how they would
define each skill cluster. Our aim is to engage our students in a programme which
sets a sound foundation not only for their academic training, but orientating their
views towards the skills they will need in the immediate future as a graduate and
their long term career as an exemplary structural engineer with a focus on the
future of our planet and it’s people.
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ABSTRACT

Higher Education Institutions in the field of engineering are currently in the process of
designing teaching-learning approaches within the framework of the Fourth Industrial
Revolution, Education 4.0. This process implies the need to improve the cognitive
abilities of Generation Z students with regard to active, collaborative learning and
personalized and self-paced teaching. Our institution had implemented in August 2019
a new educational model, based on four fundamental pillars: Challenge Based
Learning (CBL), flexibility, inspiring trained teachers and, a comprehensive
educational and memorable experience. The present work is a study on the
effectiveness of the CBL approach in engineering; the didactic use of technological
tools and the design of innovative strategies to enhance the development of the skills
declared in the Education 4.0 Framework: global citizenship, innovation and creativity,
technological mastery and interpersonal awareness. The methodology used was
quantitative-experimental, involved more than 250 students and was developed over
three years. The use of several assessment instruments allowed to obtain conclusive
results: (i) the impact of the design and implementation of adequate cognitive tools on
the quality of learning outcomes; and (ii) the relevance of the use of cutting-edge
technological tools in each stage of a 2D learning taxonomy (cognitive process
dimension / knowledge dimension).
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1 INTRODUCTION

Education 4.0 is an educational approach designed to align with the emerging fourth
industrial revolution. The pillars of this new industrial revolution are intelligent
technology, artificial intelligence and robotics, Biotechnology and Sustainability. It
must contain a more real approach, more of the current environment, real issues,
real answers [1]. Universities have had to change their teaching-learning models to
focus on these areas of study. However, this would not be enough, but the students
must learn about the areas by doing, that is, under a practical, dynamic scheme,
changing the knowledge transfer approach in a way that is closer to the environment
in which we live today [2].

This makes engineering education go through significant changes. Therefore, it
requires academics to modify traditional engineering education. Taking into account
the principles of Industry 4.0, the teaching staff should allow their students to face
Industry 4.0 and to continue researching on the subject in conditions of lifelong
learning. In other words, it requires establishing tangible engineering competencies
in both processing and thinking that can be applied to emerging technologies [3].

In addition, education needs new adaptable education systems that are developed
and realized through the use of technology and the Internet, more in events such as
the COVID-19 pandemic [4]. Technology-enhanced learning offers such possibilities
by supporting the teaching and learning process through the integration of e-learning
and technology. Provides access to socio-technical innovations. Learning with
technology can maximize students' academic experience in fast-growing areas of
interest to Industry 4.0 at all levels of global education. This requires strategies such
as challenge-based learning or active learning. There is a gap that is created
between the need for employers to certify that students possess the skills required
for the work environment and the current circumstances of the pandemic that
prevent educators from fully developing these skills. Therefore, the study and
proposal of new strategies of the teaching-learning procedure that decrease this gap
are extremely necessary. Education in the Fourth Industrial Revolution can be
identified with four skills and four learning characteristics of high-quality learning, the
Education 4.0 Framework, as shown in Table 1.

This study addresses the following research question on how to intellectually involve
engineering students by promoting soft skills (considering technological tools and
digital transformation not as goals in themselves but as means):

How to incorporate in Challenge-based settings those open learning experiences
that develop Education 4.0 skills using tools from an Active Learning approach?

2 THEORETICAL BACKGROUND
2.1 Challenge-based Learning Theory

CBL has its roots in Experiential Learning (EL), which has as its fundamental
principle that students learn better when they actively participate in open learning
experiences than when they passively participate in structured activities. Therefore,
EL provides opportunities for students to apply what they learn to real-world
situations where they face problems, discover for themselves, test solutions, and
interact with other students within a given context [5]. EL is an integrative and holistic
learning approach that combines experience, cognition, and behavior [6].
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EL approach involves much more than just participating in “doing something,” solving
a problem that has been previously solved by the teacher, or getting involved in a
project as an assistant. It should be noted that EL can be used in Project-Based
Learning, however for the CBL, the level of uncertainty is different, mainly when
there are agreements between universities and training partners where students are
scholarship holders or interns at the training partner's facilities, because sometimes
the experience of interactions is limited to students doing jobs with little demand and
almost always challenging.

On the one hand, the first priority of the new educational model was for our university
to establish agreements with the training partners in accordance with the objectives
of the educational model. This, of course, implies an understanding on the part of the
training partner that the main objective is the development of competencies through
solving the challenges that the training partner wants to solve. On the other hand,
the university undertakes to respect at all times the confidentiality of the process, the
intellectual property of the resolution of the challenge, and the guidelines of both the
engineering school and the training partner to understand how students can develop.
competencies through CBL experience [7][8].

Table 1. Skills and learning characteristics of the Education 4.0 Framework

Global citizenship Personalized and self-paced
Skills Innovation and creativity Learning Accessible and inclusive

Technology Characteristics | Collaborative

Interpersonal Student-driven

2.2 ACTIVE LEARNING THEORY

Some of the essential conditions to promote effective Active Learning (AL)
experiences are [9]:

% Learning experiences should include activities of reflection, critical analysis
and synthesis.

% Learning experiences should be structured in a way that promotes decision
making and student responsibility for results.

% The experience must involve all participants not only intellectually but also
emotionally and socially.

+ The instructor and students may experience success, failure, uncertainty, and
risk taking, because the results of the experience may not be entirely
predictable.

%+ The experience should promote students' self-awareness, empathy with their
peers and a greater knowledge of the environment and other cultures.

AL and CBL are educational process approaches that have been successfully
incorporated into engineering curricula because they achieve a real-world
perspective and view student learning as a process by "doing" on a subject of study.
It is a type of experiential education where students are exposed to situations in their
environment, AL is the basis of pedagogical activities and CBL is the didactic
technique where the student faces a real problem where their knowledge,
experience, multidisciplinary and collaborative work It is necessary to develop a
proposal for a solution to the challenge. The result is obviously the development of
both transversal and disciplinary competencies. These approaches offer a student-
centered learning framework that emulates real work experiences in industry and
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corporations: they build on student interest in giving practical meaning to education,
while developing key competencies observed by organizations international:
Leadership and social influence; Emotional intelligence; Reasoning; Problem solving
and ideation; and Analysis and evaluation of the system.

3 METHODOLOGY
3.1 Research Design

The design chosen for the project was the Experimental Research, Quantitative, 4-
group Solomon type [10]. It was intended to control the possible interaction that
could exist between the PreTest and the Treatment. Two groups have received
PreTest (EG-T-PreT and CG-PreT) while other two have not. Likewise, two groups
have received Treatment (EG-T-PreT and EG-T) while other two have not. The
group criteria were the following:

EG-T-PreT: Experimental Group, Treatment with PreTest
EG-T: Experimental Group, only Treatment without PreTest
CG-PreT: Control Group with PreTest

CG: Control Group without PreTest

The study was mainly based on the implementation of both approaches, CBL and
AL, and all students participated simultaneously in activities that promote learning
and enrichment of disciplinary competences, as well as transversal competences [2].
During these experiences, students were guided by the authors and supported by
partners, who contribute not only to the design and implementation of activities, but
also to the feedback received by teachers and students at the end of the process.
The methodological design is schematically illustrated in Figure 1.

3.2 Participants

A total of different groups were involved over six semesters (S1 to S6), from August
2018 to June 2021, as shown in Table 2. The research was conducted with a sample
of 330 students that joined the study voluntarily, 130 of them during 2018-2019 in
face-to-face (F2F) learning settings, and other 200 of then, during 2020/2021, in fully
online (OL) learning settings. The experimental group -198 students- underwent
cognitive and metacognitive instruction (with Treatment), while 132 students
remained untrained in the control group (without Treatment). Of the 198
experimental group students, 102 received pre-test and treatment and 96 students
received only treatment. Of the 132 students in the control group, 74 received the
pre-test and the remaining 58 students did not.

It is important to emphasize that the students of the 14 groups that appear in Table 2
participated in the Post-Test. Participants who contributed to this study had an
average age of 22 years by the end of each semester and were distributed in nine
different courses (the official ID of each program and courses appears in
parentheses) taught by both authors, as follows:

B.S. Sustainable Development Engineering program (IDS):

Biology and Sustainable Development (BT1009)

Natural Resources Management and Climate Change (DS3002)
Capstone Project for Sustainable Development (DS3005)
Integration of Energy Processes (1Q2001B)

Technologies for the Efficient use of Electricity (TE2042)
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Energy Distribution Systems (TE3053)
B.S. Biotechnology Engineering program (IBT):

e Molecular Biology (BT1003)
e Biomimetics and Sustainability (IB1006)

B.S. Mechatronics Engineering program (IMT):
e Applied Electronics (TE2033)

Pre-tests Treatment Post-test
~@L) "

Open Active l

Learning @
Experiencies

Rubrics
Surveys
Interviews
Questionnaires

Diagnostic Tests
Critical Reading
Inference Tests
| Discussion Board
G—.

%é,.

StatlstlcaIComparlson

Fig. 1. Procedure Design.

Table 2. Methodological data used in the study.

Group Type #Group #Students Course Program Modality Sen;e;sat;ar &
1 32 I1B1006 IBT oL $6-2021
EG-T-PreT 2 26 IB1006 IBT oL $5-2020
(102 students) 3 26 TE2033 IMT oL S6-2021
198 4 18 DS3002 IDS oL S6-2021
5 30 1Q2001B IDS oL S6-2021
EG-T 6 17 TE2033 IMT F2F $3-2019
(96 students) 7 26 BT1003 IBT F2F $2-2019
8 23 TE3053 IDS F2F $3-2019
9 29 TE2033 IMT oL $4-2020
83';L%Lnts) 10 24 IB1006 IBT F2F $3-2019
11 21 TE2042 IDS oL S4-2020
132 12 15 DS3005 IDS F2F $1-2018
(ng students) 13 25 BT1003 IBT F2F S1-2018
14 18 BT1009 IDS oL $5-2020
TOTAL students 330

3.3 Open Active Learning Experiences (Treatment)
The best strategy for the incorporation of the open learning experiences was in the

form of didactic interventions and integrated infusion-immersion approach in
curricular courses of the engineering programs [11][12]. The activities were designed
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considering the actual cognitive stages of thinking of the students, and incorporated
analysis sessions. The treatment included some of the following experiences
(competences/skills to develop appear in parentheses):

*Dialogue Seminars, held after hours and outside the classroom, in spaces with
adequate furniture of the Learning Commons, in F2F courses, and in
videoconferences rooms, in OL courses (Broad Perspective).

*Supervised Questioning Session with a leader instructor to stimulate the recall of
knowledge and sharpen understanding of concepts acquired in previous sessions
(Criticality)

*Challenge-based learning with experts in industry facilities, energy utilities facilities
and technology companies (Teamwork).

*Training of students in the operation of the cockpit console of the radio station,
training in the use and production of audio with portable equipment for recording
podcasts in the classroom and outdoors (Transfer).

*Student participation in contests and competitions of cultural nature (Creativity and
Taking Risks)

3.4 Instrumentation (Data Collection in Pre-Test and Post-Test)

Diverse types of instruments were used: diagnostic tests, with multiple-choice and
true or false questions designed to establish the approximate knowledge of each
student; Reading comprehension tests, designed to determine the level of cognitive
maturity of students; a modified version of the tests and rubrics presented by Paul &
Elder; and finally, to assess how well students performed each outcome and
considering that assessing the evidence for competences and soft skills involves
subjective judgments concerning products or behaviors, an already-existing rubric
was used, the VALUE Rubrics, from AAC&U, developed for the Essential Learning
Outcomes of the Association of American Colleges and Universities [13].

PreTests were important to know the level of cognitive maturity of students. In this
study, Egan's taxonomy was used to place students on the different five levels. It is
important to emphasize that the PreTest does not have a diagnostic function in terms
of domain-specific knowledge level. The PreTest were also used to know the level of
development that students have in Education 4.0 skills.

4 RESULTS, FINDINGS AND DISCUSSIONS

During the first three semesters of the project (S1, S2, S3), preliminary treatments
were conducted on 66 students to determine with greater accuracy the flexibility and
design of the assessment tools, while 64 students were included in the control group.
In the spring semester of 2020 (S4), the emergence of COVID-19 forced us to
abruptly to modify our design to go from face-to-face learning to online learning
through the ZOOM platform; we adapt the collaborative sessions to be carried out in
videoconference format and the laboratory sessions to be carried out, some in
simulation software and others in remote laboratory systems. In that semester 50
students of the control group performed the Post-Tests. Finally, in the last two
semesters of the study (S5, S6) a total of 132 students were included in the
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experimental group, performing the modified and adapted treatment to be carried out
100% online; in that period 68 students participated in the control group.

In order to verify that the students of the experimental group and the control group
had similar initial conditions of soft skills development, the results of diagnostic pre-
tests in both groups were compared. Initial comparison between 176 students (102
students of the EG-T-PreT and 74 of the CG-PreT), revealed no significant
differences in their skills background, as shown in Figure 2a. The finding of
relevance that we can report from the pre-tests is the strong impact of social-
emotional skills, noted in students in semesters S5 and S6 (from August 2020 to
June 2021), presumably due to disappointment and frustration when starting a
semester under strict measures of confinement and social distancing caused by the
second wave of COVID-19.

The preliminary analysis of the results obtained in the Post-Tests of the years 2018-
2019 revealed that the situation attended in the teaching-learning involved the
insecurity in effective communication (oral and written) and the difficulty in
developing soft skills and transversal competences. The post-tests on digital skills
using VALUE rubrics showed that the experimental group attained 37% improvement
over the students of the control group in the upper "Capstone" level and a 35%
decrease in the number of students at the lowest "Benchmark" level of the rubric, ,
as shown in Figure 2b. The exercise of activities in small groups was highly
beneficial, so that our methodology can be considered a successful, especially in
fully online environments.

The results showed that the Open Active Learning Experiences established a
positive effect, since it could be verified that the work of heterogeneous active
groups also favours different affective results, as self-motivation, personal ethics,
enthusiasm, and intellectual responsibility.

a) Pre-Test Performance b) CG vs. EG Post-Test Performance
—Gemester 3 (53-2019) =——Semester 4 (54-2020) —( —EC
—SEmester 5(55-2020) Semester 6 (56-2021)

Innovation &
Innovation & Creativity
Creativity 100

100
80

- o Inter personal
Critical Thinking awaF:ness

Critical Thinking

Interpersonal
W awareness

Use of Technology Global Citizenship Use of Technology

Global Citizenship

Sodo-emotional Sodo-emotional

Figure 2.a) Pre-test Performance in semesters S3, S4, S5 and S6. b) CG vs. EG
Post-Test Performance.

Faced with the triggering question, regarding how to insert Active Learning
experiences in CBL courses, our proposal to use technology-enhanced open
experiences was a viable option, since the students themselves recognize -in both
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academic course and training exit surveys- a significant increase in the Education
4.0 Framework skills, as well as in socio-emotional empathy.

The adoption of open learning spaces made it difficult to predict how students would
respond to the contributions of their peers, how the interthinking process would
evolve and to what extent each would develop the Education 4.0 framework skills.
Challenge-based learning approach also involved the instructor making decision was
a process with the necessary flexibility to change the instructional process in
midstream. In addition, those environments demanded a high degree of leadership
on the part of the instructor and a strong emerging collaboration between instructor-
student and between students with their peers.

Although a broader distribution was intended, only the students who were interested
in participating in the study could be included in the sample. Because of this, the
groups of students from the engineering program in which we are associated are not
completely representative of higher education in our institution.

5 SUMMARY AND CONCLUSIONS

During the last year, due to the emergence of the COVID-19 crisis, all higher
education institutions adapted their curricular courses to partially known digital and
technological environments, and revisited the syllabi to be taught in completely
online courses. The challenge was enormous, and differences of opinion persisted
on how to include advanced technological tools virtually in the courses to achieve a
good development for the soft skills of the Education 4.0 framework. The present
work is a study on the effectiveness of Active and Challenge-based Learning
Approaches and the didactic use of some technological tools. The design of
innovative strategies made it possible to enhance the development of some of the
required skills such as: global citizenship, innovation and creativity, digital literacy
and interpersonal awareness. The use of rubrics allowed to obtain conclusive results
since it revealed the importance of promoting the formation of metacognitive
awareness, and the great impact of the design and implementation of adequate
cognitive tools to achieve high quality results in the learning process.

ACKNOWLEDGEMENTS

The authors would like to acknowledge the financial and the technical support of
Writing Lab, Institute for the Future of Education, Tecnologico de Monterrey, in the
production of this work. The authors would like to acknowledge the financial support
of Novus Grant with PEP no. PHHT090-192200008, Institute for the Future of
Education, Tecnologico de Monterrey, in the production of this work.

REFERENCES

[11  World Economic Forum, “Schools of the future: Defining new models of
education for the fourth industrial revolution,” World Econ. Forum, no. January,
pp. 1-33, 2020, [Online]. Available: www.weforum.org.

[2] World Economic Forum Boston Consulting Group, “Towards a reskilling
revolution: A future of jobs for all,” 2018. Accessed: Aug. 25, 2020. [Online].
Available: https://www.voced.edu.au/content/ngv:78746.

[3] M. S. Ramirez-Montoya, M. |. Loaiza-Aguirre, A. Zuhiga-Ojeda, and M.
Portuguez-Castro, “Characterization of the Teaching Profile within the

117



SEFI 2021

- RESEARCH PAPERS -

49th ANNUAL CONFERENCE | BERLIN | 13.09. - 16.09.2021

[4]

[5]
[6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

Framework of Education 4.0,” Futur. Internet, vol. 13, no. 4, p. 91, Apr. 2021,
doi: 10.3390/fi13040091.

World Economic Forum Boston Consulting Group, “Insight Report Challenges
and Opportunities in the Post-COVID-19 World,” 2020. [Online]. Available:
www.weforum.org.

D. Thornton Moore, “For Interns, Experience Isn’t Always the Best Teacher,”
The Chronicle of Higher Education, 2013.

D. Akella, “Learning together: Kolb’s experiential theory and its application
Cases on Critical Practices for Modern and Future Human Resources
Management View project,” Artic. J. Manag. Organ., 2010, doi:
10.5172/jmo.16.1.100.

J. Membrillo-Hernandez, M. J. Ramirez-Cadena, M. Martinez-Acosta, E. Cruz-
Gobmez, E. Mufoz-Diaz, and H. Elizalde, “Challenge based learning: the
importance of world-leading companies as training partners,” Int. J. Interact.
Des. Manuf., vol. 13, no. 3, pp. 1103-1113, Sep. 2019, doi: 10.1007/s12008-
019-00569-4.

P. Caratozzolo and J. Membrillo-Hernandez, “Evaluation of Challenge Based
Learning Experiences in Engineering Programs: The Case of the Tecnologico
de Monterrey, Mexico,” in ICBL 2020. Advances in Intelligent Systems and
Computing, vol 1314., Springer, Cham, 2020, pp. 419-428.

M. Hernandez-de-Menéndez, A. Vallejo Guevara, J. C. Tudon Martinez, D.
Hernandez Alcantara, and R. Morales-Menendez, “Active learning in
engineering education. A review of fundamentals, best practices and
experiences,” Int. J. Interact. Des. Manuf., vol. 13, no. 3, pp. 909-922, Sep.
2019, doi: 10.1007/s12008-019-00557-8.

C. Dawson, “Introduction to Research Methods 5th Edition: A Practical Guide
for Anyone Undertaking a Research Project,” 2019.

D. Alan Bensley and R. A. Spero, “Improving critical thinking skills and
metacognitive monitoring through direct infusion,” Think. Ski. Creat., vol. 12,
pp. 55-68, 2014.

P. Caratozzolo, S. Rosas-Melendez, and C. Ortiz-Alvarado, “Active Learning
Approaches for Sustainable Energy Engineering Education,” in 2021 IEEE
Green Technologies Conference (GreenTech), Apr. 2021, pp. 251-258, doi:
10.1109/GreenTech48523.2021.00048.

M. J. Allen, “Using Rubrics to Grade, Assess, and Improve Student Learning,”
Strength. Our Roots Qual. Oppor. Success Prof. Dev. Day Miami-Dade Coll.,
pp. 1-82, 2014.

118



J
SEFI 2021 - RESEARCH PAPERS -
49th ANNUAL CONFERENCE | BERLIN | 13.09. - 16.09.2021

STEM UNIVERSITIES AND THEIR RESPONSE TO THE COVID-IMPOSED DIGITAL
MOVE: A COMPREHENSIVE OVERVIEW

E. Cataldo*
BEST
Amsterdam, Netherlands
Y. Alonso
BEST
Madrid, Spain
. Neamtu
BEST
Bucharest, Romania
B. De Vleeschouwer
BEST
Leuven, Belgium
E. Yildiran
BEST
Istanbul, Turkey

Conference Key Areas: Online assessments, Social aspects and communication in online /
blended learning

Keywords: Digital education, STEM students, Post-pandemic education

ABSTRACT

In the last decades, Higher Education has undergone an ever-increasing trend of digitalisa-
tion. Universities have already been working for years on adapting to the digital era, with
new technologies and increased accessibility driving educators towards adopting new teaching
methods. In this context, the sudden outbreak of the COVID-19 pandemic enforced changes
that would have taken years to happen in just a few months. Now that digital education is no
longer optional, universities have been urged to adapt to an online environment, using a wide
variety of approaches. This research aims at centralizing all the scattered knowledge that has
been generated in the emergency-focused response to the pandemic, to turn it into a collec-
tion of best practices for educators and STEM universities. This study was run on a pool of
50 universities from 28 countries, by conducting interviews with students from each institute
between November 2020 and February 2021, analyzed through content analysis and thematic
analysis techniques. These interviews covered 5 main areas: Teaching methods adapted to
the online environment; Digital tools used for online lectures; Online laboratories; Online as-
sessment methods; Personal interaction between students or students and educators in an
online environment. The paper finally recommends techniques that educators can use to cre-
ate a more effective and digital-enhanced learning experience for their students, with the right
balance of digital content and in-person interaction. It also advises actions that universities can
take to support educators in achieving this goal, and to digitally enhance interaction between
their students and educators.

*Corresponding author: eu.cataldo@gmail.com

119



K
SEFI 2021 - RESEARCH PAPERS -
49th ANNUAL CONFERENCE | BERLIN | 13.09. - 16.09.2021

1 INTRODUCTION

The latest advances in the field of technology, such as continuous connectivity, increased digi-
tisation, and instant access to information, led to redefining many aspects of both professional
and daily life. In this context, digital education has evolved and has become a vital part of this
digital revolution, making use of the most modern technologies to create an optimal learning
environment focused on students.

In the latest months following the outbreak of the COVID-19 pandemic, the digitisation process
has been exponentially accelerated. Universities had to adopt technology and digital tools as
part of their standard methodology in no time [1]. Even though the COVID-19 crisis has caused
many challenges, new insights and ideas on the topic have arisen which can lay the groundwork
to drive the change in education for the next years.

Specifically, higher education had already been in the digitalisation process for a decade[2],
but universities adapted at different speed and in different ways to the new needs the pandemic
imposed. The knowledge generated on this adaptation process has not yet been organised and
shared among institutions rigorously and systematically. Findings are scattered and uniquely
used in specific universities, or even just in particular courses. Therefore, centralising and
evaluating the information acquired over the last year can provide the tools to create the basis
for digitally-enhanced education in a post-pandemic context[3].

With these ideas in mind, this research aims at centralising the scattered knowledge that has
been generated in the emergency-focused response to the pandemic and to turn it into a col-
lection of teaching best practices for educators and STEM universities. The paper provides a
comprehensive overview, based on the students’ perspective, of the actions taken by universi-
ties in the fields of (online) teaching methods, digital tools, (online) assessment methods, and
university support for (online) interaction. It aims at helping to design new approaches to digital
education, by providing concrete examples of other European universities.

Consequently, this research approaches the following questions: How did European STEM
Universities tackle the transition from in-person to digital education? How were teaching and
assessment methods adapted? Which tools were used to support them? What are the best
actions to be taken?

2 METHODOLOGY

The data presented in this paper was gathered through a series of interviews with one student
from each university in the sample. We interviewed students in pairs, with 4 different inter-
viewers. We conducted interviews in 50 STEM universities from 28 European countries, in the
period between November 2020 and February 2021. Using a pre-designed script, each inter-
viewer was going through a series questions, recording the interview in form of raw texts and
checkboxes.

The interview had the goal of gathering factual information about the measures that each uni-
versity took in facing the pandemic. To extend the information gathered in the interview to the
whole university, rather than just the specific experience of each interviewee, we contacted in-
terviewees 1-2 weeks before the interview itself. We provided 5 questions on the topics that
the interview would touch upon, asking the interviewee to gather more information about it from
his/her peers, to then report to us. This, together with the fact that we were probing for fac-
tual information (and not opinions, for which statistics is of essence), was done to mitigate the
concern that a sample of one student per university wouldn’t be representative.

We designed the interview script! to cover 5 areas: the general approach of the university
regarding teaching activities, tools used for online teaching, online teaching methods, online
assessment methods, and university support for students.

"https://bit.1y/33c8MC2
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We conducted the first 3 interviews with a slightly different script, used for testing and fine-
tuning. For this reason, those have not been included in the statistics in the paper, which will
only be about the remaining 47 universities. Nevertheless, the ideas gathered in those 3 initial
interviews are reported in the text throughout the paper.

After this, we analysed the data analysis by using thematic analysis[4] and content analysis[5]
techniques, to bring responses from raw text to a format that allowed statistical analysis.

The analysis process consisted of an iterative process between 3 steps.

1. Assigning codes to meaning units in the text: We went through the text of all inter-
views and assigned a code to any found meaning unit. In this context, a meaning unit
refers to each piece of information that has been collected from the students.

2. Reviewing the code list: While creating codes, we logged them in a codebook, with the
name and description of the meaning unit the code was capturing. This allowed review-
ing the codes within the team, and it minimised cognitive bias throughout the codifying
process.

3. Grouping those codes in themes: After creating and reviewing the codes, we looked
for themes[4] within them. In this context, a theme refers to a specific pattern found in
the data. Each theme captures some crucial information about the data in relation to the
research questions, and features patterned meanings across the data set. Codes were
rearranged, merged, and deleted, to find meaningful trends and patterns.

The last step was to format the created codes as boolean values tables, to be able to run
statistical analysis effectively.

3 RESULTS
3.1 General situation in the university

This section investigates how universities adapted their traditionally organised activities to the
online format. For more clarity, we define below the four main activities, as their meaning may
differ depending on the university or on the major:

» Courses: theoretical lectures;

« Practical lectures: all the activities where students apply their knowledge or do practical
experiments;

» Assessments: projects, midterms, and final exams;

» Research activities: research conducted by any student, as a part of a research team
in the university or for his/her diploma project.

3.1.1 Observations

Universities took a wide variety of long-term and short-term measures to quickly adapt to the
outbreak of the pandemic. While some universities adapted quickly to online learning, using the
already existing infrastructure, others were taken by surprise: 7 out 47 universities (10%) had
cancelled classes in order to prepare a plan and update their infrastructure to support digital
education.

Figure 1a geographically shows the approaches that universities took in the adaptation, either
fully moving online or using hybrid approaches with some activities still live. scenarios adopted
by the universities. 39 out of 47 universities (83%) used a hybrid approach, trying to conduct
offline activities when possible, while 8 universities had online classes exclusively, starting from
March 2020.

Following the trends present in all aspects of society, universities tried to reduce the number of
participants in live activities, in order to limit the number of interactions between people. 38%
of the universities from this study have tried different approaches that would permit safe offline
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activities, such as:
+ Dividing students into two groups that were alternating in class;
 Organising an on-campus day a week, to group all live activities together;
* Having all classes at reduced capacity and introducing a booking system for students.

To further elaborate on the type of activities that still happened live, Figure 1b presents a his-
togram of the activities that universities tried to organise offline. We can observe that 23% tried
to organise offline courses, and 21% encouraged research activities to happen live. Addition-
ally, 55% of the universities have tried to have practical lectures fully or partially offline, while
49% universities tried to have in-person assessments, rather than online ones, with a total per-
centage of 30% universities trying to provide offline solutions for both practical lectures and
assessments.

Overall situation

Offline activities
in

20

Courses Pracucal Hesearch Assessment
lecturas activities

- Hybrid
. Full online

(b)
(a)
Figure 1: (a) Geographical distribution of the universities trying hybrid approaches. (b) Histogram representing which activities

universities tried to organize offline. The codes in the histogram are non-exclusive, so the total counts add up to more than the
total of 47 universities in the analysed database

3.1.2 Discussion and Conclusion

Although all the activities mentioned in this section have an online equivalent, 40 out of 47
universities (85%) have tried to organise at least one type of the above-mentioned activities
in an offline manner. Based on this, we notice that universities have made considerable ef-
forts to organise as many activities as possible live and to maintain the safety conditions, that
could flag that these are considered important to ensure good learning experiences for the
students.

Additionally, based on Figure 1b, it is noticeable that most universities focused on having prac-
tical lectures and assessment sessions live, rather than remote. Considering that STEM disci-
plines partially rely on practical, hands-on experience and can require special equipment only
present in a designated laboratory, the need for having offline practical lectures is logical, and
it is reflected in the data of this section.

3.2 Digital tools

In this section, we give an overview of the tools that have been used in European STEM uni-
versities for different activities. We also analyse which resources the universities provided to
students and professors, and present the approach that different universities had on practical
lectures.

3.2.1 Observations

We probed the interviewed students upon which tools have been used for both theoretical &
practical lectures, and for sharing study material. There was no significant difference observed
between tools used for theoretical lectures and practical lecture, just using more interactive
features like breakout rooms for the second ones.
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We can see in Figure 2a that most of the universities used non-integrated video-conferencing
tools. Zoom and Microsoft Teams were by far the most used, with 34 (72%) and 28 (60%) cases,
but also Google Meet, Skype, and Webex were mentioned. There was also a significant number
of universities that used video-conferencing tools fully integrated with their university platform,
the most common being Moodle-based platform (32%), including its plugins like BigBlueButton
(7 cases, 15%, included in “Moodle-based” in the figure). But we can also see other tools
like Google Classroom and Blackboard Collaborate, or unspecific University websites hosting
streaming/recordings.

Additionally, other tools were used in parallel to increase online interaction. The main ones
reported were Kahoot (8 times, 17%) and Google form (4 times) for quizzes, and even Miro for
having a more collaborative environment for the class (2 times).

Figure 2b shows the same analysis on the tools used for sharing study material. A tool inte-
grated into the university platform was used more often that in Figure 2a, with Moodle being the
most widespread (51%), and a university website (non-Moodle-based) also being very common
(43%). Also here, we notice non-integrated methods for sharing materials like emails (13%),
Microsoft Teams (11%), and others. Blackboard Collaborate was only reported once, Google
Drive and Google Classroom twice, they are included in the “Other tools” column.
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Figure 2: (a) Histogram of the tools used for lectures. (b) Histogram of the tools used for sharing material (slides. assignments,...)
between professors and students. The codes in the plots are non-exclusive, so the total counts add up to more than the total of
47 universities in the analysed database

We also analysed the university support in providing tools to educators. In almost all cases,
the university did provide educators with some sort of tool. In 15 cases (32%), tools were
centrally provided. In 15 other cases, there were tools provided by the university, but some of
the professors were not using them and were resorting to custom (eventually free) ones. In
12 cases (26%), the tools were provided and used, but some educators also used additional
non-university-provided ones in parallel (e.g. Miro or Kahoot together with Zoom). In 3 cases
the interviewee mentioned that tools were provided only in the second semester, and in 2 cases
that the educators did not have any provided tool.

3.2.2 Discussion and Conclusion

The move to digital education needs to be empowered by a series of tools that support uni-
versities, professors, and students in interacting in an online environment. In the context of the
rise of the COVID-19 pandemic, professors and students have worked in integrating these tools
into Higher Education, possibly with the support of university bodies.

All universities have used at least one video-conferencing tool that was allowing for live inter-
action between students and educators, and one tool for sharing material between students
and educators. We considered these to be the essential elements needed to be able to run an
online class.

We presented in this section a large variety of used digital tools, with professors that tested
many of those independently. This was probably an inefficient time-drain, as many different
educators had to go through the same process in parallel. It also highly relies on the single
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educator, which is a weak strategy due to the vastly differing skill sets of different educators.
We therefore advise universities to support educators by providing them with an adequate
framework of digital tools that they can use for their classes, after an eventual round of needs
gathering. This will allow them to focus on what they are experts at: the content of their lec-
tures.

The approaches visible in this part are included in a spectrum within:

+ A fully-decentralised approach, where educators were independently figuring out the best
tools to use, and aligning with the students. An example would be having lectures via a
Skype call set up by the educator, who also shares the links and materials via email to all
the students.

* A fully-centralised approach, where the university provides a central tool with the course
schedule, links to the video-lectures, space to upload materials and ask questions. To the
knowledge of the authors of this paper, Moodle and Blackboard Collaborate support this
feature.

In the middle of the spectrum are approaches where there is a university website to share
materials, and that the educator can use to share links to lectures and materials, eventually
with software licences provided by the university.

A fully-decentralised approach can be more flexible and agile, but it relies more heavily on
single educators to handle the logistics of the online class and to work through the myriad of
tools available. A fully-centralised approach requires more resources from the university to be
effective. The university also needs to set up and maintain the system and gather requirements
and give trainings to educators, otherwise there is the risk that they will not make use of the
supplied tools, as seen at the end of the previous section (3.2.1). However, this approach
supports the educators more, leaving them larger bandwidth to focus on the content of their
classes.

3.3 Teaching methods

This section studies how teaching methods were adapted to the online environment, to conduct
lecture, maintain engagement, and ask questions. Throughout this paper, we will use the term
"teaching method” to refer to “the general principles, pedagogy and management strategies
used for classroom instruction”[6]

3.3.1 Observations

To start, we investigated in the interviews the degree of change that occurred in teaching meth-
ods. 72% of the students stated that there was no noticeable change in the teaching methods
when moving to online education. Adaptations consisted uniquely on the platform used (not a
physical class, but an online class), but not on the way information was delivered. The main
reports were that educators were using the same presentations as they would use in an offline
classroom. On the other hand, there were 17% who affirmed that changes in the techniques
were noticeable with respect to on site education.

In Figure 3a, we report the most popular teaching methods. The most common were having
lectures recorded (42%), presentations (40%), or Live-streams (15%). 13% also used a Flipped
Classrooms?. methodology and 11 (23%) used breakout rooms for group activities. Finally,
4 universities also used videos from external resources to explain concepts. Lastly, and 2
introduced a measure to make lessons shorter for maintaining the focus of students.

As a general trend, we observed that measures and techniques depended mostly on the indi-
vidual teachers rather than on the whole institution, as reported in 62% of the interviews. In
addition, 11% of the universities proclaimed that the adaptation to online learning evolved later

2Type of blended learning where students are introduced to content in advance and practice working through it
in class
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in the pandemic, getting better in the new term in September 2020.
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Figure 3: (a) Histogram showing the teaching methods used during the pandemic. (b) Histogram showing the engagement
activities used in online classes. The codes in the plots are non-exclusive, so the total counts add up to more than the total of 47
universities in the analysed database.

We also investigated in the interviews which activities were used to maintain students’ engage-
ment during the lectures, summarised in Figure 3b. The most common one was organising
short quizzes during the lectures (47%). Other often used methods were about asking ques-
tions, either from students to educators (34%), or all the way around (19%). Breakout sessions
or quick exercises/tests were also used 28% and 30% of the time. A few students mentioned
that the professor was probing the class to sharpen attentiveness, either asking questions or
checking attendance (15%).

Asking questions is an important step of understanding a piece of information and, while in
a traditional offline environment there is no need for a special framework for this, the digital
environment made it more difficult to address spontaneous questions. Various solutions used
for question answering are presented in Figure 4, both for questions during the lectures, and
outside of the lectures.

Methods for Questions

Mmt&fﬂﬂmﬂm Cuestions outsce of the cass
!

11 —

Unmute Chat Raise Email Forum Office
for hand hours.
questions

Figure 4: Overview of the methods offered to students for questions. The codes in the plot are non-exclusive, so the total counts
add up to more than the total of 47 universities in the analysed database.

As we can see, most universities used spontaneous methods for questions during lectures:
raising hands or unmuting in the used video-conference tool (81%) and using the chat to write
doubts (72%), where questions were also answered sometimes. Two universities also set up
something more elaborate like having a moderator dedicated to collecting and eventually an-
swering questions. On top of that, many universities also provided ways to ask questions
outside of lectures. They mostly used emails from students to the educators (53%), and a
forum-like environment where both students, educators, and teaching assistants could answer
questions (30%). Other options like having office hours that students could book (eventually
in groups) or representatives of the class asking for the whole class (for more organizational
questions) were used in some universities. In 2 cases, even a mentor professor was assigned
to each student.
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3.3.2 Discussion and Conclusion

At the beginning of this section we have seen that students do not perceive that changes
were made regarding the teaching methods. Most of the teaching methods used were indeed
“classical” presentation-like lecturing (both in a video-conference, recorded, or live-stream),
even if we can also see more elaborate techniques used for having more discussions within
the class (breakout rooms or flipped classroom). On a similar note, for asking questions both
during class and outside, most of the approaches were spontaneous ones, much similar to a
standard live setting. This could indicate that these approaches works just as well in an online
environment as in a live environment.

However, there were also a few methods that made use of the additional opportunities that
a digital environment offers. A forum-like environment, much used in online communities for
knowledge sharing (Stack Overflow being a famous example), can also enhance the effec-
tiveness of the communication within a course, since all the students can see the answers to
questions asked, and they can even answer each other. This also happened in the engagement
activities of Figure 3b, where quizzes or breakout rooms do make use of the more digitalised
environment.

This all, combined with the fact that the change was usually highly dependent on single edu-
cators, could flag that teachers, being under high stress, did not have the time to revise their
teaching methods for the new environment. Due to the time pressure, they might have been
forced to focus all their energies on keeping everything running while adapting to the new dig-
ital infrastructure, with only a limited pool of educators independently finding some space for
innovation. However, some of the techniques seen in this section could eventually also be
integrated in digitally-enhanced live classes in the future.

We have seen in this section that many educators tried to stick to classical ways of teaching
like presenting, trying to fit it directly to an online environment. This could be because of the
high stress given by the COVID-19 context, and because they already had to spend time and
resources in figuring out the tools to use. However, a few positive approaches that made use
of the strength and flexibility of online lectures were tried, with some of those being desirable
also in a normal setting. These should be properly propagated and used among educators,
integrating them into the classroom of the future. In this time of emergency, much was left to the
educators themselves but, in the coming years, universities could facilitate knowledge sharing
in this regard by creating platforms for that, such as conferences, courses, or discussions, to
make sure that educators have the necessary knowledge to innovate in their lectures

3.4 Assessment Methods

At the rise of the pandemic, universities had the challenge of finding a reliable way to exam-
ine students’ learning outcome in an online environment. In this section, we report the main
techniques and adaptations that were used for this.

3.4.1 Observations

Figure 5a shows that more than 50% of universities had a significant or partial change in as-
sessment methods, 69% of the answers excluding the “Unclear” category. In 11 cases, there
was a significant change, with a completely new way of determining the grade (e.g. cancelling
the exam and moving the grade to a project). 15 other cases only had a partial change, with
the same format but different structure (e.g. changing a closed book exam to an open book
exam). In 9 cases it barely changed, meaning that only the necessary things to adapt to an
online examination like the platform were changed. Only in 3 cases, the assessment did not
change at all.

126



SEFI 2021

- RESEARCH PAPERS -
49th ANNUAL CONFERENCE | BERLIN | 13.09. - 16.09.2021

Change in the Assessment Methods
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Figure 5: (a) Pie chart showing the degree of change in assessment methods. The codes in the pie chart are exclusive, so they
add up to the total of 47 universities in the analysed database. (b) Geographical visualization of the same data.

