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SEFI - European Society for Engineering Education

SEFI is the largest network of higher engineering education institutions
and engineering stakeholders in Europe. As an international NGO, it was
officially created in 1973 and therefore celebrates its 45th anniversary this
year. SEFI contributes to the development and improvement of higher
engineering education in Europe, reinforces the position of the
engineering professionals in society, promotes information about higher
engineering education and improves communication between teachers,
researchers and students, reinforces the university-business cooperation
and encourages the European dimension in higher engineering
education. SEFI is an international Forum composed of higher
engineering education institutions, academic staff and teachers, students,
related associations and companies from 49 countries. Our activities:
Annual Conferences, Ad hoc seminars/workshops organized by our
working groups, councils and ad hoc committees, organization of the
European Engineering Deans Conventions, Scientific publications
(including the European Journal of Engineering Education), European
cooperation projects, position papers, cooperation with other major
European associations and international bodies such as the European
Commission, the UNESCO, the Council of Europe or the OECD. SEFI
also participated in the creation of several organizations such as ENAEE,
IFEES, EuroPace, IACEE, IIDEA, and of the European Engineering
Deans Council. SEFI is based in Brussels. For further information
please visit our website www.sefi.be or contact office @sefi.be
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Welcome to the 46th SEFI annual conference in Copenhagen 17 - 21
September 2018

"Creativity, Innovation and Entrepreneurship for Engineering Education
Excellence"

Creativity, innovation and entrepreneurship must obviously be part of any engineering
educational program. These three items are pillars of the engineering identity. However, we argue
that they are more than just pillars, they also present the perfect context for excellent engineering
education. Creativity, innovation and entrepreneurship offer a perfect pedagogical framework and
an authentic envelope to teach all aspects of engineering with a holistic systems approach.

It follows the philosophy:

“You do not have to be an engineer to become one - but to become an engineer, you have to be like
one.”

Engineering programmes and courses where students work with real life challenges create a strong
environment for learning. Students acquire the core disciplinary knowledge through heavy scientific
and technical subjects as well as methods of synthesis. This knowledge is integrated with the
learning of personal, interpersonal, professional and innovative skills. Students face problem solving,
critical thinking, team work, management, collaboration and communication skills.

This is why creativity, innovation and entrepreneurship are not just parts of engineering
education - they are the powerful means to engineering education excellence in itself.
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We will be exploring this theme through keynote sessions and our conference tracks.

FYEFEE SUSTAINABLE
£ H - DEVELOPMENT

#“J-
o

At SEFI we are very much aware of the responsibility of engineering education in connection with
the global challenges that are facing the world. Thus, we recognize the UN 2030 Agenda for
Sustainable Development and support the UN Sustainability Development Goals. SEFI sees
creativity, innovation and entrepreneurship for engineering education excellence as part of
the right strategy to cross the finishing line in just 12 years from now.

The SEFI and Technlcal UnlverS|ty of Denmark (DTU) invite everyone to join the SEFI Annual
Conference in wonderful Copenhagen. The conference takes place at the DTU Campus in Lyngby
just north of Copenhagen. We have mowed the lawn, fed the gold fish and there is a spot in the sun
for everybody.

Looking forward to spending some valuable time together with you in September!

Yours sincerely,

Prof. Mike Murphy Prof. Martin Etchells Vigild
SEFI President SEFI Immediate past President,
Dublin Institute of Technology 2018 SEFI Conference Chairman
Dublin, Ireland Technical University of Denmark

Lyngby, Denmark
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General Tracks

Continuing Engineering Education and Lifelong Learning
Curriculum Development

Discipline-specific Teaching and Learning
Educational and Organizational Development
Engineering Skills

Ethics in Engineering Education

Gender and Diversity in Engineering Education
Open and Online Engineering Education
Quality Assurance and Accreditation
Recruitment and Retention

The teacher as a supervisor

Conference Thematic Tracks

Fostering entrepreneurship

How Learning Spaces support innovative Teaching and
Learning

Innovation as the context for Engineering Education
Innovative Teaching and Learning Methods

Philosophy and Purpose of Engineering Education
Sustainable Development Goals in Engineering Education
Teaching Creativity and Innovation

University-Business cooperation
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Ruth Graham

Higher Education Consultant

A Mechanical Engineer by training, Dr Ruth Graham specialized in aeronautical
fatigue, working with BAE SYSTEMS for a number of years. In 2002 she moved to
Imperial College London and later became Director of the EnVision project, which
sought to transform the undergraduate education across all nine departments in the
Faculty of Engineering and improve its culture of support and reward for teaching
excellence.

Ruth has worked as an independent higher education consultant since 2008. Her work
is focused on fostering change in higher education across the world; helping to
improve engineering teaching and learning worldwide and supporting the emergence
of technology-driven entrepreneurship within universities. Ruth’s recent projects have
included: (i) a global benchmarking study on the future of engineering education, on
behalf of MIT; and (ii) the development of a new framework for evaluating and
rewarding university teaching achievement, sponsored by the Royal Academy of
Engineering, which is currently being adopted at universities across the world. Further
details can be found on Ruth’s website (http://www.rhgraham.org/ ), which provides
an outline of recent projects as well as copies of her published reports.

Multiple keynote session:
Interactive Community Dialogue on: "The Shapes of Innovation”

Session Chairs: Ruth Graham, Martin Vigild

Creativity, innovation and entrepreneurship can take many different shapes in
engineering education, and together are a major driver for far-reaching educational
reform. This session will explore how creativity, innovation and entrepreneurship are
shaping engineering education excellence.
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Opening the session, Dr. Ruth Graham will discuss how some of the world’s most
exciting new engineering programmes have embedded creativity, innovation and
entrepreneurship across and beyond their curricula.

She will then introduce five perspectives on this process of transformational change.
Each of these invited guests represents a different ‘agent of change’ in engineering
education; namely national government, university leadership, programme leadership
and students:

» Marcela Angulo Gonzalez, Head of Technological Capabilities Division at
CORFO, the Chilean Economic Development and Innovation Agency: Marcela is
leading a government-funded programme of curricula reform in Chilean engineering
schools, designed to nurture a new generation of technology-based innovators and
entrepreneurs.

» Pey Kin-Leong, Associate Provost Education, Singapore University of
Technology and Design (SUTD): Kin Leong has overseen and guided the
development and delivery of a new student-centred engineering curriculum at SUTD
that emphasises hands-on exploration, innovation and entrepreneurship.

* John Mitchell, Associate Vice Dean Education, UCL Engineering: John has led
a root-and-branch reform to the curriculum across the school of engineering at UCL
that allows students to apply their engineering learning through intensive, authentic
and cross-disciplinary industrial and societal challenges.

» Anne Sofie Larsen, master student, DTU: As an engineering student at both
Aalborg University and DTU,Anne Sofie has engaged in a wide range of appointments,
internships, courses and experiences — from within and beyond the curriculum — that
have focused on the development of entrepreneurship and innovation capabilities.

» Eva Smeets, masters student, TU Delft: Eva was the team leader of the Eco-
Runner team at TU Delft — a highly innovative and creative team that is entirely
student-run — and is also a student representative on the TU Delft's Board of Studies.

The missing voice on the panel is the voice of the educator, the teaching professor,
who sits in the audience, the SEFI community of colleagues united by the common
task of educating young engineers for a professional life to the benefit of the individual
and society. The interactive session is designed to draw out a lively and insightful
dialogue between the audience of engineering educators and the invited guests.
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Marcela Angulo Gonzalez

Head of Technological Capabilities Division at CORFO, the Chilean Economic
Development and Innovation Agency

Marcela Angulo is a Civil Engineer and Doctor in Environmental Sciences from
University of Concepcion, Chile. She has 20 years of professional experience in
technology transfer and innovation in public and private organizations.

She is currently Head of the Technological Capabilities Division at CORFO,
responsible for designing and implementing programs aimed to strength technological
capabilities for innovation and competitiveness in key strategic sectors, as well as
enhancing technology development and commercialization skills in the local
innovation ecosystem. The Division is supporting programmes for 20 R&D+i Centers,
more than 30 university-industry Consortia, 30 Technology Transfer Offices and 3 tech
transfer collaborative Hubs.

Marcela is currently leading the Engineering 2030 initiative, a government-funded
programme of curricula reform in Chilean engineering schools, designed to nurture a
new generation of technology-based innovators and entrepreneurs. The programme
includes 13 universities, impacting around 75% of the civil engineering students at
national level.
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Pey Kin-Leong

Associate Provost Education, Singapore University of Technology and Design
(SUTD)

Kin-Leong Pey is currently the Associate Provost (Education, SUTD Academy and
Digital Learning) and a Professor at the Singapore University of Technology and
Design (SUTD). Kin-Leong was appointed by the Singapore Ministry of Education to
take up the current position in setting up SUTD in January 2010. He was previously
the Head of the Microelectronics Division, Director of the Nanyang NanoFabrication
Center and Director of the Microelectronic Centre in the School of EEE at the Nanyang
Technological University. A senior member of IEEE and an IEEE Electron Devices
Society Distinguished Lecturer, Kin-Leong was the General Chair of IPFA2001,
Singapore and the co-General Chair of IPFA2004, Taiwan. Kin Leong is a Fellow of
the ASEAN Academy of Engineering & Technology. He is an Editor of IEEE
Transactions on Devices and Materials Reliability. Kin-Leong has published more than
175 international refereed publications, 185 technical papers at international meetings
or conferences and 3 book chapters, and holds 38 US patents. Kin-Leong has
supervised 32 PhD and more than 15 Master theses.
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John Mitchell

Associate Vice-Dean Education, UCL Engineering

Professor John Mitchell is Vice-Dean, Education in the Faculty of Engineering
Sciences at UCL, Professor of Communications Systems Engineering and Co-director
of the Centre for Engineering Education (CEE). He recently led a major undergraduate
curriculum development programme across the UCL Faculty of Engineering Sciences.
The revised programmes, called the Integrated Engineering Programme (IEP)
launched in September 2014 and introduced a connected curriculum emphasising
practical, research-based activities in all programmes with an integrated development
of key skills. The programme has introduced a common framework across all
departments and developed a set of core modules, which are being delivered to over
650 first year students. He has published on curriculum development within
engineering education. Professor Mitchell is a Chartered Engineer, Fellow of the IET,
a Senior Member of the IEEE, Fellow of the Higher Education Academy and Board
Member of SEFI.
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Anne Sofie Larsen

Master student, DTU

Anne Sofie is a student at DTU. She completed her bachelor's degree at Aalborg
University in Copenhagen (AAU CPH) in 2017 and subsequently began her Master’s
degree at DTU, studying Design & Innovation. Anne Sofie specialises in different focus
areas such as sustainability, humanitarian aid and entrepreneurship. Her focus on
entrepreneurship comes from different perspectives in her student life; curricular
courses/earning credits through courses at DTU, extra-curricular activities such as
SDG Student Ambassadors Copenhagen, being a Climate-KIC Master Label student
and working as a student assistant at Open Entrepreneurship.

A highlight in Anne Sofie’s Master programme was taking part of the curricular course,
Hardtech Entrepreneurship; a 10 ECTS point course, that works as an incubator,
focusing on creating a spin-out from an existing invention or patent with focus on the
business plan through learning about prototyping, product development, market
analysis, pitching, finances and more. This course got her team in the Venture Cup
Copenhagen finals and earned her a trip to UC Berkeley for the Berkeley Method of
Entrepreneurship bootcamp as part of the courses’ top 10 techpreneurs.
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Eva Smeets

Masters student, TU Delft

Eva is from Belgium, where she completed her pre-university education and moved to
The Netherlands in 2012 for a Bachelor degree at TU Delft. She is a full-time member
of the Eco-Runner team for which she was the team manager in the academic year
2015-2016. She started her Master degree in 2016 and she enrolled in the Master
track "Aerospace Structures and Materials". She has been a student representative
on the TU Delft's Board of Studies of the faculty of Aerospace Engineering, which
oversees the evaluation of specific master courses and organizes activities for
students and teachers.

The Eco-Runner Team is a highly innovative and creative team that is entirely student-
run. The team consists of around 30 students, of which 5 are full-time members. It is
one of the 12 "dream teams" based at TU Delft. The goal is to build a highly efficient
hydrogen car to participate in the Shell Eco-Marathon, a European race with around
200 other universities and high school teams. Eva’s team realized a mileage of 671
km/m3 hydrogen, which corresponds to about 2000 km/I gasoline. The car is the one
with the lowest aerodynamic drag in the world.
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Stephanie Farrell

Professor and Founding Chair of Experiential Engineering Education at Rowan
University (USA) and the 2018-19 President of the American Society for
Engineering Education

Dr. Farrell has been recognized nationally and internationally for contributions to
engineering education through her work in experiential learning and promoting
diversity and inclusion. Stephanie was the 2014-2015 Fulbright Scholar in
Engineering Education at Dublin Institute of Technology (Ireland). She was awarded
Honoris Causa in Engineering Education from the Internationale Gesellschaft fur
Inginieurpadagogik (IGIP). She has been honored by the American Society of
Engineering Education (ASEE) with several teaching awards such as the National
Outstanding Teaching Medal and the Quinn Award for experiential learning. Her
research interests include inductive teaching methods and the development of spatial
visualization skills.

Keynote talk:
"Revolutionizing Engineering Diversity"

The engineering profession today is practiced in a world where society and technology
are changing faster than ever - where population growth, limited natural resources and
global warming create enormous challenges, and technological breakthroughs
present an abundance of opportunities. To solve these 21st century technological
challenges, society will rely upon today's undergraduate engineering and computer
science programs and their ability to prepare communities of students with
professional skills. In 2015, the U.S. National Science Foundation (NSF) launched a
new program called REvolutionizing engineering and computer science Departments
(RED). Over three years, NSF granted 19 RED awards totaling $38 million to
departments across the U.S. in a variety of engineering disciplines as well as computer
science. The goal of these projects is to effect cultural and organizational change to
address a wide array of enduring challenges in engineering education; these projects
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are changing the landscape of engineering education in the U.S.
This talk will examine Revolutionizing Engineering Diversity, an exciting RED project
at Rowan University which will redefine and expand our traditional conceptions of
diversity. It aims to increase participation of all underrepresented and underserved
groups in engineering such as LGBTQ+ students, students with disabilities, and low
income / first generation to college students.
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Charlotte Mark

Managing Director at Microsoft Development Center Copenhagen

Charlotte Mark is the Managing Director at Microsoft Development Center
Copenhagen, focusing on the development of (Dynamics 365) Business Applications
for the global market. Charlotte joined Microsoft in 2004 following a career with
Accenture leading significant transformation projects in Danish and International
companies. She earned her Cand. phil. in Human Centered Informatics from Aalborg
University in 1990. Charlotte holds several trusted positions focusing on how we can
increase the STEM talent pool to position Denmark in the global competition, including
Engineer the Future, TEKTANKEN, DI Research & Education and DI Global Talent.

Keynote talk:

"How can we build the right competencies for the future when 65% of today’s
students will have jobs that don’t even exist yet?

The potential of IT is tremendous. Technologies like the Cloud, Al, VR and Quantum
open a completely new world of business opportunities. Companies that were
traditionally defined as banking, transportation, retail, etc. now define themselves as
IT companies. IT is in everything. Moreover, the demand for STEM capabilities is
enormous and continually increasing. In fact, more and more companies are struggling
so much to find the right ICT specialists that the European Commission predicts the
gap between demand and supply to be 500.000 in Europe by 2020. However, how do
we build the right competencies when 65% of today's students will have jobs that do
not exist yet?
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Andre” RogaczewskKi

CEO, Netcompany

Iy

.-

André Rogaczewski founded Netcompany back in 2000. Today, 18 years later, he is
leading one of the most successful international IT companies in the Nordics with more
than 1,700 passionate IT talents and offices in 5 countries. With his technical
background, a master's degree in computer science from Aalborg University and a
true vision for Denmark'’s digital future, he has led the company through tremendous
growth and built a delivery model that no one in the IT industry has ever matched.
André is a strong advocate for digitization and digital competencies and has several
influential positions, among these chairman of DI Digital and member of the
Government’s Disruption Council where he influences the agenda for the benefit of
society's growth. André feels strongly for Denmark's digital foundation, and in
particular IT talents, whom he calls the heroes of our future.

Keynote talk:

"How do we build successful companies and sustainable societies driven by the
right talent?"

The world is currently in the middle of one of the most significant changes as digital
transformation is fundamentally changing societies, businesses and the way we live
our lives. Until now Denmark has been particularly successful in driving the digital
agenda. Recently Denmark was ranked number 1 country for digital public services by
United Nations for e-Government Survey 2018.

But we know that retaining this frontrunner position requires talent and skills. The
journey ahead is definitely a people agenda.

We have much to gain as a country from the digital transformation. If we want to create
the right conditions for Danish business, utilizing the newest technologies we need to
educate, attract and maintain the right talent. We must balance the need for specific
competencies in the industry with those that our educational institutions foster.
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At Netcompany we have our own way of attracting, educating and maintaining talent.

This keynote will focus on: how do we build successful companies and
sustainable societies driven by the right talent?
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DEEP OR SURFACE APPROACHES TO STUDYING, WHICH IS APPLIED?
COMPARING STUDY SKILLS OF FIRST YEAR ENGINEERING STUDENTS

C. Oude Alink !
Educational Advisor
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Enschede, the Netherlands
E-mail: c.oudealink@utwente.nl
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1 INTRODUCTION

Most engineers love the disciplinary content of their work, and have no problem
throwing themselves into it. The technical content is and will always be very important
for engineers, but the industry nowadays asks for engineers with both technical and soft
skills [1] [2]. One of the soft skills is learning how to acquire new information. In case of
students; learning how to study, or put differently learning how to learn. By gaining this
specific soft skill, it can contribute to learning the technical knowledge engineering
students need.

Soft skills education is not popular amongst engineering students, and keeping them
engaged is not an easy job [3]. So how can engineering students learn these skills? To
answer this question it is important to have a closer look at learning; learning is a
process that occurs within students. Learning involves change in knowledge, beliefs,
behaviour or attitude, which occurs as a result of experience and increases the potential
for improved performance and future learning’ [4]. How people think about learning, has
an influence on their willingness to make those changes and improvements. Dweck [5]
showed that students’ conceptions on the ability of developing their own qualities and
abilities, influence how these will develop. She makes a distinction between two
different types of mindsets, a growth and a fixed mindset.

A growth mindset is needed to increase the learning motivation. Students with a fixed
mindset belief that intelligence is static, as students with a growth mindset belief that
intelligence can be developed. Briefly and black and white stated; students with a fixed
mindset avoid challenges, give up easily, see effort as fruitless, ignore useful negative
feedback and feel threatened by the success of others. As a result, they may plateau
early and achieve less than their full potential. This confirms a deterministic view of the
world. Students with a growth mindset embrace challenges, persist in the face of
setbacks, see effort as the path to mastery, learn from criticism and find lessons and
inspiration in the successes of others. As a result, they reach higher goals of
achievement. All this gives them an increased feeling of free will.

At the University of Twente (UT) lecturers of the engineering programmes noticed that
skills education was usually evaluated below average and students often did not see
the necessity of skills education. The study choice questionnaires filled out by high
school students (results 2016) show that the self-assessment of the students relating
their study skills prior to starting their study is quite positive. 51% of the students are
placed in the category ‘low risk’ based on their answers.

The same questionnaires show that, despite having a ‘low risk’ on failure overall, the
majority of the students’ scores on study skills are not sufficient. This is affirmed by the
lecturers who notice that many of the students lack the skill to properly plan their time to
study or applying strategies that actually improve their knowledge. As a respond to
these observations, a project was set-up to improve the skills education of engineering
students, with an initial focus on bachelor students of Civil Engineering.

The engineering programmes of UT would like to see their students to start their studies
by taking responsibility for their own learning and working actively on their studies.
Which is also one of the underlying principles of the Educational Model [6]. For the
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majority of the students this only starts later on in the bachelor programme. The
engineering programmes would like to see their students starting to work more
effectively and motivated earlier in their studies to prevent delay and drop out.

To be able to properly improve skills education, it is important to get a clear overview of
the current state. Are the observations of the teachers correct? Therefore the following
research questions are assessed: what do engineering students think about learning?
Which study approaches do they apply and how do they prefer to be taught? And how
does this differ between the different study programmes?

2 METHODOLOGY
2.1 SETTING

The current research is aimed at first year engineering students of the Bachelor
programmes of Civil Engineering, Mechanical Engineering and Industrial Design. The
data was collected at the end of several lectures during the end of the second and third
guartile of the year, to receive the largest amount of responds. Afterwards a link to the
guestionnaire was spread using the digital learning environment the students use for
their study programmes. Prior to filling in the questionnaire the students received a
short explanation about the research, and were encouraged to answer the questions
truthfully and not socially desirable.

2.2 INSTRUMENTS

The students filled out a questionnaire regarding their mindset, study approach and
preferred teaching approach. This questionnaire was a combination of two validated
guestionnaires.

To identify the students’ mindset a questionnaire based on the theory Dweck [5] has
been used. In this section 16 multiple choice questions are asked about views on
intelligence and talent, a Likert scale of 6 points was used.

To be able to measure different study approaches and preferred teaching style, the
guestionnaire the ASSIST [7] is used. This questionnaire was first designed by Marton
and Saljo [8] and later on adapted by Tait, Entwistle and McCune [9]. The part of the
guestionnaire containing the ASSIST questions consists of 60 (multiple choice)
guestions, of which 52 questions cover the study approaches and 8 questions the
preferred teaching style. A Likert scale of 5 points was used.

2.3 STATISTICAL ANALYSIS

In analysing the data, the following correlations and comparison are investigated:
- Is there a correlation between mindset and applied study approach?
- Is there a correlation between applied study approach and preferred teaching
style?
- What are the differences and similarities between students from the different
programmes?
The results of the analyses are presented in Section 3.

33



46th SEFI Conference 17-21 September 2018 Research Papers

The current identification of the different study approaches of this group of students
supports lecturers when making their education more adaptive, and to determine the
resources they offer to these students [10].

3 RESULTS

In total 419 first year engineering students filled out the questionnaire, 40 responses
were excluded from the results due to not answering all the questions of the
guestionnaire. The number of responses, percentages and distribution over the three
different bachelor programmes can be found in Table 1. On a population size of 600
a sample size of minimum 316 (52,7%) is needed to have a margin of error of 0.5
when handling categorical data [11]. The total population size was 622 students,
table 1 shows that this minimum percentages has been met.

Number of students... who filled in the Percentage of responds
questionnaire of the total population

Total complete responses N =378 60,7%

Responses from Civil Engineering students n=111 64,9%

Responses from Industrial Design students n==63 31,3%

Responses from Mechanical Engineering n =204 81,6%

students

Table 1. Overview of the number of respondents

In the following subsections, results are presented. Results are called statistically
significant when the p-value (significance level) is smaller than 0.05. Note that average
scores plus minus the standard error (as one time the standard deviation of the sample
average) and a t-test to indicate whether average scores are significantly different are
presented.

3.1 MINDSET

The first part of the questionnaire is dedicated to measure the mindsets of the
students. Figures 1 and 2 show the distribution over the different mindset categories
and the difference between the bachelor programmes. As can be seen in Figure 1,
most students are in category 3 of the mindsets, which means they have a growth
mindset with a couple of fixed ideas.

200 100,0%
150 80,0%
60,0%
100
40,0%
>0 20,0%
0 0,0%
1 2 3 4 5 6 7 8 0 20 40 60 80 100
Growth Fixed Civil Engineering Industrial Design Mechanical Engineering
Figure 1. Absolute numbers of students per Figure 2. Cummalive distribution of the mindset
mindset category, from growth (1) to fixed (8). scores for the three bachelor programmes.

34



46th SEFI Conference 17-21 September 2018 Research Papers

Figure 2 shows a cumulative distribution of the mindset scores of the three bachelor
programmes. There is no significant difference between the bachelor programmes, the
spread of the results from the Industrial Design students is smaller, but this could be
due to a smaller sample group, and is not significant according to the KS2 test. When
comparing the distribution of the mindset scores and the learning approaches applied
by the students, no significant correlation was found. This indicates that there is no
relation between the mindset students have about learning and intelligence and the
study approaches they apply during their studies.

3.2 LEARNING APPROACHES AND PREFERENCE IN TEACHING

The next results present the study approaches and the preferred styles in which
students are taught. When comparing the three different approaches, on average the
surface approach is applied most and the deep approach is applied least (see Table
2). When looking at preferred teaching styles, on average the students prefer deep
teaching over surface teaching (see Table 3). The maximum score a student could get
for the approach and preference is 20.

Table 2. Average scores per applied approach Table 3. Average score per preferred teaching style
Deep Strategic Surface Preference for deep | Preference for surface
approach approach approach teaching style teaching style

10,1 10,6 12,7 10,6 8,7

As can be expected a correlation can be found between these two elements. Table 4
shows the correlation between the learning approaches and preferred teaching styles.

Table 4. Correlations between applied study approaches and preferred teaching styles

Preferred deep teaching style | Preferred surface teaching style
Deep approach 0,43 -0,10
Surface approach -0,16 0,14

Students who apply deep study strategies prefer to be taught by a lecturer incorporation
deep teaching activities. For students who apply a surface learning approach the
opposite is shown. Although all correlation coefficients are statistically significant (albeit
barely for deep approach vs. surface teaching), correlation coefficients are rather weak,
which is slightly surprising. For the strategic approach, no significant correlations were
found with the preferred teaching styles.

3.3 DIFFERENCES BETWEEN THE BACHELOR PROGRAMMES

When comparing the three bachelor programmes, differences can be found in relation
to the study approaches applied by the students. Figure 3, shows the cumulative
distribution of the scores for the study approaches (top) and teaching styles (bottom).
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Deep approach Strategic approach Surface approach
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Preference for surface teaching styles Preference for deep teaching styles
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60,0%
40,0%
20,0%
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0 10 20 0 10 20
Civil Engineering Imdustrial Design Mechanical Engineering

Figure 3. The cumulative distributions of the applied deep, strategic and surface approach and their
preference in teaching style.

For the study approaches there are some clear differences between bachelor
programmes. The upper left panel of Figure 3 shows that Mechanical Engineering
students apply most deep study approaches (average scores of 10.25+0.14 versus
9.78+0.18 and 9.91+0.29 for Civil Engineering and Industrial Design students
respectively). The difference with Civil Engineering students is significant. The upper
centre panel shows that Civil Engineering students stand out. They apply on average
significantly less strategic study approaches (average score of 10.01+0.20) than
Industrial Design students (11.09+0.30) and Mechanical Engineering students
(10.80£0.17). Finally, the upper right panel shows that Industrial Design students
apply on average less surface study approaches (12.19+0.29) than Mechanical
Engineering (12.75+£0.15) and Civil Engineering students (12.97+£0.19). Note that the
difference with Civil Engineering is significant. For the teaching styles, differences
between bachelor programmes are less distinct. Civil engineering students prefer
slightly more surface and slightly less deep teaching styles compared to other
students. This is not unexpected given the results for the learning approaches.
However, differences with other students are not statistically significant. In fact, for the
teaching styles, we found no statistically significant differences between the bachelor
programmes.
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4 DISCUSSION & CONCLUSION

The results of this study show that the study approach that the student apply most is the
surface approach, which indicates that the students do not fully comprehend the skill to
study for deep learning or see the necessity of applying deep learning strategies. This is
in line with the observations made by the lecturers. Of the three different bachelor
programmes, the Civil Engineering students apply the surface study approach most
often.

There is a silver lining, because overall the students do express that they have a
preference in deep teaching styles. This could indicate that the students don’t know or
are not aware of the effect of their study approaches. This is strengthened when looking
at the mindset of the students, most students have a growth mindset with a couple of
fixed ideas. This indicates that the students do believe that putting in effort will have a
positive effect on their learning, the engineering students do know that studying equals
hard work.

Although the correlations are not that strong, they are the correlations that were
expected. Especially the correlations between the deep and surface study approaches
and there corresponding preferences in teaching styles. Which was a surprise is that no
correlations were found between the mindset of the students and their study approach.
This could also be a result of students not knowing what the effect is of the study
strategies they apply or not knowing which activities are part of which strategy. For
example that student think underlining text in their books is a proper way to study
structural mechanics.

The results of the two questionnaires have not been compared to the study results of
the individual students. Nor a comparison of genders has been made. Both analysis
would be interesting to do in further research.

It would also be interesting to do further research to see whether making students more
aware of their study strategies and mindset, and teaching them strategies that support
deep learning will support them in adapting a more deep study approaches. Currently
interventions to execute this are implemented in the bachelor programme of Civil
Engineering.
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INTRODUCTION

Transition from secondary school to higher education is an issue worldwide [1]. For
students, part of the struggle in staying in higher education is to adapt their study skills
from those that were effective in a highly supported secondary school environment to
the more autonomous environment of higher education. As an example, students
integrating an engineering curriculum need to adopt a methodological approach
allowing them to solve problems previously unseen, where the solution method needs
to be created by the student [2]. Actually, in order to make this transition from
secondary school to engineering education, students will not only need to develop
their learning strategies but more importantly their capacity for self-regulated learning.

Self-regulated learning is defined as involving self-generated thoughts, feelings, and
actions that are systematically guided by personal goals [3]. Actions, for example,
include planning, monitoring and evaluating, behaviours that students display when
they study. Students who, when solving a mathematical problem, start by analysing
the problem and making a plan are demonstrating self-regulated learning behaviours.
Students who, when revising, clarify what they need to learn and then chose revision
techniques which are directed towards these learning goals are also demonstrating
self-regulated learning behaviours. Alongside these behaviours self-regulated learning
also involves a particular pattern of thinking in which the learner will mentally monitor
their own progress on learning and adapt their strategies as appropriate [4].

Students can be helped to develop self-regulated learning and training for self-
regulated learning has been in place for many years. Panadero, Klug and Jéarvela have
recently argued that one interesting area for development is the use of measurement
tools for self-regulated learning as intervention tools [5]. Thought of in this way, the
process of reflecting on one’s self-regulated learning, through undertaking a task such
as a learning diary or a self-report questionnaire can trigger students to adapt their
practices. This has already have some positive results, see Schmitz and Perels [6].

In order to help engineering students develop their self-regulated learning skills, we
aimed to develop a self-report questionnaire which could be used as a feedback and
intervention tool with students. The questionnaire was developed based on three
evidence-informed learning strategies. In collaboration with a physics teacher in a
secondary school, the questionnaires have been administered to a large cohort of
science and engineering students in both higher education and secondary school
settings, and was tested for factorial validity and reliability. The results of this
guestionnaire development process are reported on in this paper.

1 RELATED WORK

When reaching higher education, students have succeeded thanks to their study
habits until this point. However, many do not realise they need to adapt those habits
to this new context (until they eventually fail, after one or even two semesters).
Therefore, helping students to make the transition from secondary to higher education
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requires first to make them think about how they learn. The questionnaire and
associated feedback is designed so that students have to review and reflect on their
study habits. By developing their metacognitive abilities, this questionnaire aims at
making students become progressively self-regulated learners [7]. As a number of
meta-analyses have shown that teaching self-regulated learning has an positive
impact on student attainment [8], this, in it-self, can help students succeed.

A study habit that students need to adapt when integrating an engineering college is
revisions. A survey of around 600 students at the Ecole Polytechnique Fédérale de
Lausanne (EPFL) has shown that the two techniques they use most frequently are
a) re-read their course notes and b) re-do exercises. Strikingly, Dunlosky et al. have
shown that re-reading is among the revision techniques frequently used by students
which are ineffective [9]. Therefore, the questionnaire presented in this paper aims at
making students aware of the revision techniques they use simply by force of habit
and making them conscious that there exist more effective revision techniques.

We have selected three categories of revision techniques shown to have a reasonable
impact on achievement across disciplines and assessment formats, without requiring
specific training: elaboration, organization and retrieval. In elaboration techniques,
learners identify the connections among pieces of information and actively relate new
knowledge to prior knowledge. Concept mapping is one of these [10]. In organization
techniques, learners select and structure important points in the material to study.
Summarization is an example of an organization technique (whose effectiveness
typically varies depending on the quality of the produced summaries [11]). In a more
recent study [12], Karpicke and Blunt have shown that the third category of revision
techniques called “retrieval practice” gives remarkable results and even outperforms
concept mapping for instance. In retrieval practice, students reconstruct knowledge by
trying to recall information (using cues or not) instead of trying to re-memorize it.

To be able to provide students with instant and individual feedback on the revision
techniques they use, we chose to implement a self-reporting questionnaire. Despite
relying on students to accurately report their own work, self-reporting questionnaires
such as the Motivated Strategies for Learning Questionnaire (MSLQ) [4] have shown
good reliability and validity with reasonable correlations with attainment. Simple to
implement and to use in autonomy by students, self-reporting questionnaires help
promote self-regulated learning. In the following, we present the structure of the
guestionnaire and report how it was administered to students.

2 METHODOLOGY
2.1 Questionnaire

The questionnaire consists of eleven items where students rate to which extent an
affirmative statement corresponds to their study habits on a seven-point Likert scale.
The items form three subscales corresponding to the three categories of revision
techniques presented earlier: A-Relate information, B-Organise information and C-
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Practice recall. Four items are borrowed from the MSLQ. We had to design the other
items as retrieval practice was not covered by the MSLQ and the questions also had
to match the study context of our students. Examples of questions are: for subscale A
“I try to see how exercises relate to real life applications.” (Q3), for subscale B “When
| study for this course, | write short summaries with the most important points.” (Q4)
and for subscale C “I try to test myself to see if | can remember the key ideas of the
course.” (Q8). The questionnaire has been kept short on purpose, since its first and
foremost goal is to be a quick feedback tool for students.

2.2 Data collection

A paper based data collection phase has been organized in the middle of the spring
semester? in four classes of first year engineering bachelor (hereafter called BA1, N =
346), with students from seven science and engineering departments. In addition, a
group of students who had failed their autumn semester and were attending a reboot
semester during the spring were also included in the study (BA1-Reboot, N = 31).

In parallel, the questionnaire has been administered to four different classes of
secondary students in the context of a physics course given by the same teacher.
Three classes are from the lower senior cycle in fundamental sciences (SEC-Low, N
= 80). One class is from the upper senior cycle (SEC-Up, N = 21) with a specialization
in physics and applied maths. The students taking this specialization are typically
intending to undertake studies in engineering, science or medicine.

3 RESULTS
3.1 Reliability and validity

We carried out a Principal Component Analysis, which indicated that the emergent
factor structure matched the three proposed subscales. However, some questions had
low reliability scores affecting the reliability of the scale. After the exclusion of two
guestions, Cronbach’s alpha for the different subscales ranges from .62 (subscale A-
Relate information) to .69 (subscale B-Organise information). As a result, the
guestionnaire counts nine questions (three questions per subscale). Cortina and
Schmitt both identify that the alpha is associated with the number of test items and so
a scale with a small number of test items may well have an alpha lower than the
typically cited cut off of .7 [13, 14]. Such scales can be reported, however with the
caveat that reliability is questionable. In line with practice in other tests, we propose
that it is acceptable to use these scales for reflection purposes but that they would
need further development to be accepted as a reliable measure. The following
sections present the quantitative results obtained with the questionnaire.

3.2 Overall scores

The mean score over the questionnaire, all groups included, is M = 4.30, SD = .925
on a scale of seven. Table 1 and Fig. 1 report the detail of the overall score for the

2 The data collection has been managed by a group of master students as part of their project in a course on
learning sciences during the spring semester.
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different groups. It is interesting to notice that the score obtained by students attending
the reboot semester is the lowest of all groups. In particular, it is lower than that of the
students attending the standard engineering curriculum even if the difference is not
significant, t (375) = -1.76, p = .08. This may indicate that these students, who have
failed their autumn semester, are less likely to use effective revision techniques.

7 - o
Group N M | SD 6 "'
- 5
SEC-Low 80 | 439 ]| .914 N y
SEC-Up | 21 | 444 | 701 4 X
3
BAl 346 | 4.30 | .929 - _|_
2 o
BA1-Reboot | 31 | 3.99 | .999 1 0
Total 478 | 4.30 | .925 0
SEC-Low  SEC-Up BA1 BA1l-Reboot
Table 1. Overall score per group Fig. 1. Score distribution per group

3.3 Relate information (subscale A)

Fig. 2 presents the mean score per subscale for the different groups. On subscale A-
Relate information, engineering students score significantly lower than secondary
students, t (476) = -3.09, p < .01. More specifically, BA1 students score significantly
lower than SEC-Up students, t (365) = -2.19, p = .03. A possible reason for such a
difference is that the physics teacher in the secondary classes coaches his students
on the use of the different resources he makes available for his class [15]. Therefore,
these students might have specifically developed their ability at relating information
from different sources compared to other secondary students.

7 7

SEC-Low (N=30) A-Relate information (M = 4.65)
M SEC-Up (N=21) B B-Organise information (M = 3.81)
6 BA1 (N=346) 6 B C-Practice recall (M = 4.44)

M BAl-Reboot (N=31)
5

I I I I |
A-Relate B-Organise C-Practice 1 |

information information recall Qi Q2 Q3 Q4 Q5 Q6 Q7 Qs Qg

'S

w
w

%]
o]

Fig. 2. Mean score per subscale and per group Fig. 3. Mean score per question

As Fig. 3. illustrates, question 3 stands out as having a particularly low mean score in
subscale A, and again bachelor students score significantly lower than secondary
students on this question, t (474) = -3.77, p < .001. Interestingly, this question
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assesses whether students try to identify how exercises relate to real life applications.
An important factor here might lie in the nature of the core courses in the propaedeutic
year of the bachelor of engineering. Transversal to all departments and generally given
by professors from the School of Basic Sciences, these courses are designed to
introduce the formalisms necessary in the following years. Aiming at developing
students’ abstraction, some of these courses include few examples of applications.
Students would then have to work them out by themselves.

3.4 Organise information (subscale B)

The mean score on subscale B-Organise information (M = 3.81, SD = 1.44) is the
lowest of all three subscales, and the difference is significant when comparing with
subscales A and C. The particularly low mean scores on questions 5 and 6 (see Fig.
3) are interesting to consider. While question 4 assesses whether students write
summaries of the course content, question 5 tests whether they outline the content of
course resources and question 6 tests whether they use some kind of schematics to
represent how information is organised. This could tend to indicate that while
summarizing is a frequently used technique for students, they seem not to use more
elaborated techniques to organise information.

Among bachelor students, the BA1-Reboot students score significantly lower than the
BA1 group, t (375) =-1.96, p = .05. The context does not provide information to explain
this result. It is possible that these students (who have failed their first semester), have
a weak ability to organise information and that this might be a factor in their failure.

3.5 Practice recall (subscale C)

We found the mean score on subscale C-Practice recall (M = 4.44, SD = 1.25) to be
higher than expected given the preference of students on rereading over other revision
techniques. Secondary students from the upper cycle obtain the best score on this
subscale (M = 4.79, SD = 1.38), although the difference with the other groups is not
significant. Bachelor students in reboot semester score again lowest.

One possible hypothesis to explain the relatively high score on this subscale, in
particular in the case of the engineering students, is that students practice a lot redoing
exercises and consider it as a recall activity. A question is whether they maximise their
practice of recall in that context. Because two of the questions are framed using the
term “I try to (recall / test myself) ...”, it is not possible to evaluate how long students
persist in recalling information before checking their notes or looking up information.
Data collected on campus shows, for instance, that when the solution of an exercise
is available, many students look at the solution right away when they have a difficulty
during the resolution (actually, a non-negligible proportion of students even tends to
look at the solution before trying to solve the exercise).

4 DISCUSSION

Our goal is to help engineering students to develop self-regulated learning skills by
developing a self-report reflection tool. The data suggests that we have made progress
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towards developing such a tool. The results obtained by the secondary and bachelor
groups, albeit on a non-random sample, show similar tendencies on lowest and
highest subscales and items as well as clear differences between populations.

Of course, as for all self-reporting questionnaires, the conclusions have to be taken
carefully as students’ response might not accurately reflect their actual practices. On
one hand, self-report measures are widely used and show good reliability and validity,
but on the other hand, we know that students have difficulties assessing their own
learning practices. However, this is not a major concern since the purpose here is to
develop a tool for self-reflection, not to objectively measure learning practices.

One limitation regarding this study is that the secondary students are all from the same
secondary school and have the same physics teacher. Our hypothesis was that first
year engineering students use the study skills they have developed in high school but
the results of our study tend to show a difference. It is well possible that these
secondary students are not representative of secondary students in Switzerland, in
particular because of the specific instructional methods of their physics teacher.

5 CONCLUSIONS AND PERSPECTIVES

We have developed a self-report questionnaire to help engineering students to
develop self-regulated learning skills, specifically in the area of regulation of study
(revision techniques). The results of the test phase presented in this paper show that
the tool has factorial validity and is moving towards reliability. We conclude that it is
suitable for self-reflection, while not yet a reliable measure. Further development is
necessary, in particular the design of additional questions in subscales to enhance the
overall reliability. In a preliminary phase, we have used this tool in different self-
regulated learning interventions with personalized feedback for both secondary
students and engineering students. A MOOC with videos, quizzes and reflective
activities has been put in place to provide students with evidence-based support for
the different study skills. We are currently developing a web-based “learning
companion” integrating different self-regulated learning questionnaires with the MOOC
resources.
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Software engineering is an activity quite depending of team work nowadays. In the last
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contexts, team work can be affected when team members (students) are not contributing
equally. In other contexts, team member contributions have been found correlated with the
cohesion of teams, the last one being a good predictor of performance. Although some
researches have studied the performance of student teams, they mostly have been focused
on measures related with outcomes rather than behaviors. This work presents a study on the
relations between these variables, with a sample of 95 Cuban software engineering students
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proposal grounded on the Input Mediators Outcomes Input (IMOI) model. The aim of this
approach is to improve team cohesion which leads to better team performance behaviors. In
this approach self and peer assessment of team member contribution is considered in order
to avoid the free-ride problem. This paper describes the way in which students’ contribution is
related to cohesion and performance behaviors in order to better understand the relationships
between these variables in regard to the adoption of this approach.
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INTRODUCTION

In modern software development teamwork is a critical success factor. Developers have to
work together performing independent task to produce quality products in a continuous
changing technological environment. During this process they have to adapt in an agile way
for reaching the team’s goals, experimenting complex relationships while interacting under
project restrictions of time, budget, and others. Thus, to prepare software engineers to
effectively perform on teams is an important matter nowadays.

Some studies in economics reveal that peers stop cooperating when they believe they are
being exploited by a free-rider [1]. A free-rider is an individual with a conscious decision to
withhold effort when the ability to contribute is present. Similarly, in academic contexts
students express a dislike for team work because of increased pressure when team members
are not performing equally [2]. Some authors state that free-riding is one of the most important
cause of student dissatisfaction within team work [3], [4]. Balance on team member
contributions is critical in software teams with members who have expertise in different areas
(core development, GUI development, system architecture, testing, etc.) [5].

Team member contributions have been found correlated with the cohesion of teams [6]. The
last one has being found strongly correlated with performance when this is measured as
behaviors [7]. These three variables were included in our Stick-Together approach, a proposal
grounded on the Input Mediators Outcomes Input (IMOI) model [8], [9]. Several studies were
conducted to observe if this proposal leads to improve team cohesion pursuing the aim of
obtaining better team performance behaviors [10][11]. In Stick-Together approach self and
peer assessment of team member contributions are considered in order to avoid the free-ride
problem. In this paper we focus on describing the way in which students’ contribution was
related to the cohesion and performance behaviors during the series of experiments
conducted.

The remainder of this paper is structured as follows: Section 1 describes the context of the
study, the method of intervention and the variables. Section 2 refers to the results observed.
Section 3 discusses some limitations of the study and Section 4 concludes the paper.

1 METHODOLOGY

Ninety five software engineering students from the University of Holguin participated in the
study. It was conducted over five study cases during one year till February 2018. They were
performing in twenty two teams of 3-6 members, all using agile methodologies to develop
software.

The main objective in this series of experiments was to observe if the Stick-Together approach
was effective to make teams more cohesive leading to improve team performance behaviors.
Fig. 1 shows an overview of this approach, which consists of three phases, and is conducted
over periods of ten to twelve weeks.
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Fig. 1. Our Stick-Together approach

Team member contributions were evaluated on five areas, according to low, medium and high
levels of team performance behaviors, by means of the questionnaire proposed by [6]. This
instrument uses a behaviorally anchored rating scale to measure team member contributions
in five areas. The areas include 1. contributing to the team's work, 2. interacting with team
mates, 3. keeping the team on track, 4. expecting quality and 5. having relevant Knowledge,
Skills, and Abilities (KSAS).

Team performance is seen as behaviors related to the tasks and team learning. Team
performance is usually measured with indicators for effectiveness and efficiency. However, [1]
differentiated between performance behaviors and performance outcomes. Team
performance behaviors are actions relevant to achieving goals, whereas outcomes are the
consequences or results of performance behaviors. In this study we assume the criteria of [12]
who define team learning as the “activities carried out by team members through which a
team obtains and processes data that allow it to adapt and improve". Performance on task is
assessed following the criteria of the same author as the degree in which the team satisfies
client needs and expectations. Team performance behaviors as a variable is then studied in
these two aspects: “Team Performance Behaviors on Task" and “Team Learning”.

Team cohesion is thought of in two very different ways, as proposed by [13]: the social
attachment within the team and the team’s connection to the project itself (calling these social
“S* and task “T"); and at two levels of granularity: at the individual level and for the team as a
whole (calling these Individual Attractions to the Group (ATG) and Group Integration (Gl)).
The combination of these two dimensions and two levels result in measuring four aspects of
team cohesion:

e GI-T: The team's attachment to the task
e GI-S: The team's social connection

e ATG-T: Individual attachment to the task
e ATG-S: Individual connection to the team

It is beyond the scope of this study to examine the effectiveness of the Stick-Together
application. Some works have previously discussed that matter [10], [11]. In this paper we
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focus on the way in which students’ contribution is related to cohesion and performance
behaviors before and after the application of the Stick-Together approach. In particular, we
examine the following research questions:

RQ1: Are team member contributions correlated with team performance behaviors on task?
RQ2: Are team member contributions correlated with team learning?
RQ3: Are team member contributions correlated with team cohesion?

2 FINDINGS

The analysis of the research data was performed with the SPSS 20.0 software package.
Shapiro-Wilk test confirmed non-normal distribution for all variables. All the tables in this
section show the Spearman correlation coefficient and p-values. For each analysis are shown
the values before (marked in tables with sub-indices 1) and after (marked in tables with sub-
indices 2) the application of the Stick-Together approach.

The coefficients of the significant correlations (99% confidence) are marked with “**| i.e. they
have a significance level of 0.01, meaning that the error probability is less than 1%. The
coefficients of correlation confirming positive relationships between the factors at a confidence
level of 95% are marked with ', that is, they have a significance level of 0.05, and the error
probability is <5%.

A first analysis did not indicate any correlation between team member contribution and
performance behaviors before the application of Stick-Together. However, it was found that
team member contribution positively correlates with the final team learning (r=0,358**,
p=0,000). A specific analysis for each area is presented in Table 1. It shows the values for
each area of team member contribution and team performance behaviors, this last variable
presented as team performance behaviors on task (TPBT) and team learning (TL).

Table 1. Correlation between team member contributions and team performance

behaviors
Team Member Contributions’ areas TPBT: TPBT, TL, TL2
Contributing to the team’s work r 0,105 0,079 0,072 0,021

p 0312 0.445 0,485 0,837

r 0,058 0,113 0,015 0,015
Interacting with teammates

p 0,579 0,275 0,887 0,884

r -0,057 0,008 -0,004 0,014
Keeping the team on track

p 0,585 0,937 0,971 0,894

Expecting quality r -0,192 0,222* -0,189 0,559**

p 0,063 0,031 0,067 0,000
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Having relevant Knowledge, Skills, and r -0,076 0,238* -0,139 0,247*
Abilities (KSAS)

p 0,462 0,020 0,180 0,016

*p <0.05.
**p < 0.01.

As can be seen in the table above, not any team member contributions’ area was correlated
with performance behaviors before the application of Stick-Together. Nevertheless after that,
Expecting quality and Having relevant Knowledge, Skills, and Abilities (KSAs) were found
correlated with team performance behaviours on task (r=0,222*, p=0,031 for Expecting quality;
r=0,238*, p=0,020 for KSAs) and team learning (r=0,559**, p=0,000 for Expecting quality;
r=0,247*, p=0,016 for KSASs).

A first analysis concerning cohesion indicated correlation between this variable and
performance behaviors in both moments, before (r=-0,459**, p=0,000) and after (r=-0,218%,
p=0,034) the application of Stick-Together. Table 2 shows the values for the analysis of each
area of team member contribution and cohesion. Before the application of Stick-Together none
relationships were found. However after the application, a positive correlation was found
between cohesion and the areas Expecting quality and Having relevant Knowledge, Skills,
and Abilities (KSASs).

Table 2. Correlation between team member contributions and cohesion

Team Member Contributions’ areas Cohesion; [Cohesion,

Contributing to the team’s work r 0,116 0,017

p 0,264 0,868

r 0,092 0,034
Interacting with teammates

p 0,378 0,740

r 0,028 0,022
Keeping the team on track

p 0,786 0,831

Expecting quality r 0,002 0,676**

p 0,986 0,000

Having relevant Knowledge, Skills, and Abilities (KSAS) r 0,010 0,288**

p 0,925 0,005

*p <0.05.
**p < 0.01.
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A second analysis over cohesion and team member contributions is shown in Table 3 . Here
are displayed the values for each area of team member contribution and each of the four
cohesion’s aspects.

Table 3. Correlation between team member contributions’ areas and cohesion’s
aspects for both dimensions

Cohesion’s aspects
Team Member P

Contributions’ areas GI-T; |GI-T. [GI-S; |GI-S; |ATG-T: ATG-T, ATG-S; ATG-S;

r 0087 0128 0010 0027 (0152 |, 0089 0,162

P 0403 0216 (092400799 0141 |5, [.393 .18

r 0,047 0,153 |0,003 0,000 (0,097 0,093 (0,091 (0,165

Contributing to the
team’s work

Interacting with
teammates

p (0,650 0,138 0,978 1,000 10,350 [0,372 [0,378 [0,110

. r 0,025 0,172 0,030 0,140 (0,067 (0,172 (0,077 (0,013
Keeping the team

on track

p 10813 0,096 0,774 0,177 (0,521 1[0,096 [0,461 |0,900

r -0,150 |0,220* |-0,160 0,429** 0,126 [0,412** 0,146 |0,504**
Expecting quality

p [0,147 0,032 0,122 0,000 (0,225 [0,000 [0,158 |0,000

Having  relevant r -0,068 (0,015 f0,149 0,106 0,049 0,139 1[0,108 |0,374**

Knowledge, Skills,

and Abilies p 0,514 10,885 0150 | . 0,641 ) . 0,299 10,000
(KSASs)

*p < 0.05.
**p < 0.01.

The values in Table 3 show no correlations before the application of Stick-Together. However
after the application, Expecting quality was correlated with all the aspects of cohesion
(r=0,220*, p=0,032 for GI-T; r=0,429**, p=0,000 for GI-S; r=0,412**, p=0,000 for ATG-T;
r=0,504** p=0,000 for ATG-S). The area Having relevant Knowledge, Skills, and Abilities
(KSAs) was also found correlated with Individual connection to the team (r=0,374**, p=0,000).

3 LIMITATIONS

The validity of the results presented here is limited by the fact that it uses a questionnaire-
based approach and peer evaluation research. Students were asked to assess their own
behaviors and their teammates’, and that might go against the reality as some students could
rate themselves with the highest scores or mark others with unfair criteria. However, in order
to avoid this, they were informed that this assessment would not influence their grades. On
the other hand, the correlations found might also be explained by other variables involved in
the Stick-Together approach, such as the level of conflicts, task characteristics or personality
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traits [14]. In addition, characteristics of the context such as students differences with regard
to computers and other resources required for the development of their projects, limitation of
information sources, among others factors, could affect the way in which they contribute and
perceive the others’ work.

4 CONCLUSIONS

This work presented a study on the correlational relationships exhibited by software
engineering student teams between team member contributions and the cohesion and
performance behaviors during a series of experiments along one year. The findings show that
Expecting quality and Having relevant knowledge, skills, and abilities (KSAs), are important
areas of team member contribution for cohesion and performance behaviors of software
engineering students teams. Contrary to the results found by [6], our findings didn’t confirm
the importance of Contributing to the team’s work, Interacting with teammates and Keeping
the team on track for cohesion. However, some correlations between areas could explain
undirected effects on team cohesion and performance behaviors. For instance, Having
relevant knowledge, skills, and abilities (KSAs) was found correlated with Contributing to the
team’s work (r=0,319**, p=0,002), Interacting with teammates(r=0,351**, p=0,000) and
Expecting quality (r=0,213*, p=0,038). This finding is consistent with the reports by the same
authors in the study aforementioned. They explain that team members with strong relevant
knowledge, skills, and abilities are more likely to contribute highly to the team’s work than
students who lack the necessary skills to contribute. In the same way it has been stated that
team members who are highly skilled in areas related to the team’s work also display better
social skills and contribute more to team discussions [15]. Thus, while Expecting quality and
Having relevant knowledge, skills, and abilities (KSAs) would be the most important areas in
our study, we shouldn’t ignore surfacing effects of Contributing to the team’s work and
Interacting with teammates areas. Moreover, comparing the results before and after the
application of Stick-Together, it seems that this approach has an influence on the students’
expectations about team'’s success and production of high-quality work, besides the role of
knowledge, skills and abilities required for getting excellent results. Thus, further studies will
explore other involved variables and their influences enabling a better clarification.
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INTRODUCTION

Learning has been long studied through different disciplines, such as neuroscience,
cognitive psychology, brain science, and education; all these fields, however, often operate
in silos, using different research methods and following different professional practices.
Therefore, learning is not frequently reviewed through a holistic lens, and findings can
remain available within narrower academic communities instead of being shared broadly.
Although the Engineering Education (ENE) field is cross disciplinary by nature, so far it
appears that its scholars approach the learning aspect mainly by adopting the culture,
practices and methods developed by the education community; however, ENE rarely
appears to get informed by developments in other learning-related fields [1]. Many authors
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have argued that it is the “siloed nature of many engineering schools and universities that
inhibits collaboration and cross-disciplinary learning” [2]. The pilot study discussed in this
paper suggests new research approaches on learning, while at the same time bridging the
gap between the disciplines of education, brain science, and beyond.

1 TRANSFORMING LEARNING THROUGH RESEARCH APPLIED PRACTICES
1.1 The Learning Across Scales Project

As technology and research regarding learning advance faster than ever, “there is a
pressing need in higher education for deeper integration of research across the fields that
impact learning” [3]. MIT has taken actions to address this need, including the founding of
the MIT Integrated Learning Initiative (MITili) in 2016 [4] “through rigorous and
interdisciplinary research on the fundamental mechanisms of learning and how we can
improve it” [4]. A founding principle of MITili is that it, “draws from fields as wide ranging as
cognitive psychology, neuroscience, economics, health, design, engineering, architecture
and discipline-based education research (DBER)” [4].

The Learning Across Scales (LxS) Project was initiated in February 2016 to assess the level
of integration across the silos of research. The goal was to:

e Explore the cross-disciplinary landscape of learning at different scales [Neuron,
Brain, Classroom, MOOCs, Global Education].

e Map the existing learning related research approaches and identify unexplored areas
that will allow for cross-disciplinary research opportunities.

¢ Create interdisciplinary pathways, such as a cross-disciplinary research repository,
to inform new MIT educational & research initiatives.

¢ Bridge the gap between traditional education and the brain sciences.
¢ Highlight actionable implementations for the real world.

2 RESEARCH STUDY

In the summer of 2016, the first pilot study within the LxS project was designed and
implemented. The scope of this pilot study was to provide an initial understanding of the
most commonly researched topics within the communities of education and brain science, to
explore potential common research ground, and to use both infographics and a website to
communicate the results.

2.1 Data Collection

Data collection for this study involved recording and examining “call(s) for papers” of
conferences and journals representing numerous subfields of education as well as brain
science. A maximum of 5 conferences and/or 5 journals were first identified for each of the
following subfields: mathematics education, physics education, engineering education,
biology education, history education, music education, computer science education; 7
conferences and journals were identified which had the generic term of “education” in the
title; 11 conferences and journals were identified under the field of “brain and cognition”; and
3 additional conferences and journals were identified and included under the term
“neuroscience.” A different data set was collected for the fields of e-learning and MOOCs
due to the very special nature of the latter, that calls for a distinct pedagogical approach. The
conferences and journals were identified through a Google search via relevant terms such
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as [subject name] education conference call for papers, or [subject area] education journal
call for papers. Experts in every field were also contacted within MIT in order to contribute
towards identifying the most appropriate conferences and journals. To further establish
validity, in this first pilot study, only conferences organized by universities or entities formally
related to education were included. For every conference or journal included in the data set,
the research topics identified under the “call for papers” section were further catalogued.