Figure 6a reports the format used for online exams. We can see that the exams were mainly
carried out in written (66%) and assignment-based (72%) form. Oral exams were done in 17
cases (36%), with some students mentioning that oral exams were removed.
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Figure 6: (a) Histogram with an overview of the assessment methods that were used.(b) Geographical visualization of the same
data. (b) Histogram with an overview of the used methods to ensure fairness. “Constrained test” means that students were
not allowed to go back to previous questions after submitting their answers. “Diversify exam structure” means that the order of

questions and/or the parameters for exercises are changed for each student individually. The codes in the plots are non-exclusive,
so the total counts add up to more than the total of 47 universities in the analysed database.

Figure 6b presents how universities ensured the fairness of the examination and avoided cheat-
ing. There were 2 main categories of methods to ensure fairness: monitoring (e.g. mandatory
camera usage, online proctoring tools like a lockdown browser that did not allow using anything
else on the PC, recording the exam, or having tests where you cannot go back), reformatting
the existing evaluations (e.g. making it shorter, different versions of the exam papers). Making
camera usage mandatory was the most popular method to ensure fairness during examination,
with 29 cases (62%). All other methods had a similar number of universities that used them. It
is worth noting that some of the students reported that Blackboard Collaborate (the tool used for
lectures and sharing material) was also used for exams, since it supported a lockdown browser
window that only allowed students to use the tab of the exam.

Another approach was restructuring the evaluation to a method where controlling the class was
less crucial. Common approaches here were changing to an open book exam or moving to an
assignment-based assessment (projects or presentations).

3.4.2 Discussion and Conclusion

It is noticeable that the number of universities which have adapted their evaluation format is a
lot larger than the number of universities that changed their educational format (69% vs 17%).
This could be because adapting assessment methods were more of a necessity, since the final
exam is an integral part of a curriculum, and the professors needed to find solutions to still
reliably assess the learning of students.
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We can see that the most used method was an assignment-based assessment, with many uni-
versities that moved in that direction. This, together with the several different methods adopted
in Figure 6b, can indicate that ensuring a fair examination and preventing cheating was one of
the pain points, and that an assignment-based assessment by nature works around this.

We have seen in this section the ways the examination was adapted, and several different
methods to control and ensure a fair examination, which likely costed a good amount of re-
sources to educators, also seen how common was having a change in assessment methods.
For these forced-online circumstances, solutions that worked around this issue by being more
assignment-based seem more time-efficient. However, a discussion on whether it would also
improves the quality of the course in a post-pandemic would require more thorough evaluations
and it is outside of the scope of this paper.

3.5 Training and social support for students

The COVID-19-imposed online move put additional constraints on the digital education frame-
work that universities had to set up, since being remote was suddenly a requirement rather than
an option. This forced students and universities to reinvent many of the events that were allow-
ing interaction between students, and it required some new skills for students and educators.
This section reports which trainings different universities offered to students and educators, and
which actions have been taken to still provide some sort of social interaction among students,
which is an essential part of the university experience.

3.5.1 Observations

Another area that the interviews probed upon was the training that educators and students
received for online learning and for coping with the online world. For educators, the main ways
of training were written guidelines, courses, or video tutorials, that were mentioned about half of
the time. However, the students were often unsure about the accuracy of this information.

For students, the results are presented in Figure 7a. The trainings were mainly about using the
tools themselves, in the form of video tutorials (32%) or written guidelines (19%). Mental health
support was also often mentioned (30%), in the form of seminars or the possibility of having
private consultations with psychologists. Often the interviewee reported that these were already
there before the pandemic, but they were promoted more after moving online. 8 interviewees
(17%) also reported that they had soft skill training on online learning, email communication,
coping with stress, and mindfulness. 6 interviewees reported that professors were individually
supporting students when needed. Lastly, 11 students (23%) reported that no training was
provided.
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Figure 7: (a) Histogram showing which training was provided to students. (b) Histogram with an overview of the used methods to
ensure fairness. “Constrained test” means that students were not allowed to go back to previous questions after submitting their
answers. “Diversify exam structure” means that the order of questions and/or the parameters for exercises are changed for each
student individually. The codes in the plots are non-exclusive, so the total counts add up to more than the total of 47 universities
analysed.

The last area that this section touched upon was which actions have been taken to provide
at least partial social interaction among students. As seen in Figure 7b, NGOs had a big role
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in sustaining the social aspect of students’ life in these times. Out of the 47 interviewees,
62% mentioned that their social activities were organised by NGOs, 17% mentioned that their
social activities were arranged by universities, and 21% mentioned that no social activities
were organised at all. 11 of those 29 (38%) mentioned that the NGOs held these without
university support, while the other 18 (62%) mentioned that the university supported the NGOs
in organising these, either through already-existing collaborations or by commissioning some
of the activities. A wide variety of activities has been arranged, most of which included both
an academic-related and a social part: Event with companies (presentations, career fairs, or
competitions like hackathons); Recruitment events for clubs and NGOs, with social activities;
Soft skill trainings; Game nights; Panel discussions among students and professors; Students
speed dating

3.5.2 Discussion and Conclusion

We saw in this section that the universities put high efforts in supporting students in adapting to
the new digital environment, providing various training and support. Apart form training purely
on tool, we also see a care for the emotional situation of students, with measures like providing
mental health support, or simply having professors helping out students in their needs.

Another area where students needed support is social interaction that, even if maybe less
obvious at first sight, this is a crucial part of the student experience, contributing to the personal
growth that those years bring. The lockdown put a strain on this, limiting the possibilities for
students to be in contact with their social circle or enlarging it. We can see that most of the
universities put effort in (partially) maintaining this part of the students' experience and that
NGOs had an important role in helping them achieve this, acting on this area where universities,
possibly busy coping with the change, did not have resources or experience to fulfill.
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ABSTRACT

This study aims to investigate the impact entrepreneurial education programs can
have on academic and business performance of researchers. We analysed the
academic and business results of 73 PhDs who attended an entrepreneurial education
program codesign by universities and an international research centre in the last five
years compared to 73 PhDs who did not. We based our analysis on a mix of
quantitative and qualitative data regarding scientific and entrepreneurial achievements
and interviews with former participants to the entrepreneurial education program.
Evidence from our analysis shows a positive effect of the entrepreneurial education
program on academic and business results.
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1 INTRODUCTION

Scholars and practitioners have raised the question concerning what skills are needed
for academic researchers to increase their ability to identify areas of research with a
higher potential impact. (Gould, 2015). The continued development of the university's
Third Mission has led to a revision of the classic academic skills of researchers and
has required them to develop skills that allow them to have impacts with their research,
to understand and solve problems with a long-term view, to exploit opportunities that
arise on the market and apply the results of their research to these opportunities.

According to the literature (Mufioz et al., 2019; Rippa et al., 2020), entrepreneurship
education programs are an opportunity for researchers to acquire knowledge and skills
related to the business and entrepreneurial field. The literature suggests that these
types of programs can provide academic researchers with the skills necessary to
recognize and understand complex problems and market opportunities, enhance the
value of their research findings and to communicate them (Barr et al., 2009). In this
framework, the European Union has pointed out the importance of focusing on
entrepreneurship education, for both academics and non-academics, and,
consequently, has underlined the need to a more diffused integration of
entrepreneurship programs in higher education institutions (European Commission,
2008).

Building on this, a number of programs, designed specifically for researchers, have
emerged. However, only a few studies have investigated the impacts of such courses
on researchers. Moreover, these studies have mainly focused on changing in
entrepreneurial mindset — e.g. entrepreneurial intention and self-efficacy — and on the
skills acquired by PhD students during the programs, and have neglected the possible
impacts on academic and non-academic performances (Duval-Couetil et al., 2021;
Thursby et al.,2009). These studies have shown that one of the key elements allowing
PhD students to learn business skills is that of learning together with people from
different backgrounds, such as MBAs and JDs (Juris Doctors).

Yet, to the best of our knowledge, there is still no evidence on how these programs
can affect the performances of the researchers who have taken part in them. More
precisely, there is no evidence on how entrepreneurial education can enhance
academic performances, pertaining to, for example, the number and quality of
publications, or to business performances concerning, for example, the transfer of
knowledge from research to the market through startups.

The goal of this research has been to fill this gap and to take a first step toward
understanding the effect of entrepreneurship programs on the career performance of
academics. To do this, a mixed methodology has been used to measure the effect of
entrepreneurial education programs on PhD’s academic performance, such as
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number and quality of publications, and the transfer of knowledge from research to
market, by analysing the number of created startups.

The research questions we aim to answer are:

R1: Do entrepreneurship education programs have an effect on the academic
performance of researchers?

R2: Do entrepreneurship education programs affect the decision of researchers to
create a startup?

2 THEORETICAL BACKGROUND

In recent years, entrepreneurship programs targeting academic researchers have
been gaining more and more momentum (McNabola & Coughlan, 2014). Scholars and
practitioners alike have highlighted the relevance of entrepreneurship education for
academics (Duval-Couetil and Wheadon 2014).

The role of academic researchers is increasingly changing as it requires the academic
and business competences to be combined in order to exploit the business
opportunities which arise from the results of research, ease the technology transfer
process and promote the Third Mission at the university level. (Miller et all,2014).
Bearing this in mind, one proposed solution has been to encourage the participation
of researchers, as doctoral students and postdocs, in entrepreneurial education
courses. These programs, if properly structured, allow researchers to acquire different
skills from those accumulated in academia or during doctoral studies (Duval-Couetil
et al., 2021).

Several programs have been created in response to the call for more commitment to
entrepreneurial education, especially in academia. In their 2009 paper, Barr et al.
outlined the best practices gained after fourteen years of TEC, an entrepreneurship
course designed for researchers and students in the Science, Technology,
Engineering and Mathematics (STEM) fields and for MBAs. Barr and colleagues
highlighted four points that are essential for the effectiveness of the program:

o Reality: The program should allow students to work on real problems and on
technologies that actually exist, or are under development, so that they can
develop a real company.

¢ Intensive: The program should reflect real-world problems by having students
tackle several tasks in a short amount of time.

o Interdisciplinary: The teams should be composed of students with different
backgrounds, e.g. STEM, Business, etc.

o lterative: The program should teach students how to perform multiple iterations
on the idea they are working on.
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An interesting insight into the effects of entrepreneurship education programs on
academic researchers is provided by the TI:GER program (Thursby et al.,2009). This
program is based on the collaboration of PhD students, MBAs and JDs in order to
bring the thesis topics of PhD students to the market. The program aims to train Phd
Students, MBAs and JDs and create synergies between their different backgrounds to
foster a career in innovation-related fields. From the questionnaires administered pre
and post course, it was found that this course had a positive effect on the participants,
helping to smooth out the differences in terms of skills related to the exploitation of a
new technology. Moreover, in addition to improving researchers' skills, this program
also had a positive effect on the entrepreneurial intention and self- efficacy of
researchers (Duval-Couetil et al., 2021).

However, the study on TI:GER program only focused on differences in skills and did
not explain the mechanisms and synergies that can arise from a possible
contamination between the various backgrounds and did not analyse the longer term
effect on the attendants career performance.

Building on this, this paper is aimed at understanding whether entrepreneurship
education programs could have an impact on the performance of the researchers who
attend them. Moreover, the aim is also to understand whether this kind of program
could improve the number and the quality of the publications of PhDs and their
business performance concerning the creation of startups.

3 METHODOLOGY
3.1 Data and Methodology

The data refer to 146 PhDs from a technical university in Italy. 73 PhDs has attended
a challenge-based entrepreneurial education program (treated sample) while the other
73 did not (control sample).

The course attended by the PhDs is called Innovation for Change (l14C), jointly
developed by by the College des Ingénieurs, CERN Ideasquare and the Politecnico di
Torino. 14C is a challenge-based entrepreneurial education program in which teams
composed by MBAs and PhDs collaborate to create solutions (based on brand new
technologies and with a societal and economic viewpoint) to real high social impact
problems according to a long-term view, proposed by large companies and
organizations. To solve the problems proposed, teams are invited to work for 20 weeks
on a solution that could be implemented in 20 months and which could have an impact
on real world on 20 years. The objective of this structure is to help participants link
present activities to long term global challenges that are outside the radar of most of
for-profit startups.
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For each PhDs in the sample, we collected demographic data and information related
to academic and business performance. The demographic data were collected from
public sources available on Politecnico di Torino website while information on
academic performance like the number of publications, the h-index and the number of
founded startups were collected from Scopus and LinkedIn.

By using demographic data related to the PhDs who attended 14C, we create a control
sample of PhDs who did not attend the program. The control sample was created to
avoid significant differences from the treated sample pertaining to the demographic
variables. The demographic variables used to build the control sample were gender,
doctoral cycle, doctoral field, master's degree earned and nationality (ltalian vs
Foreigner). Possible differences between the two groups in the demographic variables
were tested using the t-test. No significant differences were observed. The descriptive
statistics concerning gender, doctoral field and nationality are shown in Tables 1 - 2.
Females represent the 28,77% of the sample while Foreigners represent the 21,92%.
As expected, most students belong to the Engineering field while only a few belong to
the Architecture field.

To answer our research questions, we perform econometric regression analyses.
More precisely, we use both linear regressions (OLS) and negative binomial
regression, to account for the discrete and non-negative nature of our dependent
variables.

Finally, 9 interviews were conducted with former 14C participants to establish any
further effects of the program and help us highlighting the mechanisms affecting the
PhDs’ learning process and to interpret the results of our quantitative analysis. The
semi-structured interviews were focused on the following areas:

e Background and current employment of the PhDs
o Their experience in the program and with their team.
o Effects of the program on their career.

Table 1. PhDs according to their gender and nationality

. Treated Sample | Control Sample | Overall Sample | Overall Sample
Variable o
(n) (n) (n) (%)
Men 52 52 104 71,23 %
Female 21 21 42 28,77 %
Italian 56 58 114 78,08%
Non — Italian 17 15 32 21,92%

134



SEFI 2021

49th ANNUAL CONFERENCE | BERLIN | 13.09. - 16.09.2021

Table 2. PhDs according to their doctoral field

- RESEARCH PAPERS -

Variable

Treated Sample

Control Sample

Overall Sample

Overall Sample

(m) (n) (n) (%)
Architecture,
history and 4 4 8 5,48%
project
Architectural
and landscape 2 2 4 2,74%
heritage
Energy 8 8 16 10,96%
Physics 2 2 4 2,74%
Management,
production and 5 5 10 6,85%
design
Aerospace 5 5 10 6,85%
engineering
EnV|r.onm§ntaI 1 1 5 1.37%
engineering
Chemical 10 10 20 13,70%
engineering
Civil 1 1 2 1,37%
engineering
Eletrical,
electronics and 14 14 28 19,18%
communications
Computer and
control 8 8 16 10,96%
engineering
Mechanical 8 8 16 10,96%
engineering
Metrology 1 1 2 1,37%
Materials
science and 3 3 6 4.11%
techology
Urban and
regional 1 1 2 1,37%

development
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3.2 Dependent Variables

We performed regression analysis using three different dependent variables. The
descriptive statistics of the dependent variables are shown in Table 3. We used the
number of publications and the h-index as dependent variables for the first research

questions. Figures 1 and 2 show the distribution of the number of publications and the
h-index for the two groups.

Finally, we used the number of startups founded by PhDs as dependent variable for
the second research question. Figure 3 shows the number of startups created by

groups.
Table 3. Dependent Variables

Variable Mean Variance Min Max
Number of 3,192 15,300 0 27
publications

H-index 2,116 4,12 0 8
Number of

startups 0,034 0,033 0 1

founded

Number of publications by groups h-index by groups

< 25

20
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Fig. 1. Number of publications distribution for the Fig. 2. H-index distributions for the two
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Fig. 3. Number of startups created in the two groups
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Participation in the 14C course was used as key independent variable in the regression
analyses. Moreover, we introduced control variables for doctoral fields and whether a
PhD is still working as a university researcher or not.

These control variables were used to avoid confounding effects related to any
differences in the number of publications between the field of research and incentives
in publications and creating startups between academics or non-academics.

Table 4 shows how the variables were measured and defined.

Table 1.Independent and Control Variables

Variable

Description

Value

14C

The PhD researcher has
taken part in 14C

1 if he/she has taken part in
14C, O otherwise

The PhD researcher is still a

1 if he/she is still an

Is still a researcher

university researcher academic, 0 otherwise

1 if the PhD works in

Field of research i research field i, 0 otherwise

Doctoral Field i

4 RESULTS

Results of the regression analyses are shown in Table 5. The results show a positive
and significant effect of the program on the performance of the PhDs.

Dependent Variable ’ Number of Publications l h-index | Startup Created
Q)] (2) (3) (4) (5) (6)
14C 0.709* 0.231** 0.237* 0.110** 0.047* 1.550
(0.050) (0.033) (0.059) (0.041) (0.085) (0.143)
Is still a researcher 1.069 0.211 0.211 0.106 0.043 1.281
(0.253) (0.388) (0.552) (0.525) (0.289) (0.324)
Constant -1.290 -14.682*** -0.303 -15.673*** -0.021 -22.175***
(0.141) (0.000) (0.361) (0.000) (0.291) (0.000)
Observations 146 146 146 146 146 146
R-squared 0.272 - 0.305 - 0.108
DSI:C'Z:(::, ;:o’;;Ze Yes Yes Yes Yes Yes Yes
Clustered Errors 14C Doctoral ~ 14C Doctoral  14C Doctoral ~ 14C Doctoral 14C Doctoral 14C Doctoral
Field Field Field Field Field Field

Robust pval in parentheses *** p<0.01, ** p<0.05, * p<0.1

More precisely, as shown from column (1) to (4), participation in 14C has a positive
and significant effect (p>10%) on the number of publications and h-index.
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This result reveals a positive correlation between entrepreneurship programs and the
academic performance of the PhDs who attended the course. The results in columns
(5) and (6) show that the participants are more likely to found startups than non-
participants, although this result is less robust.

To better understand how the entrepreneurship program affect PhD’s performances,
we analysed the evidence that emerged from the interviews. The main results are:

1. The PhDs underwent a contamination with the MBA approach to innovation.
2. PhDs achieved a greater ability to frame and solve complex problems.
3. PhDs increased their ability to present their research.

An interesting insight that has arisen from points (1) and (2) is related to the
contamination between MBAs and PhDs. During the 14C program emerged the
cognitive distance between these two figures, especially in the way they face and solve
complex problems. An example of this can be found in an excerpt taken from one of
the interviews.

“You could see a very different approach to problems. | saw them [MBA students]
taking a much more practical approach, whereas the other PhDs and | were more
anchored in the feasibility of things. Maybe it's a kind of mindset, but | saw them as
being much more involved in the idea. Having a good idea and then maybe working
on it later on to make it feasible, whereas the other guys and myself had the opposite
approach, which was to have a feasible idea and then improve it. ... The approach |
had at the time was fine, but if we are talking about innovation, not incremental
innovation, we need an approach like theirs, which was really ahead.

Concerning point 3, the course seems to have improved communication skills, as can
be seen from an excerpt from the interviews.

“The communication part gave me a lot, including things | took home for academic
research. In the academic world, you usually don't pay much attention on
communication: you usually do the presentation; the data are available, you present
them and that's it, and in the meanwhile everybody has fallen asleep. Instead, the way
things are presented acquires a certain important because, even though the
information is very technical, you have to transmit it. Now, when | make a presentation
it's not like before; students and researchers are too focused on the results and not in
the way they are presented. However, now | suffer from a form of paranoia. ... It's no
longer two slides, but | want to make it clear why the thing I'm publishing is relevant.”
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5 CONCLUSION

Our results offer to policymakers and researchers in universities new knowledge
helpful to improve and grow this type of programs. The regression analyses showed
that the entrepreneurial courses led researchers to perform better than those who
did not participate in the course. The impact on academic performance appears to
be twofold, an increase in the number of publications and in their quality. The most
interesting result is related to the positive impact of these courses on the h-index of
the researchers.

Such an increase in the quality of publications could be related to a better
understanding of their field of research, the potential of the obtained results, and also
to the way in which they are presented. In addition to the academic skills of the
researcher, this higher quality of productions could be related to the business skills
learned during the course and the cross-pollination with students who have a business
background. Furthermore, these are important implications for universities and
policymaker, to foster this kind of programs and to enhance engagement through
entrepreneurial activities among academics.

On the other hand, regression analysis also shows that the course had a positive
impact on the number of startups created by researchers who took part in it. This result
should be interpreted with care, given the size of the selected sample and the number
of startups founded in the sample, but it is a good signal for the academia and the
society as a whole, given the potential of startups founded by researchers (Battaglia
et al., 2021).

Moreover, the interviews with former participants revealed several insights into the
effects of the program on researchers. Results and interviews reveal that the cross-
pollination between PhDs and MBAs shifts the way researchers approach complex
problems. This could imply a change in the working approach of researchers, moving
from an approach related more to product development to one focused more on
understanding the problem that has to be addressed. Such an approach could
therefore lead researchers to focus first on the general understanding of the problem,
rather than focusing immediately on a solution, thus limiting the possible opportunities
of a research area. This is another important implication for universities and
policymaker, in order to create and promote more structured and impactful
entrepreneurship educational program for researchers.

This work is not without limitations. Indeed, it has not taken into account any possible
self-selection effects within the sample. A possible self-selection of researchers toward
entrepreneurship issues could contaminate the effects obtained from the regression
analyses, especially those related to the number of founded startups.

This work is intended as a starting point for future research on the link between
researchers' performance and entrepreneurship courses. The evidence obtained from
this study shows that this type of program has a positive effect on the researchers'
performance. Future research could extend this work by using a larger database to
study the performance of researchers and extending it to other universities. Finally, in
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order to limit possible self-selection issues, future studies could measure the
characteristic traits of entrepreneurs in order to build a sample that would limit such
effects.

In spite of its limitations, this work aims to be a point of reflection for policymakers and
universities on whether to improve and foster challenge-based programs in
entrepreneurship for PhD students.
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ABSTRACT

Feedback has a major influence on learning and achievement, but students are not
always aware of opportunities and responsibilities that come with it. To benefit the
most from feedback opportunities, it is important for students to perceive feedback as
useful, while feeling accountable and self-assured to be able to take action. In this
paper a focus group discussion is conducted with first-year engineering students to
understand how students experience feedback processes and what their beliefs about
feedback are. Students see continuous feedback as an important goal of feedback
processes, but underestimate the importance of their own active role in the process.
They clearly prefer oral and individual feedback to have an opportunity to start a
dialogue, but are reluctant to do so in an online setting or through email. The final goal
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is to introduce feedback literacy as a professional competence, so students become
aware of their role as active learners in the feedback process.

1 INTRODUCTION

Feedback is among the most critical influences on learning and achievement [1]. There
is a growing acknowledgment that feedback needs to be a learning-centred process
where students’ ability to actively engage with and utilise feedback processes needs
more attention [2], [3]. Since students predominantly hold a teacher-driven view of
'feedback as telling’ in which feedback is often limited to an input [2], it is important for
learners to develop student feedback literacy as a key mechanism for maximising the
potential of feedback processes [2]-[4]. Carless and Boud [5, p. 1316] define feedback
literacy as “the understandings, capacities and dispositions needed to make sense of
information and use it to enhance work or learning strategies”. Activities such as
reflecting on a wide range of assessment experiences, have the potential to nurture
self-regulatory learning behaviours, making it possible for feedback literate students
to improve performance or learning strategies [6], [7]. Since feedback literacy is also
a valuable professional asset, it can be seen as a steppingstone towards a lifelong
learning mindset [5]. Molloy et al. [2] state that the development of feedback literacy
should be an embedded strategy as part of existing activities and should be introduced
early in the first year. This way students can benefit the most from the curriculum and
are not dependent on the limited opportunities for input from educators [2].

This paper focusses on the results of a focus group discussion with first-year
engineering students in order to understand how they experience feedback
processes and to gain insight into their beliefs about feedback. The focus group
discussion is analysed based on the feedback literacy framework of Carless and Boud

[5].

2 METHODOLOGY
2.1 Participants

All 88 first-year engineering students of the Faculty of Engineering Technology (KU
Leuven, Campus De Nayer) were asked to voluntarily participate in a focus group
discussion. A limited number of only 4 students participated, all male (total cohort 84%
male, 16% female).

2.2 Focus Group Discussion

The focus group discussion was organised at the beginning of the second semester
of the academic year 2020-2021, and was conducted in an online setting, lasting 1.5
hours. It started with rapport-building through mutual introductions to maximize
interaction between participants. The semi-structured format was based on Kitzinger
[8]. The facilitator's involvement was minimized to asking introductory questions and
keeping the discussion focused. The discussed topics were related to the meaning of
feedback, earlier feedback experiences, and expectations and barriers regarding
dealing with feedback.
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The focus group discussion was transcribed verbatim and thematically analysed. The
transcript was first read in depth while writing down initial codes. Themes were then
constructed based on the feedback literacy definition of Carless and Boud [5].

Ethical approval was obtained for this study from our university’s Ethics Committee
(G-2020-2354) and participants have consented to be part of this research. They were
informed that their participation was voluntary and that the analysis would be
conducted anonymously.

3 RESULTS

The feedback literacy framework of Carless and Boud [5] consists of inter-related
features with the goal of maximizing potential for students to take action and engage
with feedback, being (1) the appreciation of their own active role in the feedback
process, (2) the continuous development of capacities for making judgments about
their own work and the work of others, and (3) managing affect in positive ways. The
findings of the focus group discussion are grouped according to the relevant themes.

3.1 Appreciating feedback

3.1.1 “Feedback literate students understand and appreciate the role of feedback in
improving work and the active learner role in these processes.”

All students agree that one of the purposes of feedback is continuous improvement:
feedback makes it possible to perform on a higher level for a subsequent task than the
level that is possible without getting feedback. They see feedback as an input for
adjusting their performance towards the required standards, but also mention this as
a barrier since the exact requirements are not always clear.

3.1.2 “Feedback literate students recognise that feedback information comes in different
forms and from different sources.”

One student states that feedback is very wide and consists of all possible kinds of
information, even facial expressions during a conversation. He also mentions scoring
on a test: a low grade signals him “to study harder” or to question how a teacher might
have wanted it differently.

During the discussion, all students agree that feedback comes in formative and
summative form. When they think of feedback examples, they initially refer to formative
comments on presentation and writing skills, based on their earlier experiences. One
student clearly approaches summative feedback on a test as a linear relationship to
“how much he knows” about a specific topic and finds this the best possible feedback.
It enables him to reflect if he made up to the expectations or not. Later in the
discussion, all students prefer formative feedback because it is more detailed and thus
provides a better opportunity to improve.

Most students appreciate group feedback after an exam, but favour individual
feedback. Their preference goes towards oral feedback because it offers the
opportunity to start a dialogue and ask for specific details in order to fully understand
the message. A video call can be a valuable option, but a face to face dialogue is
preferred because that way it is easier to go through a document, such as a report or
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an exam, together. All students agree that a chat session cannot replace an oral
discussion as the message can be open to interpretation.

One student explicitly mentions that he mainly seeks feedback from people that can
help him best, such as a teacher, but also specific friends or classmates.

3.1.3 “Feedback literate students use technology to access, store and revisit feedback.”

One student refers to task submission forms which he used in the past. These forms
had a feedback field and made it possible to access collected feedback at a later stage.
None of the students took any further initiative to use technology of their own to store
collected feedback. They write things down on a piece of paper or in a course textbook
itself to find it back automatically when reaching out to the core information. One
student explicitly states he remembers feedback and does not write it down, even after
another student indicates only remembering such information is dangerous because
you might lose the exact message over time.

3.2 Making judgments

3.2.1 “Feedback literate students develop capacities to make sound academic judgments
about their own work and the work of others.”

One student suggested ‘a moment of reflection’ as a synonym for feedback, because
it improves judging his own work. Another student mentions he “can do feedback on
his own” if he has “input data” such as the correct solutions on exam questions or
exercises. The group agrees this can be true for an exam, but not for an open exercise
because it is too difficult to judge al the individual subtopics. For an open exercise they
conclude formative feedback is essential.

3.2.2 “Feedback literate students participate productively in peer feedback processes.”

All students agree that having regular meetings during a teamwork is a valuable form
of giving feedback to each other. If they do not work together as a team and receive
feedback from individual classmates, they clearly state they hardly take it into account
because they do not rely on the competence of their peers and see the teacher
feedback as the only valid input.

3.2.3 “Feedback literate students refine self-evaluative capacities over time in order to
make more robust judgments.”
The students did not explicitly mention self-evaluative aspects during the focus group
discussion, but one student mentioned dealing with feedback as a permanent
weighing of accepting or rejecting the feedback information. He will always listen to
feedback, but only if he is convinced it will improve his performance and fits his way
of working, he takes the feedback advice into account. A second student confirms, but
questions if it is a real choice or something that happens “automatically” without
actively questioning the feedback information. A third student simply mentions he only
listens to feedback if he is not satisfied with his results. If he’s convinced for himself
he did a good job, he won't listen to feedback, even if he received a near-pass grade.
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3.3 Managing affect

3.3.1 “Feedback literate students maintain emotional equilibrium and avoid defensiveness
when receiving critical feedback.”

One student argues that criticism or “negative feedback” cannot be seen as valuable
feedback if it does not contain opportunities to improve. A second student steps in and
confirms the statement that it is not feedback if the message gives no opportunity to
improve. He also mentions getting criticism on some parts of his work can create
confusion on the full assignment, since it can make him unsure about parts without the
explicit feedback. A third student doesn’t mind getting criticized and does not associate
it with a negative feeling.

3.3.2 “Feedback literate students are proactive in eliciting suggestions from peers or
teachers and continuing dialogue with them as needed.”

All students see opportunities to actively engage with teachers after an on-campus

lecture. The students also mention they can ask for feedback on exams after the

grades are published. All students agree that it is also possible to obtain feedback

from a teacher during lab sessions, but that it is up to the student to ask for it.

During an online activity, they are reluctant to ask questions because they have the
feeling of “disturbing” a teacher. If a teacher is on campus, they assume that he/she
is there for lectures and is therefore automatically available to answer questions. Some
students do not mind asking feedback to a teacher by e-mail since they see it as the
best source of information. Other students hesitate because teachers often mention
they are busy, and a reminder needs to be sent if there is no reply.

One student mentions a collaborative system as Google Docs as a useful tool while
working on a joined task. It allows team members to quickly share feedback on specific
parts of a task. The other 3 students are interested in his idea of using such a tool in
a similar setting in the future.

All students also refer to occasions where they expected feedback, but did not receive
feedback or too late so that it was not possible to properly use it. They did not indicate
taking action in asking for this late or missing feedback.

3.3.3 “Feedback literate students develop habits of striving for continuous improvement on
the basis of internal and external feedback.”

Only one student referred to generating feedback on his own work, while another

student mentioned a reflective moment as an opportunity to improve judgement. The

students do not further report a systematic drive for continuous improvement.

3.4 Taking action

3.4.1 “Feedback literate students are aware of the imperative to take action in response to
feedback information.”

Three students feel a sense of obligation to respond to feedback in some way. One of

them mentions the effort it took to generate feedback and the moral obligation to take

the feedback into account as a token of respect to the feedback giver. A second

student feels obligated to use the feedback, but only if he is scoring low, to prevent
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the teacher from thinking he is unwilling. If he passed a task and is satisfied with the
grade he obtained, he does not feel a necessity to even collect any form of feedback.
The third student suggests that he feels obligated to make a decision based on the
feedback, but that deciding not to take the feedback into account is also a valid
outcome. All students agree on this reasoning.

3.4.2 “Feedback literate students draw inferences from a range of feedback experiences
for the purpose of continuous improvement.”

The students see feedback as an opportunity for continuous improvement, but are not

giving specific examples during the focus group discussion. Only one student refers

to small corrections such as missing graph titles that are easy to change, remember

and re-apply. If it is not something that is remembered, it is not deliberately reapplied

in a subsequent task or it is not mentioned during the focus group discussion.

3.4.3 “Feedback literate students develop a repertoire of strategies for acting on feedback.”

None of the students mentioned specific strategies, except for writing things down to
make sure information is not lost when studying the same topic again.

4 DISCUSSION
4.1 Appreciating feedback

All students see continuous improvement as an important goal of feedback processes,
similar to the findings of Dawson et al. [3]. In their study, 90% of students indicated
that feedback is about improvement. All our students agree that feedback makes it
possible to perform on a higher level for a subsequent task and mentioned occasions
with feedback being too late as barriers to properly use it.

Students prefer oral and individual feedback because it gives them the opportunity to
start a dialogue and provides a better opportunity to clearly understand the message.
The work of Dawson et al. [3] confirms that face-to-face interactions are students’ most
favoured medium to facilitate effective feedback. For the same reason, the students
do not see a chat session as a valuable alternative, as the message may still be open
to interpretation. Winstone et al. [9] reports students’ particular frustration about
teachers’ use of complicated language, but none of our students explicitly mentions
this. Their preference for oral and individual feedback may also be related to the lack
of clarity of the required standards.

All students state that they only write down their feedback on paper, or just try to
remember it. This makes it more difficult to revisit feedback and to transfer what they
have learned from earlier feedback experiences. By asking students to reflect on
feedback at specific times during the semester and by storing these reports in a
student-centred portfolio, students are given the opportunity to easily revisit previous
feedback experiences and conclusions at any point in their study. Since feedback
literate students seem to welcome technology-enabled approaches to store, access
and revisit feedback [5], such digital reflective reports can also be an opportunity to
nurture self-regulatory learning behaviours and make students more aware of their
current feedback opportunities [7].

147



el SEF| 2021 — RESEARCH PAPERS -
W ’H 49th ANNUAL CONFERENCE | BERLIN | 13.09. - 16.09.2021

4.2 Making judgments

When they are not cooperating as a team, students indicate that they do not rely on
the competence of their peers to give feedback and see teacher feedback as the only
valid input. The work of McConlogue [10] also shows a distrust of peers' ability to judge
and argues that becoming a peer assessor is a long-term process where initial peer
feedback should be withheld until students develop expertise in composing feedback.
Contributing to peer feedback will help students to better self-evaluate their work by
making comparisons with the work of others [10]. Since teachers’ resources are
limited, it is also important for feedback literature students to see peer feedback as a
process that augments teacher feedback [2], [11]. Therefore, when introducing a peer
feedback system, it will be essential to use a clear framework and to explain students
how they should be assessing work and composing comments.

Students also indicate the difficulty of judging open exercises. They indicate their
preference towards formative oral feedback to get confirmation that they are on the
right track or to receive hints how to get on the right track. Having the opportunity to
start a dialogue with a teacher makes it is easier to find out what the exact expectations
are and how they can be met.

One student mentioned ‘a moment of reflection’ as a synonym for feedback. He
indicated it improves the judgement of his own work, which is an important aspect of
feedback literate students [5]. As stated earlier, the introduction of reflection reports
can help students in developing these self-evaluating capacities over time.

4.3 Managing affect

During the discussion, students indicate that they are proactive by asking questions
during on-campus activities and know that this is their own responsibility. During online
activities they are reluctant to take this active role and to ask questions. However,
when they are expecting feedback but do not receive it, they do not contact the
teacher. According to Dawson et al. [3] timeliness to use feedback in subsequent work
is a fundamental requirement for feedback to occur at all. Since our students explicitly
mention timeliness and improvement of subsequent work as important, but not
mention their own role in it, it appears they consider the timely provision of feedback
and the opportunity to use it in their later work as a sole responsibility of the teaching
staff. Therefore, they might miss an opportunity to use it in a different course or setting.
While it is understandable to first-year students to be hesitant to contact a teacher, it
can also be an opportunity to start a dialogue. Teachers must make students aware
that they are always free to ask for feedback, especially if they are expecting it.

During the discussion, students did not express emotional discomfort towards
receiving critical feedback. One student explicitly mentioned he does not mind getting
criticized and does not even associate it with a negative feeling. However, they did
state that critical feedback should always be accompanied by an opportunity to
improve.
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4.4 Taking action

When students receive feedback, most of them initially claim to feel a sense of
obligation to respond to it in some way. When one student claims that deciding not to
take feedback into account is also an action and a valid outcome, the other students
agree on this reasoning. This conclusion may indicate that students in general now
the purpose of feedback, but that they are not always sure how to use it if the feedback
message does not clearly formulate an instruction on how to improve. Bearman et al.
confirms that feedback might simply be ignored if students do not understand what to
do differently [12]. Since Winstone et al. [9] indicates it is the responsibility of educators
to challenge the students expectations on feedback by encouraging practices that
promote self-regulation rather than dependence on explicit instruction, it is important
for educators to give students the possibility to see how their feedback can be used in
subsequent work.

5 CONCLUSIONS AND FURTHER DEVELOPMENTS

All students show their appreciation towards feedback and see continuous
improvement as an important goal of feedback processes. They prefer a dialogue to
avoid misinterpretation of the feedback message, so it is important that they have
opportunities for these face-to-face discussions. Teachers also have to make students
aware that they can ask for feedback when they expect it but do not receive it.
Additionally, teachers should give students the possibility to take action by showing
how feedback can be used in other work to prevent students from ignoring it.

To promote student feedback literacy in the future, it is important that students see
peer feedback as an additional source of information, as they currently see teacher
feedback as the only valid input. To build thrust in their peers’ ability to judge, guiding
students in assessing work and composing comments to peers will be essential.
Additionally, contributing to peer feedback will help students to better self-evaluate
their own work.

With the continuing focus to promote student feedback literacy, we will also introduce
digital reflective reports at specific times during the semester. By capturing these
reports in a student-centred portfolio, students will learn to work with feedback in a
structured way and will have the opportunity to revisit previous experiences and
conclusions at any point in their study.
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ABSTRACT

Engineers of the future will be presented with complicated, complex problems and
their role in the development of sustainable solutions to global problems will become
even more critical. Recent literature highlights the need for the development of a set
of professional skills in order to address these challenges. These skills include
technical, non-technical and attitudinal skills. This paper describes a case study of a
whole-of-programme review of teaching and assessment of professional skills in a
structural engineering programme. In a systematic process, lecturing staff mapped the
modules they teach against a set of professional skills, which were distilled from
literature review. The programme map was then analysed to provide insight into the
depth to which professional skills are being taught and assessed. This analysis
underpinned a review of the teaching of professional skills and led to the identification
of both gaps and opportunities to introduce new learning outcomes, teaching activities
and assessment techniques.

1 INTRODUCTION

This paper presents the methodology and findings from the second work package of
a project which aims to “design our structural engineering programme so that students
can develop skills which will enable them to become exemplary structural engineers
with a focus on the future of our planet and it's people.” This work package involves a
whole-of-programme review of the teaching and assessment of these skills in a
structural engineering programme at TU Dublin.

The aims of this study are to provide insights into the depth to which these skills are
currently being taught and assessed in our programme and to identify gaps and
opportunities in the programme.

1.1 Skills Development Need

It is clear from the literature that there is little consensus on which skills are most
important in an engineering degree programme [1], [2], [3]. This debate has been
ongoing since the 1800’s [4]. The role of the engineer is changing and becoming more
complex. The societal view of the engineer is broadening from merely being seen as
a technical expert. Engineers are dealing with “wicked” problems, and need a range
of professional skills in order to solve these wicked problems [5], [6], [7], [8].

Third level institutes are increasingly concerned with ensuring that their students
develop skills and attributes which not only prepare them for the world of work, but
also better equip them as members of society. Given the climate crisis we are living
through, education focus has shifted towards sustainability and the complex problems
faced by society. Engineering education has a major role to play here, as it is
important that students develop the tools to tackle complex problems, gain awareness
of how engineers can affect climate change and attain the skills needed to develop
sustainable engineering solutions [9]. It is recognised that graduates need to actively
experience, construct and practice in this area in order to build competence [6]. This
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challenge can be considered an opportunity for those graduates with the correct
balance of strong social, professional and technical skills [10].

The design of the engineering programme at TUDublin is influenced by the
accreditation requirements of Engineers Ireland [11] and a new University Strategic
Plan [12]. Engineers lIreland is the accrediting body for engineering degree
programmes in Ireland and launched a new set of accreditation criteria in January
2021 [11]. The programme outcomes have been broadened with a focus on
sustainability, engineering management and teamwork and communication and now
include specific aspects of ethical use of technology and data and equality, diversity
and inclusion in professional practice.

The University Strategic Plan [12] is based on the concept of three pillars: People,
Planet and Partnerships with some parallels to the three pillar model of sustainable
development (environmental impact, social impact and economic impact) [13]. The
plan commits us to developing responsible global citizens in our students, by
facilitating learning and knowledge creation and instilling a sustainability mindset in
our students and staff.