2.2 Data Analysis

Mixed methods were used during data analysis. As a first step, the data was split into 2
groups, namely data from the fields of education and data from brain science. Due to the
particular nature of the subfield, a separate group emerged out of the education data that
included data related to e-learning with MOOCs. A general inductive open coding qualitative
method [5] was used to identify thematic research categories. Table 1 presents a sample of
3 conferences on engineering education and includes identified research topics along with
highlighting the color-coding scheme that was first applied.

Table 1. Color-coded data sample representing research topics identified by 3
conferences in the field of engineering education

Conferences SEFI ASEE IEDEC
Research Engineering Education Student Projects and
Topics Research Internships

Learning Environments,
Technology and eLearning/e-
Assessment

Design in Engineering
Education

Gender in Engineering
Education

Engineering and Public
Policy

Distance Learning and
Distance Teaching

Curriculum Development

Educational Research
and Methods

Innovation and Creativity in

Engineering Design

The Importance of

. Women in Engineerin
Internships E E

Continuing Professional

Development Social Media in Engineering

Education

The two researchers then met with an expert who had separately analyzed a sample of the
data. The thematic categories were further discussed and redefined until the whole group
came to a consensus with regards to the definitions. At the end, as presented in Table 2, 16
thematic categories were defined, and the whole data set was again analyzed according to
the new definitions. Research topics that did not fit in any of the thematic categories were
not included in this pilot study but will be incorporated at a future point.
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Table 2. The 16 thematic categories that emerged from the data analysis

Research Thematic
Category

Definition Used

Technology

Research regarding how technology can be used to enhance the
learning experience.

Sociocultural Issues

Research regarding sociocultural issues (of, or relating to, to a
combination of social cultural elements such as socioeconomic status,
race, religion, age, etc.).

Gender Research regarding how gender affects education.

Innovations Research regarding innovations that develop within/for the delivery or
creation of content and curriculum in the classroom.

Ethics Research regarding ethical considerations in education (both regarding

the practice and the content to be taught).

Student Psychology

Research regarding student psychology factors, such as mativation,
that influence students while they are learning and ultimately affect
retention and understanding.

Assessment of
Learning

Research regarding how teachers or a MOOCs platform test whether
someone has learned their material.

Assessment of
Teaching

Research regarding how a teacher can be assessed for the way he/she
maintains a classroom and teaches.

Assessment &
Accreditation of
Programs

Research regarding program assessment or accreditation.

Teacher Development

Research topics related to how teachers get further educated with
regards to development of new content, or new delivery and
assessment methods.

Collaborative Learning

Research regarding collaborative learning.

Curriculum Design

Research regarding curriculum design.

Business
Opportunities

Research topics related to business models, partnerships, and
opportunities for funding that emerge within education, especially
through e-learning.

Connections with
Industry/Job Market

Research regarding how education connects to the real world, and how
education translates to the job market or further employment.

Policy

Research regarding principles and government policy-making in the
educational sphere, as well as the collection of laws and rules that
govern the operation of education systems.

How Learning Works

Research regarding how the brain processes the information received
to form learning.

Research Papers
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3 FINDINGS AND INTEPRETATIONS
3.1 Interactive Maps

As the point of this pilot study was to identify potential research ground of common interest
between different fields studying learning, an info-graphic was selected as a medium to
communicate the results. The first set of maps independently present the research in the
field of brain science, education, and MOOCs in relation to the 16 thematic categories. The
second set presents comparative interactive maps across the Learning fields. As a sample
of our findings, Fig 1 and Fig 2 illustrate the interactive graphs created for the field of
education. In these Figures, blue represents conferences and journals on STEM education,
pink represents Music and Language education, green represents Online Education in class,
while red represents all remaining conferences and journals. The 16 gray circles represent
the 16 research thematic categories identified.

%08 Db 0n

Fig 1. Interactive map presenting all data gathered for the field of education.

(D Return to the tull network
Information Pane

Technology

. Con

GeneralEdu
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LT
.

®Q aQ Q

Fig 2. Interactive graph highlighting conferences and journals that include the research
theme of technology
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When examining the common ground among fields, Fig 3 and Fig 4 present the comparative
interactive graphs between the fields of brain science, education, and MOOCSs. In the
following figures, yellow represents conferences and journals from the field of brain science,
green represents conferences and journals from the field of education, and orange
represents conferences and journals on MOOCs. The 16 gray circles represent the 16

research thematic categories identified.

Fig 3. Comparative interactive map representing all conferences and journals
gathered for the fields of brain science, education, and MOOCs

\a Return ta the full network
Information Pane

Technology

Connections:
BrainvsGeneralvsMOOC Al
This 5 a graph of the Brain vs General va
MOOC Set Green represents the Generad
groug, Fink represents the MOOC group,
ellow represents the Brain group. Topics of
conferences and jourmals are smaller nodes
And surround larger anes of the SAME group.
The larger And surrounded nodes are the
conterencas And joumals thamsekes, Gray
e d0r th thsmes.

i More abaut this visualisation
Legend:

® Topics

. Links

) St Descrpson

Search:

Search by name b

Fig 4. Interactive comparative graph highlighting all conferences and journals within

the 3 fields that include the research theme of technology
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3.2 The Common Ground

In this first pilot study a total of 217 different research topics were identified in the field of
brain science, a total of 652 topics were identified in the field of education, and 53 were
specifically identified as research topics in MOOCs.

Examining research that appears to be more prominent within the STEM education
community, as shown in Fig 5., Technology, and Teacher Training appear to be the most
popular themes followed by Curriculum and Assessment of Learning.

However, while taking a more holistic comparative view across the Brain Science, Education
and MOOC:s fields, as shown in Fig 6., research themes of common interest appear to be
slightly different. Considering that the scope of this project is to identify and highlight
possible research themes that can serve as a starting ground for collaboration across the
different fields that study learning, the topics of Technology, Assessment of Learning, Policy,
Sociocultural Issues, Student Psychology, Teacher Training and Collaborative Learning
appear to be of interest to all fields. Taking a closer look at the overlap, Technology, Teacher
Training and Assessment of Learning appears to be the common ground between the Brain
Science, the STEM Education and the MOOCs communities.

Fig 5. Popular research themes within the STEM Education Community.

BU%

40%

® Brain Science MOOCs Education

Fig 6. Research themes of common interest across the brain science, education, and
MOOCS fields.
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4 FUTURE WORK

As this is a pilot study with a limited set of data collected for each field, a study including a
more comprehensive data collection is required. Furthermore future work of the research
group includes development a digital platform that will automatize the process of data
collection and analysis, as well as provide a richer set of visuals.
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INTRODUCTION

Spatial reasoning research has a long history in various fields including engineering,
design, geology, chemistry, dentistry and medicine. Spatial reasoning refers to being
able to mentally represent and manipulate visual-spatial information. Spatial reasoning
involves several subskills — visualization, spatial relation, mental rotation, and mental
cutting [1]. Mental cutting enables someone to imagine the interior of an object; mental
rotation enables one to envision how an object appears in different positions (views);
spatial relation enables one to understand how objects relate to each other in space.
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Even though similar processes are involved in each of the subskills, researchers
encourage looking at each of them separately [2].

Spatial reasoning ability has been linked to success in STEM disciplines, specifically
in relation to mathematics conceptualization, design thinking, graphical representation
and problem solving. There is a vast amount of research regarding individual and
gender differences in spatial ability. For the last decade, spatial visualization training
has been offered to freshman engineering students, as many incoming engineering
students need development and enhancement of spatial reasoning. Difficulty
recognizing cross sections of three-dimensional structures can place individuals with
low spatial ability at a learning disadvantage in engineering, and particularly
engineering design.

In the current study we designed an intervention with the aim to improve participants’
mental cutting subskills as the ability to recognize and mentally manipulate the cross-
sectional structure of materials and mechanisms is a fundamental skill in engineering
[3]. In this experimental study, we investigated the efficacy of a brief training protocol
which used interactive animation and virtual objects to train low spatial ability
participants to recognize the two-dimensional shapes of primitive three-dimensional
geometric solids. We also investigated transfer of learning from the trained geometric
figures to novel stimuli. One goal of this study was to replicate the results of a previous
experiment with a different population (engineering students vs. liberal arts students).

1 RELATED WORK
1.1 Spatial ability training

Several meta-analysis studies suggest that spatial reasoning can be develop and
enhanced through training [4, 5]. Various contributors in engineering graphics research
have used numerous approaches to develop spatial visualization skills [6]. Scholars
claim that even short instruction can substitute for 3 years of untutored development
in spatial visualization [7]. One of the major initiatives in spatial skills, led by Sorby and
Wysocki, was the development and implementation of a structured training program,
situated within the first-year engineering curricula, for undergraduate engineering
students with identified low spatial skills [8]. Regardless of all the efforts done in this
area, educators are still looking for best practices for developing spatial reasoning skills
and for instructional methods and educational tools that lead to performance gain and
transfer.

1.2 Physical and virtual objects

Studies have shown that manipulation of physical objects can improve performance
gains and transfer in the context of spatial visualization training [9, 10]. The Enhancing
Visualization Skills-Improving Options and Success (EnVISION) project was
introduced in 2007 to test and enhance the spatial visualization skills of incoming
engineering students. The ENVISION curriculum incorporates booklet exercise
materials in a traditional classroom environment and its approach was initially used by
seven U. S. universities, including our institution. The EnVISION course is targeted to
students who have been identified as needing remedial instruction in spatial
visualization. Materials developed for the project include a student workbook, software
and teacher’s resource guide, quizzes and lecture materials (power point slides). Snap
blocks, physical cubes that can be snapped together, were used to create models of
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the objects students are asked to sketch. Foam hexagonal prisms with longitudinal
hole (pool noodles), cut along several different axes, were also used at our institution
as a class aid to help students see how an object’s features may appear elongated,
shortened, or unaltered on the section created by the cutting plane.

In addition to physical objects, scholars have been using virtual models to effectively
represent three-dimensional structures in spatial reasoning training [11]. The software
developed for the EnVISION program incorporated virtual geometric objects that could
be rotated and sliced, and was shown to be successful in training spatial visualization
in a semester-long course.

1.3 Animation as a tool for spatial training

Animation, in which an object is presented in a series of static images each slightly
changed from the previous, can be used to depict spatial transformation. The dynamic
nature of animation correlates well with the dynamic cognitive processes found by
cognitive scientists to occur in visuospatial working memory when one envisions a
spatial transformation. However the speed of the animation can make it challenging
to isolate individual images in ways that allow one to incorporate the result in their long
term memory and thus learning. Providing opportunity for the learner to control the
speed and direction of the animation through an interactive interface may help. The
ability to pause an animation within an interactive interface also provides for the
opportunity to have the learner perform a complementary learning activity, such as
drawing.

2 METHODOLOGY

This work is collaborative, bridging cognitive psychology, engineering education and
engineering design graphics. We are motivated by evidence of the malleability of
spatial thinking and by a need to develop new methods to train spatial thinking skills.
In this study, we utilized an intervention that we previously developed and tested with
science students, to develop mental cutting (or cross-sectional) skills of first-year
engineering students with low spatial skills. The stimuli in our experiment are derived
from simple geometric solids (cone, cube, cylinder, prism and pyramid), which are
among the most elementary recognizable three-dimensional forms. We hypothesized
that effective training for this task would permit participants to recognize and visualize
the shapes of two-dimensional cross sections of geometric solids.

2.1 Training protocol using virtual models and interactive animation

In this proof-of-concept study the intervention used interactive animation, integrated
with drawing and feedback, to train first-year engineering students to identify the two-
dimensional cross sections of three-dimensional objects. The participants in the study
were first shown a simple geometric figure and a cutting plane to be used to slice the
object and were asked to draw the resulting cross section. Next, participants checked
the accuracy of their drawings by advancing an interactive cutting plane through a
virtual three-dimensional solid that represented the object shown in the drawing trial.
As the participant advanced the cutting plane, the correct cross-sectional shape of the
drawing trial was revealed and the participant copied the correct shape adjacent to
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their drawing. We hypothesized that visual feedback provided by observing the correct
cross-sectional shape would improve performance. We predicted that participants who
received the intervention would significantly outperform a control group on visualizing
cross section for the test figures they viewed during training. We also hypothesized
that this result would transfer to new figures they had not trained on.

Participants were assigned to an experimental (N=18) and a control (N=18) group. In
the experimental group, participants spent approximately 10-15 minutes with minimal
feedback from an experimenter interacting with the virtual objects. Participants in the
control group spent the same amount of time playing Tetris.

All participants had completed a cross-section solid test — The Santa Barbara Solid
Test (SBST) and some demographics questions before the manipulation. After
completing the training or playing Tetris, students from both groups completed the
same cross-section solid test and a new Crystallographic Forms Test (the Crystal)
cross-section test.

Table 1. Training Condition

Experimental condition Control condition
4 interactive animations Access to Tetris game
Train two versions of object consecutively (online game)

(e.g., ortho cone, followed by oblique cone)
This game aims to create order out of

Obiject 1: orthogonal cone chaos and to provide intellectual sport
Obiject 2: oblique cone with mental stimulation. The game
Obiject 3: orthogonal cube requires players to strategically rotate,
Obiject 4: oblique cube move, and drop a procession of

Tetriminos that fall into the rectangular
matrix at increasing speeds.

4 drawing trials
(color images of Objects 1-4, printed on 8 x

11 paper)
Sharp pencils with erasers Sharp pencils with erasers
Drawing Packets Tetris game competition score

sheet

Participants: Participants were 36 undergraduate engineering students (M=14; F=22)
who met a criterion for low spatial ability (rotation test score of 18 or less) and who
were enrolled in an introduction to spatial visualization course at a large public
university. Participants were assigned to an intervention group (7 males and 11
females) and a control group (7 males and 11 females). A Mann-Whitney U test
showed no significant difference between the mean pre-test scores of the intervention
(M = .35, SD =.12) and the control (M=.38, SD =.17) group.

Performance and transfer measures: The SBST [12] was used for both the pre- and
post-training performance assessment. This test involves identifying the resulting
cross-section when a solid object is cut with a cutting plane. The object in each test
question is created from four fundamental objects (cone, cube, cylinder, prism and
pyramid), where the object could be fundamental object itself; a compound object
involving two of the fundamental shapes positioned relative to each other but
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intersecting only at a surface; or an embedded object in which one of the objects is
totally embedded within the other. In each test question the object is intersected by a
cutting plane. For half of the questions the cutting plane is orthogonal to the object’s
primary axis (either horizontal or vertical); for the other half the cutting plane is oblique,
positioned at a non-orthogonal angle to the primary axis of the object. Each question
presents four possible resulting cross-sections from which to choose. As reported by
the test developer, “Cronbach's Alpha computed across all items is .91 and for the
major subscales of the test is: simple figures, a=.79; joined figures, a=.80; embedded
figures, a=.73; orthogonal figures, a=.84; and oblique figures, a=. 85" [12]. An example
of the SBST is given in Figure 1.

Fig. 1. An example of Santa Barbara Solid Test (SBST)

Following treatment and completion of the post-test, study participants also completed
the Crystal Test [13], to measure the transferability of the learned cross-sectional skill
to objects different from those used in the training. The objects in the Crystal Test are
based on idealized crystalline shapes with a cutting plane. Like the SBST, the cutting
plane may be orthogonal to the primary axes of the crystal structure or oblique to the
primary axes. Figure 2 is an example of one of the 15 multiple choice questions. Each
of the objects is symmetric front to back and shading is used to indicate depth. Three
mutually perpendicular axes are shown for reference. The test has been used to
assess spatial thinking skills that are required in mineralogy, structural geology and
other geology courses.

Interactive training animation: Participants in the experimental group were asked to work
through a series of four interactive animations. In the interactive animation an image
of one of the fundamental shapes (cone, cube, cylinder, prism and pyramid) was
displayed and a cutting plane is advanced through the object. As the cutting plane
advances an image of the resulting instantaneous cross-section is displayed to the
side of the object. The speed and direction of the advancement of the cutting plane is
controlled by the participant using a computer mouse, allowing the participant to
explore the development of the two-dimensional cross-section at a self-determined
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pace. Participant were asked to sketch the expected cross-section and compare it to
the actual cross-section as they advance the cutting plane.

Answer “C" is correct because it shows the shape of intersection of the plane with this solid
shape:

Fig. 2. A sample problem from the Crystallographic Forms Test

3 RESULTS
3.1 Performance on cross-section solid test trained, similar, and new figures

The 30 SBST test questions were classified into three categories (trained, similar, and
new) for analysis of training and transfer. Four trained figures were orthogonal and
oblique sections of the cone and the cube, identical to those used in the interactive
animations. Similar figures were composed of two solids, at least one of which had
been trained during the intervention. New figures were composed of two untrained
solids.

Figure 3 shows pre-and post-test performance means and standard errors by object
and condition. Given the unequal sample sizes by sex and a non-normal distribution
of mean scores in the control condition, we used the non-parametric Mann-Whitney U
test to assess group differences across the three categories of objects. At pre-test,
there were no significant differences between the intervention and control groups for
trained figures, similar figures or new figures (all p-values >.30). In contrast,
participants who completed the animation training significantly outperformed the
control at post-test on trained figures, p<.004, and on new figures, p<.05. There were
no significant differences between the trained and control groups on similar figures.
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Fig. 3. Pre-and post-test performance means on SBST

There was a significant difference by sex in the pre-test scores of the experimental
group. Males in this group had a mean score of .17, while females had a more
reasonable score of .44. One plausible alternative explanation is that male participants
did not put real effort into taking the pre-test.

3.2 Performance on transfer objects

Four of the 15 items on the Crystals test were selected to be used to measure
transferability of the training to new objects. No significant difference in the scores
on these four problems were observed for the two groups. One plausible explanation
for the lack of significant difference can be that the objects in the four problems were
considered very easy and too intuitive.

4 SUMMARY AND ACKNOWLEDGMENTS

While replicating previous studies, this experiment demonstrates the utility of using
animation training and virtual objects in an introductory engineering class. In summary,
our study findings reveal the following: First, there was a significant effect of the
experimental condition on trained problems, with participants in the trained condition
outperforming the control group. Second, we found a significant effect of the
experimental condition on the new problems, with the trained condition again
outperforming the control. Thirdly, there were significant differences between the two
groups at pre-test, and no significant differences between groups at post-test.

While the small sample size is a recognized limitation, this proof-of-concept study
demonstrates that the use of interactive animation training may add to the development
and enhancement of spatial reasoning for students with recognized low spatial skills.
Our next steps in this area of research include replicating the study results with a larger
sample of the same population with equal numbers of male and female participants.
We will consider offering an incentive appropriate for the experiment design to address
the concern that some participants did not put serious effort into completing the pre-
test. We will also use the results of the entire Crystals Test for measuring the ability to
transfer learning from the training to new experiences.
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INTRODUCTION

It has been argued that Industry 4.0 will revolutionalise the way we live, work and
communicate with each other and engineers must develop appropriate professional
skills to meet the challenges associated with an ever-increasing, energy-consuming
population [1,2]. Much has been written in the last ten years about the need for reform
in engineering education and in particular the need to prepare graduates to work on a
global scale in diverse teams [3,4,5,6]. Engineering education research has responded
by informing innovative teaching pedagogies but there is limited research investigating
the human influence on engineering education; the academic’s perspective. This
paper presents the results of an online survey of engineering academics in Ireland
(n=273). The survey represents Phase 1 of a phenomenographic study to explore
academic conceptions of the importance of professional skills in engineering
programmes. Whilst the principal aim of the survey was to identify participants for
Phase 2 interviews, we also sought to answer the following research question;

e What factors influence an academic’s consideration of the relative importance
of specific professional skills?

The outcomes highlight aspects of an academic’s life experience which may have an
influence on their views on the importance of professional skills. In order to reform
engineering education, we must not only look at new policies and procedures, nor only
consider innovative teaching pedagogies, we must also consider how we can
encourage academics of all backgrounds to engage in educational reform. To do that
we must better understand the beliefs, perceptions and conceptions of academics
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working with students every day. The results of this survey provide an initial insight
into the perceptions held by academic staff, which will be explored further in the main
phenomenographic study.

1. BACKGROUND

Engineering has always been central to society’s progress. In the past, the work of
engineers significantly improved the quality of life of large populations through
advances in technology and new innovations by improving healthcare, housing,
nutrition, education, transport and communication. Today, engineers need skills and
competencies to work in multi-disciplinary teams, transcending international
boundaries and dealing with globally complex issues in unfamiliar surroundings.
Policymakers, economists, politicians and social scientists will also be key members
of any team which aims to provoke societal change. Engineering graduates need to
be prepared to engage with a diverse range of people and disciplines outside of the
technical domain of engineering itself.

1.1 Skills Requirements

There have been several calls for reform in engineering education, in order that
graduates are equipped with the relevant skills to meet future societal challenges
[3,4,5,6]. Engineering education researchers have informed innovative pedagogical
practices which will help develop those skills in students.

The outcomes provide a rich catalogue for engineering educators, of initiatives which
can be implemented in engineering programmes to meet this aim. There is no doubt
that the use of project driven, group-based pedagogies, community-based projects,
work placement and other student-centred approaches have a place in developing
relevant professional skills. There is also an increasing recognition of the importance
of emulating engineering practice in the classroom [5,7,8] which may suggest there is
value in employing engineering academics who have engineering practice experience,
sometimes called ‘Pracademics’.

1.2 Career Academics versus Practical Experience

The academics involved in such innovative pedagogies do not need to be convinced
about the benefits to the students of these teaching and learning methods, nor the
importance of developing professional skills in students. However, not all engineering
academics have the same interest in engineering education. Some may be less
inclined to implement innovative pedagogies in the classroom or even move away from
traditional didactic teaching where learning is predominantly seen as the accumulation
of knowledge and technical skills. Other academics may consider that the development
of professional skills is at the expense of technical knowledge, when in fact they can
be developed in synergy.

Many engineering academics value research over teaching, which is encouraged by
the research orientated promotional policies of many Institutions [5,9,10]. Pilcher et
al., [11] argues that academics who have significant practice experience can be better
placed to advise on the professional skills that engineers need in the workplace, and
are in a position to teach using real-life examples. However, recruitment policies which
require a PhD as a minimum qualification can create a barrier to those industry
practitioners considering a mid-career change [11]. Pilcher et al., [11] also attest that
it is questionable whether someone with industry experience would attain employment
ahead of what is termed the ‘career academic’ in UK universities, as a result of the
emphasis on research output metrics associated with the Research Excellence
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Framework. The Royal Academy of Engineering (RAE) foresee perhaps the inevitable
decline in industry experienced academic staff “HE appointments are often driven by
a need to improve the research profile of an institution and many academics are
recruited on their research track record. The result is that fewer lecturers in UK
universities will have significant industrial experience.” [9,10, p.21]. Glenn Miller, Dean
of Olin College, attests that many engineering academics are not trained to teach
professional skills since they were hired for technical expertise and not their
professional skills [6]. He proposes that teaching professional skills is more complex
and nuanced than teaching technical skills which can easily be defined and measured.
Whilst there are calls for the employment of more academic staff with industry
experience [11], there is little published research on the variation of conceptions of
‘career academics’ and ‘industry experienced academics’.

The reform of engineering education can only be successful when academic staff come
to understand the value of integrating professional skills within the curriculum. This
survey comprises the first step to ascertain conceptions of what professional skills are
and the value placed upon them by engineering academics.

2. SURVEY DESIGN

An online survey was circulated to all academics teaching on engineering programmes
in Ireland. A response rate of 34% was achieved and n=273 (29%) respondents
answered all questions. Whilst the main purpose of the survey was to identify interview
participants and therefore a representative sample was not required, we were unable
to determine if there was a biased response as overall population data of engineering
academics in Ireland was unavailable. The survey collected information on the
following topics; gender, age, HEI employer, engineering, other and teaching
qualifications, membership of professional bodies, extent of academic experience, role
and number of teaching hours, extent of industry experience, role, involvement with
graduate recruitment or initial training of graduates.

Respondents were asked to score the importance of a list of professional skills for
today’s engineering graduates. The list of skills was created from a systematic
literature review of recent engineering educational publications and research papers
and comprised 17 ‘non technical’ skills with just one ‘technical’ skill option. The
purpose of the survey was to attempt to show some correlations and relationships
between different aspects of the response data

3. RESULTS AND DISCUSSION
3.1 Demographics

The majority of respondents were male 72% (n= 197) and only 8% of respondents
indicated an age below 35 years old. Approximately half (49%) of all respondents had
achieved a PhD/EdD qualification. There was a wide range of primary qualification
types selected by respondents with 87% (n=268) having an engineering qualification
of some type. Respondents who answered ‘Other’ (n=39) indicated primary
gualifications in the following broad categories; Science and Mathematics, Architecture
and Construction, Business / MBA or Economics and Arts and Sociology. Sixty-nine
respondents (23%) highlighted that they had undertaken an educational qualification,
such as a CPD course, Post Graduate Certificate, Diploma or Masters in Education.

Eighty-two percent of respondents held roles in industry, with 34 academic staff still
working or consulting in industry as shown in Fig. 1. The authors acknowledge
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however that there may currently be academics working in joint research projects with
industry in a consultancy role and whilst this may have prompted a ‘yes’ to this
question, it is not the equivalent to spending several years in full-time practice. Thus,
the responses from this category of academic must be considered carefully.

Those who had industry experience were asked to select the most senior role
undertaken as indicated in Fig. 2. Intuitively, the number of respondents who
undertook project management, people management and senior management roles
increased with length of time spent in industry. However, even 46% of those with less
than 5 years’ industry experience had opportunities for people and project
management roles suggesting that they would have had direct exposure to new
graduates and hence an understanding of their attributes and potential weaknesses.

100 100%

90 90%

80 80%
70 70%
60 60%
50 50%
40 40%
30 30%
20 20%
10 10% I
: il
& \\,\f—) 4\9 *@

NO OF RESPONDENTS

& \\{9 \(\qo 0-5yrs  6-10yrs 11-20yrs >20yrs Still
&P N o AN & working
bQO © NG 7 ,\\$ Senior Management (Director Level)
B N\
A < M People Management
M Project management
EXTENT OF INDUSTRIAL EXPERIENCE M Little or no management
Fig. 1. No of respondents indicating length Fig. 2. Percentage of respondents in each category
of industrial experience indicating most senior role in industry

3.2 Importance of specific skills

Participants were asked to comment on the importance of a list of skills for the
engineering graduates of today. A sliding scale question was used with ‘Not important’
(scored as 0) to ‘Essential’ (scored as 4). The authors acknowledge that a ranked
guestion may have yielded a more robust response and the question was originally
trialled in that fashion. Feedback from the pilot surveys indicated that a ranked
qguestion with 17 options did not flow well within the overall survey and respondents
were more likely to drop out of the survey at that point. Hence respondents were asked
to score each skill individually.

It is accepted that technical skills are a critical aspect of an engineer’s formation,
however, this question sought to investigate if respondents would choose ‘excellent
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technical skills’ as more important than the other professional skills. Hence, the
question was phrased “Assuming all engineering graduates have baseline technical
skills, please indicate on a scale of 0-4, how important you think the following skills are
for new engineering graduates of today?”. A summary of the skills in rank order of
importance calculated by mean score and the number of respondents which scored ‘0
-Not important’ for specific skills are shown in Table 1.