Work package 1 that preceded this study involved a review of recent literature
alongside chartership requirements of the Institution of Structural Engineers (IStructE)
and Engineers Ireland (El) as well as three seminal consultation and analysis reports
on the future skills in the sector. This led to the identification of seven traditional and
emerging professional skills presented later in the paper [14].

2 METHODOLOGY
2.1Programme Structure

The programme assessed in this study is a four year Honours Degree in Structural
Engineering. The degree programme has a common entry first year where students
learn the fundamentals of a wide range of subjects including civil, mechanical and
electrical engineering. In second year, students may choose the civil and structural
engineering stream. In third year students specialise further into the civil or structural
engineering stream. The analysis of the programme began at Year 2 where the
students have selected to follow a career in civil or structural engineering and from the
structural engineering stream from Year 3 onward.

A high level overview of the current curriculum is provided in Figure 1. All modules are
5ECTS credit modules unless noted otherwise. Year 1 is shown greyed out as it has
not been included in the analysis described in this paper.

2.2Future Skills

Work package 1 identified a list of 7 professional skills required by future structural
engineers. These skills were categorised as follows: Technical, which includes Core
Technical Skills and Technology and Digitisation, Non-Technical, which includes
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Engineering
Common Entry

Civil and Structural
Engineering Stream

Structural Engineering Stream

Subject Stream Year 1 Year 2 Year 3 Year 4
Mathematics 1 Mathematics 21 Mathematics 31 Mathematics 41
Maths
Mathematics 22 Mathematics 32
Sl Engineering Analysis | Structural Analysis .
) 21 31 Structural Analysis
Analysis - -
Structural Analysis Structural Analysis 41
22 32
. . . Mechanics of Mechanics of
Mechanics Fluid Mechanics Materials 31 Materials 41
Mechanics Mechanics of Mechanics of
Materials 21 Materials 32
Mechanics of
Materials 22

Professional
Development

Professional
Practice

Professional
Development 2

Professional
Development 3

Const. Management
and Economics 42

Design Studio

Design Projects

Construction

Design Project 3

Scheme Design 4*

Technology 10ECTS CREDITS
. Design of Steel & Design of Steel &
Tech Graphics | Concrete Technology Conc 3 Conc 4
Other Subjects Chemistry Surveying Geotechnical 31 Highway igglneerlng
Computin Geotechnical 32 Final Year Project*
R 15ECTS CREDITS

Instrumentation

Environmental
Engineering

ElectroTech

Fig. 1: Modules within the programme differentiated by stream.

Communication, Management and Engineering Practice and Attitudes, which

includes Sustainability and Societal skills.
structural engineering students and are as follows [14]:

The definitions were co-created with

e Core Technical: has a strong grounding in mathematics and science within
structural engineering. This includes the fundamental principles of structural
engineering, material behaviour, engineering equations and problem solving.

e Technology and Digitisation: is able to learn and use new technologies and
digital advancements in analysis, testing, communication and collaboration.
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e Communication: can effectively exchange information through a variety of
diverse means and with diverse groups in various settings and circumstances.

¢ Management: can manage themselves and others in keeping on track towards
an end goal.

¢ Engineering Practice: understands and follows the protocols, processes,
rules and regulations of practicing within this field.

e Sustainability: has a working knowledge of the impact of design choices on
sustainability and targets the reduction of impact on the planet and its natural
resources.

e Societal: has an understanding of how they can impact society either directly
or indirectly, and makes efforts to give back to the community, understanding
the inseparability of structure or structural engineering practices and people and
place.

2.3Survey

The skills identified were then used in a survey of lecturing staff to identify where within
the current curriculum the students are provided with the opportunity to develop these
skills and whether the skills are assessed. 11 of a total of 17 lecturers participated in
the study. Lecturers were provided with the definitions and action learning sets
developed in Work Package 1 for each skill.

Question 1 asked “Do you think the student has an opportunity to develop this skill
while completing this module?” The options were Yes, Yes But Limited and No. This
question was asked in order to provide insights into what skills we are currently
developing in our modules.

Question 2 asked “If yes, what aspect of the module &/or assessment aids the student
to develop this skill?” This question allowed us to further understand the extent of
teaching and assessment of each skill and the relative importance of each skill within
each module.

3 RESULTS

The results of the survey were initially compiled in a heat map The opportunity to
develop each skill was assessed using a pie chart for each year. Figures 2,4 and 6
show pie charts split between the 7 professional skills based on answers to Question
1. An answer of ‘Yes’ to Question 1, means that the skill was explicitly taught and
assessed. An answer of ‘Yes, limited’ means that while the skill may have been taught,
it was not explicitly assessed. Modules were weighted based on the number of ECTS
credits available for the module. When compiling the pie chart for a 5 ECTS module,
answers of ‘Yes’ were given a value of 1, answers of ‘Yes, limited’ were given a value
of 0.5 and answers of ‘No’ were given a value of 0. For 10 and 15 ECTS credit
modules, these values were increased by a factor of 2 and 3 respectively. This gave
insights into which skills were being given the most and least opportunities to be
developed.
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Figures 3,5 and 7 show the corresponding bar charts for each year. These charts were
produced to assess the percentage of modules where the opportunity to develop a
skill exists versus the percentage of modules where the sKkill is actually assessed.

3.1 Limitations

It is recognised that not all lecturers responsible for the delivery of modules
participated in the study, furthermore the results of the survey rely on the opinion of
the lecturer in terms of the extent to which the skill is developed and the categorisation
of subject material or activities into skills. The weightings applied to answers in
Question 1 are somewhat arbitrary and were chosen by the authors to allow a high
level overview of skills development opportunities in the course to take place. The
survey did not assess the student’s level of performance in these skills or the stages
of skill development across various years.

4 DISCUSSION AND CONCLUSIONS

From Figures 2,4 and 6 it is clear to see that the opportunities for development of each
skill is quite dispersed and one skill is not totally dominant. This is somewhat surprising
given the technical nature of all but one subjects in each year. Below is a brief
discussion of the opportunities for development of each skill.

Core Technical: From Figures 2,4 and 6, we can see that the greatest opportunities
for skill development lie in Core Technical Skills. From Figures 3,5 and 7 we can see
that there is an opportunity to develop Core Technical skills in almost all modules in
each year. There is no significant drop off when looking at whether the skill is
assessed, as Core Technical skills are a major focus of most modules.

Technology and Digitisation: The opportunity for development of this skill appears
in 50% of modules in year 2, 83% of modules in year 3 and 67% of modules in year 4.
Unsurprisingly, we can see a large drop off when looking at where the skill is actually
assessed. This stems from the fact that technology is merely used as a communication
tool in some instances. As an illustration, where a lecturer gave a Yes response to
Question 1, in Question 2 they stated, “The lab exercises include the use of structural
analysis software”.

Communication: From Figures 2,4 and 6, we can see that there is an opportunity
provided to students to develop Communication skills to some degree in 100% of
subjects in 2" year, 83% in 3" year and 92% in 4" year. This is somewhat surprising
given industry criticism of graduate skills in this area. When we look at where the skill
is actually assessed, Communication drops significantly. This is unsurprising as these
skills may form part of modules but may not be a major component of assessment.

Management: From Figures 2, 4 and 6, for an engineering degree, there would
appear to be consistent opportunities in each year to gain skills in this area. Referring
to Figures 3, 5 and 7, these skills are also assessed in 25% of modules in 2" year and
3 year and 42% of modules in 41" year.
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Fig. 2. Year 2 — Opportunities for skills
development within modules

Societal

Sustainability Core

Technical

Engineeri
ng
practice

Technology
&
Digitisation

Communication

Fig. 4. Year 3 — Opportunities for skills
development within modules

Societal

Sustainability

Core
Technical
Engineering

practic

echnology
&
Digitisation

Management

Communication

Fig. 6 .Year 4 — Opportunities for skills
development within modules

80%

60%

40% I I

20%

0% I l I-

> N Q

R N i
o\ Y & & & L
4 (\0 O ’b% \(\ \(\ )

& & <°\> & ‘é\% o""&'b

® g (’oﬂ(\ W S

B % of modules where opportunity to develop skill exists

B % of modules where skill is actively taught & asessed

Fig 3. Year 2 - Comparison of
opportunity for skills development and
current assessment

100%
80%

60%
20 I I I I
20% | |
oo | I I
) @

B % of modules where opportunity to develop skill exists

B % of modules where skill is actively taught & asessed

Fig 5. Year 3 - Comparison of
opportunity for skills development and
current assessment

100%
80%
60%
40%
Il
0%
& >
~o & P X
& \o°3\ ‘(;S”\ ee’ & ,30\\\ o
& & & & & &P
A \(\(\ O & & <2
RO N S

B % of modules where opportunity to develop skill exists

B % of modules where skill is actively taught & asessed

Fig 7. Year 4 - Comparison of
opportunity for skills development and
current assessment

157



SEFI 2021

- RESEARCH PAPERS -
49th ANNUAL CONFERENCE | BERLIN | 13.09. - 16.09.2021

Engineering Practice: From Figures 2, 4 and 6, the opportunity to develop skills in
Engineering practice holds a consistently strong share among other skills. It's relative
share drops from 2" to 3 year and only partially rebounds in 4" year. This is
somewhat surprising as one might assume that opportunities to mimic the work of an
engineer would increase through the years.

Sustainability: From Figures 2, 4, and 6, it is clear that while Sustainability forms an
active part of the curriculum in 3" year, it currently forms a very small component in
2" and 4" year. We can see From Figures 3, 5, and 7 that sustainability is not explicitly
assessed in these years.

Societal: From figures 2, 4, and 6 it is clear that while Societal fares slightly better
than Sustainability, it is the second last ranked skill in terms of opportunity for
development. We can see from Figure 7 that Societal is not explicitly assessed in this
year.

When looking at the course overall, there is a good distribution of skills development.
When ranking skills development opportunities, the following is the order observed
from the survey: 1-Core Technical, 2-Communication, 3-Engineering Practice, 4-
Technology and Digitisation, 5-Management, 6-Societal and 7-Sustainability.

A key question that the literature does not answer is, how much opportunity should be
provided in an engineering programme to each of these skills? Based on the authors’
experience, in the past, this outcome would seem largely appropriate. However, one
of our aims is to orientate the views of the student towards the challenges of the future
of our planet and it's people. Therefore, it is clear that there is a need to embed more
opportunities in the course to develop societal and sustainability skills. A sustainability
module has been identified as an immediate requirement as well as further developing
a society and sustainability thread throughout each year. Also, the assessment of
these skills is a clear priority given the very low survey results in the assessment of
these skills, as it is well established that assessment drives learning.

4.1 Future Research

The next stage of this research involves a review of the development of these skills
and their threads through the years with reference to the results of Question 2 of this
study. This will inform the development of new learning outcomes, teaching activities
and assessment techniques in the areas of societal and sustainability skills and will
provide a clearer picture as to where the skills need to be integrated into the existing
programme.

5 SUMMARY AND ACKNOWLEDGEMENTS

This study was undertaken to create a picture of the content of our current programme
in an effort to identify opportunities where there could be a rebalance of the skills that
would prepare our structural engineers for the future. What emerges is a reassurance
that there is already an acknowledgment of the balance of skills needed, but more
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exciting, that there is an openness from the lecturing staff as to the opportunities for
skills development, in particular in relation to the concepts of society and sustainability.

The authors would like to acknowledge the support of the National Forum for Teaching
and Learning and the Le Chéile IMPACT project for funding for this study.
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ABSTRACT

During the COVID-19 pandemic, higher education has drastically moved
online, which has increased the importance of autonomous learning by students. A
decrease in students’ well-being has meanwhile been registered across the globe. In
this study, we examine which learning characteristics increase student well-being
under the pandemic constraints. We investigate students’ well-being, specifically
burnout, amotivation, and study engagement, and their relation to learning
autonomy. Two types of autonomy were included: autonomy at the student-level and
autonomy at the instructor-level, measured via the instructors’ communication and
support provided for online learning. Our analyses show that amotivation and
burnout correlated negatively with both kinds of autonomy. Similarly, student
engagement correlated positively with both kinds of autonomy. A multiple regression
showed that student-level autonomy was the only variable to significantly predict all
three well-being variables, while instructor support predicted only study engagement
and burnout. Instructor communication did not predict any well-being variables.
Implications, limitations, and future directions for the role of autonomy in online
learning are discussed.
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1 INTRODUCTION

Well-being and mental health levels have decreased significantly during the
current COVID-19 pandemic. This decrease has been confirmed across the globe,
including samples from Hong Kong, United Kingdom, Spain, United States,
Denmark!'l, and Bangladesh!?l. The pandemic has also forced higher educational
institutions to move online at short notice. A study®® found that most faculties and
administrators have started transitioning towards online teaching methods, even if
they did not have any previous experience with them. Social distancing policies have
led to less face-to-face, direct support from the educational staff.

For online learning to take place, students need to become
autonomous/independent learners!*l. Autonomy is also one of the main tenets of self-
determination theory, which asserts that basic psychological needs must be met for
higher motivation, self-development, and well-being to be achieved®I®l7l, Two other
important factors are relatedness and competencellI®l’l, When the need for
autonomy is met, students become more motivated and more likely to demonstrate
higher study engagement, which leads to higher performancel®I€I°l. High levels of
autonomy also have a positive effect on well-being factors such as lower levels of
burnout'?l. Autonomy is usually measured at the student-level, describing how
students perceive their autonomy when studying. However, autonomy is a dynamic,
socially defined construct®!'"l. This implies that to get a better understanding of its
effects, we also need to look at how students interact with their instructor and
environment.

In this study, we explore how students’ self-reported autonomy had an impact
on their motivation and well-being, measured via amotivation, study engagement,
and burnout, during the COVID-19 pandemic. We also consider how students’
instructors supported and communicated with students to facilitate their autonomy
when studying. Such interaction between the students and instructors has been
confirmed to have a positive impact on their autonomy®I'll'2l. Thus, we made a clear
distinction between self-reported student-level autonomy, and instructor-level
autonomy, conceptualized as instructor support and communication. Our research
question is: What is the relation between student-level and instructor-level autonomy,
and well-being during the COVID-19 pandemic? We hypothesized that student-level
autonomy and instructor-level autonomy had a positive relation with each other and
with study engagement. Student-level, instructor-level autonomy, and study
engagement had a negative relation to amotivation and burnout. We also expected
that student-level autonomy and instructor-level autonomy positively predicted study
engagement, and negatively predicted amotivation and burnout.
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2 METHODOLOGY
1.1 PARTICIPANTS

Participants were recruited using a random sampling method and included all
students of one faculty (three bachelor's and four master’s programs) at Eindhoven
University of Technology. Data were collected through a self-reported questionnaire,
at two different points in time: between November and February 2021 for the 15t and
2" quartile of the 2020-2021 academic year. A total sample of N = 2404 was
recorded, with a final sample of N = 1231, after removing incomplete observations
(Na1= 617, No2= 616). The data collection was approved by the ethical committee of
the university.

2.2 MEASURES

The survey consisted of a wide variety of questions related to students’ well-being as
well as course-specific perceptions. Below, only the questionnaires analyzed in the
current study are discussed. The well-being of the students was conceptualized
through amotivation, measured via 4 items (ex. ‘| really felt that | was wasting my
time at university”) with a Cronbach’s a= .90, burnout via 8 items (ex. “While | was
studying, | often felt emotionally drained”) with a= .87, and study engagement via 4
items (ex. “l was immersed in my studies”) with a=.90. Autonomy was measured at
the student-level via 5 items (ex. “I could decide on my own what to work on during
the course weeks”) with a= .68, and at instructor-level through instructor
communication, 3 items (ex. “Overall, the instructor for this course helped to keep
students engaged and participating in productive dialog”) with a= .85, and through
instructor support, 3 items (ex. “The teacher actively facilitated my understanding of
the learning materials”) with a=.71. All items were measured on 1-7 Likert scales.

2.3 STATISTICAL ANALYSES

Descriptive analyses were used to obtain characteristics of the sample.
Bivariate correlations were used to assess relations between student-level
autonomy, instructor support, instructor communication, amotivation, burnout, and
study engagement. We used three multiple regression analyses to predict
amotivation, burnout, and study engagement, respectively. For each, the predictors
were student-level autonomy, instructor support, and instructor communication. The
estimates of the strengths of associations were demonstrated by the standardized g
coefficient with a 95% confidence interval (Cl). A p-value of .05 was considered
significant.
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3 RESULTS
3.1 DESCRIPTIVE VALUES

Table 1 shows the descriptive values of all variables. These values show that
the means change across quartiles, but only slightly. Burnout and amotivation
increased between Q1 and Q2 of the 2020-2021 academic year, while study
engagement decreased. We found all three autonomy measurements decreased
from Q1 to Q2 of the 2020-2021 academic year. We will follow-up on these findings
with correlation analyses.

Table 1. Means and Standard Deviations of All Study Variables Across Four Quartiles

Q171 2020-2021 (n=617) Q2 2020-2021 (n=616)

Variable n M SD n M SD
Student Autonomy 617 4.91 0.84 616 4.84 0.90
Instructor Support 616 4.63 1.17 615 4.26 1.18
Instructor Communication 616 4.71 1.29 616 4.51 1.31
Burnout 617 4.16 1.05 493 4.51 1.13
Study engagement 617 3.98 1.01 493 3.68 1.11
Amotivation 617 2.31 1.29 493 2.55 1.49

3.2 CORRELATIONS

Table 2 shows the correlations between the measured variables. Almost all
correlations were significant, which is no surprise given the large sample size. The
well-being variables correlated as expected: study engagement negatively with
burnout (r(1107)= -.53, p< .001) and amotivation (r(1107)= -.41, p< .001), while
burnout and amotivation correlated positively with each other (r(1107)= .39, p< .001).
According to Cohen’s rule of thumbs, these three correlations can be considered
medium to high. Study engagement correlated positively with student autonomy
(r(1107)= .34, p< .001) and both instructor communication (r(1106)= .15, p< .001)
and support (r(1106)= .19, p< .001). As we can see, study engagement has a
medium relation with student-level autonomy, but small to medium with instructor-
level autonomy. Amotivation had a medium to high negative correlation with student-
level autonomy (r(1107)= -.34, p< .001) but small negative correlation with instructor
support (r(1106)= -.09, p=.003) and a non-significant correlation with instructor
communication (r(1106)= -.06, p= 053). Burnout had a medium to large negative
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correlation with student-level autonomy (r(1107)=-.38, p< .001) and small to medium
negative correlation with instructor support (r(1106)= -.15, p< .001) and with
instructor communication (r(1106)= -.09, p= .004). Student-level autonomy had small
to medium positive correlations with instructor support (r(1229)= .19, p< .001) and
instructor communication (r(1229)= .13, p< .001). Instructor support and instructor
communication positively correlated with each other (r(1230)= .64, p< .001). These
correlations show that student-level autonomy had medium to large effect sizes with
all three well-being variables, while instructor support and instructor communication
only small to medium effect sizes. We found a non-significant relation between
instructor communication and amotivation. Student-level autonomy also had small to
medium effect sizes with instructor support and instructor communication.

Table 2. Pairwise Correlations Between the Variables, and Sample Sizes

Variables 1 2 3 4 5 6
1. Study
engagement
2. Amotivation - 41%
1108
3. Burnout -.53*** 39%**
1108 1108
4. Student 347 - 347 - 38F
Autonomy 1108 1108 1108

5. Instructor support . 19*** -.09*** - 5% 9%
1107 1107 1107 1230

6.Instructor 5% -.06 -.09** 3 B4+
communication 1107 1107 1107 1230 1230
*p< .05, **p< .01, ***p< .001

3.3 MULTIPLE REGRESSION ANALYSES

First, a multiple regression analysis was calculated to predict study
engagement based on student-level autonomy, instructor support, and instructor
communication. The regression was significant (F(3, 1105)= 568.87, p< .001) with an
adjusted R?= .14. Student-level autonomy (8= .32, t= 11.28, p< .001) and instructor
support (8= .09, t= 2.56, p= .011) had significant effects. Student-level autonomy and
instructor support significantly predicted study engagement, explaining 14% of the
variability. Student-level autonomy had the highest effect size of the two significant
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relations. A second multiple regression analysis was calculated to predict
amotivation based on the three autonomy variables. The regression was significant
(F(3, 1105)= 49.86, p< .001) with an adjusted R?= .12. Student autonomy (8= -.34, t=
-11.81, p< .001) was the only significant predictor. The model explained 12% of the
variability with only one significant predictor. Finally, a multiple regression analysis
was calculated to predict burnout based on the three autonomy variables. The
regression was significant (F(3, 1105)= 65.67, p< .001) with an adjusted R?= .15.
Student autonomy (B= -.36, t=-12.89, p< .001) and instructor support (8= -.09, t= -
2.56, p=.012) had significant effects. The model explained 15% of the variability, the
highest amount of the three variables we predicted, with two significant predictors.
The results partially confirmed our hypotheses, as student autonomy significantly
predicted all three well-being variables, while instructor communication did not
predict any. Instructor support significantly predicted study engagement and burnout.
The explained variance ranged between 12% for amotivation to 15% for burnout.

4.1 DISCUSSION

Our study took place during the COVID-19 pandemic, a difficult time that
changed how higher education approached learning. Our aim was to study the
relation between the learning autonomy of higher education students with their
mental well-being. We found autonomy, both at the student and the instructor-level,
to have negative relations with burnout and amotivation, and positive relations with
study engagement. Our findings support our hypotheses, showing that autonomy,
both at the student and at the instructor-level, is important to consider when looking
at students’ well-being. Autonomy is essential in becoming intrinsically motivated.
Such motivation contributes to a student becoming actively involved in learning and
internalizing their goals!’l. Study engagement and higher well-being in general are
direct consequences when the need for autonomy is met. Our findings fall in line with
previous findings, as we found that autonomy at the student-level was the strongest
predictor of study engagement, burnout, and amotivation in our study. Student-level
autonomy was the only variable to significantly predict amotivation, burnout, as well
as study engagement. This shows that autonomy, as perceived by the student, is the
most important facet when looking at general learning autonomy. This has various
implications when approaching autonomous studying online as a whole. It can be
that the environment and instructor lead to the perfect autonomous learning, but
students can still feel controlled and underperform. This implies that autonomy
targeted practices need to put the students and their beliefs at the forefront.

Online courses give teachers the role of facilitators more than anything. This
means that their communication is essential as they can directly encourage students,
or indirectly by acknowledging students’ accomplishments. The feedback provided
by instructors can also play a role in supporting students in their learning. We found
that instructors’ support did play a direct role when predicting study engagement and
burnout of their students. This refers especially to the techniques that instructors
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applied during courses, such as appropriate feedback and useful Q&A sessions.
Each course has different demands, but also provides different resources for
students to efficiently meet those demands. Resources can be directly relevant to
the courses’ demands, such as feedback and Q&A sessions, but there are also
indirect resources, such as general non-directed communication between students
and the course instructor. Our findings show that providing directly course relevant
resources has a higher impact on well-being than providing indirect resources. Since
both measurements looked at how the instructor interacted with the students, we can
see that the type of contact and its perceived effectiveness played a higher role in
well-being than general communication. Students respond more positively to
approaches which target course relevant questions and want their communication
with the instructor to be meaningful and helpful. However, both forms of interactions
between instructors and students are strongly interconnected; these variables had
the highest correlation in our study. It is expected that they share a high amount of
variance, and we advise that future studies consider them together. Resources such
as support and communication provided by the instructors is easier to address and
can be changed more easily compared to self-reported student autonomy, providing
a good target for future policies.

These variables represent only two of possible ways in which instructors can
enhance students’ autonomy and performance. Instructors’ feedback and lectures
are important in the online environment, but the way in which instructors react and
communicate with their students is more important. These seem to go hand in hand,
but a clear difference can be made between method and quality. We found instructor
support to be more important when predicting students’ well-being than general
communication. Support is still a form of communication, but more direct and
focused specific on the course content and learning outcomes. Thus, we argue that
beyond the common ways in which teachers keep in contact with their students, they
can play a bigger role in students’ well-being by focusing more on direct, relevant
feedback. This aspect is important since meetings can take place easier and more
often online, due to their accessibility and convenience, but their number or type
should not be used as an indicator of their effect on students. The COVID-19
pandemic offers a good justification to try out different ways of connecting students
to their teachers, but the content and its quality should be emphasized and kept in
mind when such interactions take place.

4.2 LIMITATIONS

The study took place over half an academic year during the pandemic. While
it has a large scale, it still suffers from various shortcomings. A definite one is that
teachers have different objectives and employ different structures from each other
when organizing a course. This can affect the amount but especially the type of
communication and support instructors offer. For example, less lectures could mean
less communication and less support, but the same course could have different
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methods to communicate and support students, such as higher number of short,
small group meetings with the coordinator, more regular announcements and Q&As,
and more literature with specific weekly goals provided. Such differences need to be
accounted for when looking at instructor-level autonomy to better understand how it
contributes to students’ autonomy when studying. The way in which autonomy was
measured in the current survey might also have implications for our results. Self-
reported student autonomy seems a straightforward way to measure it, but its
interpretation is highly dependent on students’ view of their own learning behavior.
This can be affected by previous learning experiences, learning strategies, time
management, and individual goals. Similarly, while we know that the learning
environment plays an important role in students’ autonomy, it is not clear yet how to
measure such an interaction and what is the exact role of the instructor in the
environment. Teacher support and communication are a good measure for
autonomy supportive variables, but they are not the only ones.

4.2 FUTURE DIRECTIONS

We emphasized the important role that teachers play in their students’ well-
being, but it is important to keep in mind that the most important factor is how
students themselves perceive their autonomy when learning. This brings the problem
at a more individual level. While there are certain methods already in practice on
how to keep students’ autonomy at a high level, mostly through the teacher®I'?l, they
are hard to adapt to each student. Future research should approach the problem and
address autonomy directly, at an individual level. While instructors’ communication
did not significantly predict any of the well-being variables when controlling for
student-level autonomy and instructor support, it did positively correlate with well-
being and the other forms of autonomy. Communication could be mediated by other
forms of autonomy, acting as a platform on how support is provided or even
enhancing it. A similar argument can be formulated around instructor-level autonomy
all together. Instructor-level autonomy could be a mediator between student-level
autonomy and well-being. Further research is needed to examine its exact role.

4.3 CONCLUSION

To conclude, students’ autonomy plays an essential role when looking at their
well-being and motivation. Instructors’ support should especially be considered when
trying to reach such objectives during times of social distancing and online learning.
Although the instructor communication is important, it plays a lesser role than
relevant, direct support regarding learning materials. Educational policies, especially
those related to online learning, need to approach such aspects explicitly. Employed
techniques need to help teachers understand the importance of autonomy and how
their academic interactions can play major roles in well-being and motivation of
students.
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ABSTRACT

Many engineering students experience difficulties in their professional career
orientation as a result of the large number of career options presented in the broad
engineering field. This has been linked to a hampered school-to-work transition and
difficulties in career decision-making. Successful stimulation of a professional identity
can be achieved by providing career guidance that aims to promote several key
constructs underlying identity development, including career exploration, awareness,
and confidence. This provides students with both a vocational and self-sense that
prepares them better for their future career. Previous researchers often focused on a
restricted set of underlying constructs, mostly in non-engineering students. This study
overcomes these limitations with an in-depth analysis that examines five constructs
simultaneously to contribute to a more general view of professional identity. By using
structural equation modeling on the survey data, we aim to provide insights in the
overall interplay of the constructs in the specific context of 624 Belgian engineering
students at KU Leuven. We determine correlations between constructs and examine
how these constructs differ for several personal variables. Results indicate substantial
interconstruct correlations with construct differences for the phase of study, vocational
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interest, engineering persistence, and a small effect for parental occupation, but no
effects for gender. These results contribute to a more general understanding of the
professional identity of engineering students and the implications for career guidance
during their education.

1 INTRODUCTION

Deciding on a future career is considered one of the most important decisions students
have to make [1]. However, engineering students often experience difficulties in this
process. Several problems have been linked to this difficult orientation. First, some
engineering students lack an understanding of the engineering profession or what it
requires to be an engineer, and are not aware of the myriad career options [2]. Second,
the engineering education seems to show a low cohesion with the professional world
as student’s values, skills and expectations do not always align with practice. These
problems hamper their career orientation and their transition from academia to the
engineering world [3].

The development of a professional identity can support the career orientation.
Developing such an identity is the fundamental aim of educational career guidance [4],
thereby facilitating the professional transition. In this process, a good understanding
of the professional engineering identity is required, along with the needs of the
engineering students.

When focusing on identity research in engineering education, several limitations in the
current body of literature are observerd [5]. First, research on professional identity in
engineering is scarce. Earlier research mainly focused on non-engineering students.
Second, professional identity is considered a multifaceted concept. However, most
studies have focused on specific aspects of professional identity which hindered to
fully understand its broad scope. The purpose of this study is to provide a more
comprehensive view on the professional identity of engineering students. Improving
its understanding can contribute to essential career guidance.

2 BACKGROUND

2.1 Professional identity: a multiconstruct concept

In the process of professional identity development, students gain personal and
vocational knowledge that allows them to identify their abilities, interests and
aspirations and let them align these with the vocational possibilities and their required
competencies [4]. An important aspect of professional identity for career guidance is
its multifaceted characteristic. Namely, it is widely recognized that professional identity
development is guided by several underlying constructs, including career exploration,
career awareness, and career confidence, among others. (1) Career exploration
reflects the behaviors associated with the information gathering to build one’s
vocational knowledge [6]. (2) Career awareness shows one’s knowledge and
understanding of the vocational possibilities and the associated competencies [7]. In
this study, the construct of career awareness was operationalised by professional
roles awareness and competence awareness, which has proven relevance before [8].
These constructs are based on Craps et al. (2021) who developed a competency
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based professional role model for future engineers comprising product leadership
(focus on radical innovation), operational excellence (focus on process and product
optimisation) and customer intimacy (focus on client tailored solutions), and their
required non-technical competencies [9]. (3) Career confidence, here again
conceptualized as professional role confidence, covers two subconstructs as reported
by Cech et al. (2011): role-fit confidence and competence confidence, referring to the
confidence that a professional engineering role corresponds to one’s interests and
values, and the confidence in one’s skills required for that role [10].

2.2 Professional identity differs over personal factors

A second important aspect regarding professional identity is that construct differences
exist between students regarding multiple personal factors such as their socio-
economic status [11], phase of study [12], family support [13], gender [14,15], or
persistence in an engineering career [10]. However, these factors have been mostly
identified throughout studies with non-engineering students.

2.3 Professional identity and career guidance

Both the construct associations and the personal variables affect the implementation
of educational career guidance. First, career guidance programmes can be designed
to specifically focus on desired aspects of professional identity. Second, the presence
of personal factors clarify that guidance can vary according to the needs of the
corresponding target group. Such adequate career guidance for engineering students
relies on a clear understanding of their professional identity.

3 AIM OF THE STUDY

This study aims to contribute to the comprehensive understanding of professional
identity in engineering education by simultaneously focusing on multiple identity
constructs within the same cohort of students. Our research focus is to, first, examine
the association structure between the constructs, and second, determine construct
differences for five personal variables, i.e. gender, parental occupation, the phase of
study, vocational interest, and persistence in engineering careers using structural
equation modeling techniques. In the final section, we discuss some supportive
insights for educational career guidance.

4 METHODOLOGY

4.1 Participants

Survey data was collected from 624 engineering students of the Faculty of Engineering
Technology at KU Leuven in Belgium. Participants were predominantly male (85% vs
15%), which corresponds with the university’s engineering population. All possible
phases of study were included: first bachelor year (32%), second bachelor year (22%),
third bachelor year (23%), the master year (17%), and a transfer programme prior to
the Master’'s programme for graduates of technical University College (6%). Ethical
approval was sought and obtained for this study from our university’s Ethics
Committee (G-2019 03 1596) and participants have consented to be part of this
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research. They were informed that their participation was voluntary and that the
analysis would be conducted anonymously.

4.2 Survey

Data was collected cross-sectionally via a 10-minute electronic survey using
Qualitrics. Students participated in May 2019 or 2020. In a first part of the survey, five
sets of Likert scale questions were implemented, each probing the student’s attitude
towards one of the five professional identity constructs: (1) Career exploration (8
questions, Cronbach’s alpha: 0.83) probed the extend of different information seeking
behaviors (e.g. “l go to job fairs or company events”). (2) Professional roles awareness
(3 questions, Cronbach’s alpha: 0.57) probed their understanding of the professional
engineering roles (e.g. “| understand the description of the engineering roles”). (3)
Competence awareness (4 questions, Cronbach’'s alpha: 0.52) probed their
understanding of the competencies associated with the professional engineering roles
(e.g. “l recognize most of the competencies in the professional roles model”). (4) Role-
fit confidence (6 questions, Cronbach’s alpha: 0.75) probed the confidence towards
their desired engineering role (e.g. “The engineering role | chose is the most suitable
one for me”). (5) Competence confidence (4 questions, Cronbach’s alpha: 0.53)
probed the confidence in their non-technical skills (e.g. “| possess the required non-
technical competencies to grow in this engineering role”). This, and role-fit confidence,
was based on the survey of Cech et al. (2011).

In a second part, the following background information was collected for five personal
variables. One survey question indicated whether the student could identify with one
or a combination of the professional engineering roles as developed by Craps et al.
(2021) (‘yes’: 84%, ‘no’: 16%), this variable is referred to as vocational interest. Other
questions asked whether one of the parents was an engineer (‘yes’: 29%, ‘no’: 71%),
or whether the student considered another job outside engineering (‘yes’: 16%, ‘no’:
37%, ‘sometimes’: 47%), which represent parental occupation and engineering
persistence respectively. Gender information and the phase of study were provided by
the university.

4.3 Statistical analysis

The constructs were operationalized according to the exploratory factor model
developed by De Boever et al. (2021) [16]. First, a confirmatory factor analysis (CFA)
was employed to validate this factor model, and second, construct differences were
examined for five personal variables using structural equation modeling (SEM). This
was performed by including the variables gender, parental occupation, phase of study,
vocational interest, and engineering persistence in the CFA model. Both the CFA and
SEM used 20 multiply imputated datasets to account for missingness, which maximally
amounted 15% in the survey. The model fit was assessed using the averaged model
fit indices for the comparative fit index (CFl), Tucker-Lewis index (TLI), root mean
squared error of approximation (RMSEA), and standardized root mean squared
residual (SRMR). Values above 0.90 for CFl and TLI, and values below 0.08 for
RMSEA and SRMR signified a well-fitting model [17]. Ordinal categorical CFA and
SEM were used because of the categorical nature of the Likert scales, which employed
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polychoric correlations and the diagonally weighted least squares (DWLS) estimator.
Reported factor loadings were obtained using standardized factors only, which for
categorical variables in the SEM indicate the difference in standardized construct level
for a respective group compared to the reference group. The mice package [18] in
Rstudio was used for multiple imputation, and the semTools package [19] was used
to perform the CFA and SEM on the multiply imputed data.

5 RESULTS
5.1 Professional identity constructs are considerably correlated

Based on unsatisfactory modification indices exceeding a value of 20, three error
correlations were introduced in the CFA model between survey items with linguistic
similarities, which improved the model with an adequate fit (initial vs final: CFI=0.955
vs 0.972, TLI=0.949 vs 0.968, RMSEA=0.057 vs 0.046, SRMR=0.065 vs 0.058) and
appropriate factor loadings (Figure 1).
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Figure 1. Final CFA model. Factor correlations and correlated errors are presented by the double-
headed arrows between the constructs (ovals) and items (rectangles) respectively. Significance
levels are indicated with asterisks (0.05>*20.01>**20.001>***).

From the final CFA model (Figure 1), all correlations between the constructs show
significant positive values between 0.28 and 0.60. This suggests both an appropriate
discriminant validity between the constructs, and substantial interconstruct
associations. Higher levels in one construct are thus related to higher levels in another
construct. The largest interconstruct correlations were observed between professional
roles awareness and competence awareness, and competence awareness and
competence confidence. The associations with the two confidence constructs, i.e. role-
fit confidence and competence confidence, were different for career exploration, and
professional roles and competence awareness, while the associations for career
exploration with the awareness constructs were similar.

5.2 Professional identity constructs show differences for multiple variables

Construct differences were examined for five variables, i.e. parental occupation,
gender, engineering persistence, phase of study, and vocational interest. This model
had an acceptable fit (CFI=0.938, TLI=0.958, RMSEA=0.047, SRMR=0.062). The
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results are comprised in Figure 2, showing the significant construct differences
between the variable’s categories and their respective reference category.
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Figure 2. SEM. Reference categories are ‘no’ (engineering persistence, middle bottom row), the
master year (phase of study), female (gender), ‘not an engineer’ (parental occupation), ‘no’
(vocational interest). The measurement model in Figure 1 was used to determine the constructs,
which was omitted here in the visualization for clarity, and only significant effects are shown.

2.2.1 Parental occupation

The professional identity of engineering students did not seem to be influenced
substantially by whether one of their parents was an engineer or not, as only a weak
effect was observed for career exploration. This effect indicated a slightly increased
level of career exploration when at least one of the parents was an engineer.

2.2.2 Gender
No differences between males and females were noted for any of the constructs,
suggesting a similar professional identity.

2.2.3 Phase of study

Multiple effects were noted for the bachelor years regarding all constructs. Career
exploration was reduced for students in the first, second and third bachelor year
compared to the master year. The increasing loadings over the later bachelor years
might suggest that career exploration increases when progressing the programme.
Similarly, competence confidence seems to increase over the three bachelor years.
On the other hand, only first and second year students showed decreased levels for
professional roles and competence awareness, while role-fit confidence was
decreased for second and third year students compared to master students. Finally,
transfer students and master students showed similar construct levels, with the
exception of career exploration, which was reduced in transfer students.
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2.2.4 Vocational interest

Whether students were able to identify with a professional engineering role (vocational
interest) was independent of considering another job outside engineering (engineering
persistence) (p=0.92, x>=0.175, df=2). Students that could identify with an engineering
role showed higher levels for all constructs except career exploration, with the largest
increase noted for role-fit confidence. Further exploration did not demonstrate clear
differences between professional roles.

2.2.5 Engineering persistence

Students who were considering another job outside engineering showed lower role-fit
confidence compared to students who were aiming for an engineering career. No
differences were noted in career exploration, competence confidence, and
competence awareness. However, a borderline insignificant effect was present for
professional roles awareness (p=0.054, loading=-0.289), suggesting a reduced
understanding of the professional engineering roles for students that considered a
non-engineering job. Additionally, students who were still undecided about the
engineering field also showed lower role-fit confidence, with a difference that is
markedly smaller than for the former group (-0.144 vs. -0.356). Borderline insignificant
effects were also observed for professional roles awareness (p=0.065, loading=-
0.215) and career exploration (p=0.058, loading=-0.106).

6 DISCUSSION

Developing a professional identity is fundamental in student’s career orientation,
making this an active research field providing essential implications for educational
guidance programmes. The present research aimed to expand the understanding of
the professional identity of engineering students, which is a research population that
did not receive much attention yet. Using structural equation modeling techniques, we
simultaneously examined distinct constructs that are associated with professional
identity development in engineering students to provide an in-depth exploration of
these constructs in the same cohort.

Our results rehighlight the general perception that professional identity is a complex
and multifaceted concept. We first demonstrated a positive association structure
between five constructs, which had not been reported before in the same cohort,
providing an in-depth overview of the multifaceted aspect of professional identity. This
circumvents potential extrapolation issues between different cohorts resulting from
cultural or other differences [1,11]. These results suggest that the underlying identity
structure in engineering students follows similar mechanisms as in other student
populations since positive construct associations have also been reported for high
school students and non-engineering students [11,20].