Table 1. Average scoring of skills and number of respondents who indicated ‘Not Important’

No of resps
Professional Skill Mean score (M) Wf,]g, ?cn%rted
out of 4 important
Problem Solving (visualise and present practical solutions) 3.7 (SD = .48) 0
Communication (written, oral, listening skills) 3.6 (SD =.64) 0
Critical Thinking (evaluate all aspects of problems and solutions) 3.6 (SD =.65) 0
Practical Focus (apply theory to real life problems) 3.5 (SD =.60) 0
Self Direction (initiative, independent work, continuous learning) 3.5 (SD =.66) 0
Teamwork & Collaboration Skills (working with diverse people) 3.5(Ssb=.71) 0
Character and Interpersonal Skills (integrity, social skills, ethic) 3.3(SDh=.78) 2
Excellence in Technical Skills (excellent technical capability) 3.2(SD =.74) 0
Project Management (time management, planning skills) 3.1(Sb=.73) 0
Health & Safety (within a specific industry) 3.0 (SD =.95) 0
Research Skills (conduct research on a project or product) 2.9 (SD =.89) 3
Risk Management (identify and reduce risk) 2.7 (SD = .89) 2
Leadership (responsibility, leading and directing teams) 2.6 (SD = .86) 4
Global Outlook (international and intercultural skills) 2.5(SD=.92) 4
Business Acumen (financial and budgeting /cost awareness) 2.3 (SD =.90) 8
General Knowledge (current affairs, politics) 2.0(SD=.91) 12
Foreign Language Skills (communicate in a second language) 1.5 (SD = .96) 46

There is minimal difference in the scoring of the first six skills; Problem Solving,
Communication, Critical Thinking, Practical Focus, Self Direction and Teamwork and
Collaboration Skills, which are typical of those highlighted most often in the literature
review exercise.

There is clearly a low score attributed to the importance of foreign language skills,
which reflects the fact that English is the main form of communication in Ireland. The
survey did not collect information relating to the language skills of the respondents,
which would have provided further insight into the level of internationality in academic
staff on engineering programmes in Ireland.

3.3 Gender differences

Initially, the results were sorted by gender and although this was not an initial research
theme, it highlighted a surprising result. Table 2 shows the average scores for females,
males and those who chose ‘Other or Prefer not to say’.
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Table 2. Average scores of respondents on the importance of specific skills

Female Other/Prefer Difference

Mean Male not to say between

Score Mean Score | Mean Score | Female - Male

(n=60) (n=197) (n=16) mean score
Problem Solving 3.78 3.71 3.81 0.08
Communication 3.71 3.59 3.44 0.12
Critical Thinking 3.78 3.53 3.56 0.26
Practical Focus 3.69 3.50 3.44 0.19
Self-Direction 3.62 3.44 3.50 0.17
Teamwork & Collaboration Skills 3.71 3.41 3.25 0.30*
Character and Interpersonal Skills 3.60 3.27 2.93 0.33*
Excellence in Technical Skills 3.17 3.23 3.00 -0.07*
Project Management 3.22 3.07 3.06 0.14
Health & Safety 3.20 2.94 3.31 0.26
Research Skills 3.12 2.82 2.94 0.31
Risk Management 2.97 2.66 2.75 0.31
Leadership 2.82 2.56 2.38 0.26
Global Outlook 2.80 2.46 2.50 0.34
Business Acumen 2.42 231 2.06 0.10
General Knowledge 2.15 2.01 1.88 0.15
Foreign Language Skills 1.58 1.43 1.38 0.16

*Indicates cases in which a statistically significant correlation was observed with regard to gender.

Within this survey, in all but one professional skill, women were more likely to score
the importance of professional skills more highly than men, i.e., they appeared to place
more importance on each skill than men did. Only ‘Excellence in technical skills’ was
scored as less important by women than men. Since excellence in technical skills
could be considered the only technical skill presented within the survey, and all others
are non-technical, this suggests that within this population, female academics place
more importance on non-technical skills in engineering graduates than male
academics.

Although this initial result suggested a gendered difference, a statistical test carried out
on SPSS sought to clarify which factor was the highest determinant of scoring of each
professional skill; Age, Gender and Length of Industrial Experience. There were no
correlations observed with regard to length of industry experience. A significant
correlation was observed between Age and the importance of Teamwork and
Collaboration Skills, Pearson’s r(238) = .127, p = .05. The results also indicated that
whilst there was no significant correlation observed between the overall average score
and gender, significant correlations were identified between; Gender and the
importance of Character and Interpersonal Skills, Pearson’s r(235) = .144, p = .03,
Teamwork and Collaboration, r(238) =.128, p = .05 and Excellence in Technical Skills,
r (237) = .145, p = .03. As this finding was based on only one question within the
survey, it is difficult to draw a solid conclusion however, it suggests that there is value
in a further study to investigate differences in gender profiles of academic staff and
their attitudes or approaches to teaching non-technical skills.

3.4 Influence of Industry Experience in relation to the importance of skills

Table 3 shows the percentage of respondents who selected ‘Essential’ for specific
skills in relation to their industry experience. Fig. 3 also shows the average score for
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specific skills in relation to industry experience. Industry experience has been refined
to show comparisons between those with none or up to 5 years experience, and those
with more than 6 years experience, but excluding those still working in industry, which
has been discounted due to potential ambiguity in the question.

Table 3. Percentage of respondents selecting ‘Essential’ for specific skills

Industry Experience Practical Focus Leadership Problem
Solving

Greater than 6 years experience (n=110) 68.2% 19.1% 57.3%

Less than 6 years experience (n=135) 52.6% 13.3% 42.2%

Practical Focus

Problem Solving

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

B Greater than 6 years Industry experience M Less than 6 years industry experience

Fig. 3. Mean score of respondents with differing industry experience on specific skills where
0 = ‘Not important’ and 4= ‘Essential’

3.5 Skills and Industry Experience

The results suggest that that the importance placed on practical focus, leadership skills
and problem solving may be linked to time spent in industry and this is an issue we
intend to address further within the main phenomenographic interview sessions.
Problem Solving is clearly an essential requirement for engineers and achieved the
highest score in the overall survey. It is also highlighted here as showing the largest
difference in score between those with little or no industry experience and those with
more than 5 years experience.

4. CONCLUSIONS AND FURTHER WORK

The aim of this survey was to consider influences on an academic’s opinion on the
importance of specific professional skills in engineering graduates of today. The study
showed that gender appears to have an influence not only on the importance of all
professional skills, but particularly in relation to the importance of pure technical skills
over non-technical skills. There is evidence to suggest that an academic’s experience
in industry also influences their judgements on the importance of professional skills
and highlights the value of employing a diverse range of academic staff, including both
career academics and those with industry experience, a proposal also put forward by
Pilcher et al., [11].

The survey was administered to gather a range of views from academic staff in Ireland
and to identify varied participants for a phenomenographic study. This work is ongoing.
However, the results of the survey highlighted some interesting findings which will be
investigated further in interviews. The authors would also welcome a comparative
analysis of the same study of academics in another country.
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INTRODUCTION

Engineers exert a decisive impact on the societal consequences of innovations when
designing and implementing technologies. Engineering education prepares students for their
future role by also offering them non-technical courses such as history or philosophy. Students
— especially Bachelor’'s students — seem to consider these courses less important compared
to the technical courses of their major and thus, engage with them as little as possible. This
increases the risk of these courses not achieving their primary objective. It is therefore
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important to explore motivation and deep learning in ethics and history courses and how to
improve these in engineering education.

1 CONTEXT OF THE STUDY

A medium-sized Dutch university offers its students four courses of five ECTS (European
Credit Transfer and Accumulation System) each on the topic ‘User, Society and Enterprise
(‘USE’) to address their future role as social responsible engineers. In the USE-sequence,
Bachelor’'s students learn about the user, society, and enterprise aspects of technology and
innovation. In the fourth academic quarter of their first year, all 2000+ students take the
compulsory USE basic course providing an introduction to USE with ethics and history of
technology. In their second or third year, students choose one USE course sequence from a
list of sixteen, such as Decisions Under Risk and Uncertainty [1], Patents and Design Rights
and Standards [2], or Technological Entrepreneurship.

The USE basic course is a complex course and has gone through continuous course redesign
efforts during the five years of its existence. In 2015-2016, it was taught to 1864 engineering
students of a diverse set of thirteen major programs, including Applied Mathematics, Electrical
Engineering, Medical Sciences, Industrial Engineering and Sustainable Innovation. Lectures
were provided in eight parallel streams in English or Dutch, each of which could accommodate
about 250 students. For their assignment, students were given a choice of eight cases (e.g.
Sustainable Energy Technologies, Health Robotics or Self Driving Cars). They worked in
interdisciplinary groups of four students (from four different departments) on a case in which
they used the ethics and history theories to improve an existing technology. Students worked
on their assignment using a wiki platform, where they could see each other’s ongoing work
and gave feedback through this platform. Because of the organisational challenge of grading
the large number of students efficiently within a very short time frame, the final exam was a
multiple-choice examination. Students could prepare for the final multiple-choice exam with
six multiple-choice on-line interim tests. The final grade was determined as follows: final
multiple-choice exam counted 50%, assignment 40%, and interim tests 10%.

Analysis of the 2015-2016 version revealed that students showed low enjoyment of the course,
reflected to a low overall evaluation score, in addition to self- reported low motivation for the
course. An average workload had been strived for and been achieved, but the study time
increased because students felt they had to write vast amounts of text (about one page per
student per week). Analyses further showed that (1) students’ perception of low competence
was crucial for the assignment, (2) the course set-up should be simplified, (3) the course
materials were crucial to students, (4) students from different majors and with different basic
needs reacted very differently to the course set-up, so students’ differences were important to
take into account, and (5) learning approaches should be considered next to study time only.

This article shows how these conclusions were addressed in the redesign of the 2016-2017
version using theories for deep learning and motivation, its results, and what can be concluded
from this redesign.

2 THEORETICAL BACKGROUNDS

2.1 Learning approaches

In order to improve students’ learning, we focused in the 2016-2017 redesign on students’
learning approaches, which describe their intentions when facing a task and the
accompanying learning activities. Marton and Saljo [3] distinguish two approaches in students’
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learning: a deep and a surface approach. Students with a deep approach to learning are
intrinsically interested and try to understand what they study. A deep approach describes
students who intend to understand the meaning of the text or task, who try to relate new
information to prior knowledge, to structure ideas into comprehensible wholes, and to critically
evaluate knowledge and conclusions they encounter. A surface approach describes students
who use rote learning, memorizing and repeating the learning content and analysing learning
tasks (dividing the learning content into smaller parts and performance of tasks in a more or
less prescribed order) with primary objective to pass the test. Apart from the deep and surface
approaches in learning, other researchers have identified strategic approaches to learning [4].
A strategic approach to learning describes students’ motivation to achieve high grades with
the use of organized study methods and efficient time management.

It is important to note that students’ approaches to learning are not characteristics of the
learner but of their relationship with the learning environment, including aspects like course
content, activities and interaction with teachers. This means that a student can adapt their
approaches to learning depending on the demands and opportunities of the learning
environment. Teachers can change the way students approach learning by changing the way
in which they teach their courses. The following factors encourage students' deep learning [5]:

o Relevance of the course: Perceived interest in and being challenged by the subject
content.

e Relevance of the course to students’ professional practice.

o Workload which is not perceived as excessive by students.

e Teaching behaviors that are associated with deep learning: structuring the course,
providing materials, illustrating lectures, answering students’ questions, giving
feedback.

e Perceived supportiveness of the context: giving support and encouragement for
student learning, making the goals and standards clear throughout the course.

e Students’ autonomy to make choice within the course (choosing topic of assignment).

e Student involvement in their own learning, using strategies such as group work or
negotiation of topics.

e Usefulness of the course book.

e Perceived assessment as assessing higher levels of cognitive processing. Students
tend to employ deep approaches or deep learning strategies when they believe that
this is the purpose of the assessment.

e Students’ motivation; motivation influences the direction, intensity, persistence, and
quality of the learning behaviors. Intrinsic motivation can encourage students to adopt
a deep learning approach

2.2 Self-Determination Theory

Low students’ intrinsic motivation was also suggested by the previous evaluation as a point of
improvement and the literature suggests a clear and positive influence of motivation on deep
learning (see e.g. [6]). In order to improve student motivation, we looked at the Self-
Determination Theory (SDT). SDT divides motivation into several types [6] situated on an
internalisation or self-determination continuum, ranging from amotivation, which is the state of
lacking the intention to act, to intrinsic motivation which is the state of acting because of
inherent interest, satisfaction and enjoyment. To give an example, amotivated students do not
perform a given task and do not worry overly much about their learning outcomes. At the other
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end of the continuum, according to SDT, an electronics student, who is intrinsically motivated
just likes to build electronic devices and play around with them, because it is an inherently
enjoyable task for him. Within this continuum we also find identified regulation, which reflects
a conscious valuing of a goal, such that the action is considered as personally important and
entails self-endorsement, self-knowledge and cognitive view of one’s own functioning [7]. For
example, a student in design might not be very interested in informatics in itself. However, if
she identifies herself as becoming a good engineer, she acknowledges that informatics is
nevertheless essential for her and she will therefore be driven to study informatics. SDT
provided some insight on how to redesign a course in order to foster identified or intrinsic
motivation to students by a) emphasizing the relevance of the course to students’ interests, b)
fostering students’ sense of competence to succeed the course by providing clear guidance
and c) fostering students’ autonomy to make decisions and manage their learning.

3 INTERVENTION PROCEDURE

Based on the 2015-2016 analyses and the theories of learning approaches and motivation,
the 2016-2017 redesign clearly divided the history and ethics part of the course. Each part
consisted of separate lectures and three tutorials and had clear learning objectives throughout
the course. There was a clear and one-to-one structure of lecture and assignment. The word
count (of the reading materials and the assignment) was strongly reduced hoping students
would not perceive this as excessive any more. In every part, the two first tutorials were
devoted to guiding the students through the assignment and the last one was a feedback
tutorial. The approach of the cases was retained. The redesign aimed to maintain student
autonomy to make choices within the course and to preserve or increase the perceived
relevance of the course to students’ professional practice.

The two parts had different approaches, mostly in terms of the amount of guidance provided
to students for the assignments in the first two tutorials and the type of feedback provided at
the third tutorial. In the history part, an open approach was adopted aimed at higher levels of
cognitive processing. The open approach entailed less guidance through the assignment.
During tutorials, sources of policy documents and a description of how to scan these
documents for relevant information was provided without providing detailed steps for the
document analysis and the development of the assignment. The feedback was given orally
during poster sessions, where students summarised their analysis until that moment. Poster
session aimed to encourage discussion between different groups and between tutors and
students for the more in-depth understanding of concepts. In general, in the history part
students’ were encouraged to be autonomous and self- directed in their learning. In the ethics
part on the other hand, structured approach was adopted, with emphasis in clarifying learning
objectives and increasing students’ perception of competence by guiding students and
providing them with a structured methodology to do the assignment that was repeated in the
lectures, in several elaborated examples in the book, in the study guide and in the tutorials. A
clear and very detailed rubric with 2200 words for six different steps was provided Students
gave written peer feedback online on the first draft of the assignment (using the rubric) and
further discussed this orally in the last feedback session.
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4 RESEARCH QUESTIONS
The research questions are as follows:

RQ1: Which approach (open or structured) gives the best results in terms of motivation,
learning approaches, relevance and students’ overall evaluation?

RQ2: Which course features contributed most significantly to students’ learning approaches
and what was the role of motivation?
5 METHODOLOGY

5.1 Questionnaire

Table 1. Variable names and items.

Name Iltem

ClearGroup It was clear what was expected in the individual part of the assignment.

Lectures The lectures provided clear input for the assignment.

StudyGuide The study guide was a help to know what | had to do in the assignment.

Activities The activities in the tutorials helped me to make the assignment.

Sources The sources provided were helpful to do the assignment.

Rubric The rubric helped me to understand the assignment.

ClearDifficult Even if the assignment was clear, | found it difficult to complete the assignment.
PeerFeedback | The tutorials provided me with peer feedback that | could use to improve my work.
Grouplmprove | Working with my group members helped me to improve my parts of the assignment.

We administered an on-line student questionnaire right after the history and ethics part were
finished. Each questionnaire contained nine items about the assignment (see Table 1)
measured on a five-point Likert scale. The overall evaluation was measured on a 10-point
Likert scale, enjoyment and relevance on a 5 point Likert scale. Deep learning was measured
by a selection of Approaches and Study Skills Inventory for Students (ASSIST) [8]. Motivation
was measured with a selection of items from the ‘Self-regulation questionnaire — Academics’
[9]. It measured three types of motivation (intrinsic, internalized regulation and amotivation)
reduced to two Likert-type items per scale.

5.2 Participants and Data Analysis

The response rates were 15.3% and 15.4% for 300 and 303 respondents out of 1962 for the
open and structured approach respectively. The learning approach factors have Cronbach’s
alphas from .54 to .64, motivation had a Cronbach’s alpha of .87.

For answering the research question 1, the standard questions at item level between the two
versions were compared with t-tests. For answering research question 2, we performed
stepwise regression analyses for the deep, surface and strategic learning factors in both the
open and the structured approach. All analyses were performed using SPSS.
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6 RESULTS
6.1 Differences open and structured approach

Results showed that the open approach led to significantly more surface learning and
significantly less strategic learning compared to the structured approach. However none of the
approaches led to deep learning significantly above the average of 3 at the 5 point Likert scale.

Table 2. Paired Samples Statistics “Open approach” and “Structured approach” (per
component). Mean difference AM, (significance of difference) and Cohen’s d. Overall score

on a 1-10 Likert scale, all others on a 1-5 Likert scale. Items indicated with “'".

Open approach Structured approach

N M SD M SD AM(sign) d
Overall evaluation’ 160 4.94 1.87 6.39 1.49 -1.45%** -0.86
Relevance! 160 2.50 1.09 2.85 1.02 -0.35%** -0.36
Enjoyment’ 160 2.24 1.04 291 0.97 -0.67*** -0.66
Autonomous Mot 160 1.98 0.81 2.26 0.83 -0.28*** -0.41
Amotivation 160  2.87 1.17 2.54 1.16 0.33*** 0.31
Deep Learning 158 2.95 0.69 3.03 0.75 -0.08 -
Strategic Learning 158 3.28 0.70 3.46 0.65 -0.18** -0.26
Surface Learning 158 3.21 0.81 2.84 0.72 0.37%+* 0.47

The structured approach also realised higher overall student evaluation, relevance,
autonomous motivation compared to the open approach. This answers RQ1 that a
structured approach gives better results in terms of motivation, learning approaches,
relevance and students’ overall evaluation.

6.2 Hierarchical Multiple Regression

For the open approach, the hierarchical multiple regression revealed that at stage one,
Lectures, Sources and Activities contributed significantly to the regression model, F (13,285)
= 4.305, p< .001) and accounted for 16.4% of the variation in deep learning. Introducing the
motivation variables explained an additional 10.4% of variation in deep learning and this
change in R2 was significant, F (14,284) = 7.440, p < .001. When motivation was added in
step 2 of the model, the predictors of step 1 were not significant anymore. For the structured
approach, Lectures, Sources and Grouplmprove contributed significantly to the regression
model, F (13,267) = 7.772, p< .001 and accounted for 27.5% of the variation in deep
learning. Introducing the motivation variables explained an additional 10.8% of variation in
deep learning and this change in R? was significant, F (14,266) = 11.793, p <.001. When
motivation was added in step 2 of the model, Sources was not significant anymore but
Lectures and Grouplmprove remained significant predictors.
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Fig. 1. Hierarchical Multiple Regression of deep-, strategic, and surface learning, with
motivation as interim variable.

For strategic learning in the open approach, Rubric was the only significant predictor and
contributed to the regression model F (13,285) = 1.718, p< .05 and accounted for 7.4% of the
variation. Introducing the motivation variable explained an additional 2.8% of variation in
strategic learning and this change in R was significant, F (14,284) = 2.274, p < .001. In the
structured approach, StudyGuide and Activities were significant predictors of strategic learning
and contributed to the regression model F (13,267) = 3.379, p< .001) and accounted for 14.1%
of the variation in strategic learning. Introducing the motivation variable explained an additional
2% of variation in strategic learning and this change in R2 was significant, F (14,266) = 3.565,
p < .001. The study guide and activities during tutorials remained significant predictors after
the addition of motivation in step 2.

ClearGroup and ClearDifficult were predictors of surface learning, contributed to the
regression model F (13,285) = 6.875, p< .001) and accounted for 23.9% of the variation in
strategic learning for the open approach. Introducing the motivation variable did not
contributed to the model as motivation was not predicting significantly surface learning.
ClearDifficult and PeerFeedback were predictors of surface learning and contributed to the
regression model F (13,267) = 8.874, p< .001) and accounted for 30.2% of the variation in
surface learning for the structural approach. Introducing the motivation variable did not
contributed to the model as motivation was not predicting significantly surface learning.

Deep, strategic, and surface learning play a similar role in predicting overall evaluation.
Deep and Surface are most important predictors (see Table 4).

Table 3. Bétas of stepwise regression analysis for the open and structured approach on
deep, strategic, and surface learning

ltem Open B Structured
Overall Deep ,32%** 33rrx
evaluation  Strategic ,16** A7
Surface -, 27*** - 24%xx
R? 22 .26
F(3,296) 28.99%** 33.72%*=
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7 DISCUSSION
7.1 The structure dilemma

Our analysis showed that the open approach led to higher surface learning. The strong
predictive power of ClearDifficult in both approaches indicates that students missed
guidance and had the feeling they failed to make sense of the assignment. Items addressing
group support as ClearGroup and PeerFeedback added to this lack of control. Providing
more options for control and competence will decrease students’ surface learning.
Surprisingly, Motivation is not a significant (negative) predictor for surface learning. SDT
predicts either a negative influence of motivation or a positive of amotivation. One possible
explanation could be that students’ motivation level did not matter when they faced
difficulties making sense of the assignment and decided to approach it in a superficial way.

In the structured approach students felt more they could make sense of the assignment. Not
surprisingly, course aspects that helped to focus on achieving higher grades are important
predictors such as Rubric or StudyGuide. Motivation plays a role here by Lectures, Sources,
and Activities. It must be noted, however, that the overall predictive power for strategic learning
is low and interpretations should be taken with caution.

Deep learning was not really addressed in either of the two approaches. Providing structure
seems indispensable, but at the same time appears to trap students. Students are not
familiar with history and ethics methodologies, they cling to the structure they are offered
and cannot free themselves from this structure. A possible way to avoid the dilemma might
be to connect to students’ need for structure and their intrinsic motivation before they really
start the assignment. The strong predictive power of motivation for deep learning suggests
that it is very important [6]. The assignment and accompanying tutorials should start from
students’ life worlds with real life but not too complex cases. It may be beneficial to involve
students’ ‘own’ departmental staff to convince students about the relevance. Lectures that
provide clear input for the assignment are a strong help for deep learning. Although it seems
rather peculiar that lectures for 250 students could add to deep learning, students might
expect both a motivational setting and good guidance for the translation of the theory to a
relevant case. Next to lectures, Sources and Activities can add to deep learning.

Deep learning is an important predictor for students’ overall course evaluation. This must be
seen as a very positive result and a confirmation of SDT. Students want to be motivated for
a course. Evaluating the overall course, their perception of deep learning plays a major role.
Let this be an encouraging message for all teachers that sometimes feel disappointed in
their search for more motivational history, ethics or other non-engineering courses in
engineering education.

7.2 Further research

Our research has some weaknesses. Our learning approach and motivation factors
consisted of a limited number of items and could be enlarged to achieve stronger factors.
We did not report on student differences because of the limited scope of this article. Other
research shows that these are very important and also here, many differences can be
expected between different students. Further research could tackle these weaknesses.

Both the predicting independent variables and their beta’s in the regression analysis show
remarkable similarities for the open and structural case. Our research set-up provided us a
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first confirmation of the replication of our analysis. However, it would be interesting to see
whether this analysis shows different patterns in different contexts. It would also be
interesting to see the proposed changes about lectures, cases and group work have an
effect on motivation, deep learning and overall student evaluation.
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1 INTRODUCTION

Since the publication of the Roberts’ Review in 2002 [1] there has been an increased
focus on STEM (Science, Technology, Engineering, Mathematics) education in the
UK, as summarised by Hoyle [2]. With the UK Government and Engineering
Professional Bodies calling for increased STEM education focused at Secondary level
and above [3], an industry around STEM education provision has emerged within the
UK, leading to the ad-hoc provision of engineering education within compulsory
education. The outcomes of this provision are now being questioned [2, 4]; evaluations
of the current provision of engineering education are sparse [5] and have tended to
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focus on the 11+ age group, and inner city schools [6]. Recent literature has also
suggested that children may be eliminating STEM careers during Primary school [7].

This paper presents part of a PhD study aimed at increasing our understanding of the
outcomes of participation in an Engineering Education Activity (EEA) for Primary
school children in rural schools. Thus helping to develop our understanding of the role
that the current provision of engineering education plays at this age, an area that is
relatively unexplored within the literature yet has significant consequences for the
future of engineering [4].

2 METHODOLOGY
The current study posed the question:

How does participation in an Engineering Education Activity in Year 5 (age 9/10
in England) affect children’s perceptions of engineering as a career at Year 7
(age 11/12 in England)?

In order to answer this question the study took a longitudinal, qualitative approach,
utilising a case study methodology, drawing on grounded theory to inform the data
collection and analysis process, as described by Broadbent [8].

Exploration of the children’s perceptions of engineering and experience of participation
in an EEA was obtained from the first person perspective, using exploratory
observations and group interviews. Fieldwork was carried out with children from two
schools over three school years, Year 5 to Year 7. This paper presents the findings
relating to the perceptions of engineering held by the children following participation in
an EEA at school.

The school ethics committee at Aston University granted ethical approval for this study
and an ethical approach was maintained throughout the work, as discussed by
Broadbent [8].

3 FIELDWORK

Data was collected between January 2016 and December 2017, from children at two
rural Staffordshire schools (details of which are provided in Table 1), known in this
work as Nant School and Phren School.

Table 1. Summary of information about the two research cases

Nant School Phren School

Middle School
Year 5 — Year 8 (age 9-13)

Primary School

Type of school Reception — Year 6 (age 4-11)

Number of children

enrolled (2016/17) 120

419

19 (12 males, 7 females) 29 (15 males, 14 females)

Number of

participants

Predominantly White British with
English as their first language.

Predominantly White British with
English as their first language.
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The EEA at Nant School formed part of the Design Technology curriculum taught at
the school and was delivered by the class teacher. The activity took place in the Year
5 classroom over multiple lessons, two of which were observed as part of this
research. The activity involved researching, designing, and building a simple moving
toy.

The EEA at Phren School was an off-timetable, curriculum enrichment activity
delivered by an external provider. The activity took place in the main hall of the school,
the children participated in the activity in their tutor groups, and each session lasted
between 45 minutes and 1 hour. The activity focused on the children building and
testing a balloon powered car.

Exploratory observations were conducted in each case, observing the children
participating in the EEA in order to inform the interviews and subsequent analysis of
the data. Semi-structured, group interviews with the children were carried out three
times during the research, once in Year 5 (0-1 months post EEA), once in Year 6 (6-
12 months post EEA), and once in Year 7 (18-24 months post EEA).The findings from
the interview data concerning the children’s perceptions of engineering are presented
in this paper.

4 FINDINGS

The interview data is presented in the dominant themes that emerged during the
collection and initial stage of analysis. To illustrate the findings quotes are given; all
are in italics and are accompanied by the gender, school year, and case of the child
to whom the quote is attributed, given in parenthesis directly beneath the quote.

4.1 Perceptions of Engineering

The majority of the children interviewed in Year 5 held perceptions about engineering,
with two dominant categories appearing in both cases. From Year 5 to Year 7, the
children’s perceptions of engineering were chiefly either product-focused (referring to
specific artefacts the child associated with engineering) or process-focused (referring
to specific practices the child associated with engineering).

It's like designing, it's not like, | don’t think you do like the building it is just like
designing, ideas and machinery.

(M, Year 5, Phren School)

Isn’t it fixing things and is it a lot, don’t you need to be really good at maths to do
it?

(F, Year 7, Nant School)

Within the product-focused perceptions of engineering, transport was frequently cited
as the artefact the children associated with engineering.

...for example you could engineer a car or a train or a plane.

(M, Year 5, Phren School)
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Very few children appeared to hold perceptions divergent to these categories, however
a small minority of children at each stage held perceptions of engineering in terms of
the impact that engineering has on the world.

They help the world move on to like high tech stuff.
(M, Year 5, Nant School)

The majority of the children did not refer to the EEA without prompting when talking
about engineering at any stage of the research, indicating that the perceptions they
held about engineering formed prior to participation in the EEA. When this area was
explored in the interviews the children spoke of a range of sources that informed them,
with formal engineering education not appearing to factor in the formation of their
perceptions about engineering.

4.2 Recall of activity

During each interview the children were asked to recall the EEA they had patrticipated
in, initially questions focused on the children’s recall of the activity itself and then
progressed to talking about the engineering involved in the activity.

Although many of the children had limited recollections of the activity in Year 6 and
Year 7, the use of photographs taken during the EEA enabled the children to speak
about their participation. Only a minority of the children referred to the activity as
engineering without prompt questions introducing this area of discussion. When this
did occur, the children largely stated that the activity was an engineering activity, or
spoke about being told that the activity was engineering.

Yeah the toys one they said it was engineering...
(M, Year 6, Nant School)

It was a STEM activity.
(M, Year 7, Phren School)

When the interviewer used questions to explore these statements, many of the
children were unable to expand on these assertions. However, once the topic was
raised, children who had not identified the activity as engineering began to draw links
between the EEA and engineering; some talked about the similarities and others the
differences, with the responses focusing on the children’s appraisal of the artefacts
and processes involved in the EEA.

It's not like actually engineering, like a proper car or something like that.

(M, Year 5, Nant School)

Cos you were building it wasn’t you, you were trying to find a way to build it.
(M, Year 7, Phren School)

A minority of children exhibited a different perspective and spoke about the
engineering content of the activity in terms of whether they felt they had experienced
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doing the work of an engineer when participating in the EEA, and the concept of proper
engineering emerged within a number of the children’s narratives.

It isn’t like what you would do for engineering so you wouldn’t actually know like
what you would do for engineering, so that hasn'’t really helped because it isn’t
proper engineering.

(F, Year 6, Phren School)

Although the above quote indicates a lack of bearing on perceptions, a small minority
of children during the Year 6 and Year 7 interviews spoke about areas where they felt
participation in the EEA had influenced their perceptions. These changes focused on
a number of different areas, the principal focus was a shift in the perceived difficulty of
engineering, with children finding that the EEA was more challenging than they had
thought it would be.

| thought “Oh it looks very easy” and you just put all the stuff together but it's
actually really hard.

(F, Year 6, Nant School)

For a minority of the children, participation appeared to change perceptions around
the processes involved in engineering. This occurred within both cases, however
noticeably the change in perceptions for some children at Phren School, were limited
to changes within their existing perception framework. This was observed where
children expanded their ideas about engineering processes whilst the product they
associated with engineering remained constant.

| didn’t realise that they had to go through many stages to get it built, like planning
and designing.

(F, Year 6, Nant School)

| used to think that engineering was just like they were people who just like went
around and fixed cars, | didn't know that they actually made them, it made me think
that they actually made them.

(M, Year 7, Phren School)

Whilst the majority of children identified no change in perceptions, or limited and minor
alterations in their perceptions of engineering as described above, there were two
notable exceptions. Firstly were the very small minority of children who identified the
activity as their introduction to engineering and a nucleus of interest and knowledge
acquisition; participation in the EEA appeared to provide some children with interest
and the vocabulary they needed to find out more about engineering. For some
however, this inspiration was seen to have dissipated by Year 7.

Since we learnt about this and this was called engineering we started watching
more things on engineering because we thought it was cool...

(M, Year 6, Nant School)
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In Year 5 it made me more interested [in engineering] and then through Year 6 |
was still but | sort of am now, but not as much.

(M, Year 7, Phren School)

Secondly, a minority of the girls at Phren School spoke of their gendered-views of
engineering ability being challenged by participation in the activity.

| think that | thought the boys were gonna be all really good at it but some, like the
girls were good at it as well.

(F, Year 6, Phren School)

As the children did not explicitly gender engineering as a career, this finding suggests
that for some children an implicit assumption about the engineering abilities of girls
and boys may exist at a young age. Whilst these findings indicate that the EEA may
inform perceptions for a small number of children in the year following participation,
reflections by the children during the Year 7 interviews suggest that participation in the
EEA during Year 5 did not inform the perceptions of engineering held by the majority
of the children in either case in the long term.

Not really. It was kind of like, I've already done that kind of thing before.

(M, Year 7, Nant School)

| don't really think about it [engineering] and I've never really been like told what it
is properly so | haven't really ever like thought about it because | don’t really know
what it is.

(F, Year 7, Phren School)

5 ANALYSIS AND DISCUSSION

The data from the Year 5 interviews illustrated that the children formed perceptions
about engineering prior to engaging in formal engineering education. The data also
highlighted the prominence of product-focused and process-focused perceptions held
by children at this age, with an emphasis on transport and fixing. Although there is a
limited volume of research in this area, these findings are found to be congruent with
existing findings in the UK [9]. When examined in relation to the existing definitions of
engineering provided by the profession (for example [10]) it can be seen that by
focusing on a limited number of artefacts or processes, the children hold narrow views
of engineering. This focus on specific roles within engineering, for example designing
cars, results in the children holding inaccurate views of what engineering involves, as
they miss the holistic definition of engineering as a creative, problem-solving
profession that contributes to society [10].

The children’s perceptions are seen to persist from Year 5 to Year 7, indicating that
participation in an EEA in Year 5 does not result in children holding accurate
perceptions of engineering, and that participation in an EEA in Year 5 does not
significantly alter a child’s existing perceptions of engineering. A notable exception to
this was the concept of ability, where changes in perceived difficulty of engineering
and gendered ability were visible for a minority of children; participation in the EEA
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enabled some children to evaluate the challenging nature of engineering, and enabled
some girls to see boys and girls as equally able. This indicates that attention needs to
be paid to the structure of EEAs in order to capitalise on the potential that these
activities have to inform children’s perceptions regarding ability.

In order to understand the outcomes of participation in an EEA on the children’s
perceptions, analysis of how the children spoke about the engineering content they
perceived the activity to contain was carried out. For the majority of the children,
participation in the EEA did not appear to challenge their existing perceptions of
engineering, resulting in the majority of children using their existing perceptions of
engineering to inform their experience of the activity. This was observed as the
children tended to use their perceived product or process lens to view the engineering
involved in the EEA. This appeared to lead to the reinforcement of existing, narrow
perceptions, for those children who could align the EEA to their perceptions of
engineering, and the feeling that an experience of engineering had not been gained
for those children whose perceptions differed from the content of EEA.

The outcome of this finding is significant, implying that for some children their existing
perceptions went unaltered, with some dismissing the EEA as not engineering and
therefore not using the experience to inform their perceptions regarding engineering.
However, for some the inaccurate perceptions of engineering that were held prior to
participation in the EEA may be reinforced by participation. This was seen in the case
of Phren School more dominantly than Nant School, and concerned the focus of the
EEA (building a balloon car). This finding indicates that the product of a ‘design-and-
build’ EEA influences the outcomes of participation; although neither EEA appeared
to challenge or improve the narrow perceptions held by the children, it is possible that
having an EEA focused on an engineering artefact which children already associate
with engineering, reinforces narrow perceptions.

It is argued that whilst EEAs during Primary school appear to have the potential to
alter perceptions regarding gender and engineering ability, current provision appears
to have little impact on the narrow perceptions of engineering as a field held by
children; at best they appear to leave these perceptions unaltered, at worst they
appear to reinforce them. The significance of the accuracy of the perceptions held by
the children is illustrated when considering in context with the other findings of this
research, which suggest that the children use their perceptions to create personal
definitions of what “proper engineering” entails and that these are then used to
evaluate subsequent interactions with engineering education.

The findings of this research suggest that in order to develop engineering education
that equips future generations with accurate definitions of engineering, enabling them
to make informed decisions regarding engineering careers, a deeper understanding
of the formation of engineering perceptions is needed, as well as a critical evaluation
of pedagogical approaches employed in EEAs. The aim of these enquiries should be
to understand the role that other areas of society play in the formation of perceptions
of engineering for young children, as well as ensuring that activities provide accurate
portrayals of engineering that are internalised by the participating children.

6 CONCLUSION

In conclusion, this paper presents part of the findings from a PhD study exploring the
outcomes of participation in an Engineering Education Activity for children during
Primary school. The findings of this research indicate that although a minority of
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children gain an increased awareness of engineering through participation in an EEA,
participation in a one-off engineering education activity in Year 5 (age 9/10) does not
significantly influence a child’s perceptions of engineering over the following two years
of education. This study finds that understanding the outcomes of participation in an
EEA on the perceptions of engineering held by the children is complex; outcomes
appear to be associated with a highly personal process involving comparisons
between the activity itself and the child’s own perception of engineering. The findings
of this research indicate that the current provision of engineering education does not
adequately understand, acknowledge, and challenge these existing perceptions. Itis
argued that without this forming part of an EEA, patrticipation is unlikely to result in an
accurate understanding of what engineering entails, with the worst case scenario
being that participation reinforces narrow, stereotypical views of engineering. It is
concluded that formal engineering education needs to progress from single ‘design-
and-make’ challenges provided sporadically to children, and that without a change in
this provision perceptions about engineering will not be challenged and improved to
accurately reflect the engineering profession. This research provides an insight into a
previously unexplored perspective of engineering education research, which
challenges our present understanding of the efficacy of current models of engineering
education provision in the UK.
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INTRODUCTION

It is of high importance for modern societies that universities of technology provide
higher engineering education that enables students to solve new problems with solid
expert knowledge, methodological skills and critical thinking. Thus, students should
be enabled to develop extensive competencies at the university also by experiencing
research and development on important questions. In doing so, research-based
learning is supposed to be a promising educational practice of high impact [1]. It is
connected with a long tradition, especially in Germany [2]. Integrating research into
teaching follows disciplinary prerequisites [3]. Notably, academics play a key role in
enabling a positive research experience for students. Across disciplines, Brew and
Mantai [4] have already found that a lack of academic knowledge, skills and
mindsets are barriers in implementing research-based learning, among other factors.
This leads to a strong desire to implement a qualification programme for academics.
In Germany, workshops on research-based learning are mostly offered with a one to
a few days duration, tailored to interested, often experienced academics. In contrast,
little attention is given to what could be achieved with a more complex qualification
programme on research-based learning for early stage researchers in higher
engineering education. This article highlights how participants respond to a one-year
programme consisting of workshops, teaching projects and a final presentation. It is
questioned how they react to the programme, how they reflect their learning, whether
they intend to integrate research-based learning in their teaching and why they do
SO.

1 MATERIAL AND METHODS
1.1 Initiating staff development on research-based learning

There are several ways to develop students’ research skills [4]. Enriching teaching
and learning in single courses by integrating research seems to be promising, but
nevertheless pedagogically challenging. This is even more the case if early stage
researchers having mostly little experience in research and teaching, strive to
competently integrate research into their courses, which also have to complement
their professors’ lectures. To overcome these difficulties, the executive committee of
a University of Technology in Germany assigned its centre for teaching and learning
(CLL) in 2015 to create a compulsory in-house qualification programme on research-
based learning for early stage researchers. The ongoing overall aim of this
pedagogical qualification programme is to:

¢ introduce participants to research-based learning, and
o facilitate integration of research results, methods or processes in their courses.

1.2 Providing a complex qualification programme on research-based learning

The qualification programme on research-based learning aims to qualify participants
to teach according to modern pedagogical principles, to design research-based
learning scenarios and to inspire communication within a network of early stage
researchers across departments. In the training, research-based learning is used for
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course inventory and development in a wider sense as a pedagogical framework
according to Ruel}, Gess, and Deicke [5] which is based on the model by Healey [3].
However, in a narrow sense research-based learning is also used to mark a possible
course development perspective i.e. as a teaching format enabling students to
experience the whole research cycle, ranging from formulating their own research
questions to producing interesting findings for others according to Huber [2]. Benefits
from a double connection of integrating research into teaching as well as researching
on teaching were expected. Thus, in the first cohort of the programme, research-
based learning was combined with classroom action research, according to Mettetal
[6], which can be seen as a pragmatic approach of scholarship of teaching and
learning (e.g. Wankat et al. [7] for engineering). However, this approach was
changed in the following cohorts, resulting in a different focus (basic pedagogics
instead of classroom action research), products (writing abstracts instead of reports)
and effort (60 hours instead of 110 hours compulsory). Currently, the one-year
programme starts twice a year and consists of a series of workshops, a teaching
project and a final presentation. Supervision is realised throughout the year by
experts on research-based learning. Participants concentrate on research-based
learning along with teaching and learning approaches, course design, teaching
methods, digital tools, assessment techniques, and evaluation approaches.
Participants, mostly in teams of two, apply their pedagogical knowledge in a teaching
project, wherein they design and implement classroom activities in one of their own
courses, mostly within the programme period. With respect to the underlying
pedagogical problems that occur in exercises, seminars, laboratory courses or
problem-based learning courses, the project objectives vary e.g. from increasing
students’ research interest, autonomy, activity or practical experience. Thus, the
corresponding classroom activities also vary a lot. The teaching projects are
discussed in a final event on campus with poster presentations along with reports or
abstracts and are partly published on the homepage of the CLL [8].

1.3 Evaluating the participants’ perspective on the qualification programme

To evaluate this qualification programme on the individual level, the perspective of
the participants was gathered, i.e. cohorts 1 to 4 with altogether 77 participants
conducting 46 projects. The evaluation was designed according to Kirkpatricks four-
level model of evaluating training programmes [9]. The research questions focused
on the three individual levels of the model, asking how participants assess their
reaction, learning, and behaviour after completing the training. It was also of interest
to gain a deeper understanding of the participants’ perception. Data was collected
using a mixed-method approach. To begin with, quantitative online surveys were
conducted. Using a 5-point Likert scale, participants were asked to:

¢ value the qualification programme (level 1: reaction),

e assess their knowledge and skills in respect of general principles used for
classroom instruction, research-based learning, classroom action research,
dissemination and value the combination of research and teaching (level 2:
learning),
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e indicate their future intention towards course development, research-based
learning, classroom action research and dissemination (level 3: behaviour).

Furthermore, semi-structured interviews were conducted with 13 participants. These
were selected according to a specific criteria catalogue resulting in a wide variation
of interviewees. The interviews addressed the three levels and several additional
aspects of the relationship between research and teaching. The data was analysed
using descriptive statistics and thematic investigations. Surveys and interviews
indicated barriers and potentials for implementing research-based learning at this
university. These were categorized, quite similar to Brew and Mantai [4], here as (1)
culture, (2) structures, (3) resources, (4) academic qualification and (5) academics’
views on student qualification.

2 RESULTS AND INTERPRETATION

2.1 Reaction after participation in the training programme
Participants’ evaluation of the qualification programme in respect to their reaction,
learning, and behaviour is summarised in Table 1.

Table 1. Evaluation of the qualification programme on research-based learning.

level # |item n |mean |sd
| find a structured pedagogical qualification important in the first
1 X 38 | 2,1 1,0
reaction year as research assistant.
| find it valuable for me that | participated in a programme for
; e 37 12,8 1,3
pedagogical qualification in STEM.
| am able to explain principles of good teaching and learning. 40 11,9 0,6
| am able to select various pedagogical methods for research-
. 38 12,2 1,0
based learning for my course.
| am able to select methods to systematically collect data with
5 ) ! 40 |2,2 1,0
respect to my problems in teaching.
| am able to implement at least two principles of good teaching
6 o 40 1,9 0,7
] and learning in my own course.
learning 7 |1am able to apply different teaching methods for research-based | 5 |, - 11
learning in my course. ' '
| am able to develop an appropriate research design to
8 |. . : i 39 (2,3 0,7
investigate problems in my teaching.
9 |l was able to present my teaching project at the final event well. 36 1,8 1,0
10 | I think it is important to see research and teaching as a unity. 38 1,9 0,9
11 | I think it is important to integrate research in my own teaching. 38 2,5 1,1
12 | I am motivated to continuously develop my teaching. 38 1,6 0,8
| am planning to design my teaching according to research-based
13 e 38 | 3,1 1,0
learning in the future.
14 | envisage integration of course analyses according to classroom 36 |34 11
behaviour action research into my daily teaching routine in the future. ’ ’
I am interested in publicly presenting and discussing questions
15 . 38 (3,9 1,1
and approaches on the development of my teaching.
16 I would.wrlte about course analyses or innovations in a similar 37 |38 1,0
format in the future.

#3-5: relate to knowledge, #6-9: indicate to skills, #10-11: mention attitude, n: number of persons
taking part in the survey, mean: arithmetic mean of answers of cohort 1 to 4 with respect to the
specific item on a 5-point Likert scale (1: totally agree and 5: totally disagree), sd: standard deviation
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First of all, it was found that on average participants consider a structured
pedagogical qualification as important (#1). In respect to the interviews, this
suggests that on average participants accepted the training programme. This can
indicate to a desire to enhance their own pedagogical competence and to solve
prevalent problems in teaching and learning. However, participants’ satisfaction
might be diminished, since the training was compulsory. However, interviews in
cohort 3 and 4 indicate that this aspect of the programme might not be a dominant
issue for participants.

Interestingly, participants find participating in the programme only moderately
valuable (#2). Here, a high variability in responses was detected. Four aspects
evolve in the interviews: Firstly, the institutionally demanded focus on research-
based learning, might have affected the direct usability for some participants, setting
aside the need for a basic pedagogical qualification. Secondly, the effort spent on
the programme, while other tasks are important and often urgent, might have
lowered the acceptance of the programme for some participants. Thirdly, the
prominent focus of research could have reduced the relevance of teaching for some,
and thus of a training programme focusing on integrating both. Finally, future career
prospects seemed to influence how participants acknowledge such a pedagogical
qualification. It seems that participants see a lower need for teaching qualification if
they seek a non-academic career after their PhD studies.

2.2 Learning after participation in the qualification programme

Participants consider themselves as well qualified in respect to basic pedagogical
knowledge and skills (#3, #6). Remarkably, the standard deviation is low which
indicates that participants assess their competencies in core areas quite similar.

Furthermore, participants estimate their knowledge regarding the advanced format of
research-based learning as good (#4) and their skills as moderate (#7). Interestingly,
the standard deviation is relatively high. This is probably due to varying possibilities
to experiment with research-based learning within the programme period. Secondly,
interviews indicate the participants’ need for more experience in research in order to
combine research and teaching. Questions regarding participants’ attitude are
answered differently. Although participants see research and teaching as a unity
(#10), they rate the importance of integrating research into their own teaching as
moderate (#11).

Moreover, participants feel competent to gather data for analysing problems in
teaching (#5) and applying those using an appropriate research design (#8).
Considering that participants dealt basically with quantitative data and open
questions from surveys, they could have probably knotted this topic to their prior
knowledge and skills. Finally, participants rate their presentation skills as quite good
(#9). This is probably due to the participants’ prior experience in presenting during
the workshops.
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2.3 Behaviour after participation in the qualification programme

Participants report a quite high motivation to further developing their teaching and
learning, with low variation (#12). This suggests a high and broad fundamental
interest in teaching innovation. Remarkably, participants seem to have only
moderate interest in designing future courses in regard to research-based learning
(#13). This is addressed in Chapter 3.1. Additionally, they indicate to have moderate
intentions to routinely integrate classroom action research (#14). Interestingly,
interviews show that participants made their decision on conducting classroom
action research based on pragmatic reasoning. The cost-benefit relation and
supervisors’ support seem of importance here, besides intrinsic motivational aspects,
affecting their teaching engagement in an already busy daily routine. Finally,
participants state low interest in further dialogue on teaching innovations (#15) and
analyses (#16). It is assumed that low intentions relate to the presumed efforts in
regard of dissemination. Also, this kind of communication might not be the prior
focus of departments and might thus be rewarded lower than research publications.

3 DISCUSSION

3.1 Detecting barriers and identifying potentials for implementing research-
based learning

To find out more about the participants’ low interest in implementing research-based
learning, it is necessary to explore the presumed constraints. Participants indicate
obstacles in all five categories, i.e. (1) culture, (2) structures, (3) resources, (4)
academic qualification and (5) academics’ views on student qualification. In regard to
culture, participants report that research and teaching are ‘two different ball games’,
i.e. two separate academic tasks. Furthermore, teaching focusing on content and
basic knowledge is seen as very important in engineering study programmes,
whereas the integration of research results, methods or processes is seen to be of
secondary importance. As to structures, a perceived high responsibility for students’
success and, at the same time, low pedagogical autonomy, which is implicated by
the traditional structure of lectures and accompanying courses, were experienced as
impeding. Limited resources, such as low numbers of staff for supervision, limited
time for guiding through a complete research cycle, no appropriate facilities, and
large classes are also crucial. With the emphasis on academic qualification, when
participants target a career in industry, they focus on research in their academic
practice which results in a perceived low relevance of research-based learning. In
addition, low interest of some professors affects the participants as well. Participants
also see research-based learning predominantly suitable for higher semesters. In
regard to the academics’ view on student qualification, participants report a lack of
basic knowledge and low student motivation as hindering aspects.

Consequently, participants suggest several facilitating aspects in all categories to
implement research-based learning. To begin with, they recommend showcasing a
broad variation of good practices. Secondly, they propose concentrating on small
courses and certain course types, such as laboratory courses and seminars. Other

102



46th SEFI Conference 17-21 September 2018 Research Papers

aspects include updating syllabuses regularly, making use of state-of-the-art
research in departments, allowing more time for studying or reducing content,
integrating obligatory courses on scientific methods and research into the curriculum,
and revising teaching approaches on the level of modules, rather than on single
sessions. Thirdly, participants suggest to actually making use of already available
support for course innovations and available facilities. Fourthly, they highlight the
need for qualified supervision of students’ research. This requires open minded
professors in regard to teaching innovations, and professors encouraging staff
training as well as drawing professors’ attention to the benefits of research-based
learning. Finally, they suggest motivating students with additional credits and
product-orientation.

3.2 Proposing an improved qualification programme on research-based
learning

An improved qualification programme, which considers the participants’ personal
satisfaction and their qualification towards research-based learning, is a prerequisite
to enable an appropriate implementation of research-based learning.

TT 1 month 1 month 1 month 1 month 2 months 4 months | 2 monthsI
“5' WS1 —» WS2 —» WS3 —» WS4 —» WS5 —» WS6 —» WS 7

~ Explaining Planning Designing Assessing Evaluating Reflecting Deriving
(&)
2

RBL RBL RBL and super- RBL RBL perspecti-
vising RBL ves of RBL
(in total 36 h)
Planning . Implementing o Reflecting

TEACHING PROJECT (22 h)

(yz) uonejuasaud 3o0aload jeuly

Figure 1. Improved qualification programme on research-based learning (RBL).

The recent qualification programme (see Fig. 1) integrates general principles in
qualifying for research-based learning within 60 hours, finalized with a poster and an
abstract. The emphasis is on deriving personal benefits for participants’ career,
reflecting own perceptions, as well as experiencing and testing a set of teaching
methods and digital tools for research-based learning. This improved programme
integrates professors and supervisors, spreading good in-house practices, and
supporting networking on campus in respect to research-based learning.
Additionally, interested participants can enhance their competencies during the
training period by selecting specializations, for instance, peer observations,
classroom action research, or documentation. More programme insights are
provided by the CLL [8].
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4 SUMMARY AND OUTLOOK

This study presents a qualification programme on research-based learning for early
stage researchers and its perception. In conclusion, the foremost aim of the
programme, that is introducing research-based learning, has been reached in an
acceptingly manner. Still, attempts for enhancement on the three individual levels
reaction, learning, and behaviour have been recently realized by an improved
qualification programme and will be evaluated soon. However, implementing
research-based learning clearly faces substantial obstacles in regard to disciplinary
and institutional characteristics, among others. As a consequence, this requires
additional in-depth investigations of the results on the institutional level, and
identification of the profound barriers and potentials for research-based learning
experienced by various university stakeholders. Adjusting those findings with
prerequisites of higher engineering education could help to overcome barriers
cooperatively. To do so, recommendations by participants can serve as a first source
to take actions. To summarise, qualifying early stage researchers proved to be a
promising approach to integrate research into teaching and learning as part of a
comprehensive institutional strategy towards modern higher engineering education.
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INTRODUCTION

Student retention is an issue that gathers increasing attention within the engineering
education community. This is mainly due to the increasing need for engineers, paired
with untenable dropout rates of 50%-60% in engineering programmes at many
universities all over the world (1-3).

Until recently, Aalborg University (AAU) had avoided this development, even
compared with other Danish universities (4). The common sense logic had been that
Aalborg University adheres to a problem-based learning (PBL) approach, which
inherently combats dropout. A very recent largescale English investigation about
retention and dropout states that this is more than common sense logic:

‘High-quality, student-centred learning and teaching is at the heart of improving the
retention and success of all students. Academic programmes that have higher rates of
retention and success make use of group-based learning and teaching, and varied
learning opportunities, including real-world learning and work placements’ (5).

Lately, however, we have started to see some AAU dropout rates at 30% and several
research projects have been initiated to investigate this apparent paradox. As our initial
studies also have shown, retention and dropout are phenomena with a complex
causality of a practical, academic, pedagogical and social nature (4,6). A particular
area of interest is, however, the extent to which our pedagogical PBL model has an
impact on these new trends and whether it should be modified. As an important step
in this area, this paper evaluates existing literature to research state-of-the-art methods
of addressing retention, dropout and PBL learning environments.
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1. RESEARCH DESIGN

1.1. Research question

This paper aims to investigate the phenomena of student retention and dropout in a
problem-based learning (PBL) environment by means of a literature review. Because
most dropout takes place within the first year of college (5), we will limit our focus to
first-year students. Consequently, the research question guiding the literature review
is as follows:

What are the dynamics at play between a problem-based learning environment in
engineering education on the one hand and first-year student retention and dropout on
the other?

After defining the core concepts employed in this paper, we will go through the
methodology behind the literature review, after which we will present the results of the
review and discuss the implications for further research within the area of
retention/dropout and PBL.

1.2. Theoretical core concepts defined

In this section, we define our two main concepts and the relationship between them.
We also define a few related concepts, because either we use them in our search
string and the analyses, or they were important in some of the studies we analysed.

Following Kolmos (7) a problem-based learning environment refers to an innovative
learning approach on a curriculum level that combines specific cognitive, collaborative
and content-related strategies. Cognitively the learning is both problem- and project-
based and situated in a specific context. Collaboratively the learning takes place in
participant-directed teams. In terms of content, the learning is interdisciplinary,
exemplary and emphasises theory as well as practice, including research
methodologies. It aims to model real-world situations and guide the learners to develop
interdisciplinary, deep-content learning within an exemplary discipline area, as well as
foster problem-solving and collaborative skills. As such, it is a huge leap away from
traditional college teaching and puts new qualitative and quantitative learning demands
on both students and faculty. PBL activities or approaches can also be a pedagogical
learning strategy employed at a workshop or course, in which case it normally refers
to problem- or team-based activities. Active learning activities or approaches are
learning strategies that in this context refer more generally to ‘any activity in which
every student must think, create or solve a problem (3). It can also be applied on any
level — workshop, course or curriculum — and does not necessarily entail problem- or
team-based activities.

Retention is defined as the likelihood of a student remaining in university (8) and can
be attributed to a number of factors beyond their academic ability when they enter their
first year. Dropout is defined as the likelihood of a student leaving university (ibid). Two
other important concepts appearing in the literature review are engagement and
persistence (9). Engagement is defined as the time and effort students devote to a
learning a task. Effort here is understood as affective, cognitive and metacognitive
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mobilisation. Persistence, on the other hand, is the conscious choice one makes to
carry on with an activity despite the obstacles or difficulties one may encounter. Even
if engagement and persistence do not equal retention and dropout, the two pairs are
strongly correlated. Dynamics at play is the relationship between the two main
concepts. Below we analyse the kinds of relationships that the literature generally
imagines between retention and dropout on one hand, and a problem-based learning
environment on the other.

1.3. Methodology

To carry out the literature search we first concentrated on the search string’s specific
words. We aimed to find literature within the engineering education field concerning
retention and dropout for first-year students. Each area of interest was scrutinised for
relevant synonyms. Two people participated in this endeavour, including one librarian.
We came up with the following words for each search:

e Engineer — STEM - sciences — natural sciences
e PBL —problem based — problem-based — project based — project-based — student-centered
— active learning
e Drop out — dropout — attrition — retention — retain — holding power — withdraw — persistence
e Student — freshman — freshmen — undergrad — bachelor
The search string ended up looking like this: (engineer* OR STEM OR sciences OR
‘natural science’) AND (student* OR freshman OR freshmen OR undergrad* OR
bachelor*) AND (PBL OR ‘problem based’ OR ‘problem-based’ OR ‘project based’ OR
‘project-based’ OR ‘student-centered’ OR ‘active learning’) AND (‘drop out’ OR
dropout* OR attrition OR retention OR retain OR ‘holding power’ OR withdraw* OR
persistence). Thus, we wanted literature that combined the four areas of interest. We
carried out the search in four databases central to education: Educational Resources
Information Center (ERIC), PsycARTICLES / PsycINFO, Academic Search Premier
and Web of Science. We looked only for peer-reviewed articles and there were no
restrictions concerning the date of the papers. However, we did restrict the search to
include only papers that had the search words in the title or the abstract. We carried
out the search in November 2016. When we retrieved the data, every abstract was
read through twice. The first reading was done to get an initial understanding of the
literature at hand and determine what kinds of categories were operational. After the
second reading, the researchers determined whether each paper had been placed in
the proper category. Finally, we scrutinised papers of particular interest and analysed
them in relation to the research question.