The second result identifies several personal factors for each construct. Results
demonstrated construct differences for phase of study, which has been identified in
previous studies as well [12]. Developmental differences during student’s education
have been explained before in light of increasing experience [21]. Our results support
this belief since gradual construct changes are present over bachelor years that might
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suggest increasing levels for most constructs. Interestingly, professional roles
awareness seems to decrease slightly after the first bachelor year, which might result
from the unrealistic expectations of first year students regarding the engineering field
at the start of their education, as stated elsewhere [22]. On the other hand, no gender
differences were noted, while before, STEM and engineering males have also
demonstrated higher role-fit and competence confidence [14,15]. These different
findings might result from methodological and cohort differences. Also only one effect
was noted for parental occupation, i.e. on career exploration, despite that parental
influences have been considered key in the developmental process [13]. However,
those studies mainly focused on parental support instead of parental occupation. A
study with German high school students did suggest a larger career exploration when
the educational track corresponded to that of the parents [23], as suggested by our
results. The low number of parental effects might suggest that having an engineering
parent does not add substantially to the professional identity development after
pursuing the engineering major. Finally, lower construct levels were noted for students
who could not yet identify with an engineering role, or who were considering another
job outside engineering. These vocational interest and engineering persistence
variables have been of little focus so far in studies investigating construct differences.
However, in agreement with our results, an association was observed before between
role-fit confidence and engineering persistence in engineering students [10].
Additionally, the same study showed that competence confidence was indifferent for
persistence, which is also consistent with our analysis. Further investigation of the
other construct differences for vocational interest and engineering persistence might
be relevant to understand their occurrence in students.

4.1 Implications for career guidance

Our results provide several implications for career guidance in engineering education.
First, the positive association structure among the identity constructs suggests the
possibility to stimulate specific constructs through other constructs. Second, the
correlations in our analysis showed that stronger and weaker links are present,
suggesting that putative stimulation effects might differ considerably between
constructs. Third, the examination of personal factors suggests that students without
a clear vocational interest could benefit from a broad guidance intervention.

4.2 Limitations and future research

Additional research is required to unravel the explicit directional influence of one
construct on another, which is not captured in the reported correlations. This would
provide insights on both the direct and indirect stimulation of one or more constructs
by another, presenting a more effective way for developing career guidance. Also, the
construct differences over the bachelor years in our cross-sectional data are only
suggestive for construct evolutions during the programme. This should be further
addressed in a future longitudinal study that follows construct changes in the same
individuals over time to investigate the evolution in professional identity in engineering
students.
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ABSTRACT

Self-regulated learning strategies support learning. Recently, the Learning
Companion, a tool carefully grounded in theory and designed to promote self-
regulation while students solve engineering problems, was introduced by Tormey et
al. The companion presents students with a standard questionnaire for each
problem, including a predefined list of generic difficulties related to quantitative
problem solving. Ample scientific research has, however, indicated that
metacognition is most effective when it takes place in a domain-specific context. The
goal of our research is to determine the feasibility and impact of a "Disciplinary
Learning Companion" (DLC), building on topic-specific rather than generic questions.

In the paper we first present the DLC and connect it to the theoretical frameworks of
self-regulation and metacognition. Second, we present a case study of the DLC
executed within a 1st year mechanics course. On the quantitative side we connect
the interaction of students with the DLC to their learning skills measured using a
validated questionnaire and their academic achievement. On the qualitative side, we
present the findings of interviews with teaching assistants. Based on the results we
present recommendations regarding the further development and research around
"disciplinary companions" to induce students’ self-reflection when solving
engineering problems.

"' T. De Laet
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1 INTRODUCTION

Self-regulated learning strategies support learning. Not only is there a strong
theoretical support for this claim [3], also intervention studies have shown that self-
regulation is associated with academic achievement [4]. Self-regulation is a widely-
used term that, nevertheless, lacks a clear definition. Depending on the particular
theoretical model consulted, it can focus on metacognition, i.e. ..., or also include
elements of affect and motivation. [2]. Feedback is a potentially very powerful tool to
impact learning and achievement, but different types of feedback can have different
(levels) of impact [6]. Feedback can therefore also play a role in triggering of meta-
cognition and self-reflection as Hattie and Timperley [6] state: “Feedback that
attends to self-regulation is powerful to the degree that it leads to further
engagement with or investing further effort into the task, to enhanced self-efficacy,
and to attributions that the feedback is deserved and earned. When feedback draws
attention to the regulatory processes needed to engage with a task, learners’ beliefs
about the importance of effort and their conceptions of learning can be important
moderators in the learning process.” One way to provide feedback is through
Learning Analytics Dashboards [5]. They can provide a visual display of students
self-regulation based on digital traces collected such as behavior in online learning
environments or reflection tools, but also more “old-fashioned” data such as survey
data or student background information can be used. Recently, the Learning
Companion, a tool carefully grounded in theory and designed to promote self-
regulation while students solve engineering problems, was introduced by Tormey et
al [1]. The companion presents students with a standard questionnaire for each
problem including a predefined list of generic difficulties related to quantitative
problem solving. Ample scientific research has however indicated that metacognition
is more effective when it takes place in a domain-specific context. Furthermore,
feedback is more powerful when it supports the building cues and information
regarding wrong hypotheses and ideas [6], which is potentially, and therefore part of
our hypothesis, easier in domain-specific reflections. Next, developing particular
conceptual knowledge in engineering subjects is difficult, not well-understood yet,
but definitely requires particular attention [7]. The goal of our research is to
determine the feasibility and impact of a "Disciplinary Learning Companion" (DLC),
building on topic-specific questions rather than generic questions to trigger reflection
with students during or after scientific problem solving.

The Disciplinary Learning Companion is clearly inspired by the EPFL Learning
Companion [1], which was designed to improve students’ skills in problem solving in
scientific and mathematical problems in the context of science and engineering
degree programmes. In particular, the Disciplinary Learning Companion aims at
offering an alternative to the “diary” of the EPFL Companion. This is the component
where students reflect after they have worked on a set of mathematical problems in
class (exercise sessions). Students then complete a standardised diary
questionnaire in the EPFL Learning Companion for each problem, logging the
number of problems they attempted, whether they succeeded or not as well as the
difficulties they encountered in the process [1]. The questionnaire is called
“standardised” as it is a predefined list of difficulties related to quantitative problem
solving. As such, these questions do not relate to particularities of each question but
rather address the more general processes of scientific problem solving. The
Disciplinary Learning Companion on the contrary aims at offering students problem-
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specific questions, in particular inspired by the conceptual difficulties in the domain at
hand (mechanics in this paper) [7]. The focus on domain- and even course-specific
(conceptual) difficulties contains the possibility for more topic-specific feedback
related to the particular subject, which can have higher impact on students’ learning
and development. An obvious disadvantage of the problem-specific questions in the
Disciplinary Learning Companion is the additional time needed for development of
the reflection questions and the feedback, as they will have to be developed
separately for each particular problem. With the Disciplinary Learning Companion we
want to research whether the disciplinary-focus leads to higher impact on students’
reflection and learning, and if this higher impact can justify the higher development
cost. Additionally, to “manage” the development cost and to ensure quality of the
problem-specific questions developed for the Disciplinary Learning Companion, we
aim at developing a structured process and connected with that, guidelines that allow
teaching teams to build these questions in co-creation while taking into account the
research on domain-specific conceptual difficulties [7]. In this paper we present for
the first time our idea of the Disciplinary Learning Companion, the five domains that
aim to provide structure to the reflection connected to a specific problem, the
theoretical foundation of the learning companion, and the results of a first pilot.

2 DISCIPLINARY LEARNING COMPANION: WHAT AND WHY?
2.1 What is the Disciplinary Learning Companion?

The goal of the Disciplinary Learning Companion is to make students reflect on
scientific problems they are typically solving in the context of a higher-education
science course. The Disciplinary Learning Companion is a self-reflection tool that
students use independently during or after they solved a single problem or a set of
problems, and that presents problem-specific questions and feedback to trigger the
students’ reflection. We identified, based on research on science problem solving,
five key dimensions to structure the reflection questions: 1) Strategy Plan, focusing
on the fact that students use a well-considered strategy to tackle the problem or not;
2) Concepts, focusing on the domain-specific concepts needed to solve the problem
(e.g. developing a free-body diagram in mechanics); 3) Mathematical model, i.e.
whether students can translate their conceptual understanding to mathematical
formulas (e.g. equilibrium of forces); 4) Computations, i.e. whether students can
correctly solve the mathematical model obtained; and 5) Interpretation, i.e. whether
students can interpret the obtained solution (e.g. are the magnitude, sign, and units
of my solution as expected?). Table 1 provides for each of the five dimensions an
example of a reflection question from the Disciplinary Learning Companion used in
the pilot of this paper (statics problem in a mechanics course).

Table 1: Example of reflection questions (statics problem in a mechanics course) from the
Disciplinary Learning Companion used in the pilot of this paper for each of the five
dimensions.

Strategy plan

Did you use a strategy plan to solve the question?

No, I did not have an explicit strategy plan:
o I did not make my plan explicit.
o I did not have a strategy plan.
Yes, | did have an explicit strategy plan consisting of:
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o determining my strategy plan

o splitting the problem in subproblems: in this case determining the center of gravity for the
different bodies

o solving subproblems: in this case combining the center of gravity of the different bodies
into the center of gravity of the whole structure

o reflect on the obtained result.

Concepts Mathematical model
Which of the following components

. . — ZIiV=177lmi
How did you apply the generic formula r; = =5—to

were part of your free body Yizqmi

diagram? calculate the center of gravity of the whole structure from the
centers of gravity of the different bodies to this particular

o column o beam o ground context?

(answers show possible elaborations of the formula, or the “I
do not know option”.

Computations Interpretation

Were you able to calculate the Did you check if the obtained solution was feasible?
center of gravity of the whole

structure correctly from the o No
mathematical model? Yes, | did the following
o check the units of my solution
o yes o no o check if the obtained position is feasible both in sign
o | was not able to determine the (positive/negative) and in magnitude (e.g. center of gravity is
mathematical model within the outer dimensions of the whole structure)

2.2 How is the Disciplinary Learning Companion grounded in theory?

Person level

Self -concept $=—— ———WAffect

TASK I T Motivation 4—

Ability 48 MK ~MS <———— Control beliefs

Task x Person level

Cognition < » Metacognition and Affect ¢ » Sell-regulation of affect /effort
Task representation Monitoring and ME (prospective) Task-related Monitoring and Regulation of affect
control and MS control
Cognitive processing Monitoring and ME {dunng) and M5 Activity-related Monitoring and Regulation of effort
control control
Performance Monitoring, ME (retrospective) Outcome-related | Monitoring, Regulation of affect
control, and self- | and MS control, and self-
observation observation

Figure 1: The Metacognitive and Affective model of Self-Regulate Learning (MASRL) of
Efklides [2]. MK= metacognitive knowledge, MS = metacognitive skills

We situate the Disciplinary Learning Companion in the Metacognitive and Affective
model of Self-Regulate Learning (MASRL) of Efklides [2], also presented in Figure 1.
The Disciplinary Learning Companion focuses on supporting the metacognitive
monitoring and control (cognitive loop) in the Task x Person level of the MASRL
model, where the specific task processing (cognition) occurs. In particular, the
companion focuses at supporting the self-observation of students by providing
external triggers (reflection questions and feedback in the companion). These
triggers should induce internal metacognitive experiences. Supported by repeated
application of the Disciplinary Learning Companion, these experiences hopefully
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change the students’ metacognitive knowledge (e.g. the five domains important for
solving mechanics problems, or possible ways to interpret a solution of a problem)
and metacognitive skills (e.g. reflecting on the strategy to tackle a problem, and
interpreting the solution of a problem) at the Person level.

3 THE DISCIPLINARY LEARNING COMPANION IN ACTION

This section describes the implementation of a pilot of a Disciplinary Learning
Companion implemented in the first semester of academic year 2020-2021 and
formulates the research questions we answer in this paper.

3.1 Context

The pilot of the Disciplinary Learning Companion was organized around a mid-term
test of the course Applied Mechanics, part 1 with first-year students of the Bachelor
of Engineering Science and the Bachelor of Engineering Science, Architecture at KU
Leuven in Belgium. Applied Mechanics, part 1 is a course where a rather limited set
of theory should be acquired to solve simplified but realistic engineering problems
related to statics, kinematics, and dynamics. Based on the success rate of students,
this course is the hardest course of the first-year, resulting in a typical pass rate of
40% (without resit). To support the first-year students in their academic integration,
the faculty organizes mid-term tests. These mid-term tests offer new students in the
program a first realistic exam experience. The result of the mid-term tests is taken
into account in the final course grade (25%), provided that the student passed the
mid-term test and provided that the inclusion of the mid-term test grade improves the
final grade. Based on a random assignment of tests to two student groups, only half
of the Engineering Science students is assigned to the Applied Mechanics, part 1
mid-term test. All Engineering Science Architecture students take part in the mid-
term test of Applied Mechanics, part 1 (no random assignment). In total, 355
students could participate to this mid-term test, which is a two-hour long multiple-
choice test with 4-5 engineering problems to solve.

The Disciplinary Learning Companion was used to support students in their
preparation for the mid-term test. A reflection exercise built around last year’s mid-
term test was provided on the Virtual Learning Environment of the course. In
particular, a learning pat was constructed consisting of four steps: 1) Solve the mid-
term test of last year, 2) Compare your solution with the model solution, 3) Reflect
using the Disciplinary Learning Companion, 4) Engage with the feedback, construct
a plan, and/or request for help. Remark that students did not have to enter the
Disciplinary Learning Companion to see last year's mid-term test, nor the solution.

The Disciplinary Learning Companion was implemented in the Qualtrics survey tool
and structured around the five key dimensions highlighted in Section 2 with reflection
questions focusing on the five dimensions of Strategy plan, Concepts, Mathematical
Model, Computations, and Interpretation. For each of the five problems of the mid-
term test, questions focusing on the above five dimensions were designed (in total
29 questions). In the Companion, for each problem, students get feedback based on
their response. This feedback points to possible and typical errors, additional
explanations in the course text, the model solution, ways to improve, etc. At the end,
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overarching feedback was provided with a total score for each of the five dimensions
and with pointers to additional help.

With the implementation of the pilot, we aim to answer the following research
qguestions: From the quantitative side: What are the relations between 1) the scores
of students on the five dimensions of the learning companion, 2) completion of the
reflection module and achievement in the mid-term test, 3) completion of the
reflection module and two learning skills: use of test strategies and motivation, and
4) students’ score on the five dimensions in the companion and their achievement in
the mid-term test. Motivation and use of test-strategies were measured using the
LASSI survey at the beginning of the academic year. From the qualitative side: 1)
What is the feasibility of developing a Disciplinary Learning Companion, and 2) What
are teachers’ views on the potential usefulness of a Disciplinary Learning
Companion.

3.2 Methodology

We used a quantitative and qualitative approach to evaluate the pilot of the
Disciplinary Learning Companion. Both analysis aimed at gaining better
understanding on how to improve the companion for future use throughout an entire
course. To answer the quantitative research questions, we tracked students’
answers in the Disciplinary Learning Companion, and measured motivation and use
of test-strategies using the LASSI survey that we administered at the beginning of
the academic year.

To answer the qualitative research questions we set up three focus groups with
teaching assistants (7 participants) and tutors (three participants). Unfortunately we
did not manage to recruit students for the focus groups. The focus groups were
transcribed and then analyzed using a thematic analysis by one of the principal
investigators.

3.3 Quantitative findings

From the 355 students who could participate in the mid-term test, only 332 actually
participated. From these students, only 47 (13%) entirely completed the Disciplinary
Learning Companion in their preparation. (RQ1) We found that students’ scores on
Concepts and Mathematical model were positively correlated (Spearman
r(47)=0.46,p<0.0015), as were the scores on the Strategy plan and the Concepts
(Spearman r(47)=0.34,p=0.02). Other dimensions were not correlated. (RQ2) We
found that students that completed the reflection module score significantly higher on
the mid-term test compared to all students (Mann-Whitney, p=0.028). (RQ3)
Completion of the companion was not correlated to students’ motivation (p=0.29) nor
use of test-strategies (p=0.32). (RQ4) We found no relation between students’
scores on the mid-term test and companion score’s on Strategy plan (p=0.30) and
Concepts (p=0.18), the only two dimensions where we hypothesized a correlation.

3.4 Qualitative findings
For reporting purposes we refer to teaching assistants and tutors as TAs.

Time-investment: TAs stated that students will probably consider the module to be
too time-consuming, and that it is better to spread the reflection over different
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modules and over time. A positive aspect is that the module can be completed
asynchronously.

Feedback: TAs indicated that the feedback contains too much repetition and should
be more concise, e.g. referring with a pointer to repeating explanations. A strong
point is that different solution strategies are shown in the feedback, but there could
be even more room for different solution strategies. It was particularly appreciated
that students got supportive messages when the answer was correct, while still
stating “do you know why this is correct?” to offer some elaborations. The specificity
of the feedback is important and could even be improved at some points. The
feedback could focus more on how to obtain a better Strategy plan, Mathematical
model, etc. It was considered a good point that the feedback contains pointers to the
course text and that typical errors were provided, while the latter could still be
improved.

Content: TA’s appreciated the emphasis on the methodological approach, which
they are not always able to provide during the exercise sessions. This emphasis
however might be “over the top” for simple problems. The fact that reflection
questions were tailored to the specific problem was considered very good, but is
expected to increase the work load to build such a module. Therefore there is a
balance between specificity and work-load and transferability. The “Interpretation”
dimension was considered very important. It would be an opportunity that student
also reflect on how they would approach the problem in case of some small
variations.

Platform and lay-out: TA’s stated that the implementation of the Disciplinary
Learning Companion allows for a good combination of independent work and
personal feedback and appreciate the interactivity. TA’s disagreed on whether the
model solution should be offered as a whole before reflection (they get the overview)
or that it should be integrated it in the reflection module (step-by-step and they are
pushed to use the reflection module). Related to this, they also disagreed if it would
be most optimal to first solve the problem and then reflect in the companion, or to
solve the problem while reflecting in the companion. The five dimensions could also
be readily recognized from the companion. TA'’s disagreed on whether all five
dimensions offer sufficient added value, some found all essential while others only
found Strategy and Interpretation important. They all agreed that these five
dimensions will only be useful for a student if they are also used in the exercise
sessions, such that students can really understand these dimensions. The interface
of the companion should be improved such that student can go back and forth in the
reflection rather than forcing them to stay on a linear path. TA’s had some particular
feedback regarding the visualization in the Learning Companion which is not
elaborated further here. The reflection in the companion was very elaborate, which
might scare away students, therefore one should pay attention to keep the
companion lightweight enough. Finally, TA’s stated that the feedback should
encourage students more to retry (a particular element of) the problem if they failed
to solve it.

Integration in the course: TA’s disagreed on whether the reflection in the
companion should be mandatory or not. It would be useful anyway to provide
students with guidelines on when reflection is useful. Integration of the Learning
Companion in the exercise sessions was considered to be very important: this could
be done as part of the preparation of an exercise session. Tas considered this
particularly important for first-year students who are suspected to not have enough
intrinsic motivation and self-regulation to plan the reflection themselves. The
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professors of the course should also indicate the importance of the reflection in the
companion. Frequency and length have to be balanced: it should be frequent
enough such that students generate a habit of completing the companion and
substantial enough to show the importance, but it should be not too frequent or too
long such that it does not overload the students. TA’s stated that a more elaborate
module before a test and shorter modules each week could offer a good balance.
Building new reflection modules: TA’s indicated that they would be willing to build
own reflection modules in the companion if proper guidelines and support are
provided, and that they would also adapt the exercise sessions to more explicitly
connect the solutions of problems to the five dimensions. However, they feared that
it might be challenging to find the time to build specific reflection module connected
to each exercise session. TA’s found that the reflection should be an integral part of
the entire program and not only of a single course, and that the importance of
reflection should be emphasized more in the TA training.

Goal and purpose of the companion: TAs stated that the companion stimulates
reflection skills that a student should obtain anyway and that it makes things that
good students do spontaneously more explicit, such that weaker students can more
easily learn this. TA’s thought that only a small subset of students would
spontaneously transfer the reflection to other courses even after using the
companion, while repeated use of the companion might cause student to change
their approach unconsciously. The companion is believed to offer guidance of
students in their solution process, while the added value for students that can
already solve the problem is possibly limited. TA’s appreciated that the companion
focuses on reflection and find this missing in other platforms such as Pearson’s
Mastering Physics. They found the companion to offer a good format for personal
feedback and a good addition to model solutions, allowing to gain new insights
without having to redo problems.

4 DISCUSSION, FUTURE WORK, AND CONCLUSION

This paper presented the ideas behind the Disciplinary Learning Companion, a first
development of the Disciplinary Learning Companion, and a preliminary quantitative
and qualitative analysis based on a small pilot. The first pilot only presented a limited
set of evidence considering that the companion was just used for one reflection
module, which also resulted in a minority of the students actually using it.

While the quantitative results indicated that use of the companion is correlated with
academic achievement, we want by no means indicate a causal relation. In fact, we
rather would state that this result merely shows that the learning companion probably
attracted the students that are preparing better for the mid-term test, which therefore
obtain on average a higher test score. The quantitative results point to the need for
future research on the impact of the companion on reflection and learning. A
particular point of attention is to investigate further if the score on the five dimensions
of problem solving are related to learning, and could therefore provide a pointer for
feedback to students and teachers.

With the qualitative results we can conclude that tutors and teaching assistants see
the potential of the Disciplinary Learning Companion, and very importantly, see it
feasible, provided proper support, to develop reflection modules themselves
connected to particular problems they are teaching. Based on this promising results,
and building on the points of improvement we are currently deploying an improved
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version of the Disciplinary Learning throughout a full course of engineering
mechanics, which allows us to further investigate our hypothesis of higher impact on
learning with the Disciplinary Learning Companion compared to a non-disciplinary
companion. At the same time, we are developing more visual feedback to students
and teachers, including more high-level feedback on self-regulation and student’s
developments over time. This would allow to move in the direction of Learning
Analytics Dashboards [5], similar to the EPFL Learning Companion [1].
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ABSTRACT

Significant efforts have been made to promote gender equality in higher education
(HE) in Europe. Examples include the establishment of the Athena Swan Charter in
the UK in 2005 and the 2019 launch of the Iréne Curie Fellowship scheme by
Eindhoven University of Technology. But which initiatives address broader diversity,
equity, and inclusion (DEI) challenges in HE? And which are specifically focused on
engineering education?
This exploratory study aims to improve our understanding of the ways in which a set
of European HE Institutions engaged in engineering education address DEI at an
organisation level, and how this is communicated within the public domain. The
analysis of online data provided by a purposive sample of institutions is guided by
the following research questions (RQ):
1. How is DEI addressed and defined in institution-wide strategic frameworks?
2. How many institutions describe having an institution-wide DEI organization?
3. What specific policies around DEI are being developed, and what areas are
mentioned, defined, and prioritized?
4. What structures and resources noted as part of their DEI activities are specific
to engineering faculties and departments?
5. What engineering-specific DEI initiatives exist that are not available in the
public domain or are not written in English?
Our sample is composed of the host institutions of the authors of the paper, and
represent different European countries: Belgium, Denmark, France, Ireland,
Portugal, Switzerland, and the UK. The findings of this exploratory study will be used
to inform the design of a large-scale survey to identify DEI practices across the SEFI
community.

1. INTRODUCTION
1.1 Motivation

A recent New York Times article [1] posed the question “What does it mean to say
‘I'm in favor of diversity’ when you haven’t even reckoned with what the state of
diversity is in your own institution?”. Whilst the article focused on academic
publishing, the same could be asked of engineering education in Europe. The
current paper represents the beginning of our attempts to map how diversity, equity,
and inclusion (DEI) are defined by our institutions.
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SEFI has been engaged in diversity, equity, and inclusion. In its Diversity Statement,
SEFI affirmed to “continually review its policies and practices to fulfil this commitment
and to ensure that it influences SEFI's activities and liaisons” (2018). Respect for
diversity and different cultures, as well as institutional inclusiveness, are core values
adopted by SEFI's Board of Directors. More recently, and following SEFI’s Position
Paper on Diversity, Equality and Inclusiveness in Engineering Education [2], SEFI
and ASEE produced a joint statement [3] calling for examination, reflection, and
active promotion of diversity, equity, and inclusion in engineering.

However, it is our experience that definitions of diversity and inclusion vary
considerably between institutions, and that many initiatives are concerned only with
widening the participation of women in engineering. Although gender imbalance
remains a critical issue in the European engineering context, this narrow definition of
diversity is inadequate to represent the different aspects that simultaneously form
essential aspects of people’s identities and can lead them to experience exclusion,
stereotyping, and microaggressions [4]. We argue for the importance of clear,
comprehensive definitions of DEI and why data on the current way these terms are
used by European engineering institutions can help us increase awareness of
diversity, equity, and inclusion issues, but also identify, share, and celebrate good
practices and initiatives across the SEFI community.

1.2 Literature review

A number of recent studies, such as the 2018 McKinsey Report [5], assert that
diverse and inclusive teams are more creative, providing their companies with a
competitive advantage. Many companies have established policies to both promote
diversity in their hiring practices and encourage more inclusivity in the workplace.
However, more effort is needed in this regard. Hilary Leevers, Engineering UK chief
executive, writes [6]: “While engineers have responded fast, flexibly and with huge
personal commitment at this time of corona-crisis — we know that it could have been
better. We know this because workforce diversity improves innovation, creativity,
productivity, resilience and market insight and the engineering workforce could and
should be much more diverse.” Also, to fill in the continued shortage of engineers,
Neelie Kroes [7] states that education and industry should focus on
underrepresented groups and make Europe stronger. The latter is also highlighted
by IEEE Innovation [8]: “Although 80% of future professions will require STEM
expertise by 2020, millions of students in under-resourced communities lack the
opportunities necessary to prepare for careers in these fields.” Engineering
stereotypes can also play into the difficulties experienced. Pawley [9] observed that
engineering schools often characterise “the ideal student” as a young, single White
male. Assumptions about who engineering students are can negatively impact
students from underrepresented groups. While this research was US focused, many
in Europe will agree that this is also germane to European engineering schools -
engineering education, research and practice lacks diversity of people and cultures,
which ultimately affect the diversity of approaches to teaching, learning and
research, and diversity of knowledge and skills.
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But what does ‘diversity’ mean? “Equality, equity, diversity and inclusion are terms
that are often used interchangeably, despite the fact that they may mean different
things.” [10, p.23].

Diversity is the presence of differences within a given setting. In the educational
sphere and in the workplace, that can mean differences in race, ethnicity, gender,
gender identity, sexual orientation, age and socioeconomic class. According to the
INVITED Report [10, p.23], diversity is “a multi-dimensional concept, dependent on
the cultural context and level of awareness of difference. Certain dimensions of
diversity have received particular attention because the groups identified as either
under-represented, disadvantaged or vulnerable (or any combination of these three).
In terms of gender, there is a clear under-representation of women in academic and
leadership positions”.

Equity is the process of ensuring that processes and programs are impartial, fair and
provide equal possible outcomes for every individual. ‘Equity’ goes beyond ‘equality’,
as it “includes needs-based support to level out relative disadvantage. It thus often
comes along with measures such as positive action or positive discrimination. Equity
also takes into account that there are often structural barriers towards participation
which, if they cannot be removed, make such needs-based individual support
necessary.” [10, p.44].

Inclusion is the practice of ensuring that people feel a sense of belonging in a given
community. This means that every person within the community making up an HEI
feels comfortable and supported by the organization. Inclusion requires “awareness
about different aspects of diversity” [10, p.44].

2. METHODOLOGY

This study adopts a critical discourse theoretical framework for analysing and
assessing how diversity, equity and inclusion are communicated via university
websites, and defined in strategic documents, such as mission or diversity
statements. The approach works well because “website content is a form of
institutional discourse” [11, p.67] and the internet provides “a rich cultural data
source” [12, p.247] particularly about the higher education institutions (HEIs) in
Europe that provide engineering education and participate in SEFI. Merkl [13] looked
at the diversity statements of 11 universities in the United States, identifying themes
to assess what they addressed equality and to “identify whether university Diversity
Statements aid in maintaining or disrupting inequality in the university” (p.ii). Merkl
proceeded to focus on 4 universities that were selected for maximum variation. She
‘compared the Mission Statement to the Diversity Statement, analyzed common
university statistics, and evaluated website pictures” and then “conducted a cross-
case analysis to identify patterns and considered the implications of those patterns”
(p.ii).

At this initial pilot phase of our study, we have focused on the eight host institutions
of the authors of this paper. Lazeti¢ [14] studied HEI websites of a similar European
sample; his study used content analysis alongside MANOVA to assess messages of
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corporate branding versus public-service orientations of the sampled HEIs. Similarly,
Creamer and Ghoston [15] conducted a content analysis of the mission statements
from 48 random colleges/schools in the United States, followed by a quantitative
phase to explore the correlation between the inductive codes and three measures of
the representation of women among those same colleges of engineering. To date,
our research team has harvested publicly available data, organized it in tabular
format, and conducted initial analysis. As we progress from this pilot to full study, we
will adopt either Pauwels’ [12] six-step process for assessing websites from
perspectives that are both medium-specific and socio-cultural, or MerkI’s [13]
approach, to explore RQ1: How is DEI addressed and defined in institution-wide
strategic frameworks? This paper focuses on the description of the institution as a
DEI organisation, its policies and priorities (RQ2, RQ3) and engineering-specific
structures, resources and activities (RQ4, RQ5).

2.1 Institutions

The eight institutions included in this exploratory study are: 1) Technical University of
Denmark (DTU), Denmark; 2) Ecole polytechnique fédérale de Lausanne (EPFL),
Switzerland; 3) Instituto Superior Técnico (IST), Portugal, 4) University of Leuven
(KU Leuven), Belgium; 5) Ecole Polytechnique de I'Université d'Orléans (Polytech
Orléans), France; 6) Swansea University, United Kingdom/Wales; 7) Technological
University Dublin (TU Dublin), Ireland; 8) University College London (UCL), United
Kingdom/England.

3. RESULTS
This section summarizes the main findings of the following research questions:

e RQ2. How many institutions describe having an institution-wide DEI
organization?

e RQ3. What specific policies around DEI are being developed, and what areas
are mentioned, defined, and prioritized?

e RQ4. What structures and resources noted as part of their DEI activities are
specific to engineering faculties and departments?

e RQS5. What engineering-specific DEI initiatives exist that are not available in
the public domain or are not written in English?

An overview of these findings, as well as a brief description of each university (type
of institution, population, and female ratio) is provided in Table 1.

4. DISCUSSION AND CONCLUSION

Of the institutions examined, almost all have an institution-wide DEI organisation
while departmental or faculty-wide policies in engineering are prevalent in most
cases. The area that is prioritised in most institutions is gender balance, followed by
disability, while socioeconomic background and other areas are also mentioned.
Engineering faculties appear to focus on gender balance. This is in line with existing
research on diversity in engineering, which indicates that gender tends to
monopolise the discourse on DEI.
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ABSTRACT

In the UK Higher Education, 20% of all academic engineering staff and 12% of
engineering students are European nationals. There has been much discussion
about the impact of the UK’s departure from the European Union in current and
future relationships. However, prior to this study, no data on the impact of Brexit on
engineering education and research, from the perspective of European students and
academics, had been collected.

This study explores the impact of Brexit on European engineering students and
academics experiences in UK Higher Education Institutions — their motivations to
study and work in the UK, mobility, funding, and career prospects. The study
adopted an exploratory mixed methods design. It began with a primary qualitative
phase, where a diverse sample of 9 European engineering students and 15
academics were interviewed to explore their experiences following the Brexit
decision. The key issues identified in this phase, via inductive and thematic analysis,
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were then explored in the following quantitative phase of the study, with a larger
sample of European nationals — 89 engineering students and 104 academics — in an
online survey.

The UK’s engineering education is still attractive to a majority of European students
and academics. However, changes in financial support for students, restrictions on
freedom of movement and access to research funding are key decision factors when
considering staying or leaving the UK. The findings of the study are also relevant for
understanding the impacts on engineering research collaborations between the UK
and higher education institutions in Europe.

1 INTRODUCTION

The United Kingdom has a long tradition of excellence in higher education and is
recognised as being an important player in global engineering education and
research. Regarding higher education, the UK attracts a far higher number of
international academics of all disciplines, from all over the world, who teach and do
research, than almost any other country in continental Europe, being only surpassed
by Switzerland [1]. The engineering education sector relies on international mobility
more than most sectors of society in terms of attracting experts from all over the
world to research and teach in the UK and attracting international students.

Following the referendum, Mayhew [2] reflected on the implications of Brexit for the
HE sector and identified three major areas — the impact on students, the impact on
staff, and the impact on research funding. Mayhew also highlighted the freedom of
movement for the sector as being critical in future EU-UK negotiations. The role of
student and staff mobility, as a means to support UK universities research
connections and competitiveness is also mentioned by Highman, “(...) future EU-UK
relationships in research and science can only be properly implemented with the
support and input of both academic and professional staff, while also including the
student voice.” [3, p.51].

To date, few studies have explored students’ voices and, in particular, their career
aspirations following Brexit: a study by McCroy and Thomson [4] focussed on UK
undergraduates [4], and the study of Dodourova, Clarkin, and Lenkei [5] which
included both British and non-British students.

Prior to this study, no data on experiences and perceptions about Brexit had been
collected from European (EU) engineering students and academic staff, to
understand better the impact of the UK’s departure from the European Union on
engineering education. The study reported here has collected and analysed data
regarding the impact of leaving the European Union on mobility, funding, skills
development, future study and career prospects of European nationals involved in
engineering education in the UK.
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2 METHODOLOGY

The study adopted an exploratory mixed methods design [6], collected and
combined data from interviews (phase 1, qualitative) with and a survey (phase 2,
quantitative) of EU engineering students and academics.

2.1 Interviews

A sample of 9 EU engineering students and 15 EU engineering academics were
interviewed between October and November 2019, prior to the UK General Election,
which occurred on the 12" December. A brief description of this sample is presented
in Table 1.

In the interviews, students and staff were asked about: 1) 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; 2) their experience in the UK
overall, and what impacts they had felt as a result of Brexit; 3) and what their career
plans entail, and their preferences regarding leaving or remaining the UK.

Table 1. EU engineering students and academics (interviews)

Sample Students Academics

Sex 6 female, 3 male 3 female, 12 male

Degree/Position | 5 undergraduates, 4 PhD 4 researchers, 11 lecturers
students (teaching and research)

EU Nationalities | Danish, Dutch, Italian, Belgian, Bulgarian, Dutch,

Portuguese, and Romanian | French, German, Italian,
Portuguese, Romanian, Spanish

Universities 5 universities: 3 England, 1 8 universities: 4 England, 2
location Northern Ireland, 1 Scotland | Scotland, 1 Northern Ireland, 1
Wales

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. Thematic analysis [7] of the interview was chosen as a methodological
approach as there was an interest in finding themes in order to answer the research
questions. The open-ended approach of the interviews was suitable for this
methodology as thematic analysis “is not wedded to any pre-existing theoretical
framework” [8, p. 81].

The key issues identified in this phase were used to inform the design of online
surveys for students and staff

2.2 Survey

Due to the outbreak of COVID-19 pandemic, the launch of the online surveys were
delayed to June 2020, after a pilot test with a convenience sample of 3 students and
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3 academics. Due to a low response rate during summer term, the survey was kept
open until September 2020. A total of 89 EU students and 104 EU academics
completed the survey. An overview of this sample is presented in Table 2.

Table 2. EU engineering students and academics (survey)

Sample Students Academics
Sex 31.5% female 26% female, 62.5% male, 11.5%
no answer
Degree/Position | 37% PhD, 29.2% 31.8% reported 'Professor’,
undergraduates, 25.8% ‘Assistant Professor’ or
Integrated Master’s, 8% ‘Associate Professor’ as their job

Master’'s (1-2 years degree) | title; 21.2% ‘Lecturer’; 13.5%
‘Senior Lecturer’ or ‘Principal
Lecturer’ (13.5%); 10.6%
‘Research Fellow’, ‘Research
Assistant’, ‘Research Associate’
or ‘Postdoc fellow’.

EU Nationalities | 22 nationalities. Most 18 nationalities. Most frequent:
frequent: 14.6% ltalian, 18.8% German, 17.9% ltalian,
10.1% French, 9% German, | 13.4% and French.

9% Romanian.

Universities 13 universities: 94.4% 37 universities: 71.2% England
location England, 5.6% Scotland and
Northern Ireland

3 RESULTS

The findings of the study are presented in the following three sub-sections: 1) EU
engineering students and academics motivations to come to study/work in the UK,
career prospects they expected to have, and experiences and skills they were
expecting to achieve; 2) their experience in the UK overall, and what impacts they
had felt as a result of Brexit; 3) what their career plans entail, and their preferences
regarding leaving or remaining the UK.

3.1 Motivations
3.1.1 Students

Education. The interviews revealed that the international reputation of UK’s
universities and the desire to live abroad and have a different learning experience
were common motivations to choose studying in the UK. Undergraduate students
had the expectation to be taught in a more practical/hands-on approach and develop
their technical English. Data collected in the surveys confirmed the importance of
these same factors and motivations.
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[Italian undergraduate student] (...) comparing to my home country (...) | would have learnt
more about the theory and the background. | would have only used Italian. While in England, |
would have learnt better English, more technical English, | would have more practical skills,
more transferable skills (...) the English system is that they want you to get out there and work
as soon as possible. While if | stayed in Italy, | would probably have become more of a
researcher or an expert or something.
Career prospects. Interviewed undergraduate students mentioned that the UK
offers better job opportunities after graduation, especially at entry-level, in
comparison to their home countries. For PhD students, UK universities offered more
funded positions in their fields of interest and research opportunities than other
European countries. These factors played an important role in their decision.

Funding. The vast majority of undergraduate and Integrated Masters students
surveyed had a student loan, and all but two PhD students were fully funded. The
interviews also highlighted that being eligible for Home/EU tuition fees for the whole
duration of their degrees, as well as being able to access student finance, were key
factors for undergraduate students. The follow-up survey confirmed that eligibility for
a student loan, in the case of undergraduate students, and full scholarship, in the
case of PhD students, was one of the most important factors when deciding to come
and study in the UK, for more than 50% of the respondents.

3.1.2 Academics

Professional development. The UK engineering higher education sector was
described as the “perfect environment” to develop both research and academic
careers, offering good job opportunities, career progression and leadership positions
in comparison to other European and non-European countries.

Distance to home country. On a more personal level, staying in Europe, or coming
back to Europe after an experience abroad, was important to academics interviewed.
This would mean they were able to stay at a short distance to their home countries
and families. The English language was a key factor to choose the UK to pursue
their academic careers. For these academics, speaking the language was essential
to be able to fit into the UK’s society.
[Spanish academic] In the UK you have the perfect environment to develop a normal
engineering professional career or academic career (...) Apart from that, | speak some English,
So maybe it was a work opportunity. It's not easy to move to a country. | do know the language;
| know the culture. When | worked in [non-EU country], | had a good job, good salary but my
[foreign language] was very limited. Plus, the idea that we can go to a place that is not your
home country and start to live like a local, it is something that was important.
The survey confirmed that easy travel between the UK and home country, more
research and job opportunities in the UK than in other countries and being able to
work and live in an English-speaking environment were the most important factors
motivating their decision to come to work in the UK engineering education sector,
regardless of whether academics had come to the UK prior or after the Brexit
referendum.
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3.2 Experiences
3.2.1 Students

Learning environment. Overall, students who were interviewed were satisfied with
their decision to come and study in the UK and reported a wide range of positive
experiences. Undergraduate students were particularly pleased with opportunities to
engage in teamwork and problem solving. Being able to learn with international staff
and students was a very positive aspect of their education and personal experiences
in the UK.

The surveys confirmed that EU students’ most valuable experiences of their time
studying engineering in the UK were being part of a diverse and international
university environment, quality of teaching and access to resources, as well as good
links to industry.

[German Integrated Masters student] [I benefit from] meeting international and open-minded

people from around the world, as well as learning in an industry-focused environment.

[Italian PhD student] The chance of meeting people from all over Europe and the world, getting

to know a variety of cultures and ways of thinking [was beneficiall.
The impact of Brexit. Most of those students interviewed who came to the UK after
June 2016 said that Brexit had no substantial impact on their decision to study
engineering in the UK. They mentioned being well informed about their ability to
study in the UK. Two thirds of undergraduates, half of PhD students and one third of
those on Integrated Masters courses surveyed maintained they would have come to
study engineering in a UK university if they were making that decision today. For
these students, quality of teaching and future prospects were the main reasons why.
But for those who would not come to study if making that decision today, increasing
costs incurred by EU students after Brexit (international fees), a potential reduction in
jobs and research opportunities in the UK, and a general feeling of not being
welcome, were their main concerns.

This was confirmed by the larger survey sample, with many students reporting that
having to pay international fees, and not being eligible for a student loan/scholarship,
would have been a major deterrent if they were making the decision to study
engineering in a UK university today. In fact, only 8% of the surveyed undergraduate
students would have come to study in the UK if not eligible for a student loan. The
figures were 23.8% for Integrated Masters and 28.6% for PhD students.

[Polish undergraduate student] Without the student loan, | would not be able to study in the UK,

thus | would not even think about paying International/Non-European tuition fees.

[Slovenian-Croatian PhD student] As of last week, when it was announced EU students will be
charged international tuition fees, my answer is no. Before | would still encourage others to
apply to the UK.

3.2.2 Academics
Working environment. The interviews revealed that, overall, academics were

pleased with their experiences in the UK, citing good work conditions and being part
of an international and collaborative environment as two of the most positive
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aspects. Universities were described as safe, supportive, and welcoming to EU and
international staff.
[Belgian academic] / really, really enjoy the UK, working over here. In an academic setting, the
institutions | worked so far, both of them and then contacts with other academic institutions — |
always had the feeling that the general approach to research is a collaborative approach,
where within the same institutes you're considered to be colleagues, working towards a bigger
goal of striving and pushing the boundaries of what we know, and advance with research.
Whereas in Canada and the States it was much more of a competitive environment amongst
colleagues within the same department, which was something that | didn't really feel
comfortable with.
Career progression. In the survey, academics were positive about their career
progression and access to resources, and less positive about their ability to secure
EU research funding after the Brexit referendum.
[French academic] (...) I'm still very happy in the UK, | have to say. I'm very sheltered and
protected. (...) It hasn't changed anything in my professional life. Three years ago, | got
promoted as well. It hasn't affected my career pathway. | still feel supported by the university to
the same level as any of my UK peers.
The most valuable experiences of their time working as an engineering academic in
the UK, among those surveyed, were the opportunity to work in an international,
multicultural and multidisciplinary environment. Collaboration with national and
international partners and access to research funding, as well as opportunities for
career progression and good links to industry were also seen as very valuable.

The impact of Brexit. Many academics perceived these experiences as beginning
to change negatively due to Brexit.

Less positive aspects among those interviewed were associated with an increased
burden in academic administration, as well as unexpected teaching commitments by
research staff, but this was not associated with Brexit or the UK.

When asked at interview about what changed in the last three years, many
references were made about the negative impact of Brexit, immediate and future, on
research capacity, collaborations, and access to funding and equipment. A few EU
engineering academics reported being excluded from research proposals with
European institutions

There were also mentions to the potential impact of Brexit on teaching and
recruitment of EU students and staff. Some participants noticed a decrease in the
number of EU applicants, particularly at postgraduate level.

One senior academic was particularly worried about the lack of information regarding
potential changes in EU regulations in his engineering discipline/industry, and the
future recognition of UK qualifications.
[ltalian academic] The day UK leaves [the EU], will the PhD title be recognised in another EU
country? Probably yes but we don't know. Will the UK be part of Horizon or the next main
research programme from the EU? They say yes but we don't know. It's a mixed sort of thing.
(...) we have a lot of regulations that come from the EU but do they want to diverge?
Interviewed academics with links to the industrial sector acknowledged that some
industries were already struggling to recruit highly skilled workers from EU countries
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but were optimistic about being able to secure future deals with the sector. To them,
Brexit could be seen as an opportunity to establish new partnerships between UK’s
academia and industry, and open new research funding avenues.
[German academic] The good thing is that we're getting a lot of industry interest and these
industry projects are easier to navigate (...) so we're generating income from that side.
On a more personal level, academics were concerned about the state of the
economy, restrictions to freedom of movement, and a general feeling of not being
welcome. In general, academics in Scottish universities felt more welcomed than
academics based in other regions. Two academics were very concerned about the
impact of Brexit, and the lack of certainty, on their mental health and general well-
being.
Most of those surveyed felt welcome in their own institution and in the broader
engineering higher education community, but not particularly welcome in the UK.

To guarantee his rights and access to opportunities, one interviewed EU academic
applied for British Citizenship to put his “mind at peace”. Other two academics were
considering applying in the future, since their plans were to remain in the UK
indefinitely. However, personal factors would play an important role in their final
decision.

All those surveyed who had British citizenship, a total of 9 academics, said that
Brexit was the “major driver” to apply for it. These were mostly senior academics
who were not considering moving out of the UK before retirement.Senior and highly
experienced members of the academic staff, with permanent positions, expressed
more concerns about the idea of having to relocate somewhere else. They feel they
are in a stage of their careers where they need more stability and certainty about the
future.

The academics who did not intend to apply for British citizenship described
themselves as having a strong European identity and did not see value on being a
citizen of a non-EU nation. In fact, for this group of academics, Brexit was the main
reason not to apply for a British citizenship.

3.3 Plans
3.3.1 Students

Job opportunities. The interviews and surveys revealed that undergraduate and
PhD students alike were concerned about the potential negative impacts of Brexit on
the state of the economy, on their rights as EU citizens, and on their future plans in
the UK. Despite this, more than half of those surveyed planned to stay in the UK
after graduation, while some of those interviewed were particularly keen to stay in
the UK for further studies, with undergraduate students particularly wanting to stay
and develop their engineering careers in the UK.

Career progression and family plans. For the PhD students we spoke to, the
willingness to stay in the UK was dependent on having access to job opportunities
and research funds, as the UK was seen as an attractive place to pursue their future

201



e
I [

SEFI 2021

- RESEARCH PAPERS -
49th ANNUAL CONFERENCE | BERLIN | 13.09. - 16.09.2021

career plans as engineering academics. They made more references to the
importance of feeling welcome and having family plans as important factors to
consider in their decision to stay or leave the UK after Brexit.

3.3.2 Academics

Career progression. Most of the interviewees would like to remain in the UK,
although many have already considered moving out — nine out of ten EU academics
surveyed have considered moving out of the UK. If deciding to leave the UK, most
were planning to do it in 2 to 5 years-time, and get back to their home countries,
other European country (Switzerland, Germany, Netherlands and France were
mentioned more frequently) or Canada.

The interviewees proposed that their ability and willingness to stay in the UK will be
determined by opportunities for career progression and being guaranteed the same
rights that EU nationals had before Brexit regarding: freedom of movement, access
to EU research funding, and being treated as UK citizens. This was confirmed in the
survey.

Many academics, in both interviews and survey, expressed concerns about the
validity of the EU Settlement Scheme, the impact of a no-deal on UK’s economy, and
not feeling welcome as before. Reflecting these worries, only one third of the
surveyed EU engineering academics would have come to the UK if they had to make
that decision today.

4 DISCUSSION

The UK’s engineering education is still attractive to a majority of EU students, at
different levels of study. However, interview and survey data support the idea that
EU undergraduate students who started their degrees after June 2016 were taking
the opportunity to study engineering in the UK as a ‘last chance’ before changes to
fees, funding, and visa requirements. Being eligible for home fee status and financial
support were among the most important factors when making the decision to study
engineering in the UK.

Whereas EU engineering academics agree that the UK’s universities provide the
resources and opportunities for career progression and research leadership, only
one third of survey respondents would have come to the UK if they had had to make
that decision today (at the time of the survey, June-September 2020).

One third of EU academics surveyed came to the UK as undergraduate and/or
postgraduate engineering students. Many EU students plan to stay in the UK after
graduation to work as engineers. However, changes to study conditions and the
UK’s points-based immigration system are seen as heavy barriers to EU nationals
and are likely to have a negative impact not only on student and academic staff
recruitment, but also on the UK’s engineering research and innovation base, and on
its much-needed, diverse and talented workforce.
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ABSTRACT

Self-regulated learning (SRL) is one the key pedagogical principles of Challenge-
based Learning (CBL) in engineering curricula. Students in CBL have the primary
responsibility for planning, implementing, and evaluating their effort and progress.
This study explores the use of learning portfolios as a pedagogical tool aimed to
document students’ SRL in a CBL course for 15t year engineering students. The
research question was: How is SRL documented in a personal learning portfolio
during a CBL course? Students were expected to work for 9 weeks with a group of
peers on an open-ended challenge. Students were asked to complete a learning
portfolio at 3 moments. In week 1, they were asked to set, individually, 5 disciplinary
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and 5 professional goals they wanted to achieve and in week 5 and 9 they were
encouraged to reflect on the progress and attainment of those goals. Twelve
students’ learning portfolios were included for analysis in this study. Content analysis
of the learning portfolios revealed that students in week 1, described goal setting and
in week 5 described SRL processes such as monitoring and self- evaluation while in
the final submission in week 9, students reflected on the attainment of their individual
goals and the overall success of their project, revealing a need for balancing their
own disciplinary and professional goals and the overall goals of group they were
members of. The study suggests that learning portfolios provide a useful instrument
to encourage SRL in CBL. Limitations and implications for education and research
are discussed.

1. INTRODUCTION

1.1 Self-regulated Learning in Challenge-based learning

Challenge-based Learning (CBL) is a student-centered pedagogy becoming
increasingly popular in engineering curricula [1] [2]. In CBL, learning starts from an
open ended, real life challenge and students are given the freedom to think out of the
box and design a project directed entirely by themselves [2] [3]. This implies that
students need to show increased levels of agency, autonomy, and self-directedness
[2]. For example, a study by Memobirillio et al. [3] involving real life, open ended
challenges in collaboration with an external industry partner, found that students
experienced difficulties in regulating their learning, due to the increased complexity
and uncertainty associated with the course. This suggest that Self-regulated learning
(SRL) is an essential skill for effective learning in CBL. However, the way students
regulate their learning in a CBL context has not received adequate attention in the
literature. Thus, the aim of the present study is to assess how SRL is documented by
1st year engineering students working in a CBL course.

1.2 Theoretical Background: Self-regulated learning

SRL can be seen as an umbrella term that which entails metacognitive processes
such as goal setting and monitoring, motivational processes like self-

efficacy, mastery goal orientation or intrinsic task interest and behavioral processes
such as, attention sustainment, choosing and structuring the learning environment [4]
[5] One of the most widely used models of SRL is the cyclical model by Zimmerman
[4] that is characterized by 3 cyclical iterative phases: forethought, performance, and
self-reflection [6].

The forethought phase describes the processes of task analysis and self-
motivational beliefs that take place before students engage with learning. In this
phase, self-efficacy, outcome expectancies, intrinsic interest, and goal orientations
are important. In addition, in the forethought phase, students engage in

task analysis, which includes goal setting and strategic planning. In

the performance phase, students systematically and actively engage in learning. In
this phase, self-control and self-observation are key processes. Students exhibit self-
control by engaging in strategies such as imagery, self-instruction, attention focusing,
and others targeted at reaching goals. Self-observation includes self-monitoring and
self-recording of learning progress. In the final phase, self-reflection, students’ use of
self-monitoring and feedback from the previous phase to form self- evaluations (self-
judgment) and attributions about the causes of their performance. Students also react
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to their performance with self-satisfaction about achieving a certain goal and adaptive
or defensive responses. Adaptive responses include adjustment and modification of
motivational beliefs and task analysis, while defensive responses include emotional
reactions to performances.

1.3 Portfolios and Self- regulated Learning

Portfolios represent a collection of evidence of students’ learning [7] [8]. Portfolios
are frequently used to support and document students’ SRL processes such goal
setting, monitoring or reflection [8] [9]. A study conducted by Mansvelder-Longayroux
et al. [9] analyzed the content of student teachers’ portfolios and made the distinction
between in action-oriented and meaning-oriented activities described in portfolios.
Action oriented activities describe what has been done and help students to become
aware of what they know and what they are able to do. Meaning- oriented activities
entail sense- making of an experience and understanding the underlying process of
it. They found that students engage more often in action oriented activities when
writing a portfolio. However, meaning oriented activities and reflection are also
important for SRL and students’ development, but students need additional support
in order to reflect on their experiences [8]. A systematic review of the relationship
between the use of portfolios and SRL suggested that influencing factors include
students’ supervision in SRL skills development, integration of portfolio into
educational routine, regular coaching and scaffolding is provided to students to
increase motivation, designing a portfolio to facilitate at least goal setting, task-
analysis, plan implementation, and self-evaluation [7].

1.4 Research Question

The research question that guides the present study is: “How is SRL documented in
a personal learning portfolio during a CBL course?” To answer this question, we
analysed the written Personal Learning Portfolios that students wrote during a first
year CBL course.

2. METHODS

2.1 Context and participants

For this study, we focused on one CBL course, taking place in Eindhoven University
of Technology. This course is part of the educational initiative E3 (Eindhoven
Engineering Education). In this course called E3-Challenge 1, first year engineering
students from different disciplines can work collaboratively with a group

of peers for 9 weeks on an open challenge, in which they can design, create and
evaluate a product in the context of the UN Sustainable Development Goals. The
challenges concern the following topics: Pulsar navigation, Wind energy storage,
Healthy soundscapes in shared workspaces and Physics of life.

During the course, students were having meetings on a weekly basis with an expert
on their case as well as weekly SCRUM meetings with a Teaching Assistant (TA) that
supports them in group processes. By design this course is encouraging SRL by
giving to students the primary responsibility for planning, implementing, and
evaluating their effort and progress during the course. As part of the course,
students were asked to write a portfolio to document their SRL at three times:

in week 1, students had to set 5 disciplinary and 5 professional goals they would like
to achieve during the course. In week 5 and week 9 they had to look back and on
how they were progressing in achieving those goals. For all three submissions,
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students received individual written feedback and advice from the course coordinator
and teaching assistants aimed to facilitate their SRL. The feedback focused on
encouraging students to re-evaluate their initial goals, plan and evaluate them as part
of SRL.

2.2 Data collection

Writing the Personal Learning portfolio was a mandatory deliverable of the course
that counted for 30% of students’ final grade. After the end of the course, we asked
from students’ permission to analyze their portfolios. Out of 30

students participating in the course, 12 students consented to include their portfolios
for analysis in this study, which resulted in 3 submissions per students, in total 36
submissions. The Ethics Review Board of the University has approved this study.

2.3 Data analysis

Following the theoretical model of Zimmerman [4], we developed 21 a priori codes,
corresponding to all elements of SRL phases of forethought, performance and self-
reflection to analyze students’ portfolios. Twenty additional codes were developed to
group students’ disciplinary and professional goals in submission 1. Content analysis
was conducted using ATLAS.ti [10]. The main researcher analyzed all portfolios and
an auditing procedure among all researchers was conducted to discuss the results of
the coding process.

3. RESULTS

According to our analysis, submission 1 of students’ portfolios aligned with

the forethought phase. Submission 2 had examples of performance and self-
reflection phase and examples of new goal setting corresponding to the forethought
phase. Submission 3 focused on self-reflection. All 12 portfolios mentioned goal
setting in submission 1 (5 disciplinary and 5 professional goals), monitoring of all
goals in submission 2 and self- evaluation of achieved goals in submission 3. Our
analysis also suggested that several elements of the SRL model by

Zimmerman [4] were not documented at all in students’ portfolios. Those included:
strategic planning, self- efficacy, outcome expectations, time management in the
planning of activities, imagery, interest incentives and self- consequences. Table 1
summarizes the codes developed based on the model of Zimmerman [4] [5] and the
additional codes developed by the researchers. Table 1 also provides a description
for each code, their frequency and the number of students who reported them.
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Table 1. Overview of codes identified in students’ portfolios

- RESEARCH PAPERS -

SRL A priori Code explanation | Frequency N of Portfolio
phases | codes students submission
PHASE 1. Forethought Phase
Task Analysis
Goal Setting Goals set by Submission
students 1 (week 1)
Disciplinary
goals
Understanding of | 33 12 Submission
concepts/ 1 (week 1)
development of
disciplinary
knowledge
Coding (e.g., using | 8 8 Submission
MATLAB, Python) 1 (week 1)
3D printing 8 8 Submission
1 (week 1)
Application of 7 7 Submission
knowledge 1 (week 1)
Literature search 3 3 Submission
skills 1 (week 1)
Professional
goals
Teamwork 11 11 Submission
1 (week 1)
Presentation 7 7 Submission
skills/writing skills 1 (week 1)
Communication 7 7 Submission
skills 1 (week 1)
Time management | 6 6 Submission
1 (week 1)
Management of 6 6 Submission
meetings (minute 1 (week 1)
taking, being
chairman)
Project 6 6 Submission
management skills 1 (week 1)
Leadership skills 4 4 Submission
1 (week 1)
Creativity 3 3 Submission
1 (week 1)
Design thinking 2 2 Submission
1 (week 1)
Critical thinking 2 2 Submission
1 (week 1)
Reflection 2 2 Submission
1 (week 1)
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Flexibility 2 2 Submission
1 (week 1)
Giving and 1 1 Submission
receiving feedback 1 (week 1)
Risk taking 1 1 Submission
1 (week 1)
Problem solving 1 1 Submission
1 (week 1)

Strategic
Planning

Development of an
action plan and
needed strategies
to achieve their
goals

Not reported

Not reported

Not reported

Self- Motivation Beliefs

task

Self-Efficacy Students' belief Not reported | Not reported | Not reported
about their
capability to
achieve their goals
Outcome Students' belief Not reported | Not reported | Not reported
Expectation about the
probability to
succeed in their
goals
Task Value Relevance of tasks | 11 4 Submission
for achievement of 1 (week 1)
goals
Interest Personal liking and | 10 7 Submission
interest of 1 (week 1)
performing tasks
Goal Students' beliefs 3 3 Submission
Orientation about learning 1 (week 1)
purpose
PHASE 2. Performance Phase
Self-Observation
Monitoring Students' cognitive | 120 12 Submission
process to assess 2 (week 5)
performance
Self- Students' 6 6 Submission
Recording recording of 2 (week 5)
actions to achieve
certain goals
Self-Control
Task Students' use of 4 4 Submission
Strategies strategies to 2 (week 5)
complete a task
Self- Students' own 4 4 Submission
Instruction efforts to learn a 2 (week 5)
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Imagery Students' mental Not reported | Not reported | Not reported
organization of
information
Time Planning the use Not reported | Not reported | Not reported
Management | of time for a
certain task
Environmental | Students'actions |3 3 Submission
Structuring to create an 2 (week 5)
environment that
facilitates learning
Help Seeking | Students'request |6 3 Submission
for help to others 2 (week 5)
(teachers and
peers)
Interest Students' self- Not reported | Not reported | Not reported
Incentives given messages to
remind their goals
Self- Students' self- Not reported | Not reported | Not reported
Consequence | praise and self-
S rewards
PHASE 3. Self-Reflection phase
Self-Judgement
Self- Students’ self- 120 12 Submission
Evaluation assessment of 3 (week 9)
own performance
in achieving their | 6 6 Submission
goals 2 (week 5)
Causal Students’ 14 8 Submission
Attribution explanation about 3 (week 9)
their success and
failures 6 6 Submission
2 (week 5)
Self-Reaction
Self- Students' affective | 11 9 Submission
Satisfaction and cognitive 3 (week 9)
reactions
produced by self-
judgement
Adaptive/ Students’ 11 5 Submission
Defensive willingness to 3 (week 9)
Decisions perform a certain
goal or task again
in the future and to
activate learning
strategies
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3.1 Forethought phase

The analysis of submission 1 revealed that students were all able to identify and
describe relevant disciplinary and professional goals related to the course.

Sixty disciplinary goals and 60 professional goals were identified. One student
reported as one of his disciplinary goals the development of project management
skills, but we decided to include this goal under the professional goals category. This
resulted in 59 disciplinary goals grouped in 5 categories and 61 professional goals
grouped in 15 categories (see Table 1).

Regarding task analysis, even though goal setting was prominent in

all initial submissions, planning was not mentioned, meaning that students did

not provide any plan on how they aimed to achieve those goals.

Regarding, self-motivation beliefs, only 4 students explained why setting these goals
would be beneficial for them in the future (task value) and 7 students elaborated on
their personal interest in pursuing their specific disciplinary and professional goals
(interest).

For example the quote below shows the way students formulated their goals,
describing the task value of the selected goals and their personal interest in pursuing
them.

| aspire to improve my knowledge of physics through the Applied Natural
Sciences course, not only for the sake of this project, but also to develop a
greater appreciation for real world phenomena and how they work (Student 1)

Students showed in their initial submission enthusiasm and genuine interest to the
content of the course as well as the challenge-based learning process which in their
perspective gave them the freedom to pursue their interests in more depth and
develop useful skills for their future career.

When | read about the [ ] course, | felt this was THE opportunity to invest my
energy solving real problems through the fields of biology and physics, my
favorite natural science fields. The innovative aspect of this project, was the
main reason for me to choose this project. (Student 11)

Finally, examples of forethought phase were also found in the second submission.
After students monitored their performance in week 5 and reflected on their progress,
6 students adjusted their initial goals and set new goals that were more suitable for
this stage of the course, taking into consideration time constraints,

personal interest, and balance with group goals.

For example, a student had initially set a goal to learn MATLAB but in week 5 re-
evaluated the goal and adjusted it:

| have never used Matlab before, as | study mechanical engineering. | hope to
gain an understanding of how the program works and how to use it (Student 8,
submission week 1)

Given the work-distribution that my team has adopted thus far, this is a goal |
have made little progress in(...)This is something | hope to work more on in the
coming weeks, especially as the algorithm (based on matlab data) is
developed. My hope is that | can assume a position of assistance and aid my
group members with any MATLAB work they may have. | should note that the
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reason they have been focusing on MATLAB whereas | have not is simply
because they were already experienced in it, so it made more sense (Student
8, submission week 5).

3.2 Performance phase

In submission 2, students had to look back at the first 5 weeks of the course and
reflect on how they progressed with their self-set goals, while in the third submission
they had to evaluate the overall learning experience after the end of the course.

In both submission 2 and 3, all students used monitoring as a process to assess
ongoing performance and achievement of goals. Six students elaborated on the
actions they performed in order to achieve their goals (self- recording). This included
recording how many hours they spent on each task they had to accomplish or
breaking the tasks in smaller steps or prioritizing different tasks. Self- recording
helped those student to realize that certain goals needed to be prioritized according
to their importance and time availability. For example, if a task was considered less
important for the course and very time consuming, it was receiving a lower priority.

Related to the goal of learning Siemens NX, this goal has unfortunately not
been achieved due to a number of reasons. First of all the main reason it has
not been achieved is due to the fact that it would not add much value to our
project and time could better be spent on the coded aspect of our design rather
than the physical (Student 6)

Four students mentioned self-instruction as their main strategy to achieve their goals.

For coding and 3D modelling | still need to watch more tutorial videos and keep
practicing, as well as, learn more basics like Pandas. My plan to continue
developing knowledge from the Applied Natural Science course is to often
practice the exercises and hopefully maintain an average grade of at least 4
out of 5 for the quizzes (Student 1)

Because of our common Signals | course, | am able to better understand how
frequencies can be managed and calculated. For example how an AM signal
is propagated using a carrier frequency. As well as this, | have watched
multiple online lectures on the topic and read some research papers. Using
these, | have managed to create an antenna suitable for a TDoA (Time
Difference of Arrival) RDF system (Student 5)

Regarding professional goals, such project management, other task strategies such
as keeping notes, using calendars or using communication platforms to facilitate
collaboration among team members were mentioned by 4 students.

Even though time management was an important goal for 8 students, none of the
students were concrete in their planning on how to achieve them. As mentioned
earlier, 6 students recorded the time spent in the accomplishment of certain tasks but
they did not plan or adjust their time management for the coming weeks of the
course.

Three students mentioned environmental structuring as important factor that
influenced their learning. This was relevant to the fact that the course was taking
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place online due to COVID-19, thus students could not go to campus or meet their
peers or teachers in real life. Thus, students had to do several to make studying from
home productive. Help seeking was mentioned in 4 instances in the form of asking
teachers or peers for support for clarifying questions, or asking additional material
like articles that were relevant to their challenge.

3.3 Self-reflection phase

In submission 2, students did not engage only in monitoring of

current performance, but they also engaged in self-reflection about the suitability of
their goals and the need for adjustment. In submission 2, 6 students realized

that the initial goals they had set were either too vague or too ambitious and thus it
was hard to assess their achievement. When evaluating their progress, students
realized the importance of good planning.

Another thing | realized next time | have to make a better plan on how | am
going to achieve my goals. This was the first time | really set learning goals
myself, and now while looking back, | think | could have done better if | had
made a better plan on how to achieve these goals (Student 2)

Causal attribution for their goal success or need for adjustment were found in 6
student portfolios. Students attributed the need for adjusting their goals to time
constraints and project specifications that were forcing them to pursue different goals
that were more relevant for the project success.

I need to modify my goal of developing skills needed to combine physics and
maths, and instead direct it more towards improving my abilities to model
mathematical-physical equations (Student 1).

When considering adapting their goals, two aspects played an important role: how
clear and attainable their personal goals were at the first place and, secondly,
whether their goals were still in accordance with the group goals.

Submission 3 helped students to reflect not only on whether their goals were attained
or not but also on the reasons about it and on how this learning could be useful for
their professional future. In this submission, 8 students reported causal attributions
about the reasons of not accomplishing their initial goals, including conflicting goals
with final project characteristics, limited time and setting too many and too ambitious
goals at the beginning. Nine students reported positive emotions such as
satisfaction, and pride associated with the successful accomplishments of tasks and
achievement of goals.

This course has been a pleasure to participate in. | was engaged with the topic,
learnt a lot and ultimately created a final product that I'm proud of (Student 8)

Five students appreciated the opportunity to develop reflection as a skill for the
course. They realized that looking back and evaluating how things went helped them
to approach new tasks in a more efficient way. These 5 students also reflected on
how this learning would be useful in their future and expressed their willingness to
participate again in a CBL course to develop further their disciplinary and
professional goals.
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What | have found in this project is that, in order to conduct research that can
clearly be applied, this needs to be decided in the initial stages of the project
and needs to be included in the research question|...] A good observation in the
midterm report is that the application needs to be included in the tasks to be
appropriately explored, which happens if the research question aims in an
applied direction [...]JTherefore, in the future it is important to know from the start
what your team members aspire to do and through that knowledge decide what
directions the research can go in (Student 13)

Five students appreciated the value of reflection itself. They saw the importance of
not only doing but also taking a step back and evaluate their work. For example, one
student mentioned how reflection had helped him use the feedback of peers and
teachers in a more constructive way.

Having practiced self-reflection before each peer review and after each meeting,
| was able to reflect on the feedback for my mid-term goals and incorporate it
into my final personal portfolio. Reflecting on the feedback also gave me a
better understanding of how | could become a more effective team member
(Student 10)

4. DISCUSSION

In this study, we aimed to assess how SRL is documented in a portfolio that students
had to produce in the context of a CBL course. According to the findings of the study,
students were able to identify disciplinary and professional goals that were in
accordance with the course but needed additional guidance on making the goals
more specific, measurable, clear and suitable for the time frame of the course. In this
study, goals acted as regulatory agents for SRL. Despite the fact that students were
able to set relevant and coherent goals, they did not describe a concrete planning on
how to achieve them in the forethought phase. That made goal attainment and
evaluation harder for students.

In the performance phase, students had to reevaluate their goals, adjust them to time
constraints but also negotiate and prioritize goals taking into considerations team
goals in addition to their personal goals. This suggests that individual SRL processes
might interfere with group processes taking place during a CBL course.

Thus, together with the concept of SRL, in CBL also the concepts of co-regulated
learning (CRL) and shared regulated learning (ShRL) are relevant [11] [12].

In the final submission, students, described clearly which goals they achieved and
which they did not achieve during the course. Writing a portfolio helped students
making their learning process visible and explicit both to themselves and their
teachers. They used the portfolio as a tool to look back on their experience and
actions during the course and make explicit what they had done, what they learned
and how they have progressed during the course. This is in accordance with the
study of Mansvelder-Longayroux et al. [9] where the analysis of student teachers’
portfolios revealed that they focused mostly on action oriented activities. In our study,
few students reported that through the use of portfolio and documentation of SRL,
they appreciated the value of reflection. As reflection plays an important role in SRL,
encouraging students to use the portfolio as a tool for reflection can be beneficial for
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students in CBL. In this case, students need additional support when reflecting on
their learning process [7].

4.1 Recommendations for practice

The study suggests that SRL is important in CBL, and portfolio can be a useful way
to facilitate the documentation of students’ learning process. As reflection has self-
regulatory function in the learning process and students should be encouraged to use
the portfolio for documenting their learning process but also reflecting about it. In our
study, we saw that several aspects of SRL learning were not mentioned at all by
students. In that respect, the use of portfolio can be helpful but only if students
receive support in writing in depth reflections. Reflective assignments

can provide opportunities to dive deep into the processes that allow students to take
control of their own learning [9].

4.2Limitations and future direction for research

The study focused on a specific course and the included sample was small, thus
more general conclusions cannot be drawn. Another limitation of the study is the
focus only on SRL. Learning in CBL is not only individual but also collaborative, thus
other forms of regulation such co-regulation, which occurs between students and
teachers and socially shared regulation which occurs with a group of students are
also relevant and should be explored. Future studies should explore the influence
and experiences of the aforementioned social types of regulation as well [11] [12].

5. CONCLUSIONS

SRL is one the key pedagogical principles of CBL in engineering curricula. Students
in CBL have the primary responsibility for planning, implementing, and evaluating
their effort and progress. Combining writing a portfolio with additional support towards
reflecting would be beneficial for students’ learning in CBL courses.
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ABSTRACT

Education for the Sustainable Development Goals (ESDG) in higher education
requires a methodology to diagnose its presence in the degrees as a starting phase
to design a desired scenario, where graduates are qualified with the needed SDG
competences. The EDINSOST2-SDG project, involving 8 Spanish universities,
pursues this transition and sets the framework for this study.

This paper shows the methodology and results of diagnosing the presence of
sustainability competences and the SDG at the undergraduate engineering degree in
Industrial Design and Product Development at the School of Engineering of Vilanova
i la Geltru of the Universitat Politecnica de Catalunya. The methodology can be
applied to any engineering degree and synthetases the results through Sustainability
maps. The starting point is the Engineering Sustainability Map, from the project
EDINSOST2-SDG that states the learning outcomes in relation to Sustainability and
SDG that engineering students must master when graduating. From there we build
assessment maps of the degree analysed. Map 1: shows the Sustainability learning
outcomes. Map 2: shows the SDG based on their learning objectives. These maps
allow curriculum designers to verify to what extent Sustainability and SDGs are
embedded in the subjects, semesters and in the whole engineering degree.
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1 INTRODUCTION
1.1 The Agenda 2030 and higher education

In September 2015, the United Nations adopted the Agenda 2030 for Sustainable
Development. The resolution announces a plan of action focused on «people, planet
and prosperity» that seeks to «strengthen universal peace in larger freedom» and
recognizes that «eradicating poverty in all its forms and dimensions, including
extreme poverty, is the greatest global challenge and an indispensable requirement
for sustainable development». The 17 Sustainable Development Goals (SDG) and
their 169 associated targets are meant to «balance the three dimensions of
sustainable development: the economic, social and environmental» [1]. According to
UNESCO, ESDG arises as an essential instrument to achieve the SDGs that allow to
face current challenges such as Climate Change and the need of a global shift
regarding values, attitudes and skills. UNESCO defined 255 learning objectives (15
for each SDG) that students should master. Focusing on the role of higher education
in contributing to SDGs achievement, Universities have historically been institutions
aimed at creating and transmitting knowledge through research and teaching.
Therefore, integrating ESDG in higher education is considered a key component to
foster the emergence of agents of change in our society [2]. Mapping what a
university is already doing in relation to ESDG is the first strategic step to implement
it in a degree [3]. Hence, this paper is aimed at finding how to diagnose the presence
of sustainability and SDGs in a higher education degree.

1.2 EDINSOST2-SDG and the Engineering Design Degree at UPC

EDINSOST2-SDG is a project aimed at integrating SDGs into sustainability training
in Spanish university degrees. It is financed by the spanish Ministry of Science,
Innovation and Universities (MCIU), the State Research Agency (AEI) and the
European Regional Development Fund (ERDF). The project provides a set of tools
that allow to diagnose the presence and learning of sustainability in a degree. The
tools applied in this case study are the following:

A. Engineering Sustainability Map (ESM)

The ESM is a matrix containing a common Sustainability Map for all engineering
degrees which summarizes the learning outcomes related to the 4 transversal
sustainability competences proposed by the Conference of the Presidents of the
Spanish Universities (CRUE) [4, 5] and the SDGs’ learning objectives proposed by
UNESCO [1, 2].

B. Sustainability Presence Map (SPM)

The SPM is a matrix that shows how a degree fulfils the learning outcomes of the
ESM. Each cell relates each learning outcome proposed by the ESM to each subject
that is being taught in the degree.

C. SDG Presence Map (SDGPM)

The SDGPM is a matrix that shows how a degree fulfils the SDGs based on the
learning objectives of UNESCO [2].
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The bachelor’s degree in Industrial Design and Product Development Engineering is
being taught at the UPC Engineering School of Vilanova i la Geltru (EPSEVG). It is
aimed at providing the student with the skills to become an industrial designer and
product developer [6]. Figure 1 shows the curriculum of the degree including the
specific optional subjects related to itineraries and also cross curricular electives.

Fig 1. Curriculum of the undergraduate degree
in Industrial Design and Product Development Engineering.

DEGREE STRUCTURE

Semester 1 Semester 2 Semester 3
Chemistry Aesthetics Artistic Expression
Fundamentals of Mathematics Graphic Expression Design Workshop |
Informatics Materials Science Layout and Prototyping
Physics Mathematics for Design Mechanics
Sustainability and Accessibility Physics Il Statistics
Semester 4 Semester 5 Semester 6
Business Basic Design Design Methodology
Design and Technical Representation Computer-Aided Design Design Workshop IlI
Design Workshop I Electronic Systems for Design Mechanism Design
Elasticity and Strength of Materials Graphic Design Product Design
Electrical Systems Manufacturing Processes Project Management
Semester 7 Semester 8
Marketing and production Bachelor's thesis (24 ECTS)

Optional (24 ECTS)

Specific optional courses

User-Centred Design

and Inclusive Design itinerary

Human-System Interaction

Optional

Product Design

and Manufacture itinerary

Forensic Engineering and Industrial Reliability

Inclusive and User-Centred Design
Usability and Accessibility Engineering

Cross-curricular electives

Design Materials

Design and Prototype of Molds

Industry 4.0 itinerary

Internet

Cross-Platform and Distributed Programming

Industrial Automation

Teams itinerary

Emobility
Emobility Lab
Agil

Social itinerary

Applied Sustainability
Applied Accessibility
Social Robotics Workshop

Internationalization itinerary

Writing Techniques for Engineering
Academic and professional Communication Techniques
Academic Skills for Project Development
Language Practice (3 ECTS)

All subjects worth
6 ECTS if not specified

The degree has a study load of 240 ECTS [7]. These are distributed in 60 basic
education credits, 126 compulsory credits, 30 optional credits and a final degree
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project worth 24 credits. 49 subjects, the final degree project and optional external
internships configure each student's path in order to obtain the degree.

2 METHODOLOGY

This paper presents a case study that applies a methodology to evaluate the
presence of sustainability and the SDGs in Engineering Degrees, using tools
provided by EDINSOST2-SDG. The methodology is piloted as a case study to the
Engineering Design degree taught at EPSEVG of the Universitat Politécnica de
Catalunya.

2.1 Information sources

Gathering information about the degree is the very first step. For this case study, the
following information sources have been considered:

« The latest version of the application form for modification of official degrees,
which provides relevant data to understand the relation between subjects, and
their corresponding competences [7].

« The latest versions of the teaching guides that are available in the degrees’
official website, which offer information about the content, the methodology
and the evaluation of each subject [6].

2.2 How to translate the information into maps

The starting point is the Engineering Sustainability Map (ESM), which states the
learning outcomes in relation to Sustainability and SDG that engineering students
must master when graduating. The map disaggregates the transversal competences
in 4 dimensions (environmental, social, economic and holistic) that can be assessed
to facilitate its understanding and implementation. The result is a map with 7
competency units that are operationalized through learning outcomes that students
need to have when graduating. The learning outcomes are categorized through a
specific taxonomy based on the simplified Miller Pyramid (Level 1: Know, Level 2:
Know How and Level 3: Demonstrate + Do), useful for sequencing the acquisition of
learning outcomes and ending with a total set of 53 learning outcomes for the 7
competency units. The ESM facilitates analysing how sustainability is being
embedded in an engineering degree [5].

To apply the ESM in the Design engineering degree, we created a matrix that
compares the 81 competences of the degree (columns) with the 53 learning
outcomes (raws) proposed by the ESM. To evaluate the concordance between the
competencies of the degree and the learning outcomes proposed by the ESM, a
scoring criteria has been developed: “A” is scored if there is a lot of concordance
between the meaning of the learning objective and the meaning of the competence,
as well as some words coincide; “B” if the meaning of the learning objective can be
easily related to the results of the competence; “C” if the meaning of the learning
objective can somehow be related to the results of the competence. and “D”
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otherwise. To complete the matrix, each cell needs to be scored according to the
ESM scoring criteria (Table 1).

Table 1. ESM - Degree Competences matrix.

Competences of the degree

Applying the ESM to a degree
Competence 1 | Competence ... | Competence n
Learning outcome 1 A B, CorD A B, CorD A, B, CorD

ESM
learning Learning outcome ... A B CorD A B, CorD A B, CorD
outcomes

Learning outcome n A B, CorD A B, CorD A B, CorD

Map 1: Sustainability Presence Map (SPM)

The first step is to relate the Sustainability learning outcomes defined in the ESM, to
each subject of the degree. The result is a Sustainability Presence Map (SPM) of the
degree. A complete SPM provides a visual representation of how sustainability
competences are being distributed in a degree. To create the SPM of the Design
engineering degree, we created a matrix that compares each subject of the degree
(columns) to each learning outcome of the ESM (rows). This implies checking in
advance which competences each subject is working on. Once the matrix is set,
each cell can be scored 3, 2, 1 or 0 if the scoring in the ESM has been A, B, C or D,
respectively. In case that a subject has competencies that coincide in scoring the
same learning outcome, only the highest score will be taken into account.

Table 2. Completing the Sustainability Presence Map.

Subjects of the degree
Completing the SPM
Subject 1 Subject ... Subject n
Learning outcome 1 3,2 1or0 3,2 1o0r0 3,2 1o0r0
ESCM

learning Learning outcome ... 3,2 1or0 3,2 1o0r0 3,2 1o0r0
outcomes

Learning outcome n 3 2 1o0r0 3,2 10r0 3,2, 10r0

To translate the SPM score into percentage, it is necessary to consider the
operationalisation of the ESM. This is possible by applying the Eq. (1) in each cell of
the SPM. The resulting percentage shows the presence of each learning outcome in
each subject.

100xSPMscore (1)
nDIM+nCU*nL*nLO*nPr !

SPM[%)] =
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Where:

SPMscore: cell score in the SPM; nDIM: number of possible dimensions of a
competence; nCU: number of competency units related to the dimension; nL:
number of learning levels related to the competency unit; nLO: number of learning
outcomes related to the level; nPr: amount of possible results according to the SPM
scoring criteria. Scoring 0 will always mean a 0% of presence. Therefore, it is not
considered as a possible result that distributes weight of the percentage.

Map 2: SDG Presence Map (SDGPM)

A SDGPM is a matrix set for each subject of the degree that shows the presence [%]
of each SDG (columns) in relation to each learning outcome (rows). To obtain a
SDGPM, first the EDINSOST2-SDG project identified which of the UNESCO SDG
learning objectives should be mastered in any Engineering Degree and second, it
related those to the learning outcomes of the ESM. Knowing both relations allows us
to create a matrix that states the percentage of each learning outcome in relation to
accomplishing each SDG. To calculate the presence of each SDG in a subject, the
percentage of presence of each SDG related to a learning outcome has to be
multiplied by the percentage of the SPM [%] of the corresponding learning outcome.
Final step is taking the maximum value [%] of each SDG column, which will
represent the presence of a SDG in a subject.