2. FINDINGS
2.1. Articles retrieved

An overview of the article output is shown in Table 1. In total, 87 papers were retrieved
in the search, the oldest from 2000. Most of them we found via ERIC. Leaving out
repeating papers, Academic Search Premier yielded another 30; PsycARTICLES /
PsycINFO vyielded three and Web of Science provided a single paper. Most of the 87
articles — 48 articles to be specific — did not cover the subject of student retention and
dropout. They dealt with the quality and retention of the knowledge that students would
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acquire from different learning strategies. At most, they mentioned student retention
and dropout in a sentence or two. Consequently, we left them out. Twenty articles
covered issues not related to student retention in college. Issues like student retention
and dropout in high school, how teachers and management related to the issue of
retention or how student retention would look in a non-engineering discipline.

Another seven articles dealt with the theme of retention and dropout during the first
year of college within engineering education. However, they dealt with the subject on
a course level, rather than a programme level. The authors usually had an exclusive
focus on a specific course (e.g. a math course), trying to determine whether active
learning or problem-based learning would make the specific course more forthcoming
and digestible for the students so that they would not fail the course. Only 12 articles
addressed student retention on an overall programme level, while at the same time
considering the merits of active learning in general (6 studies) or PBL (6 studies). Out
of these 12 articles, we could not find a full paper for one active learning programme,
and had to dismiss it. Nine articles were positive toward active learning/PBL learning
strategies. Active learning and PBL learning strategies were seen strictly as part of the
solution for retention and dropout issues. Only two articles, both by the same Canadian
main author, investigated how PBL curricula might also increase persistence and lower
engagement of engineering students during the first year of college. In the following
section we will go through the 11 articles on a programme level more thoroughly.

Table 1. Overview of articles retrieved in the literature search

Eric ‘Academic’ ‘PsycINFO’ | Web of Total no. articles by
Science category

Knowledge Quality/ 15 11 26
Retention
Active L strategy

Knowledge Quality/ 14 8 22
Retention
PBL strategy

Retention 3 3
Act L Strategy
Course Level

Retention 3 1 4
PBL strategy
Course level

Retention 5 1 6
Active L strategy
Programme Level

Retention 3 2 1 6
PBL strategy
Programme level

Other 10 7 3 20

Total no. articles 53 30 3 1 87 in total
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2.2. An active learning strategy in service of retention

Retention was the focal point for this category of papers. It dealt with the question of
what active learning strategies can do for retention on a programme level, while also
looking at other, more general, retention factors like financial issues. All five papers
stemmed from American contexts and all of them celebrated active learning strategies
as a tool to secure retention. The specific arguments and the weighing of them differed,
though, as did their definitions of active learning. Table 2 gives an overview of the
different types of active learning employed and the context of retention. Four papers
(1,2,10,11) reported results of a changed curriculum in which active learning played a
larger role. One paper (3) went through a conceptual model for improving persistence
of college students in STEM based on a literature review. Even if all papers
acknowledged that the character of the single student played a role in retention, they
all shared a conviction that institutional characteristics and initiatives are important. Xu
(1) underlined that STEM areas are inherently challenging, demanding an institutional
focus on a good learning environment such as smaller class sizes and in-class
interaction with instructors.

Table 2 Overview of active learning activities, the relationship between active learning and
retention and core beliefs about retention in general for each study

Type of Active Learning Relation between Active Understanding of
Learning and Retention Retention in general
(1)  Interesting learning Active Learning > Challenging nature of
e Student-centred teaching Retention by default STEM demands good
practice learning environment

e Authentic research activities

(2)  Engineering learning Active learning > Chilliness of climate,
communities Sense of community - financial issues and poor
e Cohort courses Retention math skills are core
e Activating L technics challenges
e Peer study groups
e Mentor/Tutor
(10) Team-based learning Active learning 2> Collaborative instructional
e Administrative groups Active and accountable strategies lead to retention
e ‘Flipped classroom’  with science students > and other learning
application Retention outcomes
(3)  Any activity in which a student must = Active learning > Early research experience,
think, create or solve Identification as scientists, Active Learning and
better understanding > learning communities
Retention provide persistence
(11) Student learning communities Active learning 2> Collaborative structures
e Cohort courses Sense of belonging, self- provide academic and
e Activating L technics confidence and improved social support
e Peer study groups learning >
e Mentor/Tutor Retention
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Articles (10) and (3) took the academic focus a little further, insisting that a scientific
identity is a basic requirement for retention, underlining the need for methods like early
research experiences and active-learning strategies resembling what a scientist does.
Articles (2) and (11) emphasised sense of community and belonging as important
factors in retention, urging experimentation with different kinds of student learning
communities.

2.3. A PBL learning strategy in service of retention

In the four papers about retention and problem-based learning strategies, retention
was a major concern for which varying degrees of PBL strategies provided an excellent
solution. Two stemmed from American contexts, one from Canada and one from South
Africa. (12) looked at the employability of a PBL strategy on a course level, whereas
the others looked at some initiatives that involved broader parts of the curriculum. For
these three studies (13-15) PBL learning environments were also interesting because
they vyielded other positive results, such as improvements in the students’
communicative, critical and professional skills. No findings pointed in the direction of
PBL learning environments having negative impacts on retention. In general, little was
said about potential challenges of PBL learning environments — this was limited to
challenges and costs of implementation or group dynamics.

Table 3 Type of PBL, relationship between PBL and retention and understanding of retention
in general for each study

Type of PBL Relation between PBL Understanding of Retention
and Retention in general
(12) Change Chem initiative Promising relation: Building engineering identity,
e Small design projects as part Increased learning and sup. social interdependence
of courses identity with engineering and achievement will attract
Some dysfunctional team women and minorities, fit

e Authentic prob. descriptions
issues workforce demands and

e Teamwork secure retention

(13) GDW initiative PBL > Retention is one issue that
¢ Interdisciplinary project  Increased motivation, can be addressed by the
module disciplinary and | introduction of PBL
* Real world game design communicative skills,

increased quality, group
dynamics and retention

(14) Integrated PBL PBL > Curricula changes, faculty
Collaborative, critical and | education and introduction of

Problem-based icul . _— . . )
* roblem-based currictium prof. skills building, earlier PBL is the solution to

 Collaborative teaching maturity, self-directedness retention issues
strategies and retention
(15) PBL ala Mastricht PBL > At-risk students in South

Impact the learning style of ' Africa do benefit from a PBL

at-risk students and thus  strategy in terms of retention
e Problem-based improve retention

e Integrated

e Sevenjump
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2.4. A PBL learning environment in terms of engagement and persistence

Only two papers intimately dealt with challenges of a PBL learning environment that
may have potentially affected retention and dropout. The papers were written by the
same team of researchers who were associated with the Centre for Research in Higher
Education at the Université de Sherbrooke in Canada. Université de Sherbrooke is a
university that has had PBL learning environments within medicine since the late
1980s, and in their engineering education since around 2000.

(9) and (16) presented a predictive conceptual model of the factors that influenced the
engagement and persistence of students within an innovative PBL curriculum, similar
to the Aalborg model. The papers also presented the results of a questionnaire study
and an interview study, carried out in medicine and two engineering programmes, to
gain insight and test the model.

According to Bedard et al. (9,16), the engagement and persistence of a student in a
PBL learning environment can be predicted based on four factors: the student’s self-
efficacy, stress level, level of competence in new cognitive tools and their theories and
beliefs about knowledge. Following Bandura, Bedard et al. (9) defined self-efficacy as
the notion that the more one thinks they are effective, the more they will persist. Stress
was defined as the particular relationship between individuals and their environment,
when the latter exceeds the resources available to the individual. New cognitive tools
— demanded by a new learning environment — included knowledge articulation and
reflexive thinking. The student’s theories and beliefs about knowledge were important
in a curriculum that introduces ‘contextualisation of knowledge’ as one of its main
characteristics. Reaching the level of relativism (contextual lenses) as opposed to
subjectivism (personal truth) and dualism (right or wrong) will make a difference for the
student’s engagement and persistence.

What is interesting about this research is that the best predictor of a student’s
engagement and persistence was the support that reduced stress. If a student found
this support high, the engagement and persistence of that same student was equally
high. In fact, the stress factor was singled out as the factor that explained most of the
variance found in the research, especially related to engagement. Self-efficacy, which
is usually singled out as important, played a minor role. An overview of the arguments
and suggested activities are given in Table 4.

As can be seen from Table 4, initiatives that helped the students overcome the stress
of a new, demanding learning environment positively affected engagement and
persistence. Stress levels were higher in the first year due to the new learning
environment and the lack of appropriate learning strategies. Bedard et al. (16)
emphasised that different types of curriculum resulted in different factors carrying the
most weight. For example, computer science did not see stress-related issues at the
top as other programmes did. Instead, one of the new cognitive tools, knowledge
attrition, carried the most weight. Bedard et al. pointed to the fact that within computer
science, it is vital to understand and articulate abstract mathematical knowledge, and
the tutors placed great emphasis on this, which could both be reasons for this specific
outcome.
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Table 4 Relationship between PBL and engagement/persistence and activities that affect
engagement and persistence positively in a PBL learning environment

Type of PBL Relation between PBL and Activities that affect engagement
engagement and persistence and persistence positively

(9) Innovative PBL Engagement and persistence in PBL  Knowledge production in a real life
and | curriculum curriculum can be predicted based problem context

(16) on four factors: Enough time to project work

Self-efficacy
Stress
New coghnitive tools

Theories and beliefs about Stable learning environments with
knowledge tutors

Support from peers, faculty and
mentors

The support measures that reduce Scaffolding measures for managing
stress is the better predictor of time and organising learning practices

engagement and persistence Clear objectives and expectations of

Collaborative work is effective in the curriculum

reducing stress, however conflicts Collaborative spirit rather than
are stressful competition

Evaluation process coherent with PBL

Disciplinary fields influence which )
learning mode

factors carry the day

3. DISCUSSION OF FINDINGS AND IMPLICATIONS FOR ENGINEERING
EDUCATION

The literature review shows that very few studies overall have dealt with the dynamics
at play between PBL learning environments within engineering education and college
student retention and dropout rates. This is the most basic and telling finding — not a
lot is known within this area.

Of the studies that dealt with the issue, the majority experienced the dynamics at play
to be purely positive. PBL and active learning were seen as part of a solution to a
problem that is increasingly present in the world of engineering education. There
seems to be very little inquiry into the question of whether a PBL learning environment
could be anything but positive in terms of retention and dropout. Active learning and
PBL strategies enhance scientific identity, improve learning quality and resemble what
scientists and workplaces do. They provide peer support and nourish a sense of
community and belonging, factors that support retention and diminish dropout, as we
also saw with the introductory quotation. This is vital in a STEM context, where the
disciplines seem to be inherently challenging and the demand for workforce is rising.

How can we then explain the contradictory situation at AAU? Why have retention rates
changed?

What the Canadian findings seem to teach us is that while innovative curricula, like
PBL, improves retention for the reasons stated above, and in particular by reducing
students’ stress, too much of a new thing might also trigger stress. PBL often
necessitates that students develop more autonomy, responsibility and new learning
strategies, as well as self-awareness about the value of these student-centred
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activities. This has been the case at AAU for a long time, though. What the Canadian
study also shows is that some factors positively enhance engagement and persistence.
Among these include: enough time for project work; support from peers, faculty, and
mentors; clear objectives and expectations of the curriculum; a collaborative spirit
rather than a competitive one and an evaluation process coherent with the PBL
learning mode.

Some of the inquiries that we have already used (4,6) with students at AAU suggest
that they feel more stressed in general. Among other things, they lack enough time to
do their project work and believe course activities take up a lot of energy. Speculatively,
there has seemingly been a general increase in course activity at AAU, an increased
competitive spirit and the evaluation process has definitely been under heavy pressure
to become much more individualised. It is, however, outside this paper’'s scope to
speculate further regarding the underlying reasons. Regardless of what makes the
AAU students more stressed, this literature review advises us to strike a balance,
where overcoming the stress of a new learning environment is possible, while at the
same time harvesting the many benefits of PBL learning environments.

The research into these areas is far from sufficient and more research will be
necessary. Based on this literature review, in an AAU context, issues that stand out
include: new ICT-driven generations of students entering university. To what extent do
these new generations of students alter the fit of the existing pedagogical PBL model?
Economic pressure and pressure from faculty toward more traditional knowledge
training imply a more diluted PBL learning environment. Do we then ultimately put
students in a clamp by asking them to honour both traditional and innovative learning
pedagogies — adding to a stressful environment? These and other questions will be
addressed in our research projects concerning retention and dropout in the coming
years within the area of engineering education.
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1 INTRODUCTION

This paper presents the design, data collection process, and preliminary findings of an
exploratory study that will lead to a more systematic review of phenomenological research in
the realm of education regarding engineering and other STEM subjects (i.e., science,
technology, engineering and mathematics). This paper identifies doctoral theses and
dissertations that have used the method to produce findings. The term “thesis” is used
throughout to connotate both “thesis” and “dissertation”. The term “phenomenology” is used
to mean a research methodology for understanding and describing human experience—by
analyzing, interpreting, and synthesizing personal accounts of a phenomenon. Accounts are
typically collected via in-depth interviews. Moreover, phenomenology seeks to identify core,
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shared aspects of the experience, or its overall essence. Phenomenologists often assess the
texture (what happened while experiencing the phenomenon) and structure (the various
ways the phenomenon was experienced by participants). This study represents a work-in-
progress and is guided by recommendations for conducting systematic reviews that have
been published by recognized scholars in engineering education [1], [2].

The study reported here focuses on a foundational body of gray literature, so that
researchers and engineering educators can better understand and make use of this
particular knowledge base. Findings of the study are intended for use by education
researchers, phenomenological researchers, third-level engineering educators, higher
education administrators/managers, and policy makers. Research questions driving the
overall study are: What patterns emerge via systematic review of phenomenological doctoral
theses? What demographic groups and range of topics have been explored?

Work completed to date suggests phenomenological methodologies that phenomenology is
being used as a research method more and more frequently in engineering education
research (EER), but although they may inform earlier studies, they have been explicitly
called out as the formal research methodology only recently in EER. Databases
recommended specifically for use in systematic reviews in engineering education [1] provide
access to 33 theses, with most of these originating in Higher Education Institutions (HEIs) in
the United States. This number is not far behind the number of scholarly journal articles (49)
and conference papers (50) identified using the same databases and search constraints.

2 FOCUS OF SYSTEMATIC REVIEW

At the outset of this study, multiple databases were mined to identify publications where
“‘phenomenology” and “engineering education” or “engineering students” or “STEM students”
appear in the title, keywords, or abstract. Three types of documents were mined: (1) peer-
reviewed journal articles; (2) conference papers; and (3) doctoral-level theses that have
been approved by a recognized HEI. The first group is considered the highest form of
“scholarly literature” whereas the second and third groups are described as “gray literature”
[1]. Gray literature also includes government documents, reports, books, websites, and the
like [1]. In emerging fields, publications typically appear in gray literature before they make
their way into scholarly journals [3].

Table 1. Yield of database search

Search & “engin?ering & “engineering & “STEM Total
“phenomenology” education” students” students”
ProQuest (journal articles) 40 Adds 1 Adds 2 43
Scopus (journal articles) 6 Adds 0 Adds 0 06
Scopus (conference papers) 16 Adds 4 Adds 0 20
ProQuest (conference papers) 23 Adds 2 Adds 5 30
ProQuest (theses) 17 Adds 1 Adds 1 19
Open Access (theses) 6 Adds 0 Adds 8 14

A basic search using Google Scholar identified 2750 sources associated with the terms
“‘phenomenology” and “engineering education”, 1910 associated with “phenomenology” and
“engineering students”, and 218 associated with “phenomenology” and “STEM students”. A
similar search of Taylor and Francis Online identified a similarly large number of results
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(1561, 1540, and 1670 respectively). To limit the search to items that have been more
thoroughly vetted, it was advantageous to specify terms under the “advanced search”
options that many databases provide. Results, however, varied widely from one database to
the next, with regard to accuracy and applicability. Subsequent searches for this study set
the search parameters to identify only instances where the three terms appeared in the title,
abstract, or keywords. Although searches using such parameters will identify many relevant
sources, they will not identify documents that do not tag these particular terms up front.

3 METHODOLOGY AND DESCRIPTION OF MATERIAL STUDIED

This study used multiple databases to locate basic information on relevant journal articles,
conference papers, theses and dissertations. For all these, the researchers collected
bibliographic information and full-length abstracts. For the theses, they collected a full set of
full-length texts as well. The best databases to use depend upon one’s research subject and
intent [1]. This study included searches of: the general databases JSTOR and Scopus; the
journal databases Science Direct and ProQuest; and thesis databases ProQuest and
Open Access Theses and Dissertations. Across these databases, using the terms
‘phenomenology” and “engineering education” yielded many more results than the other two
sets of terms, but the addition of terms “engineering students” and “STEM students” added
value to the study by identifying a few texts not found using the primary terms.

4 RESULTS

With regard to journal articles, Scopus and ProQuest yielded the most plentiful and useful
results. Surprisingly, there was no overlap in the results gathered using Scopus and
ProQuest; none of the references located using one appeared in the other. Using Scopus
and ProQuest identified a total of 49 peer-reviewed scholarly journal articles. Publications
not relevant to this investigation were excluded manually (e.g., those using
phenomenography rather than phenomenology). Phenomenology focuses on pre-reflective,
raw experience and identifying shared that summarize the essence of the experience,
whereas phenomenography focuses on different categories of conceptualization and is thus
post-reflective; these two methods are quite different.

Two additional databases were searched without yielding useful journal results. Although
JSTOR identified some relevant resources, it did not add any items beyond those already
identified using Scopus and ProQuest. Science Direct did not identify any relevant results.
Since Scopus and ProQuest provided good access to vetted conference papers, we harvest
basic data about these as well, for use in future analyses.

In keeping with expert recommendations [1], thesis searches were conducted using
ProQuest and Open Access Theses and Dissertations (shown in boldface in Table 1), with a
yield of 33 relevant theses. All results identified by ProQuest came from HEls in the United
States and were published between the years 2009 and 2016. ProQuest was established in
Michigan in 1938, and this helps suggest in the US, phenomenology is now emerging in
EER. Initial searches using Open Access were unsuccessful, so follow-up searches were
conducted manually. Since tightly controlled searches yielded no results, searches were run
without “ ” surrounding search terms, yielding identification of 109 theses. Those focused on
phenomenology in education (rather in than technical, physics-related terms) were harvested
from the list manually. Only 14 fit the requirements of this study. Of these, 6 matched the
primary terms of phenomenology and engineering education. Eight more had to do with
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STEM more broadly, including two from Architecture and Built Environment. Open Access
provided greater diversity in dates (2003-2017) and origin (with 5 written outside the USA).
This implies manual cultivation of other database searches could increase yield (Table 1).

Table 2. ProQuest Demographic and Institutional Information of Researchers

Author’s Name Year | Lev. | Sex Institution School/Area
Benedict-Augustine 2010 |EdD |F Univ. of Pennsylvania [Higher Educ. Management
DeRamus-Suazo 2012 |PhD |F Capella University School of Education
Ecklund 2013 |PhD M Colorado State Univ. School of Education
Frillman 2011 |PhD |F Purdue University School of Engineering Educ.
Luo 2014 |PhD |F Purdue University School of Engineering Educ.
Masterman 2014 |PhD |F Boston College Department of Educ.

Leadership & Higher Educ.
McDonald 2016 |PhD |F University of Utah Department of Educational
Leadership and Policy
McNeill 2013 |[EdD M Northcentral Univ. School of Education
Mena 2010 |PhD |F Purdue University School of Engineering Educ.
Parker 2013 |PhD |F UNC Charlotte Curriculum and Instruction
Richards 2009 |PhD M Purdue University School of Engineering Educ.
Spaulding 2013 |[EdD M Fielding Graduate Somatics, Phenomenology, &
University Communicative Leadership
Strutz 2012 |PhD |F Purdue University School of Engineering Educ.
Sun 2012 |PhD |F Purdue University School of Engineering Educ.
Torres Ayala 2012 |PhD |F University of South Curriculum and Instruction,
Florida College of Education
Troesch 2015 |PhD |F Michigan Tech. Univ.  [Rhetoric, Theory and Culture
Verdan 2012 |PhD |F Clemson University Chemistry
White 2014 |PhD |F Capella University School of Engineering Educ.
Zhu 2013 |PhD |F Purdue University School of Engineering Educ.

This section tabulates results as recommended by [2]. Tables facilitate comparison of results
between ProQuest (Table 2) and Open Access (Table 3). These two tables identify each
author’'s name, year of graduation, degree earned, gender or sex (as identified using name
recognition, university website, and LinkedIn profiles), HEI granting the degree, and the
School or academic area named in the title page of the thesis.

Table 3. Open Access Demographic and Institutional Information of Researchers

Author Year | Level (Sex Institution School/Area
Alkhadrawi 2015 |PhD F  |University of Toledo Curriculum and Instruction
Darrow 2012 |PhD F |lowa State University Education (Educ. Leadership)
Foulcher 2017 |PhD M  |Univ. of Newcastle School of Architecture & Built Env.
Gardner 2017 |PhD F  [Syracuse University Teaching and Leadership
Heroux 2012 |PhD F |Loyola Univ. Chicago Education
Howard 2003 |PhD M |Pennsylvania State Univ. Workforce Educ. & Development
Mabovula 2002 |MEd |[F |Rhodes University Education
Marais 2014 M F  |University of South Africa Master of Commerce (industrial and
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organisational psychology)

McCann 2013 |PhD F  |University of Oklahoma Instructional Leadership & Academic
Curriculum

Pan 2014 |PhD F  |University of Maryland Education Policy and Leadership

Subryan 2017 |PhD F  |University of Derby Education

Thackeray [2016 |EdD F  |Northeastern University School of Education

Troesch 2015 |PhD F  [Michigan Tech. University  |Department of Humanities

Tuapawa 2017 |PhD F  |University of Newcastle School of Architecture & Built Env.

Table 4 facilitates comparison of the engineering subjects studied (which are underlined).
Sample demographics, sample size, and research method often do not appear in the title.

Table 4. Comparison of Titles and Topics

ProQuest

Open Access

Benedict-Augustine, A. (2010). The impact of
international internships on undergraduate college
students' career development.

Alkhadrawi, A. A. (2015). Gender differences in math
and science choices and preferences.

DeRamus-Suazo, N. (2012). The influence of
college choice on the success, ethnic identity, and
professional sense of belonging of African
\American engineers.

Darrow, M. E. (2012). Engineering transfer student
leavers: Voices from the sidelines of
the engineering playing field.

Ecklund, A. P. (2013). Male engineers: An
interpretive phenomenological analysis of the
experiences of persistence in higher education.

Foulcher, N. C. (2017). The tale of two schools:
Design technology, digital mediation and aesthetic
dispositions within architectural design education.

Frillman, S. A. (2011). A hermeneutic
lphenomenological study of the experiences of
female African American undergraduate
engineering students at a predominantly white and
an historically black institution.

Gardner, M. (2017). Understanding
integrated STEM science instruction through the

experiences of teachers and students.

Luo, Y. (2014). Use of Web 2.0 technologies: A
virtual ethnographic and phenomenological study
of first-year engineering students' experiences.

Heroux, K. H. (2012). How do secondary science
teachers understand and implement technological
design in their classrooms?

Masterman, A. K. (2014). Women's doctoral
student experiences and degree progress in
education versus engineering.

Howard, C. A. (2003). From engineer to manager: A
qualitative study of experiences, challenges, and
individual transitions for engineering managers in
aerospace companies.

McDonald, L. K. (2016). "You have no life other
than that, so you better like what you're doing": A
feminist phenomenology of women in
undergraduate engineering majors.

Mabovula, N. (2002). A phenomenological
investigation of a female leader's perceptions and
experience of discrimination in the work place.

McNeill, D. G. (2013). Industry driven electronic
communication competencies for an associate
electronics degree: A phenomenological study.

Marais, M.-H. (2014). Retention and engagement of
generation Y engineers: A hermeneutic
lphenomenological inquiry.

Mena, I. B. (2010). Socialization experiences
resulting from engineering teaching assistantships
at Purdue University.

McCann, F. (2013). Engineers' self-perceptions and
a strategy for fostering authentic images of engineers
and scientists among elementary school students.

Parker, A. D. (2013). Family matters: Familial
support and science identity formation for African
\American female STEM majors.

Pan, Y. (2014). Transcendence of time and space:
The lived experiences of Chinese international
graduate students in the United States.

Richards, G. P. (2009). Relating engineering
technology students' experiences in
electromagnetics with performance in
communications coursework: A mixed-methods

Subryan, S. (2017). Exploring secondary school
science teacher professional identity: Can it be

influenced and reshaped by experiences of

rofessional development programmes?
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study.

Spaulding, R. J. (2013). An alternative expert
knowledge transfer model: A case study of an
indigenous storytelling approach.

Thackeray, S. L. (2016). Overcoming the toxic
influence of subtle messaging: Utah women who

persist in STEM.

Strutz, M. L. (2012). Influences on low-SES first-
generation students' decision to pursue

engineering.

Troesch, V. (2015). What is it to be an ethical
engineer? A phenomenological approach to
engineering ethics pedagogy.

Sun, Y. (2012). Investigating the learning to teach
process: Pedagogy, innovation adoption, expertise
development, and technology integration.

Tuapawa, K. (2017). An interpretation of key
stakeholders' experiences using educational online
technologies in blended tertiary environments: A
lphenomenological study.

Torres Ayala, A. T. (2012). Future engineering
professors’ conceptions of learning and teaching
engineering.

Other relevant theses

Verdan, A. M. (2012). Finding a new continent
versus mapping all the rivers: Recognition,
ownership, and the scientific epistemological
development of practicing scientists and
engineers.

Chari, D. (2014). What is nanoscience?"-A
hermeneutic phenomenological study of nanoscience
researchers’ experiences. (PhD, Dublin Institute of
Technology).

White, S. M. (2014). The experiences of women
engineers who have completed one to five years
of professional engineering employment: A
lphenomenological study.

Charity-Leeke, P. C. (2012). Women in engineering:
\A phenomenological analysis of sociocultural
contextual meaning of gender roles. (PhD, Cleveland
State University).

Zhu, J. (2013). Personal epistemological
development of Chinese engineering doctoral
students in U.S. institutions: An application of
Perry’s theory.

Kuzmak, N. (2010). Women engineers: Stories of
persistence. (PhD, Capella University).

Somerville-Midgette, K. N. (2015). An engineering
journey: A transcendental phenomenological study of
\African-American female engineers' persistence.
(EdD, Liberty University).

5 DIRECTION OF UPCOMING RESEARCH

Using a system such as this can facilitate comparison. Although analysis is in very early
stages, Tables 5 and 6 suggest directions for future work. Table 5 suggests one format, with

presentation of focused data.

Table 5. Tabulation of Focused Data

Author Sample Demographic # Focus of Study
Benedict- |Undergrads & support 20 |(Impact of international internships on undergraduates'
Augustine |professionals in business, career development
engineering, liberal arts
DeRamus- |African-American engineers | 8 |Influence of college choice (HBCU vs. PWI) on sense
Suazo of success, ethnic identity, professional belonging
Ecklund Male engineering 12 |Experiences of persistence in higher education
undergrads
Frillman Female African American 19 |Experiences at demographically different HEIs (one
engineering undergrads HBCU and one PWI)
Masterman |Female doctoral students 21 |Doctoral education culture in Education and
(10 in the field of Education Engineering and how these cultures influence women's
and 11 in Engineering). student experiences and their degree progress
McDonald |Female engineering 7 |How participants made meaning of challenging major,
undergrads being one of a few women, and seeking fulfillment
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The format used in Table 6 provides more detailed information, including sample group (size
and demographic characteristics), framework and/or focus, and primary findings.