3 RESULTS

Results are synthesized in a graphical format to ease the communication of the
diagnosis outcomes. Spider charts show which competences, learning outcomes or
SDG are covered at degree, semester or subject level. Visualizing the strengths and
weaknesses of sustainability and SDGs content in a degree should raise awareness
of which aspects could be improved in a curriculum. A degree-level diagnose
highlights which are the less (or most) aspects assessed in a degree. The results
should help rethinking the distribution of the subjects to make the degree more
efficient. Knowing the diangose of a specific subject provides hints on which
competencies could be further developed and therefore enhancing the whole
degree’s results. Figrues 2 to 4 are examples of the results that can be obtained.

Figure 2 represents the average percentage of the presence of the 4 sustainability
competencies proposed by CRUE in the whole degree. Competence 1 (C1) stands
out above the other 3, while competence 3 is the least developed. Figure 3
represents the average percentage of the presence of the 7 Competency Units (CU)
of the ESM proposed by EDINSOST2-SDG in the 6th semester of the degree.
Semesters 1 to 5 appear in grey as background to visually compare them to
semester 6. Results show how Competency Unit 1 (CU1) and Competency Unit 7
(CU7) obtain the highests percentages while the rest of CU show a lower presence.
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C1
55.09%

C4 3598%

9.61%
Cc3

Degree

33.00% C2

cu1

50.37%

cu7 cu2

70%
33.33% 9.29%

CUG  481% 9.44% ~CU3

4.72%
8.75%

CuUs cu4

Semester 6

Semesters 1 to 5 of the degree

Fig. 2. Sustainability Presence Map in the Fig. 3. Sustainability Presence Map of the 6th

whole degree in relation to the 4
sustainability competencies
of CRUE [%)].

semester visually compared to semester 1 to

5 in relation to the 7 Competency Units (CU)
of the ESM [%].

Figure 4 and 5 represent the average percentage of the presence of the SDG
learning outcomes that were considered adequate to be addressed through any
engineering degree, according to the EDINSOST2-SDG criteria. SDG2, SDG14 and
SDG15 were not considered to be common SDG among all the engineering degrees
but where included anyways bearing in mind that SDGs are indivisible and
interrelated. Results show, for instance, how SDG7, SDG9 and SDG12 may have
room for improvement, considering their close relation to Product engineering.

SDG1 SDG1
SDG17 6.98% SDG2 SDG17 11.00% SDG2
A g
5.79% 0.00% 7.76% 0.00%
SDG16 SDG3 SDG16 SDG3
50.36% 11.28% 16.50% 33.00%
SDG150.00% SDG4 SDG15 009 ., SDG4
41.27% 44.00%
SDG14 0.00% 13.53% SDG5 SDG14 (o 13.20% SDG5
spg13 "1%% 3933% $pG6  gpgqz 6.00% 3300% | spGe
% 7.25% R 6.00%
sDG12 +85% SDG7 spgiz 7% y SDG7
6.57% 7.33% 8.80% 18.86%
SRt 1558% Lag79%  SPCB SDG11 A W
SDG10 SDG9 P SDGo
D
Raree Design methodology

Fig. 4. SDG Presence Map of the degree in
Design engineering [%].

Fig. 5. SDG Presence Map of the Design
methodology subject [%].
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4 SUMMARY AND ACKNOWLEDGMENTS

We have introduced a methodology to analyse how sustainability and SDG are
embedded in engineering degrees. Using Sustainability Presence Maps with
graphical tools shows to which extent sustainability and SDGs are embedded in
each course, semester and in the degree. The methodology has been applied to the
Engineering Degree of Design at the EPSEVG of the UPC.

The results obtained are useful to consider which aspects of the curriculum may be
sensitive to improvement and also to detect how sustainability is being approached
in a degree, semester or subject.

When representing the data by degree or semester, it has been noted that it is
challenging to include the optional subjects. Those should be included in diagnoses
focused on assessing the different paths that the degree offers. A further limitation of
the project is related to the information sources. Official documentation is not always
updated and some competencies did not coincide with the information presented in
the teaching guides. Further research should develop an analysis by using other
information sources. The project Edinsost2-SDG is already working on this aspect
and has developed a questionnaire to faculty and students which will be piloted
through a similar methodology.

The concept “presence” used when considering the presence of the sustainability
competencies, refers to the percentage of accomplishment of the learning outcomes
of the ESM proposed by EDINSOST2-SDG. A degree would very rarely score a
100% of presence but the methodology offers results that expose which
competencies are being prioritized and which not. This implies helping curriculum
designers to detect gaps and opportunities. On the other hand, the concept
“presence” used when analysing the presence of the SDGs is related to which SDG
learning objectives are related to the ESM. In the same direction of what has been
commented, the value of conducting such an analysis is creating a framework to
guide further improvements in a degree.

The authors would like to thank the Spanish Ministry of Science, Innovation and
Universities, the State Research Agency and the European Regional Development
Fund for funding the project.
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ABSTRACT

The institutionalized transition to virtual classrooms for emergency remote learning
caused a shift in the way in which engineering students engage with learning. Before
emergency remote learning, many engineering students had limited access to digital
technologies for learning. They depended primarily on traditional means of attending
face-to-face physical classes and assessments with limited use of blended learning
which by definition, involves some online learning. Given the opportunities that online
learning provides for students, there is an expectation that post-emergency remote
teaching and learning would make use of the online environment. Engineering
students must develop their capacity to use and engage with digital technologies, with
particular emphasis on the transformative potential of their experiences. This paper
makes use of a systematic literature review to describe how engineering students
develop their digital agency that is transformative in an online environment by
answering the question “How do engineering students develop digital agency in an
increasingly online learning environment?”. Data were obtained from research studies
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over the period 2019 to 2021. The qualitative synthesis included 31 studies from the
Proquest and Web of Science databases. A thematic analysis of the studies reveals
that engineering students develop digital competencies during online learning by
accessing key digital technologies, learning approaches, learning environments and,
curricula integrated digital frameworks. Further research on the contribution of self-
efficacy towards the development of digital agency in an increasingly online learning
environment is recommended.
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1 INTRODUCTION
1.1 Context

In response to the COVID-19 pandemic, most engineering students, with very little
notice, migrated from conventional classrooms to emergency remote learning (ERL)
[1]. Engineering students were required to participate in both synchronous and
asynchronous learning activities that were aided by the use of various digital
technologies in order to continue with academic activities. Many of the students had
limited access to digital technologies prior to the emergency remote learning because
they relied primarily on traditional methods of face-to-face lecture delivery and
assessment. The primary application of digital technologies, such as learner
management systems, was to download content for student access. Because the
emergency remote learning was only temporary, engineering faculties appear to be
continuing to prioritise online education over classroom learning [1]. Digital
technologies that include hardware, applications, and supporting infrastructure have
become a requirement for teaching and learning in engineering [2]. Engineering
students are expected to study in a variety of virtual learning environments, as well as
understand learning analytics and other digital learning applications. They are required
to be able to effectively use and manage current and emerging technologies, as well
as to adapt related pedagogies to the climate. Students benefit from assessing and
managing potential technological advancements, as well as the necessary
pedagogical changes, in order to achieve productivity and effectiveness. It is through
these activities and responsibilities that engineering students' transformative digital
agency becomes relevant for them to learn effectively.

Digital agency is best explained through its various facets. These include digital
competence, digital autonomy, digital confidence, and digital accountability [3]. It is
further defined as aspects of digital literacy, digital skills, and digital responsibility [3].
To describe digital agency further, a framework to define digital competence based on
technological, cognitive, and ethical dimensions was developed [4]. The technological
dimension entails being able to approach digital contexts in novel and adaptable ways.
Students are expected to use technology primarily as creators rather than consumers
to demonstrate their technological competence, seeking out novel ways to use
technology to create and share new knowledge. Moreover, the students’ ability to
critically evaluate digital text and data as well as analyze their relevance and reliability
point to their cognitive digital competence. These can carefully consider the sources
of digital information and compare and contrast data to reach valid conclusions. When
students demonstrate the ability to interact productively with others while using
technology responsibly, they are contributing towards the ethical component of digital
competence. Integrating these dimensions provide a deeper understanding of the
potential offered by technologies that enable students to share information and
collaboratively build knowledge [4].
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In post-emergency remote learning, one would expect engineering students to acquire
all these dimensions of digital competences as they solve challenges presented by
interacting with digital resources for online learning. The transformative nature of
digital agency is desirable as it assists the students to transfer their interactions with
digital resources into an opportunity for learning and development. It avails them of
an opportunity to break away from the status quo and changing the situation of the
prevailing circumstances [5]. Consequently, students gain control and adapt to a digital
world [3]. This study aims to investigate how engineering students develop digital
agency in an increasingly online learning environment using a systematic literature
review.

1.2 Review question

The qualitative review question “how do engineering students develop digital agency
in an increasingly online learning environment?” was developed using the PICo
(Population, Phenomenon of Interest and Context) framework. The population
consists of engineering students who have abruptly shifted to online learning and are
confronted with several challenges associated with the use of technology for learning.
The phenomenon is digital agency, and the context is the increasingly online learning
environment. Drawing from the theoretical framework on transformative digital agency
and through a systematic literature review, this research paper brings an
understanding of how engineering students overcome challenges and take control of
the use of technology.

1.3 Theoretical Framework

This systematic literature review uses a theoretical framework as an overall orienting
lens for the study of digital agency that is transformative among engineering students
increasingly online learning environment. The framework is based on Cultural-
Historical Activity Theory (CHAT) [6] and Vygotsky’s principle of double stimulation [7].
CHAT has a cultural-historical approach and its foundation is in the work of Russian
psychologists, Lev Vygotsky, Alexander Luria and Alexei Leont’ev in the 19t century.
The cultural-historical approach effectively investigates how engineering students
interact with technology as an activity system for online learning. The students as a
group are the primary unit of analysis, while digital tools are the artifacts used for online
learning mediation. The historical explanation is spoken of by the multi-voicedness of
activity systems and their historicity. Tensions and challenges are used as catalysts
for change and development, while the possibility of expansive transformations in
activity systems indicates transformative digital agency [6]. In this learning system,
digital agency is viewed as an outcome of the system rather than an object [6].

The principle of double stimulation provides a platform for students to engage in
volitional actions as they address challenges presented by digital tools during their
learning [8]. It contains a first stimulus that represents an issue, a conflict of motives,
an obstacle, a difficulty, confusion, or another condition that requires transformative
agency to overcome. These largely unknown mechanisms can be investigated by
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observing how engineering students respond to the second stimulus or the tools that
are mobilized and used in the process of changing their practice. Thus, double
stimulation is more than a one-way attempt to appropriate a cultural tool; it is a dialectic
and complex activity in which circumstances and agents interact and in unexpected
ways. The emerging forms of transformative digital agency can then be explained as
resisting change by criticizing, questioning, opposing, or rejecting the activity;
explicating new possibilities or potentials in the activity; imagining new patterns or
models of the activity; committing to concrete actions aimed at changing the activity
and taking consequential actions to change the activity [9].

2 METHODOLOGY

The approach of using a qualitative systematic literature review in engineering
education was largely inspired by the work of Borrego [10] and Gough [11]. This
approach helped the growing field of engineering education by synthesizing prior work,
better informing practice, and identifying important new research directions [10]. The
preliminary search, in this case, was conducted using general databases to find
relevant articles, ensure the validity of the proposed concept, avoid repetition of
previously discussed questions, and ensure the availability of enough articles to
conduct the research. This systematic literature review is based on four methods: a
systematic search to retrieve relevant articles, systematically applying criteria to code
studies for inclusion or exclusion, evaluating study quality, and analyzing review
results [10].

2.1 A systematic search

The primary search was conducted using two databases, Web of Science and
ProQuest, which were accessed through the [institution name]’s online library between
March and April 2021. ProQuest is a searchable indexed database, while Web of
Science is an interconnected network of multidisciplinary databases of bibliographic
material. These databases were chosen based on the review question and the
disciplines that conduct similar studies. The systematic search contained a description
of the search concepts, the terms that were used in the search, sources to be
searched, and the search limits [11]. Through the assistance of the [Institution name]
librarian, the search terms were identified using Boolean logic together with specific
keywords as follows: digital and transformat* (agency or competence or confidence or
accountability or literacy or skill* or responsibility) and engineering and education. Only
peer-reviewed journal articles published between 2019 and 2021 were considered.
The timeframe includes the period of emergency remote learning, which enabled
learnership to continue despite the challenges posed by COVID-19. The preliminary
search yielded 4 547 articles.
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2.2 Inclusion and exclusion criteria

Following the systematic search, the inclusion criteria were guided by the purpose of
the study and the research question for the systematic literature review [10]. As
previously stated, peer-reviewed articles accessed through the ProQuest and Web of
Science databases and published between 2019 and 2021 were included in the
inclusion criteria [10]. However, to be fully part of the inclusion criteria, the articles had
to address the research question with subject areas focusing on engineering,
education, or educational technology. Furthermore, the exclusion criteria included
unrelated, duplicated, inaccessible complete texts, and abstract-only articles. These
exclusions were noted and reported in advance to avoid bias by the researchers.

The primary search results were filtered and screened using engineering, education,
or educational technology subject areas on both the Web of Science and ProQuest
databases to determine which papers would meet the inclusion criteria. Papers that
did not cover these subject areas were automatically eliminated. As a result, Proquest
and Web of Science retained 108 and 24 journal articles respectively with no
duplicates. During the second screening process, the 132 articles were further
evaluated for relevance to the research question and topic of study. The references
were screened based on their key contribution to the use of technology for learning in
engineering education, by focusing on the titles of the articles as well as their abstracts.
Articles that did not address these issues were deemed unsuitable for the review and
were thus omitted. The articles that were excluded focused on, but were not limited to,
teachers, elementary or secondary schools, employability, children, workplace
education, development or comparison of teaching methods, entrepreneurship, design
of digital tools, information technology specialists, and skills other than digital. As a
result, 48 journal articles remained in the pool.

3 CRITIQUE AND APPRAISAL
3.1 Appraisal of the quality of the studies

Following the selection, identification, and sorting of primary sources, the next step
was to systematically assess the quality of each primary study [10]. The PICo
approach, study design, and the year of publication were used to determine eligibility.
The use of articles sourced from credible and reputable databases ensures that they
are of high quality. The full text of each article was examined for its key contribution to
the development of transformative digital agency among engineering students. As a
result, articles that focussed on aspects of technology other than agency were
excluded (n=15). Furthermore, articles had to be published in English in order for them
to be included. This saw two full-text articles published in Russian being excluded. To
avoid bias, the remaining 31 peer-reviewed articles were checked to ensure that they
all had clearly defined methodologies described. This resulted in 31 articles that were
used for the qualitative systematic review. The number of sources included and
excluded at each point are tabulated in the Preferred Reporting Items for Systematic
Reviews (PRISMA) flowchart (Fig. 1). In addition, Appendix A contains a list of the
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peer-reviewed papers (n=31) included in this systematic review, as well as the codes
used to identify them using the respective database as a source. The full database for
the systematic review can be viewed at: https://tinyurl.com/SEFIdigitalagency.

g Records identified through Records identified through Web of
E=S Proquest database searching Science database searching
3 (n = 4493) (n = 54)
E
-
3
Records remaining after screening by Records excluded
w subject areas (n = 132) (n =4415)
e
[
: |
a
Records screened by title and | Records excluded
abstract (n = 48) (n=284)
= Full-text articles d for . Full-text articles
2 eligibllity (n = 48) *| excluded, with reasons
= (n=17)
w
B Studies included in
-1 qualitative synthesis
E’ (n=31)

Fig. 1. Systematic search (adapted from PRISMA statement)

3.2 Analysis of the results of the review

The fourth step in conducting a systematic review is to analyze the review's findings.
Information about an article's content, what is being researched, and how it is being
researched was collected in a standardized format to aid in the analysis of themes and
patterns across all of the studies under consideration. The codes outlined in Appendix
A were used to describe the findings of the study. The research studies were published
in various countries: eleven in Switzerland, seven in the United States of America, five
in the United Kingdom, and two in South Africa. Each of the following countries had
one publication: Belgium, Egypt, Spain, Turkey, Sweden, West Indies, Morocco,
Romania, Austria, Indiana, Singapore, Mauritius and Australia. Six, eighteen, and
seven of the 31 peer-reviewed articles were published in 2019, 2020, and 2021,
respectively. Looking at these data, it is clear that there was a significant increase in
publications on digital literacies from 2020, which can be explained by the
implementation of emergency remote learning in early 2020. Table 1 depicts the
distribution of journals in which the articles under consideration were published.
Sustainability has the most articles (n=7), followed by Education Sciences (n=4).
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Table 1. Aricles per Journal

Journal Papers Per Journal
EAIl Endorsed Transactions on Creative Technologies 1
Education & Training 1
Education Sciences 4
Higher Education, Skills and Work-Based Learning 1
Information Technology & People 1
International Journal of Education and Information Technologies 1
International Journal of Educational Technology in Higher Education 2
International Journal of Engineering Pedagogy 1
International Journal of Game-Based Learning 1
International Journal of STEM Education 1
International Journal on Interactive Design and Manufacturing 2
Journal of Engineering 1
Journal of Higher Education Theory and Practice 1
Journal of Physics: Conference Series 2
South African Journal of Industrial Engineering 1
South African Journal of Science 1
Sustainability 7
The Electronic Library 1
The Turkish Online Journal of Educational Technology 1

A variety of research designs and methods were found to have been used across the
studies. The most common research design (n=13) was a literature review, with five
based on a systematic literature review and one combined with a survey. There are
six surveys, five evaluation studies and two case studies. The intervention method,
multimethod design, phenomenography, process approach method, and a quasi-
experimental study were also found. These research designs were uniformly divided
into qualitative, quantitative, and mixed methods. Furthermore, data collection
methods reported ranged from using the PRISMA statement in systematic literature
reviews to using questionnaires and interviews in surveys.

The collected data for this research were aggregated, integrated, and interpreted to
determine the evidence considered to answer the review question. Several themes
emerged from an analysis of the data and are presented in the next section. The
majority of the articles addressed the challenges presented by the shift in technological
advancement caused by COVID-19 or Industry 4.0, and described how engineering
students must adapt to the digital skills demand placed on them. Other articles
highlighted the need for faculties of engineering to intervene and assist students to
develop competences in digital technology as required. The study's main limitations
were the low number of databases and articles used for the review.
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4 RESULTS

The aggregated results of the systematic review are divided into 5 themes: results that
foreground engineering students’ access to educational technology (ET), results that
foreground self-efficacy (SE), results that point to the need for specific learning
approaches (LAs), results that foreground the learning environment (LE), and lastly,
results that suggest integration of digital frameworks into the curriculum (IC). These
are summarised in Table 2.

Table 2. Themes

Themes Theme Paper Code n
Code
Access to Technology ET 1P, 6P, 7P, 8P, 10P, 13P, 14P, 17P, 18P, 16
19P, 22P, 23P, 27W, 28W, 30W, 31W

Self-efficacy SE 6P, 10P, 19P, 30W 4

Learning Approaches LAs 4P, 5P, 11P, 14P, 20P, 23P, 24P, 26W, 10
27TW, 29W

Learning Environment LE 8P, 9P, 13P, 14P, 16P, 17P, 18P, 19P, 10
25P, 31W

Intergration of digital IC 10P, 12P, 13P, 14P, 15P, 16P, 18P, 7

frameworks into Curricula

4.1 Access to educational technology (ET): n = 16

Access to key educational technology (ET) for engineering students was
recommended in more than half of the articles as a way for engineering students to
develop their digital agency, as shown in Table 2. Educational or collaborative robotics
[1P, 2P, 7P, 18P], open-access tools, applications, software [30W], smart classrooms
[17P], Artificial Intelligence (Al), 3D-printing [13P, 18P], human interfaces, augmented
and virtual reality systems [27W] are examples of key and high-performing educational
technology. Emerging from the analysis we suggest that for engineering students to
develop their digital literacy, they require not only physical access to technology, but
also technical support [8P], endogenous motivational access, skills access, actual
usage of digital technologies [7P], and practical expertise [13P], among other things.
We also argue that investing in these technologies will primarily benefit non-
Generation Z students [28W]. These students must be able to access pedagogy
remotely when necessary, using distance digital tools such as video conferencing tools
[14P, 30W]. Overall, engineering students’ digital competences are enhanced when
they have access to guided inquiry or training [8P, 19P] and mentorship on how to
creatively use the emerging and old technologies [10P, 22P]. According to Aagaard
and Lund[5], digital agency that is transformative is developed when students interact
with these digital resources.
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4.2 Self-efficacy (SE): n =4

Four articles specifically mention self-efficacy as a way for engineering students to
develop their digital agency (see Table 2). Students' ability to control their use of
technology can be seen when they adapt to using not only low-level technology but
also high-level technology such as 3D platforms, Al applications, and mobile phones,
among other things [6P]. The more engineering students utilise these technologies,
the more they develop digital skills and related competences. Digital skills are further
developed as students understand both hardware and software for online learning
[10P], virtual collaborations [8P], training or adoption of engaging new technologies
such as blogs [19P, 23P], and mastering distance tools such as video conferencing
tools [30W]. Furthermore, students must be willing to embrace technological
innovation in order to realize their full potential [31W].

4.3 Learning Approaches (LAs): n =10

Exposure to a variety of learning approaches can assist students to develop digital
agency [4P, 5P]. Student-centred approaches, such as active learning, have been
shown to provide students with hands-on experience with technology [4P, 5P]. Some
of the learning approaches recommended as a result of this research are challenge-
based learning [26W], game-based learning [11P, 29W], innovative approaches [14P],
industry collaboration [24P], skills development approaches like high-tech labs,
education 4.0 or learning factories [20P]. It is further argued that as students adopt
these learning processes they, in turn, develop their digital skills [23P]. Accessing
online in-game guidance that is constantly updated, as well as adequate technological
support, can expedite the process.

4.4 Learning Environment (LE) : n =10

Apart from the learning approaches adopted by students, the systematic literature
review suggests that a supportive learning environment positively contributes to the
development of students' digital agency [13P]. This includes constructivist learning
environments, such as makerspaces, which provide hands-on experience with the use
of technology for learning [8P]. Furthermore, the results suggest that experiential
learning and integrated learning environments increase student confidence as they
use educational technologies [9P]. As a result, there is a push for universities to
modernize engineering programs, develop smart education, and promote active
learning environments [31W], as well as facilities and infrastructure that support the
acquisition of digital skills, such as the learning factory and education 4.0 [16P, 18P].
Rapid digital transformation at the institutional level has a significant impact on
engineering students' acquisition of digital competencies.

However, it is also important to note that the cultural, societal and demographic
aspects play a role in every learning environment. As a result, institutions must
promote the use of digital technologies not only within their own circles, but also at the
most elementary levels.
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4.5 Integration of digital frameworks into the curricula (IC): n =7

Exposing engineering students to various digital frameworks as they progress through
their programmes can aid in the development of digital agencies [10P]. This is made
possible by revising or modifying engineering programmes, forming partnerships with
industry [13P], incorporating the internet of things into pedagogical models [15P], and
incorporating digital frameworks such as education 4.0, big data, advanced simulation,
learning factory 4.0, and virtual reality. Engineering students become acquainted with
these digital frameworks while carrying out their daily tasks.
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APPENDIX A
Table A1. Codification of Peer-Reviewed Articles included in the Systematic Review
JOURNAL
CODE | YEAR TITLE NAME CITATION
Implementation of Huda, S., Zuhrie, M. S., Buditjahjanto, I. G. P. A., & Nurlaela,
Educational Robotic Journal of L. (2021, March). Implementation of Educational Robotic into
into Teaching- Physics: Teaching-Learning Process to Enhance Students Skills in the
1P 2021 Learning Process to Conf)(larené;e Science and Technology. In Journal of Physics: Conference
Enhance Students Seri Series (Vol. 1842, No. 1, p. 012062). IOP Publishing.
P ) eries
Skills in the Science
and Technology
Self-efficacy and International Andrews, M. E., Borrego, M., & Boklage, A. (2021). Self-
p 2021 belonging: the impact Journal of efficacy and belonging: the impact of a university
of a university STEM makerspace. International Journal of STEM Education, 8(1),
makerspace Education 1-18.
Implementation of Journal of Ahmad, M., Mansor, N. R., Rashid, R. A., Ain, N., Zakaria, C.
Digital Games in Physics: R., & Sung, C. M. (2021, February). Implementation of Digital
3P 2021 Advancing Students’ Confyeren.ce Games in Advancing Students’ Higher-Order Thinking Skills:
Higher-Order Thinking Series A Review. In Journal of Physics: Conference Series (Vol.
Skills: A Review 1793, No. 1, p. 012069). IOP Publishing.
Mechatronics: Habib, M. K., Nagata, F., & Watanabe, K. (2021).
4P 2021 Experiential Learning Education Mechatronics: Experiential Learning and the Stimulation of
and the Stimulation of Sciences Thinking Skills. Education Sciences, 11(2), 46.
Thinking Skills
Challenges of Active Vodovozov, V., Raud, Z., & Petlenkov, E. (2021). Challenges
5p 2021 Learning in a View of Education of Active Learning in a View of Integrated Engineering
Integrated Engineering Sciences Education. Education Sciences, 11(2), 43.
Education
Skills for a Working Garcia-Pérez, L., Garcia-Garnica, M., & Olmedo-Moreno, E.
Future: How to Bring Education M. (2021). Skills for a Working Future: How to Bring about
6P 2021 about Professional Sciences Professional Success from the Educational Setting.
Success from the Education Sciences, 11(1), 27.
Educational Setting
Digital divide among International Soomro, K. A., Kale, U., Curtis, R., Akcaoglu, M., &
higher education Journal of Bernstein, M. (2020). Digital divide among higher education
7p 2020 faculty: Revista de Educational faculty. International Journal of Educational Technology in
Universidad y Technology in | Higher Education, 17, 1-16.
Sociedad del Higher
Conocimiento Education
Making Future-Ready EAIl Endorsed | Hughes, J., Robb, J. A., & Lam, M. (2020). Making Future-
8P 2020 Students with Design Transactions | Ready Students with Design and the Internet of Things. EAI
and the Internet of on Creative Endorsed Transactions on Creative Technologies, 6(21).
Things Technologies
Experiential and Journal of Mancini, F., & Glusac, T. (2020). Experiential and Integrated
Integrated Learning Hi Learning Environments-Teaching Urban Design Studio at
Environments - |ghgr Curtin University. Journal of Higher Education Theory &
y 9 ry
9P 2020 T . Education .
eaching Urban Th Practice, 20(9).
Design Studio at eory_and
gn St . Practice
Curtin University
Key competencies for . Persaud, A. (2020). Key competencies for big data analytics
big data analytics Information professions: a multimethod study. Information Technology &
10P 2020 L Technology & ’ ’
professions: a People People.
multimethod study
The Transportability of Shernoff, D. J., Ryu, J. C., Ruzek, E., Coller, B., & Prantil, V.
a Game-Based (2020). The Transportability of a Game-Based Learning
Learning Approach to Approach to Undergraduate Mechanical Engineering
Undergraduate Education: Effects on Student Conceptual Understanding,
Mechanical Engagement, and Experience. Sustainability, 12(17), 6986.
11P 2020 Engineering Sustainability
Education: Effects on
Student Conceptual
Understanding,
Engagement, and
Experience
ch;;ﬁ;'?gb;zls Rivera, M. L., Hermosilla, P., Delgadillo, J., & Echeverria, D.
(SDGs) as a Basis for (2020). The Sustainable Development Goals (SDGs) as a
12P 2020 | . . Sustainability | Basis for Innovation Skills for Engineers in the Industry 4.0
nnovation Skills for R
Engineers in the Context. Sustainability, 12(16), 6622.
9
Industry 4.0 Context
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JOURNAL
CODE | YEAR TITLE NAME CITATION
Adapting Universities Mian, S. H., Salah, B., Ameen, W., Moiduddin, K., &
for Sustainability Alkhalefah, H. (2020). Adapting Universities for Sustainability
Education in Industr S Education in Industry 4.0: Channel of Challenges and
13P 2020 4.0: Channel of Y Sustainability Opportunities. Sustain);bility, 12(15), 6100. o
Challenges and
Opportunities
Graduate Abelha, M., Fernandes, S., Mesquita, D., Seabra, F., &
Employability and Ferreira-Oliveira, A. T. (2020). Graduate Employability and
Competence Competence Development in  Higher Education—A
Development in L Systematic Literature Review Using PRISMA. Sustainability,
14P 2020 | pioher Education—A | Sustainability | 4o 5 5000,
Systematic Literature
Review Using
PRISMA
The Technological Liesa-Orus, M., Latorre-Cosculluela, C., Vazquez-Toledo, S.,
Challenge Facing & Sierra-Sanchez, V. (2020). The technological challenge
Higher Education facing higher education professors: Perceptions of ICT tools
15P 2020 Professors: Sustainability | for developing 21st century skills. Sustainability, 12(13),
Perceptions of ICT 5339.
Tools for Developing
21st Century Skills
Model Proposal for Souza, R. G. D., & Quelhas, O. L. G. (2020). Model Proposal
Diagnosis and for Diagnosis and Integration of Industry 4.0 Concepts in
16P 2020 Intig(r)agon of Indgstry Sustainability Production Engineering Courses. Sustainability, 12(8), 3471.
.0 Concepts in
Production
Engineering Courses
The Smart Classroom Cebrian, G., Palau, R., & Mogas, J. (2020). The smart
17p 2020 as a Means to the Sustainability classroom as a means to the development of ESD
Development of ESD methodologies. Sustainability, 12(7), 3010.
Methodologies
Exponential Disruptive Bongomin, O., Gilibrays Ocen, G., Oyondi Nganyi, E.,
18P 2020 Technologies and the Journal of Musinguzi, A., & Omara, T. (2020). Exponential disruptive
Required Skills of Engineering technologies and the required skills of industry 4.0. Journal
Industry 4.0 of Engineering, 2020.
Mapping research in Bond, M., Buntins, K., Bedenlier, S., Zawacki-Richter, O., &
student engagement Kerres, M. (2020). Mapping research in student engagement
and educational International and educational technology in higher education: A systematic
technology in higher Journal of evidence map. International Journal of Educational
19P 2020 education: a Educational Technology in Higher Education, 17(1), 2.
systematic evidence Technology in
map: Revista de Higher
Universidad y Education
Sociedad del
Conocimiento
An Investigation of South African Maisirj, W Daryvish, H.,, & vgn Dyk,. L. (2019). An
20P 2019 Industry 4.0 Skills Journal of investigation of industry 4.0 skills requirements. South
Requi ’ Industrial African Journal of Industrial Engineering, 30(3), 90-105.
equirements . :
Engineering
Effects of digital Qiang, J. (2018). Effects of digital flipped classroom teaching
flipped classroom method integrated cooperative learning model on learning
teaching method The Electronic motivation and outcome. Eurasia Journal of Mathematics,
21P 2019 integrated cooperative Library Science and Technology Education, 14(6), 2213-2220
learning model on
learning motivation
and outcome
Creativity and TOJET : The | Yalcinalp, S., & Avci, U. (2019). Creativity and Emerging
Emerging Digital Turkish Online | Digital Educational Technologies: A Systematic Review.
22P 2019 Educational Journal of Turkish Online Journal of Educational Technology-TOJET,
Technologies: A Educational 18(3), 25-45.
Systematic Review Technology
The ecosystem of e- South African | van de Heyde, V., & Siebrits, A. (2019). The ecosystem of e-
23P 2019 learning model for Journal of learning model for higher education. South African Journal of
higher education Science Science, 115(5-6), 1-6.
Hero, L. M., & Lindfors, E. (2019). Students’ learning
, . experience in a multidisciplinary innovation project.
Studen_ts 'ea.m'”g . Ed’zlcation+ Training. P Y P!
24P 2019 experience in a Educgtl_on &
multidisciplinary Training
innovation project
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JOURNAL
CODE | YEAR TITLE NAME CITATION
Supporting Project- Eickholt, J., Jogiparthi, V., Seeling, P., Hinton, Q., & Johnson,
Based Learning Education M. (2019). Supporting project-based learning through
25P 2019 through Economical Sciences economical and flexible learning spaces. Education
and Flexible Learning Sciences, 9(3), 212.
Spaces
e . Cantu-Ortiz, F. J., Sanchez, N. G., Garrido, L., Terashima-
An artificial International | \1oin 'H. & Brena, R. F. (2020). An artificial intelligence
intelligence Journal on . - .
. . educational strategy for the digital transformation.
26W 2020 educational strategy Interactive | ional  J | | ] Desi d
for the digital Design and nternatlona_\ ournal on nteractive esign  an
) ) Manufacturing (IJIDeM), 14(4), 1195-1209.
transformation Manufacturing
Eng’t?i?l?dfscgﬂgbgy Higher Blayone, T. J., Mykhailenko, O., Usca, S., Abuze, A,
ersonal-cultural Education, Romanets, I., & Oleksiiv, M. (2020). Exploring technology
27TW 2020 oriepntations as student Skills and attitudes and personal—cultural orientations as student
; Work-Based readiness factors for digitalised work. Higher Education,
readiness factors for Learnin Skills and Work-Based Learnin
digitalised work ¢ 9:
International Hernandez-de-Menendez, M., Diaz, C. A. E., & Morales-
. Journal on Menendez, R. (2020). Educational experiences with
Educational . ) ’ - -
28W 2020 experiences with Inte_ractlve Generatlon_Z. International Journal on Interactive Design and
) Design and Manufacturing (IJIDeM), 14(3), 847-859.
Generation Z )
Manufacturing
(IJ1DeM) (
International Merildinen, M., Aurava, R., Kultima, A., & Stenros, J. (2020).
Game Jams for ] . el h -
29W 2020 Learning and Journal of Game jams for learning and tegchlng. a review. International
- . Game-Based | Journal of Game-Based Learning (IJGBL), 10(2), 54-71.
Teaching: A Review Learning
Remote Knowledge International Jacques, S., Ouahabi, A., & Lequeu, T. (2020). Remote
Acquisition and Journal of Knowledge Acquisition and Assessment During the COVID-
30w 2020 Assessment During Engineering 19 Pandemic. International Journal of Engineering Pedagogy
the COVID-19 Pedagogy (iJEP), 10.
Pandemic (iJEP)
Establishment of International Salem, A. M., Mikhalkina, E. V. and Nikitaeva, A. Y. (2019).
smart education Journal of Establishment of smart education system in modern
31W 2019 s_yster_n_ |n'modern Education And un|verS|_t|es: concept, technologlgs and challeng_es.
universities: concept, ) International Journal of Education and Information
. Information )
technologies and . Technologies. (13), 180-188
Technologies
challenges
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ABSTRACT

In teaching ethics within engineering, a key question is whether the learner is to be
understood primarily as an individual or as part of a community. This tension is
replicated in understanding the role of professional engineer where the engineer is
both responsible for making autonomous decisions and for operating as part of a
professional community.

Research about teaching ethics reflects a similar tension between research as an
individual or collaborative activity. This raises questions about the ontology and
epistemology of the researcher and the research subjects.

Learning theories address this tension in different ways, alternatively situating the
learner as an individual or as part of a community. Engestrém and Sannino’s theory
of expansive learning tackles issues of subjectivity, experience and identity in a way
that usefully speaks to the challenges of researching the teaching and learning
ethics within the professional space of engineering. They define learning as a
process, where process is seen to be an inherently productive part of the teaching
and learning relationship. Their emphasis on practice means their learning theory is
inherently a research practice.

This analysis uses Sfard’s distinction between language as a tool for communicating
and as the object of research. Engaging critically with language around the teaching
and learning of ethics as an object of research (using language as a shared tool)
opens up the space to engage with policy and practice in a potentially
transformative way. The paper concludes by summarising the value of practicing
research as a way of engaging critically and constructively with the world.

T Corresponding author: A.J. Gwynne-Evans

alison.gwynne-evans@uct.ac.za

240



i

SEFI 2021

- RESEARCH PAPERS -
49th ANNUAL CONFERENCE | BERLIN | 13.09. - 16.09.2021

1 INTRODUCTION

Engestrom and Sannino challenge us that the “ultimate test of learning theories is
how they help practitioners to generate learning that grasps pressing issues that
humankind is facing” [1]. This paper sets out to test the kind of research that might
emanate from practitioners operating within the field of teaching ethics to engineers
in terms three distinct learning theories. The research question thus is, “To what
extent do the particular characteristics of a learning theory held by the researcher
influence the kind of research that would be formulated in a specific context?”

The assumption would be that the researcher, consciously or unconsciously, selects
a research strategy that relates to the epistemology encapsulated in the learning
theory. Epistemology, as the theory of knowledge, relates intimately to the
associated theory of learning.

Several recent SEFI special interest seminars relating to the teaching ethics within
engineering have challenged participants to reconsider the way in which emotions
were acknowledged and incorporated both in the teaching of ethics and in research
relating to ethics within engineering. As an academic within the higher education
sector in South Africa, this challenged me to consider the role of emotion in my own
research.

South Africa can be positioned as a low to middle income-country with complex
social challenges, including widespread youth unemployment and a perceived skills
shortage. In this context, the strident political call for “radical economic
transformation” has been seen to gather increasing public support in the face of
wide-scale perception of public service ineptitude and corruption, polarising and
simultaneously disempowering citizens where problems — and solutions — are
positioned as structural rather than surmountable. Increasing cynicism and anger is
accompanied by a revival of confrontation and the use of revolutionary language as
a tool, or even weapon, to address service delivery failure.

In the context of these demands and challenges, questions emerge as to the use
and value of research within higher education. As an academic in engineering
education at a prestigious institution, | am forced to confront my own motives and
vision in researching the teaching and learning of ethics relating to engineering:
How do | use the tools of language to effect change? Does research engender real
change? How can research contribute to transforming situations? Who benefits
from the research?

This paper will examine research as a practice that investigates and makes visible
phenomena that were previously “invisible” and that have potentially transformative
effects beyond their direct environment.

This research emerged, in part, from a personal existential crisis as a result of an
unexpectedly vehement emotional response to a piece of published research. The
offending research appeared to be based on trivial and inconsequential data, artfully
arranged and articulately argued, that gave a damning and inaccurate account of a
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situation that | was emotionally invested in. At the same time, the article profiled valid
and pertinent issues at the cost of my hard earned peace of mind.

The result of the emotional turmoil was a critical reflection on research in general,
questioning what is possible in research, what | wanted to be a part of, what is
considered useful and how to justify or anticipate the potential value of the research.

Three metaphors of learning will be examined that contribute different perspectives
on what learning entails. A metaphor, by definition, requires the use of a concept
outside of its usual sphere of reference. The metaphor intrinsically connects the way
in which we perceive and process reality with how we translate knowledge of one
entity to another. By keeping the attention on the metaphor rather than the theory, it
prompts us to remember that the way we talk about “things” is more a tentative
grasping towards meaning than a direct representation [2].

The three metaphors of learning will be connected to specific theories and linked to
relevant research practices. Some of the theories of learning explicitly make these
connections but, in others, the connections may be more implicit. These metaphors
of learning are not seen as competing approaches but instead highlight
complementary approaches to learning that in turn draw attention to, and validate,
distinct research processes. Research thus is seen to be inextricably intertwined in
the learning project and with the particular theory of learning that the researcher
holds.

The challenge of researching the teaching and learning of ethics within engineering
will be examined as an opportunity to explore how the way in which research is
formulated potentially reflects the distinctive learning theory held by the researcher.

Sfard’s distinction between the use of language as a tool of communication and as
an object of communication will be used to bring into focus the difficulty of reflecting
on a problem using the very elements that are being questioned [3]. The
consequence of this is that language is no longer the invisible net that holds a
discipline together. It becomes instead the object of study: to be subject to
examination, and its use negotiated within a context.

’ “

In this paper, the intention is to apply Sfard’s “model” or gaze to the practice of
researching the teaching of ethics within engineering in South Africa. For Sfard, the
“questions one finds worth studying depend on how the phenomena under study is
conceptualized” [3]. The task thus becomes to scrutinize how the phenomena
relating to the area of study — that of ‘ teaching and learning ethics within
engineering’ — are conceptualized.

The application of Sfard’s model can be justified in that, while her focus is the
teaching of mathematics, similar imperatives operate within associated disciplines,
engineering being one of these. Engineers are, in general, drawn from a cohort that
has excelled in mathematics and science, where ability with language was not
recognised to be central to the practice of the discipline. In this way, it may be seen
that the experienced disruption to the engineering industry, as it shifts away from
operating as a uniform cultural and linguistic entity to a multicultural and diverse
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body, focuses attention on the way in which language may be considered both a tool
and an object of research within engineering, specifically as regards researching the
teaching and learning of ethics.

Alongside the investigation of the way in which research and epistemology are
intimately related is a personal exploration of purpose relating to practicing research
within a particular context.

2 LEARNING THEORIES CHARACTERISED AS METAPHORS

At its simplest, theory may be described as making inferences from facts. Facts can
be described as having little value or meaning unless they are linked through
inferences and the application of metaphor so as to represent a perspective on or of
reality. Sfard defines a metaphor as very much a “conceptual transplant” and so the
use of conceptual theories may be seen as inherently to involve tranfer of meaning
from one medium to another.

2.1 Learning as acquisition

The metaphor of learning as acquisition [3] may be seen to assume knowledge as
objective and universal. This metaphor also suggests that learning might be
measurable — be weighed or compared like a physical object. This understanding
places the emphasis on the value and marketability of learning that can be
transferred from a source to a person.

A theoretical approach that may be linked to the metaphor of learning as acquisition
is that of positivism based on an understanding of the world as rational and
objective, knowable through logic and deductive thinking. The emphasis on an
rational world suggests that research intertwined with learning as acquisition will look
to establish objective connections and comparative data about existing facts.
Research will likely use experimental method and focus on quantitative method and
measurable results. The assumption being that what can be measured, can be
known.

An example of research to do with the teaching and learning of ethics, based in a
conception of learning as transfer, would be to examine and to clarify the terms
relating to ethics within a particular document so that the meaning of the words could
be accessed and reproduced correctly.

2.2 Learning as participation

The metaphor of “learning as participation” [3] traces its roots to systems of
apprenticeship where knowledge is passed on through the process of communities
of practice.

Lave and Wenger’s [4] focus on communities of practice and the learning embedded
within activity, context and culture is important for understanding the student’s
“legitimate peripheral participation” in the professional space of the engineer and in
the research process. While the focus of this peripheral participation may be seen to
be the individual student’s learning, there is the associated contribution of peripheral
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participants, that keeps the system running and generates real and potential
benefits. As “peripheral participants”, the students’ gaze plays a potentially
significant role constituting the shared practice.

Wenger [5] distinguished four components of learning as a social theory: that of
community - of “learning as belonging”; that of identity - of “learning as being”, that of
meaning - of “learning as experience” and that of practice - of “learning as doing”. In
this Wenger’s attention is fixed more on developing the identity of the learners that
on the “how” or “what” of the skills or knowledge that accompanies the process of
taking on identity. Wenger sees learning as necessary, but not the direct result of
inputs or the instructor, his theory speaks more to the learning that takes place
informally rather than in the formal environment.

This metaphor of learning can be associated with research seen as participation in
research projects (moving from the periphery to the centre), of learning to research
within a team with the support of experts within the process. The focus is on finding
identity as a researcher within the team, on the experience, the learning as doing,
the belonging and the meaning in the experience of the research practice. Research
can be seen to be a self-perpetuating process in which people find a role and a
place. Wengler's emphasis on the confidence that is developed within the social
learning situation can be usefully translated into the research process which will be
seen to build the confidence and assurance of the research practitioners. Research
to do with teaching and learning ethics in engineering would be built on an
understanding of learning taking place as a result of participation in communities of
practice. This could include research on the reflective learning that takes place
when a student is involved in a community of practice, such as that of work
experience. Because of the understanding of shared meaning within a community,
the methodology may involve the analysis of text or speech embodying the student’s
articulation of their own learning. This could be incidental, as part of an assignment,
or, more overtly, as part of an interview process. The research would focus on the
learning relating to the developing sense of engineering identity in the student.

2.3 Learning as transformation

Engestrom and Sannino [1 ] critique the sufficiency of the two previous metaphors in
that they see that the associated models of learning assume learning to be something
already existing, that can be received or passed on, but that do not account for the
creation of new knowledge. They put forward a third metaphor, that of learning as
transformation.

The theory of learning that this metaphor is seen to be built on is that of “expansive
learning” that forms part of the wider theoretical approach of activity theory [6]. It
identifies a triangulated concept of subject, object (context) and mediated artefact.
Actions are seen to have a defined beginning and end, whereas activity is
conceptualized as a continuous, collective interaction of the individual subject within
their context that produces a learning artefact. The introduction of the concept of a
learning artefact enables the analysis of the artefact independent of either the subject
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or the object. This theory is intentionally creative, where learners co-create learning.
Engestrdm and Sannino’s [1 ] account of learning as transformation positions learning
as requiring time and process, where this process is seen to be inherent in the teaching
and learning relationship. They recognize the inter-related nature of teaching and
learning, where the contribution of both instructors and learners is significant in the
process of learning. They recognize the substantial role of instruction in the process
of learning, but, in addition, identify a new space for learning to occur. This is
articulated as a “gap between instruction and learning”, where they identify “interesting
things” to happen [1]. This opens the possibility of transformative learning beyond the
intended consequences of the instruction. Engestrom and Sannino’s theory of
expansive learning puts the attention on the collective activity of the learning
community, where, together, learners learn “something that is not yet there” [1].

The most important outcome of expansive learning is seen to be agency: the
participants’ ability and will to shape their activity systems. This theory is developed
further by Engestrom and Sannino to tackle issues of subjectivity, experience,
embodiment and identity [1] in a way that usefully speaks to the challenges of teaching
and learning ethics within the professional space of engineering in complex social
environments. This recognises the inter-related nature of learning and instruction, that
they define as a dialectical relationship.

In research into the teaching and learning of ethics in an online context, this
construct would allow the learner to be positioned as the subject, learning to be
positioned as the object and the online learning management system, that contains
both the instructor’s intent and implementation, and the learner’'s engagement and
response, to be positioned as the artefact.

The fact that learning is positioned as a process, angled towards transformation,
gives additional impetus to connect Engestrom’s theory of expansive learning to its
embodiment as a research practice. Here research by the participants — the ethics
instructors or the learners themselves — on their own practice or context provides an
example of research as transformation.

3. DISCUSSION

Engineering programmes recognize language as a tool for communication, where
facility in communication is recognized as part of the requirements for practicing
engineering. This is addressed in global accreditation programmes and, specifically,
in the South African accreditation system, as graduate attribute 6, requiring
proficiency in both verbal and written skills relating to technical and professional
communication.

In addition, language can be approached as an object of study — critically engaging
with the vocabulary and syntax that makes up the discourse of a discipline.

In this connection, ethics can be positioned as one of Meyer and Land’s “threshold
concepts” that operates as a “conceptual gateway to understanding” [7]. In this
connection, the author’s [8] analysis of the Engineering Council of South Africa’s
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accreditation process, identified a lack of clarity in the use of specific terms relating
to ethics, where meaning was assumed to be clear. This assumption of clear
communication was recognized as a problem preventing the development of a deep
shared understanding of key concepts, thus inhibiting effective and sustained
communication about ethics within the engineering space. Ethics was seen to be
invisible because of an assumption that the meaning of concepts was inherent in the
words used, where meaning is passed on through transference or through diffusion
within a community. The assumption of shared meaning in the use of key terms to do
with ethics fails to recognize that, when communities are dynamic and represent a
diversity of members or practitioners, meaning may be tentative and transient,
requiring collaborative action to build meaning within the context. In situations like
this, communities need to actively grapple with the meaning of key concepts to
ensure their relevance and use in the discourse of the community. Without explicit
engagement, talk about ethics risks being relegated to a shallow level where it does
not impact the day to day discourse of the community or feature prominently in the
key areas of knowledge and skill within the discipline.

Research thus has a responsibility to engage critically and constructively with
student formulations of their own learning relating to ethics and with educators’
reflection on their practice of teaching relating to ethics.

This process of engaging critically and reflectively with an emotional response thus
enabled me to use the energy constructively to interrogate and formulate more
clearly what | was aiming to achieve through my research.

4 SUMMARY

Research is action. It is advocacy. It is a bringing to light of what is not yet visible
and a shaping of a space for change to occur. It is presenting a lens to see through
and then walking the reader (participant) through the process of looking. It is
presenting an argument that allows the reader to see differently — to categorise
differently — to act differently because of the new information. Because of the vision
encapsulated in the research project. It turns the reader of research — no longer the
passive consumer — into an active participant in the project of transformation — of
shaping reality.

Research is thus a social activity. It takes place amongst a community, those you
quote (and may or may not have met) and those who read what you have written. It
involves and is affected by the research subjects (whom | am not convinced should
be anonymous). It involves stakeholders (both those you involve in the research
process and those you do not). To me, the research subjects have a
substantiveness — an authority and a dignity — that could stand scrutiny. They are an
integral part of the research process and need to be acknowledged and credited for
their input. Published research thus needs to affirm the contributions of the research
subjects as a group if not individually.

On a personal level, what | am thus trying to do with my research — and with my
practice — is to make visible the potential energy and resources for change and
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transformation that already exists in the research environment, and to open a space
for the varied stakeholders to contribute to making things better and to be able to
measure their own progress. To change the discourse from the focus on technical
activities to the purposeful action of communities. To include and profile the value
that collaborative action can produce. To make space for stakeholders to participate
in a common task of transformation that involves them — and others — in a project
that consciously or subconsciously translates the vision and aspiration of
stakeholders — and research subjects — in such a way as to enable each stakeholder
to be an active part of the change process.

There is the desire to model a process that others can follow - to see research
participants engage as co-collaborators in a change project: where people’s vision of
what is possible — of what they can do, of what public institutions can do, opens up
and is transformed in a collaborative and dynamic way.
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ABSTRACT

Problem- and project-based Learning (PBL) has been acknowledged and practiced as
one of the widely accepted and innovative methods in engineering education over the
last forty years at Aalborg University (AAU) in Denmark. However, the transition from
lecture-based traditional learning to PBL represents a major challenge, especially for
international students who have no prior knowledge and experience in PBL. In
addition, more transition issues are raised by overseas students from China due to the
differences in language, culture, learning styles etc. To remain and prosper in a new
and competitive PBL learning environment, these engineering students must develop
adaptability skills, which means that they must finds ways to fit into and learn through
PBL. Our previous study has identified that first-year Chinese graduate engineering
students’ preferred adaptability strategies are integration, assimilation and separation
when adapting to PBL in their first semester at AAU. In order to enrich our
understanding of adaptability as a changing process, the current longitudinal research
extends the focus to the changes of the students’ choice of adaptability strategies to
PBL over time and aims to explore the factors which influence their selection. Four
Chinese engineering graduate students were followed through consecutive semi-
structured interviews during their second semester at AAU. The results indicate that
both integration and separation strategies are the favored adaptability strategies at
this stage. Moreover, some factors relating to PBL courses, teamwork, communication
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and language proficiency impact these Chinese engineering students’ preferences for
different adaptability strategies.

1 INTRODUCTION

Driven by the process of internationalization and globalization, the past years have
withessed a continuously growing number of Chinese international engineering
students at Danish universities as study abroad students. Due to fundamentally
different cultures and educational systems, learners from China bring with them
different understandings, expectations, and ways of learning to a Danish academic
environment [1]. Some previous research has shown that Chinese students are
inclined to be dependent learners who get accustomed to receiving the knowledge
from their teachers through lectures with limited questioning and discussions [2][3][4].
Furthermore, they rely heavily on rote and individual learning, which means that they
consolidate the learning contents by memorization and repetition [2][3]. However,
these learning styles and dispositions are unsuitable to educational requirements at
Aalborg University (AAU) where problem- and project-based learning (PBL) are
adopted [1]. In engineering education, PBL is an appealing and innovative pedagogical
approach built on the basis of engineering practice. The common learning principles
of this approach are featured as problem-oriented, student-centered, collaborative and
active learning, self-directed teamwork, teachers as facilitators and exemplary practice
[5][6]. Within the PBL frames, instead of passively reading or listening to the facts and
concepts that define an academic field of study during lectures, students work together
in small teams on a project that engage them in exploring real-world problems and
analysing ill-structured, complex questions [7].

On account of the discrepancy between Chinese learning styles and the requirements
of PBL, Chinese international students are confronted with some academic and
psychological challenges when adapting to a sharply distinct PBL learning
environment. Our previous study found that the challenges, which first-year Chinese
engineering graduate students at AAU faced, stem from collaboration in teams,
communication with groupmates, heavy academic workload and different assessment
systems [8]. In addition, from the psychological perspective, these students struggle
with some mental challenges including loneliness, homesickness, isolation and lack
of intrinsic motivation [8]. Although these students experienced the difficulties stated
above in the process of adaptation, they chose different adaptability strategies to
adjust to the challenges in a new environment. In PBL context, “adaptability”, also
termed “adaptation”, is defined as the extent to which engineering students are
competent to fit into the new PBL educational setting by effectively shifting their
previously developed knowledge, method and theory, along with modifying their
thoughts, behaviors and emotions [9][10]. Inspired by Berry’s acculturation theory,
“adaptability strategies” refer to the various ways of adaptation among different groups
of people [11]. This concept will be elaborated in detail in the theoretical framework.
There is a small but growing amount of literature focusing on adaptability strategies of
Chinese overseas students. However, most of it has mainly been carried out on
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students integrating into traditional universities in the West [2][4][13]. Hence, it is
worthwhile to enrich our understandings on Chinese first-year graduate students’
adaptability strategies to PBL academic environment, particularly to investigate their
changes of preferences for different strategies over time. As part of a longitudinal study,
this paper seeks to address the following research questions: Compared to the first
semester at AAU, what adaptability strategies do first-year Chinese engineering
graduate students select during their second semester? What factors affect their
selection of adaptability strategies in this stage?

2 THEORETICAL FRAMEWORK

In order to answer the research questions, this study adopts Berry’s theory on
acculturation strategies [11]. It should be noted that the concept “acculturation” refers
to the dual process of psychological adjustment in an individual as well as cultural
changes in groups while the term “adaptability” or “adaptation” is one component of
acculturation that emphasizes the individual change [12]. As a result, our framework
uses “adaptability strategies” to explain various strategies that first-year Chinese
engineering students choose in their own adaptive process to PBL. The strategies are
based on two issues: (1) the extent of maintaining one’s heritage culture(s) and identity
and (2) the relative preference for involvement with the host culture(s) and other
cultural groups. One’s inclinations to these two issues determine the adaptability
attitudes or strategies. Deriving from these two dimensions, four types of strategies -
integration, assimilation, separation and marginalization - are proposed at the
individual level. The integration strategy means that one wishes to maintain one’s own
cultural identity and interacts with the new society. In contrast, marginalization appears
when one accepts neither home culture(s) nor host culture(s). The assimilation
strategy refers to an individual that entirely participates in the dominant culture(s) while
rejecting the heritage culture(s). Finally, the separation strategy occurs when one
values the culture(s) of origin, but does not integrate into the dominant culture(s).

In the next sections, we will go through the methods of data collection and further
investigate how these strategies apply in a real setting.

3 RESEARCH METHOD

This study is in continuity with our previous work targeting the process of adaptation
but extends the focus to the changes of adaptability strategies with time. Taking the
same qualitative and sequential research design in data collection as before [8], four
Chinese graduate engineering students who were enrolled in the fall of 2020 were
followed through the use of consecutive semi-structured interviews at their second
graduate semester at AAU. By utilizing purposeful sampling [14], they were recruited
because they had no prior PBL experience in their bachelor and found it challenging
to transit into a PBL learning environment. Table 1 provides some basic information of
the four participants. Among them, three students consented to take a face-to-face
interview whereas one student engaged in an online interview. To ensure the
confidentiality, all names are pseudonyms, and the identifiable data are removed.
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Table 1. Description of participants

Name Gender Discipline Forms of interview
Steven Male Electronic Engineering Online
Ben Male Electronic Engineering In person
Yvonne Female Electronic Engineering In person
Joe Male Energy Engineering In person

Based on Berry’s adaptation strategies and our previous findings about adaptive
challenges to PBL, an interview protocol was carefully designed as a guide containing
several open-ended questions. Prompts from the protocol sheet centered on
participants’ learning activites to PBL, experiences of collaborating and
communicating with the team members in a new semester, and their attitudes towards
the PBL assessment system. The questions also asked them to reflect on the benefits
and challenges brought by PBL at this stage, as well as to compare their own
academic performance change between the two semesters at AAU. All interviews
lasted approximately one hour and were conducted in Chinese so that participants
were able to fully express themselves by using their native language. The first author
transcribed their narrations verbatim and partially translated them into English.

With the guidance of thematic analysis [15], the entire transcripts were read through
iteratively so as to get familiar with the data. Accompanying with an open-coding
process, a collection of in-vivo initial codes was then identified where the students’
experience may be linked to the changes of adaptability. These coded sequences
were developed as an initial codebook and continued to be refined until broader and
preliminary themes emerged. By analyzing and revising the themes, we further
constructed new coherent and overarching categories at a conceptual level to see if
they were related to the results, as well as the theoretical framework. Finally, a report
was written based on the data analysis which is represented by the finalized categories.

4 FINDINGS

From these engineering students’ epistemological accounts of their experiences and
changes, the degree of adapting to PBL and their preferences of adaptability strategies
was found to be dependent on a number of factors related to PBL courses, teamwork,
communication and language proficiency. Each factor is discussed below.

4.1 Factors pertaining to PBL courses

Despite the adaptive challenges in heavy academic workload that these students
encountered in the first semester, three of them reported to gradually adjust to PBL
learning activities because of appropriate pre-course reading strategies, more relevant
exercises, and practical mini-projects. Although Joe still lacked time in reading piles of
literature before a course, he changed his ways to read. Rather than reading all
references intensively, he felt at ease by mainly looking through new and unfamiliar
concepts. Ben had previously held a negative attitude towards the exercises, but this
semester he thought they became more meaningful and aligned with the courses. As
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a result, his comprehension of what he learned got strengthened through effective
application of theories. Moreover, he claimed that he valued the practical mini-projects
in this term, which enhanced his interests and engagement.

“l firstly skimmed the slides from our course. The content that | already grasped
were skipped so that | could primarily focus on the unknown parts. It reassured
me through quickly developing a general overview of those unknown theories and
their applications.” (Joe)

“We had a course where the exercises in each lecture reflected some key points
of the learning content. That is to say, if | could figure out the exercise, | would
totally understand what lecturers said.” ... “Unlike the last semester, the mini-
project | am doing now is relatively practical. | enjoy doing it because it seems like
working in a real laboratory, and meanwhile | am able to learn something new.”
(Ben)

However, due to the change of research direction in their master, one student Yvonne
still felt pressured by being exposed to a lot of new knowledge and faced difficulty in
keeping up with the lectures.

“What | am majoring in now is quite different from my bachelor. It took me a long
time to understand what | am studying.”...“The challenge also derives from my
unfamiliarity with the terminologies in my field. It was hard for me to follow up on
our lecturers because | needed time to self-reflect and look up those concepts
online.” (Yvonne)

Under the influence of the COVID-19 pandemic, all teaching and learning activities at
AAU shifted to online mode. Compared with physical courses, all four students pointed
out that they integrated into studying environment online because it enabled them to
schedule with more flexibility. Although they struggled with some online learning
problems like procrastination and lack of concentration, the live sessions could be
recorded which allowed them to review learning content at their own pace. As what
Ben mentioned, recording lectures benefited him from adapting the subject to his own
learning style.

“I felt very comfortable in taking courses online. In reality, | could only concentrate
on studying for an hour. Therefore, | synchronously recorded the lectures into
multiple one-hour sections so as to catch up with some key points of what lecturers
said after the lecture.” (Ben)

4.2 Teamwork

Since PBL involves activities that appear to be only possible in teams, students must
work together to organize themselves, manage a project, make own decisions, and
find solutions [16]. With more chances of collaboration, three students stated that a
multicultural group, balanced team roles, clear work divisions and suitable online
software increased their adaptation to PBL. Joe worked with two natives and one
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international student in the second graduate semester. In his opinion, this intercultural
cooperation contributed to develop a certain level of openness and provide varied
perspectives. Similar to Joe, in Ben’s case, his group consisted of two Danish students
and four PBL-entry level overseas students. From his description, flexible task
arrangements and clear separation of responsibilities in his team conduced to the
improvement of his collaboration skills. Steven continued to work in the same group
as the previous semester. According to him, even though the project work was
transferred to online this semester, the team was still managed well by using
appropriate software.

“When collaborating on the project, my European group members preferred
bottom-up approach while | got used to understanding the theories first. Therefore,
a wider range of opinions from us guaranteed all possible angles, from both theory
and application.” (Joe)

‘It makes me feel more relaxed and cozier to work with some PBL beginners
because we will not be constrained by a PBL framework.” ... “When a task was
distributed, one of my group members firstly wrote down a draft, then | would add
in new points and polish what we wrote.” (Ben)

“‘We selected some useful software so as to finish our distributed tasks both
individually and cooperatively in different channels. We like this way to discuss our
project because it would not bother the other members.” (Steven)

It is somewhat unexpected that Yvonne experienced a hard time in the teamwork. In
spite of achieving a sense of belonging from her pervious group members, she was
surprisingly left out by them in this semester. After negotiating with her advisors and
them, she decided to work on the project alone. However, as she said, she had to deal
with a great deal of difficulties by herself.

“Firstly, the time to finish my project is insufficient. Furthermore, | need to learn
plenty of new knowledge and at the same time make a connection of what |
learned in my bachelor with that of the master. Lastly, studying from home was a
challenge for me because | suffered a lot from procrastination. Right now, | am still
looking for a balance between life and work.” (Yvonne)

4.3 Communication and language proficiency

PBL, as an effective approach, would encourage students’ communication skills during
the students’ learning process [17]. Based on our qualitative data, three male students
reported that the communication with their groupmates become more effective after a
semester at AAU. Joe noted that his shyness prevented him from asking for help from
his team members before, but presently he took more initiative to share views with
them. In terms of language issues, Steven declared that low English proficiency was
one of his largest challenges when adapting to PBL. Immersing himself in an English-
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speaking environment, he ascribed his currently smooth conversation with
groupmates at present to the improved language skill.

“At the beginning, | could not bring myself to ask many questions to my team
members. When our relations got closer, | got more courageous to ask for more
details.” (Joe)

“Il feel my English is getting much better now than the last semester. | get used to
using English to express my own opinions.” (Steven)

Moving on to Yvonne’s case, her experience of being excluded by the previous group
members gave rise to some negative emotions such as anger, disappointment,
sadness, helplessness and unfairness. These feelings further resulted in her
reluctance to build any interpersonal relationships with the previous groupmates.
Furthermore, in opposition to the other participants, language barriers remained a
serious problem for her. Apart from issues like absorbing the lectures and preventing
the free flow of information, it also intensified her stress on preparing oral examinations.

“l only talked with them [the previous groupmates] when doing assignments
together in the courses. After finishing the lecture, | tried to avoid participating in
their conversations and activities.” ... “English is still quite a big challenge for me.
In my point of view, if | divide the oral evaluation into two aspects, English skills
accounts for 40% while the knowledge of what we learned takes up 60%. However,
compared to those English proficient speakers who only need to worry about that
60%, | also need to prepare that 40% more.” (Yvonne)

5 DISCUSSION

From our analysis of the adaptability strategies chosen by these engineering students,
in comparison to their first semester at AAU, three male students leaned towards the
integration strategy whereas one female student adopted the separation strategy this
semester (see Table 2).

Table 2. Changes of the participants’ preference for adaptability strategies

N Previous adaptability Adaptability strategy at
ame
strategy [8] present
Steven Assimilation Integration
Ben Separation Integration
Yvonne Integration Separation
Joe Integration Integration

In regard to Steven, he shifted his adaptability strategy from assimilation to integration.
In the first semester, he held optimistic attitude towards PBL but relatively negative
attitude towards traditional lecture-based learning in his bachelor. At this stage, he not
only perceived PBL as a valuable method for enhancing his generic competencies in
problem-solving, teamwork and project management, but he also began to realize
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what he studied in his bachelor provided him with a solid mathematics foundation.
Ben’s choice of adaptability strategy was transferred into integration strategy. He was
previously unwilling to build interpersonal interactions with his groupmates and
acquired knowledge primarily through individual learning. This semester, nevertheless,
he enjoyed both collaborative and individual learning and benefited from effective
communication after working with a more multicultural group with balanced team
responsibilities and concrete work division, as well as due to his successful adaptation
to online courses. Joe remained committed to implementing the integration strategy.
On one hand, the coordinating strategies he learned from prior learning and working
experience is conducive to his cooperation with his team members. On the other hand,
in this semester, he overcame more challenges in heavy academic workload,
teamwork and communication. However, only Yvonne ended up with the separation
strategy. The inclusive and open-minded group she worked in the first semester
improved her sense of being accepted. It is worth noting that she was still looking
forward to cooperating in a group, but being thrown out by her former groupmates, she
now only seeks assistance from her own family and co-national peers.

6 CONCLUSION

Building upon Berry’s acculturation theory, this study attempts to examine the changes
in adaptability strategy choices among four first-year engineering Chinese graduate
students, together with the factors that impact their selection. The qualitative data
reveal that three students choose integration strategy and one select separation
strategy after a period of studying in a PBL environment, which is in accordance with
the results from other quantitative studies that both integration and separation are the
favored adaptability strategies among overseas and first-year students [13][18].
Additionally, the outcome of the analysis shows that students’ preferences for these
strategies are associated with PBL courses, teamwork, communication and language
proficiency. In general, the findings from this research may enrich our current
understandings on transition and first-year issues towards a PBL learning context.

With empirical evidence from the engineering students, this study also highlights the
needs to pay attention to the international PBL-beginners’ participation in collaborative
learning and their sense of belonging in an unfamiliar academic environment. We
would suggest that the institutions and departments provide a more inclusive learning
environment. Furthermore, it also requires school counselors and supervisors to be
more concerned about the overseas students’ adaptive challenges in mentality such
as loneliness and isolation and provide them support in handling these problems by
modelling preventive strategies and coping sKkills in lectures and project works. This
inclusiveness in turn would lead to a greater diversity of knowledge, practice and
values in the engineering field. However, only four Chinese participants are studied in
this research and the small sample size makes the findings less generalizable to the
larger population of Chinese international students. This limitation relates to the fact
that there were only a few Chinese graduate students enrolled at AAU in the fall of
2020 due to COVID-19 pandemic. But the small number of students make it possible
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to have a more in-depth study of their reasons for choice of strategy. For the future
work, it leaves room for exploring adaptability issues in a larger sample which include
more Chinese students and more international students from different nations as well.
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ABSTRACT

In March 2020 COVID-19 brought the world and with that aviation to a standstill. Also
in March 2020, the third run of the DelftX MOOC Introduction to Aerospace
Structures and Materials started on edX. This MOOC generally attracts a mixture of
young aviation enthusiasts (often students) and aviation professionals. Given the
large interest MOOCs have received as the pandemic hit, we investigate how the
new global context affected the motivation and the way learners interact with our
course material. For this project, we will use learning analytics approaches to
analyse the log data available from the edX platform and the data from pre- and
post-course evaluations of two runs of the same MOOC (2019 and 2020).

With the insights gathered through this analysis, we wish to better understand our
learners and adjust the learning design of the course to better suit their needs. Our
paper will present the first insights of this analysis.
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1 INTRODUCTION

After the first reported case of COVID-19 in December of 2019 in China, the virus
quickly spread throughout the world causing travel to come to an almost complete
standstill. By mid-April 2020, more than two-thirds of the 22,000 passenger airliners,
had been grounded and associated staff either furloughed or made redundant, by
April 2021 aviation data analysts still report 8,684 aircraft in storage [1]. Already in
mid-March 2020 most higher education institutes in the world had closed their
campuses [2] and switched where possible to online teaching, either creating their
own or using existing online resources, a situation persisting on and off until today.

1.1 MOOC Aerospace Structures and Materials

The MOOC Introduction to Aerospace Structures and Materials (ASM MOOC) has
been running on edX since August 2018 [3], and is currently in its fourth run. This
MOOC is an introductory course, requiring only basic knowledge of physics, and is
aimed at anyone interested in aerospace structures and materials. On 10 March
2020, the third run of the MOOC Aerospace Structures and Materials opened on edX
for a 12-months run, one month after the previous run of the course, running for 10
months, had finished. The first run in 2018 was excluded from our analysis as it was
not self-paced and only ran for 12 weeks. Within the MOOC, learners have a choice
to try the course for free with limited access (9 weeks) or to upgrade to edX’s
‘Verified Track’ for $49 giving unrestricted access and the opportunity to earn a
certificate by taking online exams and doing online assignments during the course.

1.2 MOOC learners and COVID-19

With so many people associated with the aviation industry unable to work, as well as
many students and educators switching to online learning, the question arose how
the new global context affected the motivation and the way learners interact with our
course material compared to learners in the earlier run of the MOOC. In this paper,
we used data collected in the pre- and post-course surveys carried out by our
institution and learner data extracted from edX trace logs in order to understand how
learners interact with the platform. Ethical permission was sought and granted by the
TU Delft’s Ethics Board for this research and learners were asked for informed
consent on the gathering of their data both by TU Delft and by edX.

2 METHODOLOGY

With the rise of online education, the field of learning analytics was born. Learning
Analytics is “the measurement, collection, analysis and reporting of data about
learners and their contexts, for purposes of understanding and optimising learning
and the environments in which it occurs” [4]. Learning analytics can help educators
to understand and optimise learning and form an important tool in the field of online
education research. Especially MOOCs, with their relatively large number of
enrolments provide great data sources to better understand the behaviours of
learners in online courses and are as yet often underused [5].
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2.1 Research questions

Our main research question for this paper is: How does the COVID-19 pandemic
affect the motivation and the way learners interact with the course material in the
MOOC introduction to Aerospace Structures and Materials on edX? To answer this
question, we compared the data from the 2019 (collected 9 April 2019 - 20 June
2020) and the 2020 run (collected 10 March 2020 to 21 March 2021) of the ASM
MOOC in terms of (i) the number of enrolments, and the professional and
educational background of enrolled learners, (ii) the completion rates of verified
certificate holders, (iii) the motivation in taking the course and (iv) the level of
interaction with the course material.

2.2 Data sets and data analysis

For the analysis, we used the anonymised edX learner data sets to determine the
overall number of enrolments in the run and the self-reported age, gender and
education level of the population and course completion. On the edX platform, formal
course completion is defined as obtaining a Verified Certificate but that only applies to
those learners who chose to pay to upgrade. Therefore, we defined course completion
for the audit track as students who attempted all quizzes in all 7 modules. The second
data set used in this paper is the answers offered by learners to the pre- and post-
course survey which included detailed questions about their motivation for enrolling in
the course, their background, expectations and evaluations of the course.

Table 1. Cohort and sample size.
*percentage calculated with respect to total enrolment

**percentage calculated with respect to number of Verified Enrolments

Run 2019 Run 2020
Total enrolment 11987 26329
Verified Enrolment 663 5.5%* 2533 9.6%*
Verified Certificate 301 45.4%** 1027 40.5%**
Countries represented 151 168
Pre-course survey
Agreed consent 2318 5807
Full Surveys 1944 4978
Net Response Rate* 16% 19%
Post-course survey
Agreed consent 269 957
Full Surveys 226 802
Net Response Rate* 2% 3%
Response Rate Verified Track** 27% 53%

All data was analysed using JAMOVI (jamovi.org). In table 1 the description of the
population of both runs is given as well as the response to the pre- and post-
questionnaire. For all analyses, only complete surveys were used.

260



=)

SEFI 2021

- RESEARCH PAPERS -
49th ANNUAL CONFERENCE | BERLIN | 13.09. - 16.09.2021

3 RESULTS
3.1 Learners

As can be seen from table 1, there was a sharp increase in learners in COVID times.
The number of learners in the course more than doubled compared to 2019. Figure
1shows the normalised enrolment of both courses plotted over time, revealing a
much steeper increase in growth of learners of the 2020 run in the first 6 weeks after
the world-wide shutdown began (vertical grey line). This trend is confirmed in reports
by other MOOC makers [6]. Also, more learners opted to purchase access to the
Verified Track and the number of countries learners originated from also increased.
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Fig. 1. Normalised Enrolment over Course Length

Using the edX learner data sets, the self-reported age of both runs was compared
using an Mann-Whitney U test, U = 4.08:10” and p < .001 with a small effect size z =
0.134 showed that in the 2020 run the learners were significantly younger (Median =
23 and N = 12908) than in the 2019 run (Median = 25, N = 7301). In terms of self of
self-reported gender, a X?- analysis showed that there is a significant difference in
gender distribution, with X2(2) = 32.6,p < .001 with a 3.4% increase in the
participation of women in the 2020 run. In 2019, 17.5% of enrolled learners were
female compared to 20.9% in the following year. The overall share of women taking
part in both runs is higher than the yearly influx in the BSc aerospace engineering of
TU Delft. The number of enrolled learners that reported their gender as "other" did
not vary across cohorts: 0.5% in 2019 and 0.4% in 2020. A X?2- analysis of the self-
reported level of education of the learners in the MOOC, see table 2, also showed
significant differences with X?(5) = 44.0,p < .001 with increases of learners with just
high school education or lower and decreases in learners holding a masters or PhD,
again indicating that the major increase is among undergraduates.

Table 2. Level of education

Run 2019 (N=6470) | Run 2020 (N=10387) |  Total (N=16857)
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PhD 2.2% 1.7% 1.9%
Master 17.9% 14.7% 15.9%
Bachelor 36.8% 36.7% 36.7%
High School or lower 35.7% 39.2% 37.9%
Other 7.7% 7.7% 7.6%

We also looked at the differences between the self-reported employee situation of both runs
in the pre-course survey. Again, significant differences were found between the 2019 and

the 2020 run,X2(6) = 107,p < .001 . There is a sharp decrease of almost 10% in the

number of people classing themselves as working, recent graduates or looking for a job and

a sharp increase in students (Table 3). An investigation into the average age of these
students did not indicate that the average age of this group was rising so the increase in
students is not due to a return to education of people who were working. Surprisingly in
COVID times, the share of parents and care-givers remains the same.

Table 3. Current job situation

Run 2019 (N=1934) | Run 2020 (N=4962) Total (N=6896)
Working 37.0% 27.3% 30.0%
Looking for a job 71% 6.3% 6.6%
Retired 0.7% 0.7% 0.7%
Student 42.7% 56.2% 52.4%
Recently Graduated 9.8% 7.3% 8.0%
Parent/care-giver 0.5% 0.4% 0.4%
other 2.3% 1.8% 1.9%

For those working, we analysed what industry sector and industry branch they

worked in. Significant differences were reported, X?(16) = 35 > 4,p = .004, between

both runs, with a 45% increase in 2020 in learners reporting to work in

Transportation, indicative of the reported shutdown of aviation (full contingency table
omitted due to lack of space). The top 5 represented industry branches in table 4,

show that particularly in aerospace-related industry, there is an increase in the
absolute number of learners in COVID times with particularly airlines/aviation
standing out. This may be indicative of a culture of Lifelong Learning in the

aerospace sector.

Table 4. Reported Industry

Industry (sector)

2019 #

2020 #

Increase %

1. Aviation & Aerospace (manufacturing)

144

229

59%
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2. Airlines/Aviation (transportation) 90 255 183%
3. Mechanical or Industrial Engineering (manufacturing) 46 64 39%
4. Military (government) 33 65 97%
5. Defence & Space (High Tech) 33 53 61%

3.2 Motivation

Learners were asked for their motivation to enrol in the course. An overview of both
runs is given in table 5. For both runs, the most named motivation is (prospective)
career, followed by (prospective) studies and personal interest. A X2- analysis
revealed significant differences in motivation to enrol between the two runs with
X?(4) = 14.2,p = .007, which seems to stem from less people reporting taking the
MOOC for their (prospective) career, but more people reporting taking the MOOC in
view of their (prospective) studies. The explanation for this, combined with the
results reported in tables 3 and 4, may be that as universities and schools were
mostly shut down students were looking for alternative courses to take, were
encouraged by their own schools to do so or taking these courses in lieu of being
able to visit open days to help them decide on their future. Sadly, no COVID specific
questions were asked in the 2020 course questionnaires.

Table 5. Motivation to enrol

Run 2019 (N=1923) Run 2020 (N=4929) Total (N=6852)
(Prospective) career 41.2% 37.1% 38.2%
(Prospective) studies 30.2% 34.0% 32.9%
Personal interest 25.5% 26.4% 26.1%
(Prospective) teaching 2.0% 1.6% 1.7%
Other 1.0% 1.0% 1.0%

3.3 Challenges

Learners were asked in the pre-course survey what they felt was their biggest
expected challenge and in the post-course survey what they felt was the biggest
challenge they faced during the course. The pre-course survey showed significant
differences between the expected challenges between the two runs X2(5) =
51.9,p < 0.001 and the post course survey confirms these findings with significant
differences in the challenges faced: X2?(5) = 13.4,p = 0.020. If we take a closer look
at the results as listed in table 6, it can be seen that, compared to 2019, in 2020
learners indicated that they expected time to be less of a challenge and this was
confirmed in the post-course survey. This may be indicative of more people being
able to make time during the pandemic as they followed the advice to stay at home
as much as possible.
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Table 6. Expected challenges in taking this online course

pre course post course
Challenges (n2=‘1’336> (n2=3382) (nt=%t9a::8) (33119%) (r?=062902) (nt: :3?;1)
Finding sufficient time 57.2% 47.8% 50.5% 50.3% 39.9% 42.2%
Grasping the content 13.8% 18.0% 16.8% 13.6% 19.7% 18.3%
| expect no challenges 8.5% 10.8% 10.2% 18.1% 25.6% 23.9%
Meeting the deadline 12.2% 13.7% 13.3% 9.0% 6.4% 7.0%
Using the platform 6.1% 7.0% 6.8% 1.5% 2.5% 2.2%
Other 21% 2.6% 2.8% 7.5% 6.1% 6.4%

3.4 Interaction and engagement with course material

As can be seen from table 1, there is an almost 80% increase in the number of
learners opting to buy access to the Verified Track in the course, which can be an
indication of learners during COVID times wishing to engage longer with the course
material. This is in part supported by the lower certificate completion rate of the 2020
learners compared to 2019. This can be an indication that they are more interested
in engaging with the material for longer than in obtaining a qualification. When
comparing the reported participation level in the post-course survey no significant
differences between the two runs were foundx?(4) = 3.89,p = .426.

However, participation can also be measured in interaction and engagement using
the learning activities: Video Lectures, Reading, Discussion Forum and Exercises.
To do so, we first look at the reported pre-course levels of importance learners
placed on these activities as well as the post-course reported levels of satisfaction
and value of these activities. Using a Mann-Whitney U test to check if there were
significant differences between the two runs on the importance learners placed on
these learning activities, only significant differences between the 2019 run (N = 1934,
Mean = 3.15) and the 2020 run (N = 4963, Mean = 3.23)) were found for the
Discussion Forum (U= 4.62.106, p = 0.013 and a small effect size z = 0.038),
indicating that interaction with other learners is more important to learners in the
2020 run. When looking at post-course satisfaction of learning activities, we again
see significant differences between the 2019 (N = 59, Mean = 3.73) and 2020 (N =
237, Mean = 4.19) run for the Discussion Forum satisfaction: U = 5267, p = .002 and
a medium effect size z = 0.25 and similarly for the value of the Discussion Forum
between 2019 (N = 60, Mean = 4.27) and 2020 (N = 237, Mean = 4.38): U = 5460, p
=.004 and a medium effect size z = 0.23. Learners also reported a significantly
higher satisfaction of the exercises between 2019 (N = 199, Mean = 4.27) and 2020
(N =675, Mean = 4.37) with U = 61354, p = .039 and a small effect size of z = 0.09.

In terms of hours worked per week, in the post-course survey learners reported an
average of 7.14 hours/week in the 2019 run (N = 207) against 7.91 hours/week in the
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2020 run. A Mann-Whitney U analysis showed a borderline significant difference: U =
69338, p = 0.05 and a small effect size, z = 0.089.