Table 6. Tabulation of More Detailed Data

Source

Sample Number and Criteria

Framework or Focus

Major Findings

DeRamus-Suazo, N. (2012). The
influence of college choice on the
success, ethnic identity, and
professional sense of belonging of
African American engineers.

Two foci: (1) How
college choice
influenced success,
ethnic identity, sense of
belonging, and (2) if

8 African-American eng. grads.
from Historically Black College/
Univ. (HBCU) or Predominately
\White Institution (PWI) in USA

participants “favorably
viewed their choice of
HBCUs versus PWIs”
after experiencing
practice.

Whether from an HBCU or PWI,
participants felt achievement and
competence to succeed. Most would
choose their HEI again and said it
supported their professional aspirations.
Sense of belonging and a supportive
network (of peers and faculty) influenced
participants’ outlook. Several described
conviction to become an engineer despite
challenges faced at HEI and in workforce.

Ecklund, A. P. (2013). Male
engineers: An interpretive
phenomenological analysis of the
experiences of persistence in
higher education.

Used interpretative
phenomenological
analysis (IPA) with
Tinto’s theory of
presistence. Focused

12 male undergrads in one private
university in Texas in mechanical,
electrical, or computer engineering

on HEI experiences to
build upon findings of
Kuzmak (2010).

Preparation before university was
important to persistence, as were
having/building a strong network of
support, and “being grounded in
academic skills and characteristics”
(Ecklund, 2013, p. iii). Discussions of
persistence involved both intrinsic and
extrinsic motivations.

Luo, Y. (2014). Use of web 2.0
technologies: A virtual
ethnographic and
phenomenological study of first-
year engineering students'
experiences.

Methods to study use of
Web 2.0 technologies:
(1) virtual ethnographic
inquiry regarding its use
in daily life, and (2)
phenomenology

15 first-year engineering students
at Purdue Univ. (Indiana, USA)

regarding its use in (a)
formal and (b) informal
learning communities.

Web 2.0 tools were important in
facilitating the interaction among first-year
engineering students in multiple
communities, including informal
engineering-related communities, online
communities for first-year engineering
students at Purdue, and for communities

Parker, A. D. (2013). Family
matters: Familial support and
science identity formation for
African American female STEM
majors.

Using critical race
feminism to investigate
how family and science
identity influence
“persistence in STEM

10 female African-American STEM
undergrads from public HEIs in
North Carolina (1 PWI, 1 HBCU)

while considering the
duality of African
American women's
status in society.”

Families and science identity formation
influenced STEM experiences of
participants. Five themes were identified:
(1) independence, (2) support, (3)
pressure to succeed, (4) adaptations, and
(5) race and gender.

McNeill, D. G. (2013). Industry
driven electronic communication
competencies for an associate
electronics degree: A
phenomenological study.

Qualitative
phenomenological study
using “a modified van
Kaam method” and
perspectives of

11 applied electronic technology
and/or engineering (ETE)
professionals

curricular improvement

This study identified 12 competencies an
applied ETE curriculum should develop in
graduates. Results indicated most
graduates of applied ETE associate
programs lack adequate computer related
skills and comprehension of ECTE
systems.

Mena, |. B. (2010). Socialization
experiences resulting from
engineering teaching
assistantships at Purdue Univ.

\What socialization
experiences
engineering doctoral
students report going

28 engineering doctoral students
who worked as teaching assistants

through as a result of
being engineering TAs

Participants characterized socialization
experiences related to: training,
interacting various groups, undertaking
responsibilities, balancing teaching and
research, and developing skills.
Experiences varied on multiple factors.
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6 DISCUSSION

Despite being “gray literature”, doctoral theses proved to be essential resources in assessing
the use of phenomenology in EER. The exploratory results were greatly limited by the
search terms and databases used. Searches using two of the best-known thesis databases,
ProQuest and Open Access Theses and Dissertations, failed to identify theses the authors
had previously studied and found relevant to the topic. These databases appear to have
strong US and English-language bias, with research from other locations and other
languages not well represented. Future searches could include European-specific databases
and other databases recommended by [1], such as Academic Search Complete, Wiley, and
the Directory of Open Access Journals and education-specific databases ERIC and
Education Full Text (EBSCO).

Current search terms may be too limited. Researchers may have used terms such as
“engineering pedagogy”, “engineering didactics”, or “engineering learning” which in Europe
are seen as synonymous with “engineering education”. “STEM” is a fairly new term, not
common in the past. Identification of phenomenological work proves difficult. Upon closer
analysis it may be found that some of the studies located are more phenomenographical
than phenomenological. Some researchers may have been inspired by phenomenology but
have used some other specialized terms. Researchers inspired by phenomenology may not
have prioritized the methodology in their front descriptors; they might not have listed the
word in the title, keywords, or abstract even when they used it in a study. Snowball sampling
[1] would be necessary for conducting a comprehensive review, if one were aiming to
identify all relevant publications with relevant findings pertaining to the specified terms.

Nevertheless, this exploratory study has identified HEIls, mostly in the US, generating
phenomenological EER at the doctoral level as well as the range of dates (2003-2017,
increasing steadily in recent years), and favoured topics of phenomenological EER enquiry
(frequently race and gender, but sometimes the experience of a particular technology or
pedagogical approach). A big lesson is that persistence is required in systematic reviews.
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INTRODUCTION

Creativity is a fundamental element of engineering [5]. Creativity is concerned with
the generation of effective, novel solutions to problems, while engineering, and
engineering education have a similar goal, focused on technological solutions [9]. In
recent years, creativity has become one of the most important issues in engineering
education in Taiwan. Many trans-disciplinary projects in Taiwan have focused on the
subject and hundreds of web pages display information on how to be more creative and
achieve innovation in engineering. Studying university students’ creativity is very critical
for acquiring in-depth understanding of engineering education for educators and
researchers who take great interest in education- or engineering-related fields.

It has been emphasized that more females should be able to contribute to society in
the engineering field [11]. Abraham [1] proposed that gender is an important affecting
factor to creativity. As Kang and Yune [11] indicated that studying gender differences of
creativity in engineering is important and practical in providing educational materials or
teaching interventions for both male and female university students in the engineering
field. Therefore, the main purpose of this study was to analyze engineering university
students’ creativity by examining a sample of students in Taiwan. In addition, this study is
to investigate the relationship between students’ gender and engineering creativity.

PERSPECTIVES

Since Guilford [10] proposed the definitions of creativity in 1950, the issue of
creativity research had been scrutinized by researchers. Then Torrance [20] applied
Guilford’s creativity theory to draw a framework for creative thinking processes that
consists of four aspects: fluency, flexibility, originality, and elaboration. Fluency refers to
the production of a great number of ideas or alternate solutions to a problem. Flexibility
refers to the production of ideas that show a variety of possibilities or realms of thought.
Originality involves the production of ideas that are unique or unusual. Elaboration is the
process of enhancing ideas by providing more detail. Recently, Charyton [4] contended
that engineers not only need to address esthetics like artists, but also to solve problems,
prevent potential problems, and address utility within the constraints and parameters that
have been designated. These aspects of creativity have been described as “functional
creativity,” [7] which means that products designed by engineers typically serve a
functional and useful purpose. Building on this, problem finding offers another avenue for
increasing creative production [13]. Problem solving skills are often found in and
commonly associated with art, yet are also necessary in science and engineering.
However, these attributes have not been specifically measured traditionally nor in
engineering creativity. Such attributes need to be assessed and further developed by
appropriate educational intervention activities [7]. Mainly adopting the definition of
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creativity by Torrance [20] and covering the dimension proposed by Cropley and Cropley
[7], this study leaded to the development of a framework of an instrument for measuring
students’ engineering creativity, which contained five dimensions: fluency, flexibility,
originality, elaboration, and usefulness.

Abraham [1] proposed that gender is an important factor. Since researchers began
to focus on gender differences in creativity, no simple conclusion has been drawn from
the empirical evidence on this issue. For example, some studies considered that there
were no gender differences in creativity [12] [16] [19], while some studies reported that
females tended to score higher than their male counterparts in creativity [2] [17] [14].
Some other studies indicated some opposite results with males scoring higher than
females [6] [15]. The conflicting outcomes could be results of tests being conducted in
different cultural contexts. On the other hand, most studies of creativity tended to focus
on general creativity, not creativity narrowing to that revolving around engineering,
especially with gender factor completely overlooked. Therefore, this study was intended
to explore the gender differences in engineering creativity in Taiwan.

METHODS

3.1 Measures methods. The instrument used in this study was “The Engineering
Creativity Scale (ECS), developed by authors to measure university students’
engineering creativity. The ECS consisted of two sub-tests: “Design of generating
sound” and “Design a car” which were derived and revised from Charyton’s [4] and Yeh's
[21] studies with minor changes according to the Mandarin usage and local culture. The
“Design of generating sound” was designated to ask participants to draw two designs
(Design 1 and Design 2) based on two 3-dimension images. The participants were asked
to describe each of their two designs by answering the following questions: “What is your
design?”, “What are the materials of your designs”, “What are the problems solved with
your designs”, and “Who will be users of your designs”. The second subtest, “Design a
car”, required participants to draw a car with their imagination and design. Subsequently,
the participants were asked to describe the features and specifics of the car they
designed and used pens to draw their designed products on the ECS. The amount of
test time was 30 minutes: 10 minutes for Design of generating sound, and 20 minutes for
Design a car.

The coefficients of internal consistency reliability of the ECS were between .12-.90,
p<.001. The coefficients of test/re-test reliability were between .32-.50, p<.05. The
coefficients of inter-rater reliability were between .47-.97, p<.001. The coefficients of
parallel-forms reliability were between .30-.50, p<.01.

Regarding the validity of the ECS, six university professors in engineering or
psychology were asked to determine the content validity of the ECS by rigorously and
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thoroughly reviewing the item content of the ECS. And the ECS was modified based on
these experts’ suggestions and comments. In addition, the coefficients of
criterion-related validity were applied and were ranged from .25-.55, p<.05.

3.1 Data resource. This ECS was given in a group administration to assess university
students’ creativity in engineering. A sample of 104 university students who studied in
the engineering field from 3 (2 public and 1 private) universities in Taiwan was invited to
participate in this research voluntarily, from April to November 2017. As shown in Table 1,
the sample included 59(55.7%) males and 47(44.3%) females, and consisted of
12(11.3%) freshman, 26(24.5%) sophomore, 51(48.1%) junior and 17 (16.0%) senior
students.

Table 1 The distributions of samples in this study

Male Female TOTAL

N % N % N %

School type
Public 40 37.7 30 28.3 70 66.0
Private 19 17.9 17 16.0 36 34.0
TOTAL 59 55.7 47 44.3 106 100

Grade

Freshman 5 4.7 7 6.6 12 11.3
Sophomore 16 15.1 10 9.4 26 24.5
Junior 29 27.4 22 20.8 51 48.1
Senior 9 8.5 8 7.5 17 16.1
TOTAL 59 55.7 a7 44.3 106 100

3.3 Analytic strategy. The following procedural steps were used to score each
participant’s answer. The Design of generating sound consisted of four dimensions:
fluency, flexibility, originality, and usefulness. Fluency was computed by the number of
ideas on the sketch, description, materials, problems solved, and potential users.
Flexibility was calculated by the number of different categories, types, or classifications
of responses. Originality was scored by a 11-point scale (0 = dull, 1 = commonplace, 2 =
somewhat interesting, 3 = interesting, 4 = very interesting, 5 = insightful, 6 = unique and
different, 7 = exceptional, 8 = innovative, 9 = valuable and beneficial to the field, and 10
= genius). Usefulness was scored with a 5-point scale (0 = not useful, 1= somewhat
useful, 2 = moderately useful, 3 = very useful, and 4 = indispensable). At first, Design 1
and Design 2 were scored separately, and then scores of Design 1 and Design 2 were
summed up for each dimension, respectively.
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“Design a car” included four dimensions: fluency, flexibility, originality, and
elaboration. The fluency score was given simply by counting all the valid responses
given by the participants. The flexibility score was given by counting the numbers of
categories of students’ answers on the car features. The originality score was developed
from a tabulation of the frequency of all the responses obtained. Frequencies and
percentages of each response were computed. Among all answers, 2 points were given
to a special answer for the originality score when the probability of this answer was
smaller than 5%. One point was given to an answer of which the probability was between
5% and 10%. The elaboration was obtained by counting the numbers of car specifics
given by participants. The total score of “Design of generating sound” for each
participant was computed by summing up his/ her T scores of fluency, flexibility,
originality, and usefulness. The total score of “Design a car” was computed by adding up
the T scores of fluency, flexibility, originality, and elaboration. The combined scores of
engineering creativity for each participant were computed by averaging scores of these
two subtests’ scores.

Moreover, in order to explore the relationship between students’ gender and
creativity, the independent t test was employed to test the significant difference between
male and female in each of five dimensions and the total score of the ECS.

RESULTS

The results of this study, shown in Table 2, have some interesting findings. (1) The
range of the means of five dimensions from males is 50.27 to 55.19 (T Score), from high
to low: Usefulness, Fluency, Flexibility, Originality, and Elaboration, and the total score is
52.04. (2) The range of the means of five dimensions from females is 48.03 — 50.67 (T
Score), from high to low: Usefulness, Flexibility, Fluency, Elaboration, and Originality,
and the total score is 48.94. (3) Male students score significantly higher than female
students in Fluency (t(104) = 2.75, p<.01), Originality (t(104)=2.27, p<.05), Usefulness
(t(104)=2.26, p<.05) and the total score (t(104)=2.69, p<.01). Nevertheless, there is no
significant gender difference in scores of Flexibility and Elaboration.

Table2 The summary of university students’ gender and engineering creativity

Male Female
Dimension (n=59) (n=47) t
M SD M SD
Fluency 52.32 6.48 48.82 6.53 2.75**
Flexibility 51.98 6.25 49.52 7.84 1.80
Originality 51.05 7.48 48.03 5.86 2.27*
Elaboration 50.27 9.48 48.06 8.55 1.25
Usefulness 55.19 12.13 50.67 8.38 2.26*
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Total 52.04 5.85 48.94 5.99 2.69**

*p<.05 **p<.01

DISSCUSSION

Results above present some interesting and noteworthy findings. Firstly, both male
and female participants score highest in Usefulness among the five dimensions of
engineering creativity. The participants’ responses to the test corresponded positively to
Charyton’s [4] point that problem solving or the utility of product should be designated or
described in the product designing process.

Secondly, male participants score significantly higher than female participants in
Fluency, Originality, Usefulness and the total score. The results of this study differ from
previous studies, such as those conducted by Bender, Nibbelink, Towner-Thyrum, &
Vredenburg [2], in which females scored significantly higher than males. However, the
results of this study partially support Kang & Yune's [11] finding that Korean female
engineering students had lower scores on both the integrated creativity and engineering
creativity tests than male students. Does this imply that Asian’s culture and learning
environment are more supportive for male than for female students in their creativity
development in the engineering field? It is cortical for the faculty can promote female
students to practice creativity thinking skills by giving more opportunities to promote
females’ engineering creativity. It is crucial for the teachers in the engineering field to
take student gender, culture, and teaching strategies together into consideration when
creating and maintaining a supportive and friendly learning environment for their female
students.

Thirdly, gender plays an essential role in engineering creativity and it may have
some interaction with other variables [2]. Chang [3] stressed that individual's creativity
could be influenced by some variables, such as social environment, motivation, or
cultural context. This study suggests that future research could explore the interaction
effect on students’ engineering creativity by their gender and other personal variables
such as academic background or learning experiences.

Finally, this study was conducted with a small sample from three universities in
Taiwan. Further research is also needed to determine whether the results obtained here
generalize to students in engineering in other Asian societies.
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INTRODUCTION

Industry 4.0 may hold the key to any adaptation to the changing nature of the current
state of industries with its potentials to generate, conceptualize, design, and
materialize essential ideas surrounding this process. As a high-tech and innovative
strategy for the physical production of goods [1], Industry 4.0 is a concept about how
to further digitalize the entire value chain of production in the 21% century [2]. Bearing
far-reaching influence on the intricate connection that follows among people, objects,
and the surrounding systems [2], Industry 4.0 has been widely referred to as the
fourth industrial revolution [1]. As the world economy rapidly evolves towards an era of
"industry 4.0," an ever-increasing number of studies [3] have focused on effective
cultivation of creativity and problem-solving skills among students of higher education.
This present study presents an integrated teaching strategy, using four creative
strategies: Brainstorming, Six Thinking Hats, SCAMPER, and Bug-List-Technique as
well as six stages of creative problem-solving process, to explore relevant implications
on teaching and learning about project-based courses in Industry 4.0.

1 LITERATURE REVIEW

1.1 Creativity

Creativity drives people to come up with original ideas for potentially workable
solutions to problems [5]. It is no longer treated merely as a source of tangible
solutions to existing problems; rather, it has transcended and become a set of
strategies for a flexible mind set up for all contingencies in an ever changing and
increasingly complex world [6, 7]. Recognized as a sequence of thoughts as well as
actions for novel and adaptive production [8, 9, 10], this creative process can
stimulate problem-solving skills or be mobilized in combination with the said skills
towards the development of new products. The emerging prominence of such creative
process also propelled Kiesel and Wolpers [11] to list creativity and problem solving as
two, out of a total of five, key competences for employees.

1.2Creative Problem Solving

Knowing the necessity for students to have creative thinking and problem-solving
skills upon entering the workplace [12], university program researchers [13, 14, 15]
have launched courses on creative problem solving for students such as engineering
majors searching for marketable and desirable attributes that meet business demands.
Field research [16] featuring job profiles of Information Technology also enlisted
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creativity and problem-solving skills as qualifications for Industry 4.0 jobs. Problem
solving ability also receives surging popularity from businesses and industries within
the field of physical production, the job requirement of which include having been
constantly on the change and in which work settings have become increasingly
complex and digitized [17]. However, Basadur, Tagaar, and Pringle [18] suggested
that creative trainings attempting to achieve further than its framework of thinking are
what actually induce new ideas or solutions and truly permeates students’ personal
creativity. An increasing number of barriers has emerged as research efforts continue
to explore such undertaking. As indicated by previous research [19, 20, 21], one of the
most common barriers teachers encounter when engaging in such courses is lack of
new skills to carry out creative pedagogical approach since few explicit guidelines are
available for incorporating creativity into the curriculum and for providing assessment
on the impact and effectiveness of their teaching. One possible solution to this
challenge was proposed by Titus [22] who invented a 6-stage creative problem
solving process as a way to help student develop different phases of creativity. This
process inspired the present research to develop a similar creative problem solving
(CPS) process as an instructional resource for trainings in creativity among
engineering majors.

2 RESEARCH PURPOSE AND QUESTIONS

The purpose of the present research is to explore the influence of the CPS process on
creativity among college students when it is used in teaching. This study aims to
achieve a successful design of a holistic CPS process, one that is transferable for use
in a one-semester course on mechanical engineering. The study also aims to benefit
future engineers, who will be solving problems once they go into the workforce of
Industry 4.0, which means that creative skills such as identifying potential attributes
related to a targeted problem and pinning down probable solutions are crucial.

3 METHOD
3.1 Instructional contexts

Developed by researchers and university instructors in Taiwan, the “Industry 4.0”
project-based course is the target of the present research, which employed a 6-staged
CPS process and integrated an array of creative thinking strategies such as
“Brainstorming”, “Six thinking hats”, “SCAMPER”, and “Bug-List-Technique”. Students
of this course were required to develop plans, based on the aforementioned creative
instructional strategies, for their physical projects related to “industry 4.0” in one of the
following six topics: Internet of Things (loT), big data and cloud computing,
cyber-physical systems, embedded systems, sensors, and mechatronics.

3.2 Participants
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The research was carried out in the fall semester of 2017 in an “Industry 4.0”
project-based course, which featured different trends of learning industry 4.0 as well
as their application. The course lasted 18 weeks and included 48 participants (42
male and 6 female), who were assigned to 12 groups according to their chosen topics
of the project. Most students in this course majored in mechanical engineering.

3.3 Procedure

Six stages of the CPS process were introduced to the students in sequence across a
total of 3 sessions, each of which lasted 3 hours. All of the 3 sessions required
students to work the newly learned knowledge at the newly introduced stage into their
project. Creative teaching strategies such as Brainstorming, Six Thinking Hats,
SCAMPER, and Bug-List-Technique were taught during the course. Each group of
students had to complete a worksheet at each stage.

In Huang’'s study [23], innovative thinking, which includes cross-categories,
multiple-direction, reverse, and originality thinking, and adaptive thinking, which
includes mono-category and enriching thinking, are the two constructs for measuring
students’ level of divergent and convergent thinking. A subsequent evidence-based
evaluation, Revolutionary Drawing, offers a new testing tool, which was adopted in the
present study for identifying improvement in students’ level of creativity.

4 RESULTS

A total of forty-eight cases were available for quantitative analysis. Table 1 shows the
result of paired sample t-test, which used students’ total scores from the pre and post
tests to evaluate their potential progress in creativity. Results indicate a significant
improvement (t=-7.23, p<0.001).

Table 1. The Pair Sample T-test between Pre & Post Total Scores of Creativity Test

Mean N SD t p
Total scores(pre) 100.02 48 41.10 -7.23%** 0.000
Total scores(post) 167.10 48 63.22

**%0<0.001

Table 2 displays the descriptive statistics of students’ scores in innovative creativity as
well as adaptive creativity. Paired sample t-test was adopted both in the analysis of
students’ innovative and adaptive creativity. Whereas significant difference (t=-7.063,
p<0.001) was found on innovative creativity, there was no significant difference
(t=-1.864, p>0.05) on adaptive creativity. These findings suggested that students
made improvements in terms of innovative creativity but not quite as much in terms of
adaptive creativity.

Table 2. The Pair Sample T-test between Pre & Post Innovative Creativity and Adaptive Creativity
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Mean N SD t p
Innovative Creativity(pre) 98.25 48 40.76 -7.063*** 0.000
Innovative Creativity(post) 164.15 48 63.22
Adaptive Creativity(pre) 1.77 48 2.44 -1.864 0.069
Adaptive Creativity(post) 2.96 48 3.52

***p<0.001

Innovative and adaptive creativity are the two constructs of creativity, and innovative
creativity includes four types of thinking, cross category thinking, multiple-direction
thinking, reverse thinking, and originality, while adaptive creativity includes
mono-category thinking and enriching thinking. Paired sample t-test was adopted to
analyze how students’ creative thinking changed and how the six types of thinking are
related to one another through the course. As indicated in Table 3, significant
differences were found in terms of innovative creativity, including cross-category
thinking (t=-7.51, p<0.001), multiple-direction thinking (t=-2.49, p<0.05), reverse
thinking (t=-3.23, p<0.01), and originality (t=-5.88, p<0.001). However, no difference
was found regarding adaptive thinking, which includes mono-category thinking
(t=0.00, p>0.05) and enriching thinking (t=-0.94, p>0.05) .

Table 3. The Paired Sample T-test between 6 types of thinking

Mean N SD t p

Cross category(pre) 50.00 48 18.33

-7.51%** 0.000
Cross category(post) 82.50 48 27.56
Mono-category(pre) 0.83 48 1.42

0.00 0.092
Mono-category(post) 1.63 48 2.82
Enriching thinking(pre) 0.94 48 1.92

-0.94 0.354
Enriching thinking(post) 1.33 48 2.09
Multiple direction thinking(pre) 6.25 48 5.79

-2.49* 0.016
Multiple direction thinking(post)  9.31 48 8.53
Reverse thinking(pre) 4.81 48 5.80

-3.23** 0.002
Reverse thinking(post) 9.63 48 10.07
Originality thinking(pre) 37.50 48 18.39

-5.88*** 0.000
Originality thinking(post) 62.71 48 29.08
Total scores(pre) 100.02 48 41.10

-7.23*** 0.000
Total scores(post) 167.10 48 63.22

*p<0.05 **p<0.01 ***p<0.001

5 DISCUSSION

In the present study, CPS process, which includes problem identification, problem
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delineation, information gathering, idea generation, idea evaluation and refinement,
and idea implementation, was integrated into an “Industry 4.0” project-based course
for researchers to investigate how different types of creativity affect students’ creative
performance. Pretest-posttest Revolutionary Drawing was implemented as a tool to
evaluate students’ progress in creativity through their participation in the CPS
process.

A significant improvement in creativity was found in students’ test results, implying that
the application of CPS process had a positive influence on students’ creativity. Results
also indicated that different types of divergent thinking are closely associated with one
another in their making of innovative creativity. It is also indicated that innovative
creativity had a significant impact on students’ total score of creativity. These research
findings imply that the CPS process is effective. Students learned to put their
imagination into work as groups and were able to generate diverse solutions by
thinking out of the box. When interviewed, many students gave credit to the CPS
stages, which, they described, “helped them think more systematically.” One student
said, for example, “the structure of this course helped me organize many ideas.”
Nevertheless, when asked, “which one do you find more difficult, diverging ideas or
converging ideas?”, most interviewees chose the latter. One student said, “converging
ideas is challenging because we had no means of evaluating the feasibility of ideas
generated among ourselves.” Another said, “converging ideas is rather difficult since
we often had a hard time separating valuable ideas from bad ones.” We believe that
these responses correspond to the non-significant results regarding mono-category
thinking and enriching thinking, which are both aspects of adaptive creativity.

6 CONCLUSIONS

The purpose of the present study is twofold. First, it explores the influence of the CPS
process on creativity among engineering majors in a project-based course on Industry
4.0. In addition, the present research integrated a problem-based learning approach
and thematic practice targeted at college students, aiming to enhance creativity
through team cooperation. Significant improvement in divergent thinking was found in
a paired sample t-test analysis using Revolutionary Drawing. However, no significant
improvement was found in students’ convergent thinking. Results indicate that this
course design favored students’ innovative creativity over adaptive creativity.

For future research, we suggest more varied CPS methodologies to be employed to
extend choices and varieties available for as many aspects of creativity as possible in
order to be applied in more diverse programs and course designs in college.
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INTRODUCTION

Globalization has progressively given a new definition to competitiveness. Due to
their market expansion, companies have to cope with an increasing number of
competitors. Innovation and opening up of the market to novelties are, thus, of
outmost importance, and companies must cope with it. Innovation has also become
a new standard for differentiation since it is the only process through which a
company can propose something new. The (exact) same reasoning applies to
engineering schools, since they are now open to foreign students and still consider
visibility as a key element for a successful recruitment. Both students and professors
now have the possibility to choose amongst all the schools in the world where they
want to study or teach.

Top French engineering schools, ‘grandes écoles’, have trained the elite for the
highest ranks in the society since the 17th century [1]. Until 1837, the engineers
were former students of state schools: Military Engineering, Artillery, Arsenals, Mines
Bridges and Roads were considered as the most successful innovators. However,
even if engineer's skills are considered as the main investment to develop a
successful innovation strategy [2], these high-end profiles often use their
competencies in managerial positions and barely spend a few years with scientific-
engineering occupation in technical fields. Using and taking innovation into account
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for business purposes thus replaced the vision of innovation as a sole application of
science with a new vision of innovation as a way to enhance competitiveness. This
observation still stands today: “per capita, the number of start-ups launched in
France is three times less than in the United States and for the number of patents
registered with the World Intellectual Property Organization, two times less.” [3:p9]

In view of these observations, innovation in French engineering school becomes
increasingly significant. As the very concept of innovation appears when technique is
not taught as a reproduction of the world anymore but becomes a conception of the
world [4], a technical thought emerges. The stake is now to train engineers able to
link technique, business and innovation. Hence, apprenticeship students, benefitting
from both academic technical inputs and business relationship with a real mission to
carry on in their companies, need to be targeted. Over the past twenty years, lots of
efforts have been made to improve apprenticeship training in engineering schools
and, at the same time, the profession of engineer has evolved [5].

The objective of our study is to bring a better understanding of engineering
apprentices’ perception of their innovation skills. Therefore, we will try to answer the
following questions:

» Do students consider they have been delivered an appropriate training to face
the innovation challenges they will meet in their companies?

* What skills do they value as the most important for innovation purposes; and
are they the best taught within their schools?

« To what extent does the otherness of the apprentices contribute to their
training in innovation?