As self-reported levels can have issues [7], we also analysed the edX learner data to
look at how many learners interacted with each type of activity. In table 7, the
number of learners is listed that engaged at least once with videos, assignments or
the forum. Significant differences were found with learners engaging in larger
numbers than in the 2019 run. In table 8 we compare the extent of the engagement
between the two runs and again we notice a significantly higher engagement with the
course material with regard to videos watched, problems attempted and activity on
the forum in 2020.

Table 7. Learners that engaged at least once with videos, assignments or the forum

Activity (N = 38316) 2019 2020 Total X2 (1) p

Watched at least one video 40.2% 44 1% 42.9% 52.0 <.001
Submitted at least one problem 36.2% 38.1% 37.5% 13.2 <.001
Posted in the forum at least once 10.0% 12.7% 11.9% 61.3 <.001

Table 8. Comparing the extent of engagement with videos, assignments and the forum for
learners that engaged at least once with these activities

Activity Year N Mean | Med SD Mann Whitney
U p z

# of videos 2019 4813 10.5 4 15 2.69-107 <.001 0.04
watched 2020 | 11607 | 122 | 5 | 1658

# of problems 2019 3707 15.4 4 27 1.41-107 .004 0.03
attempted -audit 5020 | 7856 | 183 | 4 | 323

# of problems 2019 627 81.7 106 54.9 6.67-10° 407 0.02
attempted - verified 5020 | 2173 | 809 | 96 | 552

# of posts in the 2019 1193 1.31 1 1.5 1.98-108 450 0.01
forum 2020 | 3355 | 134 | 1 | 1.63

If we look in more detail at videos, we see that in 2020, significantly more learners
watched at least one video (x? (1) = 52.0, p<.001) and they watched significantly
more videos than in 2019: U = 2.69-107, p = <.001 (see Table 8). A similar pattern is
also seen when looking at the interaction with problems of learners that are auditing
the course. In 2020, more learners attempt at least one problem and these learners
attempt to solve more problems on average. This trend is not visible among learners
on the ‘verified’ track, i.e., learners who purchased access to the course. Our data
does not show significant differences between 2020 and 2019 with regards to the
number of problems attempted by the learners that paid for the course (U = 6.67-10%,
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p=.407). Finally, our data shows that although a significantly higher number of
learners posted on the MOOC forums in 2020 (X2(1) = 61.3,p = .450), most learners
did not post more than 1 message on the discussion board.

3.5 Course satisfaction levels

Looking at overall indicators of course satisfaction in the post-course evaluation in
terms of overall course rating, the likelihood of recommending the course and the
ratings learners gave the course for uniqueness, usefulness, being interesting and
difficulty, no significant differences between the two runs were found. This may be in
part that some of these ratings were already very high in the first run.

4 CONCLUSION

Our data showed significant differences between the 2020 “COVID” run of the
MOOC and the 2019 run. It appears the 2020 run not only attracted a larger overall
audience but it also attracted a younger audience, consisting of significantly more
students and significantly more females than the year before and a decrease in the
percentage of people who are working. In absolute numbers however, the aerospace
sector bucks that trend, which is not surprising given the standstill in aviation due to
COVID and the topic of the MOOC.

When looking at the motivation to enrol, we see here that focus in the 2020 run shifts
more towards (prospective) studies than towards (prospective) careers even though
this still makes up for 37% of the motivation to enrol. This is not surprising given the
increase in the number of undergraduate and graduate students enrolling in this
course. We also observed lower course completion rates, even though learners
reported significantly less problems with allocating sufficient time. This may be
indicative of less interest in obtaining a qualification and more interest in interacting
with the course material.

We also see a greater need, value and satisfaction for more interactive course
activities such as Discussion Forums in the MOOC, which is not strange given that
most learners will have been stuck at home with less opportunities for social
interaction elsewhere. Looking in more detail into the learning data of edX confirmed
that during COVID times learners engaged far more with the material than learners
in non-COVID times and seemed to be genuinely interested in gaining more
knowledge about the topic than gaining a qualification.
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ABSTRACT

The Washington Accord emphasises the role of ethical and societal considerations in
the practice of engineering. Increasingly, national accrediting bodies are also
expecting to see evidence in the delivery and assessment of ethics throughout
engineering programmes. Nevertheless, there is still little known on how the process
of evaluating ethics can best serve the function of accreditation ensuring quality
assurance and quality improvement. The aim of this paper is to look at the top-down
approach and analyse what role engineering ethics plays in national accreditation
documentations in Europe. A multi-country analysis of how and where ethics
appears in the systems of accreditation was carried out for the UK, Ireland, France,
and Switzerland. The competencies, programme outcomes or learning outcomes
were reviewed and explicit or implicit references to ethics education were identified.
A quantitative and qualitative word analysis was carried out by extracting verbs and
comparing verb definitions that were stated. Verbs were categorised under Doing
actions, Thinking actions or both and compared to Bloom’s Taxonomy of Learning. In
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all cases, ethics was explicitly mentioned however limited to 1 or 2 sections of the
documents reviewed. The majority of statements linking to ethics were implicit,
opening room for interpretation. A more conscious effort to engage engineering
ethics in all aspects of engineering programmes as well as using higher levels of
Bloom’s taxonomy should be made where engineering ethics education is applied in
practice.

1 INTRODUCTION
1.1 Background

Currently engineering ethics is featured in a limited capacity in engineering
programmes, however it is a subject that pervades every area of engineering and
therefore needs more prominence in engineering programmes. Although there are
practitioners on the ground advocating this change and communities of practice in
engineering ethics that are gaining critical mass, we need to also look at a top-down
approach and review how policies, in particular current accreditation documents, are
advocating the education of engineering ethics. The aim of this paper is to look at the
top-down approach and analyse how engineering ethics is taken into account in
national accreditation documentations in Europe.

In light of this aim, there is a wave of change happening at the policy level, with the
inclusion of ethical and societal considerations in the Washington Accord [1], which
has contributed to the inclusion of ethics in the formulation of accreditation criteria for
engineering programmes in signatory countries [2]. This in turn has impacted
positively on the presence of ethics education in the engineering curriculum, through
an increased content of ethics [3-6] and use of active learning methods in relation to
this content [7].

Understandably, Higher Education Institutes rely on their respective national
accreditation documents as one of their primary resources in programme content
and development. With this reliance is a dependence on the use of language,
definitions and how learning outcomes are structured, which in turn become key
factors on how engineering is taught. In addition to the need to be more globally
relevant, the different use of language and interpretations across borders becomes
even more important. To date, no critical analysis has been carried out on how
engineering ethics is featured in accreditation documents with respect to use of
verbs and definitions and how these compare between countries. This will be the
focus of this paper with a discussion on the implications of these findings.

1.1 Context of Engineering Ethics

In order to examine how ethics is treated in the standards of the engineering
education accreditation bodies, we sought to establish a reference framework from
which we could diagnose the situation of the required standards. We have
constructed this frame of reference from four books aimed at educating engineers in
ethics: Harris et al., 2009, Martin et al., 2010, Poel & Royakkers, 2011,
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Fleddermann, 2012 [8-11]. To consolidate this approach, we have also taken into
account a fifth book by Legault (2005) aimed at educating professionals more
generally in ethics [12]. In addition to the expected concepts, this synthesis aims to
bring out key words for the analysis of accreditation bodies' reference systems.
Indeed, ethical know-how integrates different fields of knowledge, which can be
addressed in the repositories, without appearing in a section entitled ethics.

2 METHODOLOGY

A multi-country analysis was carried out on the accreditation documents of four
countries: UK [13], Ireland [14], France and Switzerland [15]. For Switzerland, only
the French Swiss region was reviewed, where the France documentation was used
to cover both countries. The official English translation of the CTl French
accreditation document was used for the analysis. Therefore, three accreditation
documents were analysed. The competencies, learning outcomes and program
outcomes were reviewed and explicit or implicit references to ethics education were
identified. A comparative quantitative and qualitative word analysis was carried out
by extracting verbs and comparing verb definitions that were stated.

2.1 Identification of common terms used in engineering ethics

Classification of the main concepts, keywords and topics derived from the table of
contents from five books specific to engineering ethics was carried out in order to
identify a range of terms in current use [8-12] that were utilised in this study to carry
out a word analysis of the accreditation documents as outlined below.

2.2 Ethics cited explicitly and implicitly

An analysis of the learning outcomes and programme outcomes across documents
were analysed using six general categories: Dedicated Outcomes, Design,
Management, General Skills, Technical and Organisational/Personal/Cultural. Under
each category, it was identified wherever ethics was mentioned explicitly based on
the terms “ethics” and “ethical”. Implicit association of ethics was carried out by using
the common terms identified from the texts chosen (Section 2.1).

2.3 Analysis of verb usage in learning outcomes cited on ethics

Verbs were categorised under Doing actions, Thinking actions or both and compared
to Bloom’s Taxonomy of Learning. A comparison was carried out on the use and
frequency of these verbs according to the hierarchical learning levels.

3 RESULTS
3.1 Classification of terms in engineering ethics

The range of common terms were collected from the 5 texts on engineering ethics as
shown in Table 1. These common terms were extracted from the contents page and
collated to highlight the range of terms that were used in identifying subjects that
implicitly relate to engineering ethics. The sub-topics also covered very broad

”

subjects and terms that were not included for brevity such as “decision”, “cultural”,
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“social” and “policy”, which are not found in this list but covered under these main

topics as shown in the examples.

Table 1. Terms in use from 5 textbooks on engineering ethics from contents list.

Main topics

Examples

Ethics global point of view

Why teach ethics to engineers, professional vs personal ethics.

Ethical values

Golden rule, universal principles such as integrity etc.

Profession and professionalism

Ethics of corporation, engineers responsibility.

Responsibility

Active or passive actions, links with standards and codes.

Charters, rules, codes, law

Characteristics, preventative measures and limits.

Understanding ethical problems,
developing a critical mind and ethics
reasoning: philosophy of ethics

Normative ethics, values, dilemmas and moral choices and
decisions.

Solving ethical problems

Design of ethical solutions, ethical deliberation.

Engineer working in organizations

Organizational loyalty, whistleblowing, policies.

Engineer managing safety and risks

Engineer’s responsibility for safety, cost/benefit/risk analysis,
Health and Safety, Risk Assessments.

Engineer and sustainable development

Environmental ethics, sustainability, circular economy.

Engineer in international context

Non-western thinking, global codes for multinational,
multilingual and multiethnic considerations.

Engineer and research integrity

Research integrity, truthfulness, trustworthiness, reliability.

Engineer and digital technologies

Ownership of computer softwares, IPR, financial exploitation,
data protection.

Engineer designing technology

Ethical issues during the design process, data protection.

Global justice

Technology transfer and appropriate technology, social equity
vs social disparity, governance and policies.

Ethical issues, dilemmas and case
studies

Extortion, bribery, many hands responsibility, systematic errors.

3.2 Ethics cited explicitly and implicitly

Ethics was explicitly cited in all documents in only 1 to 2 learning outcomes or
programme outcomes, which are mentioned in 1 to 2 accreditation sections of the
document. In contrast, implicitly linked words from the list of common terms used
highlighted a greater presence of ethics showing a total of 56 to 92 times across
documents and across all the sections on Learning outcomes and programme
outcomes. However, in most of these cases, this link to engineering ethics is
inferred and not obvious. A breakdown analysis of the frequency of terms according
to country is shown in figure 1, showing shifts in emphasis on different aspects of
engineering ethics. For example, the UK brings heavy emphasis on Safety and Risk,
which is mentioned 27 times. In comparison, Ireland and France mention Profession
and Professional 26 and 17 times respectively. Furthermore, none of the documents
mention “global”, “Values” or “Justice” and only Ireland mentions “integrity”.
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Fig. 1. Words implicitly linked to ethics found in Learning Outcomes or
Programme Outcomes accreditation documents according to country

3.3 Use of verbs in learning outcomes cited on ethics

The verbs used in the accreditation documents to describe learning outcomes for
ethics-related subjects were analysed and categorised according the Bloom’s
Taxonomy of learning, showing that most of the verbs related to the lower levels of
learning, for example, “know”, “define”, “awareness” and “exercise” (Table 4). It was
also noted the France/Switzerland documents had a wider spread of verbs such as
“improve” and “design”, which appeals to the higher learning levels of “evaluate” and
“create”. The same verbs used in the accreditation documents were also categorised
into Doing actions, Thinking actions or Both (figure 2) showing a heavier emphasis

on Thinking actions.

Table 4: Evaluation of verbs linking to ethics from the accreditation documents and
according to Bloom’s Taxonomy of learning
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Fig. 2. Verbs from accreditation documents linking to ethics categorised
according to either Doing actions, Thinking actions or both

4 DISCUSSION

The training of engineers in ethics is situated within the framework of applied ethics,
participating and even guiding the decision-making process of engineers. As such, it
is the field of so-called normative ethics (the study of ethical behaviour) as well as
applied ethics (applying ethical theory in real life situations and decision making) that
interests us here. The construction of the authors' works shows that the major
challenges of such training are to enable engineers to manage the ethical
implications of their work and their place in society. Three learning points were
summarised from the analysis of this study.

Firstly, there is a difference in definitions across documents which will impact how
these programmes and subject-specific learning outcomes are written. This might
create implications in how engineering education programmes prepare their
graduates for their future professions. Since the world of work has become highly
globalised and international, it is important to have a stronger, and to some extent,
unified understanding about ethics in engineering. Furthermore, ethics in engineering
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in itself brings forward an emphasis on continuous reflection around how certain
engineering actions impact the local and global contexts (environments, societies,
resources, et cetera), thus having varied definitions might feel a step backwards in
preparing future engineers to act and think ethically.

Secondly, all documents do include engineering ethics stated in their Learning
Outcomes or Programme Outcomes but most of the verbs used are generally lower
in Bloom’s taxonomy and referred to more thinking verbs than doing verbs. This
makes inclusion of ethics in the accreditation process seem more symbolic and open
for interpretation by the higher education institutions implementing engineering
programmes. If ethics is more linguistically represented as a thinking than as a doing
verb, it might lead to disassociating it with practical engineering knowledge, and
therefore offering a more theoretical or philosophical approach to the subject. The
implications of which results in no real impact to an engineer’s work.

Thirdly, there are many implicitly important ethical concepts in sections of the
documents that can be open to interpretation. When the common terms (table 1)
were used as a frame of reference, this wider use of terms showed all sections of the
accreditation documents were subject to applied ethics. This demonstrates the
presence of ethics in all sections of an engineering programme. This will mean that
degree programmes will have varied levels of engagement on ethics depending on
the interpretation and therefore how the programme is structured and delivered in
practice. Without a clear explicit “demand” for ethics at the educational institutions,
there is a danger that ethics will remain on the margin, taught by (sometimes
competing) humanities and/or social science faculties/teachers, and hence perceived
by students to be marginal to the core of engineering education. This will also
continue to impede integration of ethics in the core curriculum by teachers of
engineering disciplines and make the process of moving ethics closer to the more
technical disciplinary knowledge slower.

We propose a more direct mention of ethics in all sections of the programme or set
an agreed definition that encompasses the depth and breadth of the engineering
topics that involves the awareness of ethics in engineering. Engineers must therefore
be able to situate their actions or decisions in a societal context and the ethical
issues related to it. They have to develop possible solutions and then evaluate the
ethical quality of these solutions in order to arbitrate and decide. Finally, they have to
develop their ability to think and decide ethically. This approach is particularly
emphasised by Poel and Royakkers (2011) as major axes in engineering ethics
education [10].

On reflection of the use of language, there is some frustration when verbs are taken
in account with little understanding of their complements, such as: understand,
reflect, consider, commit, act...on what? These verbs can be applied to every
domain; however, when focusing on ethics, what is it saying and what is the intended
meaning? This opens up a deeper level of linguistic analysis for further exploration.
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There are several limitations to the study, firstly this analysis focuses on verbs alone.
The reason for this is verbs are used as the key to understanding and therefore
drives our competencies and learning outcomes as reflected in the documents
analysed. Since learning is driven by this, the data in this study naturally relies on
evaluating the use of verbs: what we do rather than what we are. On the other hand,
what we are: our identity, emotions and how we feel does indeed drive what we do,
however this is less tangible and therefore very difficult to evaluate.

Secondly the documents were analysed in the English language. The original
English translated glossary of the French/Swiss document was therefore used in the
analysis. However this opens an important discussion on the strong link between
language and culture, context and values. This in turn influences how these are
understood, expressed and applied. This would need to be explored in future to
include a native language assessment as part of the analysis.

Thirdly the use of common terms such as “responsibility” are too general and
therefore its role in ethics education is open to interpretation or lost in translation
when transitioning from understanding to application. It is hoped that this paper has
highlighted this challenge, calling for a more explicit definition of terms or terms of
use. It may be that a global and wider understanding of the definition of ethics and
related terms is needed. In light of the earlier point on the impact of language, there
is also a question of whether this is possible.

Finally, the use of textbooks in generating the terms are already outdated in current
and future challenges our societies face. However these textbooks are in current use
and commonly feature as reference text in engineering programmes. This does raise
the need for a renewal of some of these books as reference text that brings more
emphasis to our future challenges as a global community.

5 SUMMARY AND ACKNOWLEDGEMENTS

The aim of this paper was to take a top-down approach and carry out a word
analysis on how engineering ethics is taken into account in national accreditation
documentations in Europe. Although ethics is given some importance, its study and
application were shown not to be directly linked to a broader treatment of ethical,
social and global aspects in engineering. The authors suggest a common global
working definition should be established that encompasses the broad spectrum of
ethics and its application in engineering programmes. Through this top-down
approach it is possible to bring a more comprehensive incorporation of ethics, taking
its practice from the periphery to the heart of accreditation requirements, and
therefore in engineering programmes.

The author list has been arranged in alphabetical order to reflect the equal
contribution to the study design, data collection and analysis.
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ABSTRACT

Fitting an excursion into a lecture plan has been always a challenge to organize [1] [2]
[3] [4] — even before the global pandemic outbreak. Mixed Reality (MR) media enables
teachers to invite students virtually into a remote location for a few minutes during the
lecture. It enables explaining key aspects of a process or a machine in detail and finally
supports aligning the practical insight with the theoretical concepts behind it. Previous
publications have proofed the benefits of including MR into a teaching curricular [1] [5]
[6] [7] [8]. However, the available prototypes tend to cover unique cases and barely
enable teachers to adjust content to their specific needs.

This shift from on-site to virtual excursions calls for new MR authoring tools and digital
skills for teachers. Aligned with the teacher 4.0 concept [9], the development of an
authoring tool in context of mining engineering education is currently realized and will
be presented in this paper. The tool is developed within the project MiReBooks that is
funded by the EIT Raw Materials initiative.

In this paper, we introduce the concept, design and development of an authoring tool
to support teachers preparing virtual excursions based on 360° video imagery. In
addition to the specification of the technical design, the paper outlines the initial results
of the evaluation, which is conducted in cooperation with mining engineering teachers
throughout Europe. We will conclude with an outlook on follow-up development steps.
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1 INTRODUCTION

Authoring tools enable teachers to prepare content themselves without programming
skills [10]. Thereby, they address the current increasing need for Mixed Reality (MR)
based teaching content. In terms of virtual excursions, this means that teachers would
not only prepare the typical content slides for their lecture, but also add content (i.e.
VR-media slides) for a short excursion into a virtual mine site on their PCs as part of
their lecture preparation. Mining engineering teachers need to teach in-depth
knowledge in exploration, extraction, conveying and the processing of raw materials.
Often the environment influences the design of a bucket wheel excavator heavily.
Conveying a better understanding of mining machines through 360° videos, would
allow teachers to emphasize the understanding of processes in mining engineering
more hands-on.

The current integration of MR -based classes still requires good programming skills
from teachers and thus makes virtual excursions preparation not easily applicable for
everyone [7]. The use cases, along with the challenges, have been previously
addressed in the teacher 4.0 concept of Abdelrazeq et al. [9]. As notable in some of
the previous works, the integration of MR into the class requires a close examination
of didactical planning, technological skills and possible requirements from an
organization standpoint [11].

User centered design (UCD) methods and agile design principles support the
development and design of the authoring tool. Those methods had been applied in
this research project as they can minimize the needed technical skill level for the
preparation of MR based lectures. UCD is an iterative approach in software
development in order to develop concepts, designs and prototypes that can be
understood fast and is easily accepted by users [12]. Methods such as focus group
interviews, the development of user stories as well as usability tests support better
understanding of the requirements from software [13] [14].

In order to contribute into MR authoring tool concepts in education, we will first
describe the aim of the MiReBooks Project and the role of an authoring tool for the
teaching 4.0 concept. The following sections will introduce the main three guiding
research questions for developing the authoring tool concept. First, the question
regarding learning objectives for virtual excursions and their implication for the tool
development will be presented. Second, the question on the workflow of the authoring
tool will be addressed with the method of user stories. Third, self-explanatory software
design will be applied in order to minimize the need for additional competences for the
teachers. Finally, the conclusion will provide the next steps and further fields to test
the authoring tool.

2 THE 360-VR AUTHORING TOOL

The aim of the MiReBooks Project is to enhance classical mining engineering teaching
concepts with MR technology. As future mining engineers will need to balance more
complex mining equipment with additional sustainable demands, the understanding of
the actual enviroment through 360° videos becomes a key focus for current teachers.
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As the contemporary 2D teaching material lacks hands-on experience from a mine
site, the development of MR content such as 3D models and 360° videos are produced
throughout Europe [11]. Thereby providing a textbook enhanced with MR content for
teaching. Moreover, the project enables the research on teaching 4.0 skills in the
context with MR based classes [1], [5], [6], [7], [11].

In addition to the technological development and infrastructure, a vital part of the
MiReBooks project is to enable mining engineering teachers to plan and provide MR
based lectures on their own. Therefore, the authoring tool is developed with UCD
methods. The aim of this authoring tool is to support teachers with an intuitive software
to prepare their own MR based lectures.

In order to define the requirements, the project-involved teachers were asked about
their vision and expectations of MR in teaching. The result had been analyzed in the
works of Daling et. al [5]. Learning objectives were defined with UCD methods such
as contextual interviews that were carried out after testing MR in lectures. Thus, three
questions arise, such as:

1. Whatis needed to support teachers in order to reach the learning goals of virtual
excursions?

2. What kind of MR features have to be included in an authoring tool to meet the
proposed learning goals?

3. How do the features need to be designed in order to be intuitively understood
by teachers during their lecture preparation?

The authoring tool is developed with the Unity 3D game engine. Based on a previous
requirement analysis and further iterative development, the authoring tool runs on PCs
as teachers tend to prepare their lectures with this device. Hence, the Unity 3D game
engine was adapted accordingly for the software development. In addition, due to the
user stories method, it is optional whether teachers visit the mine in MR or navigate
their students with a PC or tablet based function.

2.1 Authouring tool to support the Learning Goals for Virtual Excursions

The development of the concept required a close analysis of how teachers prepare for
classes in general, how they perceive their role through the introduction of MR and
how they assumed virtual excursions are supporting them in their learning objectives.
Their ideas as well as the insight in lecture preparing and reflection of the test lectures
supported the authoring tool concept. With contextual interviews, the teachers were
asked to reflect the usefulness of different prepared MR technologies they tested with
students in their lectures [5]. This first study gave a better understanding of the
expectations of teachers wishing to include virtual excursions in their lecture.

As a next step, the collected use cases for teaching were sorted in two internal
workshops and two additional interviews with mining engineering teachers to the
learning taxonomy level of Bloom (see figure 1). The Bloom learning taxonomy
addresses different level of learning, starting from higher to lower levels such as
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evaluate, synthesize, apply, analyze, remember and understand [15]. The use case
with the highest taxonomy level addresses synthesizing and would be an application
where students create their own virtual scenarios with sandbox game elements. The
use case enabling students to simulate blasting in MR lets them apply knowledge
through placing mining equipment and simulating how the blast would theoretically be
played out in a save VR enviroment. A training scenario that lets students search for
security errors such as finding the errors in a prerecorded 360° video scene addresses
the analysis taxonomy level. Those first listed use cases enable students to apply
theoretical knowledge, but might not need a teacher directly involved in the interaction
with the MR medium.

learning taxonomy use cases
_ Sandbox: creating scenario for fellow

students

Simulation (AR/VR):Blasting from different

ape angles
Analyze Training (AR/VR): find errors
Remember 3D Equipment: understand, classify
Understand Tours: Visit real Mining Area

Figure 1: Aligned ideas for MR use cases in class with Blooms learning taxonomy levels.

The use cases of interacting or classifying 3D equipment as well 360° video tours in a
prerecorded mining area would often need additional knowledge of the teacher to
explain addiational aspects. Therefore the lower taxonomy levels such as
understanding and remembering require a closer communication between teacher
and student during the lecture in order to ask questions and discuss [5]. Thus, those
scenarios need to be highly flexible in their design in order to address the individual
teaching style of teachers. Those use cases are more likely to be used in the lectures
to support the interaction in class, while security trainings or blasting try-outs are better
applicable without the lectures due to the extended time that is needed. Thus, the idea
of virtual tours through the mine, 3D displays of mining equipment addresses learning
goals of understanding and remembering.

To address the first question of what is needed to support teachers in order to reach
the learning goals of virtual excursions, the teachers were interviewed by Daling et al.
in order to extract the MR use cases in teaching. The authors analyzed that teachers
wished to use 360° camera footage in order to visit mine sites virtually with their
students during a lecture [5]. For those virtual excursions, the questioned teachers
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wished to take place during class. This indicated that the learning goals, which the
teachers wished to address during the virtual excursion, links to a lower taxonomy
level (understand, remember).

The vital role of the teacher for the learning process in a virtual excursion calls for the
design of an authoring tool instead of a finished developed MR experience. This allows
the teacher to adjust the excursion at runtime and point the students attention towards
specific aspects at the location. Additionally, those use cases addressing a higher
learning taxonomy level are usually more complex to design and program. Due to the
requirements of MR classes such as presented in the VRMine project [16], the support
of software developers and game designers are needed. The transfer to an authoring
tool for teachers with basic knowledge in game engines seems further challenging.
The more detailed insight in learning goals of virtual excursions and their implication
for the video production of 360° video content had been discussed by Khodaei et. al.
previously [11].

2.2 Authoring tool Mixed Realitiy Features on the Basis of User Stories

For the second question on what features are needed to meet the proposed learning
goals, three mining engineering teachers who are more familiar with MR were asked
to describe their ideal workflow. In order to identify what teachers wish to include
during classes and what they expect from the MR technology, the method of user
stories was applied in one workshop. The workshop aim was to understand the
needed features and unveil the expectation and skill level perceived by the teachers.

As authoring tools introduce a new workflow into the lecture preparation for teachers,
it was needed to formulate user stories in order to understand the needed
requirements and features. Those user stories were phrased in order to guide
throughout the phases before lecture preparation, as well as during lecture and finally
after the lecture. To formalize the user story, the teachers had a fixed structure
consisting of a subject, an action with a certain content and a timeframe (see table 1).

Table 1. Formulation structure of a user story in order to understand what actions are relevant for
the workflow.

Module Meaning

As a <teacher>|<student> <who> should be enabled to do it

Verb + <imported content> <action/interaction> that enables the user to do things with a
<content>

<before>|<during>|<after> <when> should the action take place

The following overview shows the results of the used technique by showing the
requirements consisting of 10 user stories before the lecture, 8 user stories during the
lecture and two after the lecture (see table 2). Those user stories were ranked in a
next step into important and nice to have.
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Table 2. user stories sorted by lecture preparation phase
Phase User stories

Before lecture As a teacher | want to import my 360° images/videos from the mine into my lecture

As a teacher | want to set certain view directions in my 360° videos before the lecture
As a teacher | want to insert a break image into my 360° videos before my lecture

As a teacher | want to know how long showing the 360° images takes before my lecture
As a teacher | want to change and adapt my 360° videos/images before the lecture

As a teacher | want to cut my 360° videos/images before the lecture

As a teacher | want to place/Insert text/annotations/images into my 360° videos/images
before the lecture

During lecture As a teacher | want to switch between my 360° images/videos from the mine during my
lecture

As a teacher | want to switch between PowerPoint and 360° images during my lecture
As a teacher | want to start and stop my 360° videos from the mine during my lecture
As a teacher | want to track the time that shall be spent in 360° images during my lecture

As a teacher | want to place/Insert text/annotations/images into my 360° videos/images
during the lecture

As a teacher | want to know who is watching in what direction in my 360° videos during the
lecture

As a teacher | want to jump between certain view directions in my 360° videos during the
lecture

As a teacher | want to draw attention in my 360° images/videos during the lecture

After lecture As a teacher | want to save and restart at a certain time my 360° images/videos from the
mine after my lecture

As a teacher | want to share my 360° images/videos from the mine after my lecture

Based on the structural analysis of the user story, the following workflow for preparing
the Learning Experience (LE) was conceptualized (see figure 2). LE referes to the
resulting experience, the teachers wishes to convey. The tool concept consists of the
phases, login and selection of different projects, preparing the lecture with self-
recorded material and sharing the built LE with the class. Those steps resulted in the
structure of a lobby, where the teacher selects the LE, a preparation step for the
teacher to create the LE followed by a player module where students and teachers
connect into one LE (see figure 2).

[6]0]0)% Preparation Player

e Starting or selecting the e Creating the learning e Starting the learning
expenence PX[)(—"ii—'ll((" FX[)FTii—'II(H in class

= Revisiting the learning
experience

I

Figure 2: Overview on the three modules lobby, preparation and player.
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Within the preparation phase, the following steps have been identified as important for
the teacher in order to create the LE (see figure 3). The teacher needs to create the
LE by opening and naming a project. Then, s/he need to load pre-stitched 360° videos
into their project. Then assign their video material into slides and sort the slides into
an order that fits the structure of the learning goal.

In addition, the action description in the user story give an insight in the needed
features for the authoring tool development. Firstly, on each 360° video they set a
viewing angle. The viewing angle defines where everyone entering the LE i tilted
towards. Secondly, placing annotations on top of the 360° image such as texts, arrows
and icons in order to highlight or explain certain points in the experience. Thirdly and
finally being able to save the project into a LE format. Those features are needed to
be predefined in the preparation phase by the teacher, as those were described in the
user stories as part of the preparation process.

Lobby Preparation Player
Load 360" Drag and sort
videos the slides

Create new
Login learning
experience
Save the Add and color Add onc text Sclect a
project one icon per slide starting angle

Start learning
experience

Figure 3. A detailed workflow on the steps that the teachers wished to do based on user
development

2.3 Slides as key design element for MR based authoring tools

After the concept and features of the authoring tool is understood, the third question
on how to design the features in an intuitive way are addressed. Thus, the first step is
to make the interaction as intuitive and self-explanatory for teachers as possible in
order to minimize the need for learning additional technical skills. The initial step
alignes the design to familiar tools in order to apply the UCD principle of context
understanding principles [17]. For part of the user story development, it is needed to
understand what tools the teachers usually prepare their lectures with. As most of the
teachers use tools like PowerPoint, the design elements of slides have been selected
from PowerPoint both visually and terminologically.

The editor consists of three areas (see figure 4). The first and main area is a
preview/working space area which takes 2/3 of the screen in the middle. The second
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is a slide area that gives an overview of the selected video material on the bottom. The
third is on the right side and allows to select tools and edit the size and color of text
fields. This area is changing in regard whether the teacher is in editing or in playing
mode. One key design decision to support the flexible and more floating switch
between editing and playing is the factor, that the overview of the teacher is the same
for editing and playing with regard to the overview area. Otherwise, a fundamental
design change between preparation and teaching might cause confusion through the
course and consequently neglecting the tool. In the area of the preview is a set of
icons and annotation texts as well as the ability to select a starting angle. Apart from
preparing annotations before the lecture, it is also possible to spontaneously add texts
and arrows in play mode. The preparation and player mode were designed to have
the similar preview and slides. The right side represents the needed tools for the
editing or player more.

Figure 4. The overview of the authoring tool in preparation mode.

The first user interface study in may 2021 aimed to test how self-explainatory the used
icons and concepts are. As the minig engineering teachers were already heavily
involved in the design process, in this study seven students prepared the virtual
excursion. In the selection of students a mix between male and female students is
considered as well as different scientific fields and nationalities.

The study concept has a mixed approach of qualitative oberservation and a
questionnaire with quantitative scales such as the System Usability Scale (SUS)[18].
The participant gets the autoring tool software along with 360° example videos. The
participant is asked to perform a set of 12 tasks. The tasks are formulated along the
workflow in figure 3. During the task completion the participant is asked to think aloud
and is observed by both male and female developers and designers. Afterwards a
qguenstionnaire asks to reflect on how well they fulfilled each task.

The observation and questionnaire revealed that that the slide concept and preview
field was intuitively understood. The SUS Score of 73,5 indicates that the usability of
the tool is good, but there is still improvement for the tool needed. The qualitative
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observation with the thinking aloud method revealed that the general impression of the
tool feels overwhelming and the display of the duration of an annotation is not directly
understood and the viewing angle concept was not grasped. Addiationally, more
features in the design of the text annotations (e.g. text alingements) were requested.
Thus, additional further iterations and following a detailed study on the usability of the
authoring tool are the next steps.

3 CONCLUSION AND OUTLOOK

In summary, we introduced the concept, design and development of an authoring tool
to support teachers preparing virtual excursions based on 360° video imagery. Several
steps in UCD methods such as contextual interviews, user stories and usability tests
were applied through this process. Through the contextual interviews, it became clear
that virtual excursions are mostly seen as a support during a lecture and thus would
address learning goals that apply to lower taxonomy levels. Through the phrasing of
user stories in workshops, the expectations towards an authoring tool and the steps in
preparing the lecture were made visual for development. For minimizing the needed
additional skills from the teacher, the tool design was built on software that is already
used for lecture preparation such as Power Point. Moreover, the first User interface
focused study indicate that the tool is intuitively designed and requires few prior
knowledge in order to prepare a virtual excursion.

As next steps, additional user experience studies are needed and planned in order to
further design the authoring tool into an intuitive support for preparing MR based
lectures. Moreover, studies that analyze further interaction between teacher(s) and
students during the virtual excursions are needed. Additional studies within other
research fields such as construction sites, city planning or environmental classes
would further support into creating more virtual excursions and testing best practices
for MR based teaching.

In general, the development of supportive authoring software for teachers to prepare
MR technologies continues to have great international relevance. Due to the growing
need for new blended learning methods and the high variety of use cases further
research applying the principles and methods of UCD support this current approach.
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ABSTRACT

Integration is key characteristic of Interdisciplinary learning and often also of
Challenge based Education. The definition and operationalisation in Engineering
Education is, however debated widely. In this study we explored the tacit knowledge
of Engineering Lecturers in HE education by doing semi-structured interviews. It
yields suggestions for operationalising integration, boundary conditions and a peak
insight into the beliefs and matches with theoretical literature.

1. INTRODUCTION

Grand challenges such as the Sustainable Development Goals (SDG”s) are used in
Higher Engineering Education to shape challenge-based education. The idea of
incorporation of the SDG’s is often based on the necessity for students to acquire
professional skills, such as learning to deal with complexity, collaboration in teams and
across disciplinary boundaries [1]. Often these SDG topics are addressed in inter,
trans or cross-disciplinary settings, meaning an integration of disciplinary knowledge
(inter) or even lay-men knowledge (trans) is used to realise a solution [5]. The
challenges adapt authentic contexts as a potential learning environment beyond
formal academic education [2]. Exploit temporal available wisdom and power of
diverse communities in vital coalitions of stakeholders [3] and add to different
knowledge systems [4].

In this paper, we have focused on exploring the pedagogies of integration used in
interdisciplinary or transdisciplinary approaches in challenge-based education. A key
feature of interdisciplinary education, while engaging with challenges, is the integration
of different disciplinary knowledge fields, which are used to solve societal challenges
[4][5]. Arguably, interdisciplinary education is positioned by some as the next step to
a post-disciplinary stage of Education [6] requiring a synthesising mind [7]. Arguably,
students with a robust understanding between different disciplinary conceptualisations
of vital themes, are likely to enhance integration, to help develop more coherent
conceptual frameworks and increase productivity in the problem-solving process [8].
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Yet integration alone, as one means to this robust understanding is unravelled in
numerous different ways. It needs to be realised through boundary-crossing [10],
overcoming epistemological differences by clarifying the purpose of the outcome. It
needs to be realised through disciplinary grounding, leveraging integration and taking
a critical stance [11] or overcoming power differences [12]. Others discuss the
integration in terms of education, such as the need for teamwork [13] or problem-
based education [14] [6]. Therefore, the teaching of integration as an inter or -
transdisciplinary competence can be difficult to operationalise in educational design
[9] [12]. We noted very few authors, have come up with a description of the tacit
knowledge available to Lecturers in Higher Education to tackle and address integration
as a part of interdisciplinary competences to be acquired in challenge-based learning.
It is an educational design challenge to be explored.

Tacit knowledge is knowledge acquired through practice and exercise in the
performance of some tasks [16]. The idea is that the externalisation of tacit
knowledge may provide insights into a range of integration beliefs and practices that
may help theory formation of "Pedagogies of Integration" for teachers. The main
research question in this paper is therefore: What can we learn from the tacit
knowledge of lecturers on “pedagogies of integration” in interdisciplinary
learning contexts?

2. METHODOLOGY

In this qualitative study, we interviewed 18 lecturers at our Technical University
responsible for a minor or master course comprising interdisciplinary education. To
find these lecturers, we consulted the course guide to identify which courses have
been indicated as being interdisciplinary. The interview protocol has been based on
the literature literature review model of van den Beemt [17], addressing the vision,
education and support structures. The semi structured interviews have been
transcribed and coded descriptively resulting in 11 emerging and principal codes,
namely: vision, working methods, assessment, skills and knowledge, interdisciplinary
problems, level of integration, objectives, involvement, reflection and evaluation. This
paper focuses on the code level of integration. The code integration has been
accorded to 220 excerpts across the 18 transcriptions by three coders. Interrater
reliability (IRR) is used to establish if the information is collected in a consistent
manner and show the identification of the 1st level coding is more than mere chance.
The inter-rater reliability (IRR) was calculated, and is 0.71 showing a substantial
degree of agreement among several raters, with a Fleiss ‘ Kappa (K).

Second level coding consisted of axial coding to get to grips with the data set and
uncover the general patterns discerned and their interrelationships. This coding is
done by using the headers in table 1 (results section) as a theme. Theme 1 is the
phase of the action taken, while realising the educational design, such as
programme design, and a refinement in the next column. Theme 2 is the mediating
activities or the proposed intervention, and theme 3 is the outcomes or the
anticipated integration of some sort if discussed. The themes and patterns will be
discussed in the results section.
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The interviews show that when we talk about the "Pedagogy of Integration", each
lecturer thinks of different moments in the design or performance phase of an
interdisciplinary course—varying from programme design, instructional design at the
course level to content methods, evaluation and integration methods (column 1).
Column 2 is a refinement focused on what the function is of the tacit knowledge in the
design of education. These results emerged from the tacit knowledge of education
from the interviewee’s and was influenced by their background knowledge in different
disciplinary fields. The table below is a summary of the 2" level axial coding of the

interviews. Below table 1 the rows will be further explained.

Table 1. Pedagogies of Integration

DESIGN PHASE MEDIATING VARIABLES

OUTCOMES
(ANTICIPATED OR
EXPECTED OR
EXPERIENCED)

PROGRAMME Structure Support courses /mini
DESIGN (3.1) resources lecture series/micro-
lectures

3- pillared approach
Cascading minor
Retrospective design
Disciplinary Pre-study
INSTRUCTIONAL | Boundary Interdisciplinary topic
DESIGN (3.2) conditions (different disciplines)
Mixed groups (disciplines,
nationality, culture, gender)
Entry profile of students
Real life Cases

Higher order knowledge
Team-based
teaching/facilitation
Homologation
CONTENT Content Integrated design method
METHODS (3.3) methods Systems Engineering
EVALUATION Assessment Integrated final report
(3.4) /essay/diary writing

INTEGRATION Working Awareness activity
METHODS(3.5) methods House of the Future
Cartographic Drawing
Scoping

Tohoku (Charette)
Making a wiki
Reflection

Integration of materials
by students

Stimulating I