To answer these questions, we would like to explore the training of French higher
engineering apprentice students, and particularly their innovation training program. A
first part will deal with the bibliography study to help us understand the context. After
that the methodology of study will be detailed, paving the way for the results.
Eventually, the most interesting findings will be analyzed and compared to
expectations and to the survey that was launched last year. The final section also
showcases perspectives brought by this study, while still pointing the limitations out.

1 THEORETICAL BACKGROUND

Increasing competition from different companies in the industrial sector pushes them
to require their engineers to innovate, so as to stay constantly ahead of others. Thus,
to prepare future engineers to be as effective as possible when they join the
workforce, engineering schools need to adapt their teachings [6]: subjects that were
not taught in such courses before now take an important place in the curriculum
(communication, teamworking ability or intercultural thinking for instance). Thanks to
those multidisciplinary teachings, students will be prepared for all kinds of situations
they may encounter in their future careers. Passow [7] highlighted that these soft
skills are perceived as the most important competencies — before science — by the
graduate engineering students.

As innovation is a large subject and is exploited by many researchers, lots of
definitions exist. Among those, we can note the Oslo Manual that is the most
frequently used definition, which describes innovation as "the implementation of a
new or significantly improved product (good or service), or process, a new marketing
method, or a new organizational method in business practices, workplace
organization or external relations" [8:p46]. Innovation does not only involve the
creation of innovative objects, such as smartphones or cars, but is also about social
relations, marketing or communication. According to students, the interest is not to
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be exclusively technical engineers but also to bring added value to the company.
These multidisciplinarity and ability to innovate enable students to climb easier on
the hierarchical ladder, to obtain an ever-greater influence within the company and,
above all, to gain an understanding of their ever-changing surrounding environment.

To companies, recruiting innovative engineers is crucial. According to Leiponen [9]
(2005), “there are statistically significant complementarities between technical skills
and innovation”. Indeed, Walton demonstrated in 2003 [10] that more than three
guarters of managers regard creativity and innovation as vital for a company. These
managers will thus choose innovative people to constitute their teams. Borras and
Edquist [11] (2015) also highlighted the fact that “organizations need to tap into
external competencies in order to be able to reach its own innovation targets”.
Freeman and Soete [12] (1997) went further, concluding: “not to innovate is to die”.

In this list of skills needed for innovation, Toner [13] observed that business,
information technology and marketing are amongst the ones often observed in the
innovating firms. There has already been some profound interest leading studies
about the skills required for innovation; and even if our study does not aim at
completing these, it is however important to emphasize that problem-solving abilities,
multiple approach attitude, flexibility and responsibility, which have been identified as
keys, are now always soft-skills.

Higher engineering schools are at the forefront of innovation trainings, due to the
technical subjects they teach and due to the capacity they have to evolve and to
propose more complete trainings, incorporating to incorporate soft skills.
Nevertheless, they cannot be held solely responsible for the backwardness in
innovation training [1]. Before joining engineering schools, most French students
have attended preparatory classes that are in reality a two years high-level scientific
course. On the one hand, these classes do give students true scientific capabilities
but, on the other hand, they limit the time students spend working on projects,
whether they are master’s thesis or innovative student’ contests [14]. At the same
time, French engineers activities are not always technical. The Engineering Council
(2010) [15] highlighted that approximately half of the British or German engineers are
working in research or design, and only one third in France. If Munjal & Kundu
(2017) [2] explained the historical reason, the fact remains that the training part
dedicated to research activities in France is really smaller than in other countries. A
good illustration of that phenomenon is that 15 % of US master’'s students pursue
their studies with a PhD, while only 4 % of the French do the same.

However, the apprentices may step apart from other students, as most of them did
not receive the same previous background: a majority comes from technical degrees
— which are in France much more practical — and thus has already worked on real
projects for most of them. In this framework, apprentice engineer training should take
advantage of the different levers offered by the otherness that its students
developed. It would then fully benefit from the different capabilities of this student
category. This can also benefit to “regular” students in mixed classes. [16]

2 APPLIED METHODOLOGY

Our research is based on both our literature review and our previous research study,
and aims to complete the findings of last year study. Thus, our work is in the
continuity of our previous study [17] and used the same sequential exploratory
research design. In the framework of this first exploratory study, experimented
engineers of various fields were interviewed to define which the most relevant
innovation skills are. Then, those different skills were confronted to students’
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perception through an online survey, aiming to determine whether or not students
agree on this selection, and if they feel adequately trained to innovate.

A new online survey achieved the 2018 data collection. The same 2017 qualitative
study results have been used to design this quantitative multiple-choice form in order
to keep a similar sample of proposed answers. However, the survey differentiates
the status of the respondents to focus on the apprentices. Some filter-questions have
also been used to sort people out according to how long they did study in
engineering school (first, second, or third year students) and how many years of
experience (<1, 1-3, 3-5, >5) they do have. Such guestions were also employed to
sort out respondents according to the previous background they had before joining
their respective schools (university, technical degree, or work in a company).
Another difference with the previous study is that the survey has been widely
broadcasted, enabling students of ten different engineering schools to express
themselves. The common points between those ten engineering schools are:

* They have a higher engineering apprenticeship curricula,

* They do care about innovation as they met the opinion pollster at a student
conference on this topic (pollster just presented the research at that time, and
surveys have been sent online afterwards),

» Teachers accepted to forward the survey to their students.

The first set of questions aimed at knowing how apprentices engineering students
perceive the 18 skills considered as important to innovate, while the second one
helped us to draw up a list of their feedbacks regarding their trainings: do they think
their school trained them well to innovate? Those two sets of questions were both
needed to compare our answers with last years’ results to underline that they are
consistent. The need was also to check if there are still some contrasts, related to
the sample disparity: apprentices sample vs students sample (students sample
incorporate both apprentices (~20%) and “regular” (~80%) students).

Once we collected apprentices’ opinion on their skills and their training, the last set
of questions has been used to question them about how they would modify their
courses to be better prepared to innovate. Let’'s remind that these students already
have a professional mission, and that most of them are in contact with innovation
within their companies. The propositions that have been incorporated in the form
were those discussed and developed by a team of nine engineering apprentices of
our school. They are a reflection of what those students already tried (e.g.: courses,
project, entrepreneurial curriculum, business seminars) both at school and outside,
and what they knew as already existing in others engineering or business schools.

The heterogeneity of our sample lies in the fact that questioned students are coming
from various fields of study (e.g.: mechanics, electronics, biology, computer
sciences, telecommunication, finance ...) or are specialized in different areas (as
diverse as naval architecture, food science, or embedded systems for example), and
in the ten schools sounded out. Respondents were asked to answer using a five-
point Likert scale, so that analysis is rigorous and easy. We post-processed 144
different answers from 10 schools.

3 RESULTS

The results of our online survey show that students are aware of the importance of
innovation in their future engineering profession. This is in accordance with the
qualitative survey carried out by [Authorl] (2017) [17], which indicated that confirmed
engineers unanimously expressed the capital function of innovation to be a good
contemporary engineer.
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In order to understand how apprenticeship students perceive innovation, we asked
the participants in our survey to assess the importance of 18 innovation skills a on a
5-point Likert scale (0 being "not important” and 5 being "indispensable"). The results
of this question clearly show that the most important skills for innovation are
objective outlook (4.38/5), open-mindedness (4.33/5), and creativity (4.19/5).

We asked students to evaluate how their engineering schools prepare students for
these same innovation skills. The comparison of the results for the two questions is
illustrated in Figure 1.

Our results indicate that higher apprenticeship students consider that their
engineering schools mainly prepare them to work as a team (3.86/5),
multidisciplinarity (3.75/5) and knowledge (3.71/5). These skills are indispensable in
the technical engineering profession but are not vital to become innovative. It can be
noticed that the three competencies cited previously as the most important in
innovation are respectively valued at 3.01/5, 3.16/5 and 2.45/5. The difference
between the required and real training level is the most important for these skills
(Table 1). It has therefore to be noted that engineering schools are not focusing on
the development of innovation skills but rather on the development of technical skills
and knowledge, which will enable their student to become an efficient engineer on
the technical level.

=@-=|evel of importance ®=Level of integration in the training
Creativity
Project management 5 Open mindedness
4,5
Problem-solving capacity 4»,_..-:»-:?% — Work experience
P 4 \
P 3 5 \
Stress management i A 3 \ Multidisciplinarity
‘{ o 2’5 7 \\::‘-‘-*:'. -
) \ 1
2\ / \
Knowledge {s ¥ '| Technical expertise
/ y ‘,.}.;‘l
| 1 rd
J A
Analytical mindset \R- N ‘ / ;_?- Relationship management
\ . &
& % | : ‘.,_4'{"{
Communication M / Self-management
Ability to work as a team \ 4 .
Y Y Ability to use ICT
member
Leadership Critical thinking

Objective outlook
Fig. 1. "Level of importance vs. Level of integration” for innovation skills

Table 1. Marks and difference for each skill

. Skill for Skill taught at .
Skl innovation /5 schooglJ /5 Difference
Creativity 4.19 2.45 1.74
Open mindedness 4.33 3.16 1.17
Work experience 3.13 3.40 -0.27
Multidisciplinarity 3.53 3.75 -0.22
Technical expertise 3.29 3.54 -0.25
Relationship management 2.82 2.98 -0.16
Self-management 3.18 2.65 0.53
Ability to use ICT 3.41 3.71 -0.30
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Ciritical thinking 4.08 3.11 0.97
Objective outlook 4.38 3.01 1.37
Leadership 2.75 2.40 0.35
Ability to work as a team member 3.75 3.86 -0.11
Communication 3.78 3.30 0.48
Analytical mindset 3.73 3.48 0.25
Knowledge 3.22 3.71 -0.49
Stress management 2.93 2.10 0.83
Problem-solving capacity 4.03 3.47 0.56
Project management 3.68 3.55 0.13

We then asked all participating students to evaluate their engineering schools’
trainings according to how they prepare them for innovation. We split answers into
three groups corresponding to the three years of the engineering apprenticeship
cycle. Plus, we compared the results of the three school years in order to see if there
was an evolution of the students’ feelings towards their preparation for innovation.
Results show that upon arrival in the first year of engineering school, students feel
rather prepared to innovate (3.42/5). These are more students’ expectations than a
true feedback on training. On the contrary, at the end of the training cycle, in third
year, students feel much less prepared for innovation (2.23/5) and highlight the fact
that innovation is not a priority for engineering schools. Second-year students, in the
midst of their training, evaluate this criterion at 3.01/5, which reveals a gradual
declination as the training progresses. It is therefore possible to see that the
engineering schools do not meet the innovation expectations of the various students
integrating the three-years-course.

Finally, we asked the apprenticeship students if their academic or professional
experience was the best way to develop innovation skills. Almost 60% of
respondents answered that the combination of academic training and work
experience is the ideal way to train for innovation. Interestingly, 38% of the students
believe that professional experience is sufficient to develop this capacity, and only
2% believe that academic training is sufficient. The apprenticeship students show
clearly, thanks to their experience, that the academic training only is not sufficient
and that the curriculum they carry out, combining work and studies, is the ideal way
to develop strong innovation skills.

The results we present in this paper should be discussed and compared to others,
both from our previous study and from the literature. Thereby, apprentices’ words
about the needs of academic and professional experiences in their course are not a
surprise. It has already been highlighted [18] that apprentices (who are shifting
between a company and a school on a few weeks regular basis) improve their skills
faster compared to “regular” students. This is especially right when it comes to
responsibility and autonomy, two competencies that need to be mastered before
being able to turn to innovation in an organization.

Also, what students feel, regarding their lack of preparation to innovate, was already
known. Last year survey [17] clearly showed that 49.7% of the 2017 sample “do not
feel sufficiently well-trained to innovate”. What is more surprising, and this is the
value of our study, can be found in the evolution of this feeling throughout the school
curriculum. Indeed, we do not just confirm the previous results, but we also feature
that engineering schools may fail in their duty since apprentices feel less prepared
when leaving school. Before jumping to conclusion, let us remind that students still
feel well prepared about their technical skills and that it confirms last year’s finding
about the quality of the engineering technical education. Thus, it could be said that
the sensitivity of apprentices also evolves through their training on innovation topics,
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and that students may gain awareness regarding a potential lack of competencies
during their training.

4 CONCLUSION

To conclude, we can relate one more time that innovation skills are today needed for
companies, in order to keep their position in the globalized markets. Companies are
aware of this, and it seems that students also perceive that innovation skills are quite
important in their training. However, this study shows that higher apprentices
engineers perceive themselves as not (fully) ready to innovate. It looks like they hold
their schools responsible for that, as they concentrate mainly on the development of
technical knowledge and not sufficiently on the development of innovation skills and
competencies. Moreover, students’ expectations at the beginning of their training
regarding courses and skills to be developed are not met, based on the feedback
given by final year students.

A first comparison with last year study results highlights that there is no systematic
discrepancy between hard and soft skills, and that students feel at ease in different
competencies in those two domains, even if they also express a lack of confidence in
other competencies. The balance takes place in other places, and the competencies
for which a lack of training has been noticed are specifically the ones involving
innovation; creativity ahead.

Our research also suggests that the best innovation training would be a mix between
academic courses and professional experiences. Hence the apprenticeship appears
to be the better formula to gain innovative skills, and even more when engineering
schools seems unable to reach students expectations. The results of our survey
suggest that the link between schools and companies should be reinforced to ensure
a higher level on innovation capacity for higher-engineering students.

It should yet be noted that this study only concerns apprenticeship students from ten
schools, and only patrtially reflects the reality of the whole country and of this type of
training. However, this survey reveals the shortcomings in learning innovation in
engineering schools.

To push the research further, we would like to add to last years and this year’s
comparative students’ responses the view of their teachers, and particularly those
implicated in the courses training. Are they aware of their students’ feeling about
their lack of preparation for innovation? Do they know that students would benefit
from closer links to companies? Is there possible to improve higher engineering
apprentices training? This study, combined with last year findings could give us a
better understanding and a clearer view on how to develop engineering training,
while always reducing the gap between reality and requirements.
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INTRODUCTION

Excellent communication skills, work independently, a big team player, fluent in English
... This is just a selection of professional competences mentioned in vacancies
addressed to young engineers. Unless they are super(wo)man, it is impossible for
engineering students to acquire a mastery level in all professional skills [1].
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Different types of jobs are associated with different demands. The professional role is
relevant for explaining the importance of competences [2]. For example, some
competences are more relevant for an engineer working in maintenance than for one
working with customer relations. Students who can identify their strengths, become
more specialized and more confident in a professional role, will increase their
employability [2—4].

Cech et al. (2011) identify two dimensions of professional role confidence [3]. (1)
Expertise confidence refers to the confidence students have in a set of competences
required in a kind of profession. (2) Career-fit confidence encompasses the confidence
that a professional role will suit the students’ particular interests, needs and values.
Where career fit is more about students’ alignment with a certain profession, the
expertise fit is about students’ assessment of their own abilities and competences.

Both dimensions are addressed in the PREFER project (Professional Roles and
Employability for Future EngineeRs). This European project aims to reduce the skills
mismatch in the field of engineering by increasing students’ awareness of their
strengths, weaknesses and interests by offering them opportunities to actively explore
the different engineering roles [5]. Not only do we want to provide students a better
understanding of what it is to be an engineer, we also want to provide students a better
understanding of what kind of engineer they want to be.

Hence, the aim is to design a validated Professional Roles Framework for Future
Engineers. The framework consists of three roles, independent of domain or sector
and described by typical professional competences [5].

This paper focuses on the performed research about the key competences per role. In
a two hour round table discussion, 12 expert panels of engineers and HR managers
reflected on the key competences of the three roles. The result is a list of competences
per role that picture the specific competences industry and business organizations
require from young engineers to be successful in that professional role.

1 PROFESSIONAL ROLES FOR FUTURE ENGINEERS
1.1 Professional competences

Many studies focus on the essential professional competences in the field of
engineering, but it is often presumed that all engineering careers require the same
balance of technical and professional skills [6]. However, some studies demonstrate
that different engineering roles require different skill sets. Brunhaver et al. (2013) asked
alumni to rate the importance of a set of 20 professional competences in their job.
Results indicate that for example problem solving and analytical skills were deemed
equally important in all engineering sub-occupations, but communication was less
important in some and more in others [6]. Male et al. (2011) identified competences
were inter-related and their importance varied across job tasks and work contexts.
They question the assumption that professional competences are the same for all jobs

[7].
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1.2 Professional roles

A Professional Roles Framework for young engineers was designed with three roles,
based on the value disciplines of Treacy & Wiersema [8]: operational excellence
(engineers who focus on process optimization), product leadership (engineers who
focus on radical innovation) and customer intimacy (engineers who focus on tailored
solutions). Previous research by Hofland (2015) and De Norre (2016) tested whether
the model was recognized by the different stakeholders (industry and higher
education). More specifically, 92% of the HR representatives and engineers that filled
in the questionnaire of Hofland (N=122) confirmed they recognized these roles within
their company [9]. De Norre mapped the roles to the learning outcomes of the
KU Leuven Faculty of Engineering Technology and investigated how the roles could
be implemented in the curriculum. Students were able to indicate a preference for one
of these roles [4].

1.3 Competency profiles

Based on the previous research, the professional roles will be optimized by developing
competency profiles for each role. A competency profile pictures the essential and
typical professional competences required in a particular role.

The raised research question in this paper is the following:

“Which professional competences do engineering students need to possess in order
to be successful in one of the professional roles?”

2 METHOD

A modified Delphi method was used to develop competency profiles. The Delphi
method is widely used across numerous disciplines as a method to seek expert opinion
in an iterative structured manner [10]. The methodology was chosen for its potential to
simultaneously explore similarities and differences of opinions.

The Delphi technique is a consensus development technique with the following
characteristics: anonymity, iteration and controlled feedback [11]. We modified this
technique to a mixed method that combines a collection of quantitative data with the
qualitative methodology of a group discussion in a face-to-face round table setting.

2.1 Participants of the expert panels

Experts were identified as engineers and HR managers or recruiters with expertise in
hiring engineers. Both parties can make a good estimate of the required competences
for a certain role.

We set up 12 expert panels. 11 panels were organised in companies from different
sectors: construction, nuclear & energy, telecommunication, automotive, 3D printing in
manufacturing and biomedical technology, automation, (micro-) electronics & IT,
chemical and nutrition. A 12th mixed panel was organized with experts from different
sectors and from companies with different sizes (start-up, SME, large company,
independent entrepreneur).
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During a preliminary meeting that took place before the expert panel, we presented the
research project to our liaison in the company. The liaison selected the experts within
his or her company according to the following criteria:

1. 6to 8 engineers from different professional roles, preferably of different age and
experience;

2. 1 or 2 recruiters or HR managers with expertise in hiring engineers;

3. male and female experts.

Eight participants (min. 6, max. 10) are considered a good panel size to provide enough
input for the discussion and encourage a good group conversation [12].

Expert Female Male Total
Engineer 8 61 69
Engineer with HR expertise 0 3 3
HR 8 7 15
Total 16 71 87

Table 1. Participants of the 12 expert panels

2.2 Panel structure

The expert panels were led by the researcher-observer and the moderator. The
moderator, an expert in talent management and HR screening tools, led the actual
expert panel without bias (Figure 1, phase 2 and 3). The next paragraphs will describe
the different steps of the panel.

» Introduction of the Professional Roles Framework

»  Select 7 professional competences for one role and
rank the top 4.

) Present top 4. (Competence 1 = 7 points, competence 2 = 6 points ...)

» Group score is tabulated and collated immediately
(quantitative)

»  The key competences are discussed until group
agreement. (qualitative)

» Feedback on the 3 competency profiles.

Figure 1. Different steps of an expert panel
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2.3 Phase 1: introduction of the professional roles

The researcher explained the model to the experts using the overview of the different
roles in table 2. Competences were not mentioned to define the roles. The participants
were allowed to give feedback to the model or ask questions to clarify the roles.

PRODUCT LEADERSHIP

CUSTOMER INTIMACY

PROCESS OPTIMIZATION RADICAL INNOVATION

TAILORED SOLUTIONS

CORE PROCESSES

Focus on increasing Focus on new cutting edge Focus on customer
efficiency & reliability products or processes satisfaction
Cost, logistics & Research: high level of Individual customer
resource efficiency specialised knowledge needs analysis
Quality assurance: high Fast development Client-centred
reliability Commercial exploitation customized solutions
Sustainable Market exploration Client acquisition &
maintenance (internal + external establishing long-term
Subcomponent analysis market) client relations
& priorities Superior branding Integration and
Standardization & flow implementation in client
optimization: process systems
(re-)design Follow-up support
service & training

Table 2. Three roles for young engineers, defined by core processes

2.4 Phase 2 : Individual assessment & group discussion

Principles and guidelines
The moderator explained the principles and guidelines to the experts:

- One exercise consists of 2 rounds: (1) individual assessment and (2) group
discussion

- The exercise is finalized when the experts reach consensus about the
competency profile or decide that no consensus can be reached.

- Consensus is reached when the experts agree on 6 to 10 competences that
define the role.

- The exercise will be repeated for each of the three roles, with a final feedback
moment at the end (phase 3).

Selecting competences individually

The participants received an extensive list of 64 professional competences, based on
the Big Eight Competences, described by Bartram (2005) as a model of performance
in the workplace. The framework is often used to develop diagnostics tests in
recruitment [13]. The competence list is available on request.

The experts selected individually seven competences that seemed to be the most
crucial ones for each particular role. Afterwards, they were asked to rank them from
most important to least important.
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Feedback on individual outcomes

The experts presented the top four of the selected competences in order of importance.
No discussion was allowed to avoid that participants would feel limited to express their
opinion. The competences were tabulated and scored simultaneously by the
researcher. Competence 1 got seven points, competence 2 got six points etc. When
all the experts had presented their top 4 competences, the researcher could easily
calculate the final group score.

Group discussion

The group score was presented to the panel. The moderator indicated certain
particularities, e.g. a clearly defined top 3 or a less distinctive top 5. The top 5 (or more
in the case of equally scored competences) was highlighted and presented as the key
competences that picture the role. Based on this information, the group discussion
started. Experts could add competences that were mentioned but did (not) make it to
the top or decide a competence was ranked too high. They also had the opportunity to
add competences that were not mentioned in the individual outcomes.

The group score fed the discussion. The scores will not be used for further analysis as
the ranking changed through the group discussion. The discussion ended when
consensus was reached on six to ten competences or when the panel decided they
could not reach consensus.

2.5 Phase 3 : feedback on group outcomes

When phase 2 was repeated for the three roles, the competency profiles were
presented again to the panel. The experts had the opportunity to confirm the
consensus or to make adjustments after comparing the three profiles.

3 RESULTS

All the panels reached consensus on the competency profiles. As the panels were
organised in-company, the company culture and strategy might have facilitated the
consent between the experts. The mixed panel also reached consensus, but the
experts had to argue more profound and illustrate with more examples why a
competence was more or less relevant.

One panel managed to describe the roles by five competences. The other panels
pictured the roles by six to ten competences (average eight competences per role).
After a few panels, clear patterns appeared in the competency profiles. The point of
data saturation was reached in the 12" panel: no new elements were added in the
group discussions that were not mentioned in one of the previous panels.

The competency profile of the operational excellence role seemed the most difficult to
construct. In all panels, the individual outcomes resulted in a longer list of essential
competences than the lists of product leadership or customer intimacy. The top scores
were less distinct (see also table 3) and the discussion was more intense. Nonetheless,
the experts recognised the importance of this role and declined to advice a redefinition
of the role or to scale the framework with a fourth role. The more extensive outcome is
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likely typical for the role of operational excellence, which can include various functions,
tasks and responsibilities.

Although the competence list provided a brief and comprehensive definition per
competence, the experts identified similar competences (competences labelled
differently but with a comparable meaning): networking & relation building and stress
tolerance & stress resistance. We combined these competences in the final data
analysis.

The outcomes of the twelve expert panels resulted in a collection of:

- 29 competences associated with operational excellence
- 28 competences associated with product leadership
- 22 competences associated with customer intimacy

Out of the 64 initial competences, a list of 41 competences was drawn when combining
the outcomes of the three roles. Fifteen competences overlapped in the three roles:
clear communication, client focus, coping with criticism, creativity, focus on results,
initiative, negotiation, networking & relation building, perseverance, persuasiveness,
planning & organisation, realism, solution oriented, stress resistance and team spirit /
team player. A few competences overlapped only in two roles, for example
responsibility appeared to be even more important for engineers in the role of
operational excellence and customer intimacy.

When we limit the competences to those mentioned in at least four panels, the roles
can be defined by eight to nine competences (table 3).

CUSTOMER INITMACY

Competence N | Competence N | Competence N
Positive critical attitude 10 | Creativity 12 | Client focus 12
Solution-oriented 10 | Innovation 12 | Networking & relation building | 11
Focus on results 6 | Client focus 7 | Clear communication 10
Planning and organisation 6 | Initiative 7 | Negotiation 9
Clear communication 5 | Out of the box thinking 7 | Capacity for empathy 8
Initiative 5 | Persuasiveness 6 | Focus on results 8
Creativity 4 | Vision 6 | Solution-oriented 7
Networking & relation building | 4 | Conceptualisation 5 | Stress resistance 5
Perseverance 5

Table 3. Competency profiles per role based on the outcomes of 12 expert panels.
(N = number of panels that mentioned the competence)

Also in the limited competency list, we observed overlapping competences, mainly
between operational excellence and customer intimacy (4 overlapping). During the
group discussion, experts nuanced the overlapping competences. For example,
client focus: an engineer in the role of product leadership must be aware of the
prospect client markets for new innovative technologies, while an engineer in the role
of customer intimacy must be able to attune his or her actions to the needs and wishes
of a particular client.
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A mixed meta panel will be organised to consolidate the results of the 12 panels by
an all-decisive exercise. This panel will address the possible influence of company
culture to the panel consensus and the nuances made in overlapping competences.
The meta panel with experts from different sectors, SME’s and large companies will
be organised according to the same criteria as described in 2.2. The final outcomes
will be the subject of another paper (in progress) in which the focus will also be on the
practicability of the final framework.

4 CONCLUSION

Higher education programmes are expected to prepare students for future professional
work experience. Students are expected to learn how to become effective
professionals, ready to handle the demands associated with his or her job shortly after
graduation to improve their employability [2]. Therefore, it is interesting to know what
key competences are required for a fresh engineer entering the labour market [7].

This research identified different professional competences for professional roles for
future engineers. Via a modified Delphi method, 12 expert panels mapped
competences to the three professional roles that were described in the Professional
Roles Framework: operational excellence, product leadership and customer intimacy.

This resulted in three competency profiles made up of eight to nine key professional
competences. Some competences are overlapping, for example ‘focus on results’ and
‘networking & relation building’ seems to be crucial competences in both operational
excellence and customer intimacy. A mixed meta-panel with experts from different
sectors, SME’s and large companies will be organised to validate the outcomes of the
12 expert panels. The outcome will be a competency profile per role consisting out of
Six to eight competences.

In essence, the competency profiles give a clear picture of the essential competences
that are required to be successful in a particular role and allow us to finetune the
Professional Roles Framework for Future Engineers.

5 DISCUSSION

Male et al. (2011) recommend that engineering educators design their programmes
with an understanding that diverse programmes and diverse graduates are desirable
because different jobs place different importance on the professional engineering
competencies [7]. Such programmes can help students to develop a realistic
understanding of engineering work and the different competencies required by different
engineer roles [6].

The Professional Roles Framework for Future Engineers is a valuable instrument to
adjust the curriculum in this regard. The competency profiles with an aspiration to
career perspectives can be easily implemented in existing curricula, when framing
activities with industry, working on specific competences etc., but also extracurricular,
for example extra activities including career guidance.
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In future work of the PREFER project, the competency profiles will be used to develop
a tool for students to help them reflect on their strengths and weaknesses and their
future professional role(s). The outcomes of this research will be used to further
investigate how acquaintance with the professional roles will increase students’
professional awareness and align their expectations with the work field.

A nice edge effect of these expert panels is that the participants were triggered to
reflect on the company’s recruitment policy. Almost all the experts asked to receive
the final outcomes. One company decided after the panel to revise their vacancies and
make them more specific according to the competency profiles. These companies are
no longer looking for super(wo)man. They prefer an engineer that fits the job.
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INTRODUCTION

The quality control of written examination is very important in the teaching and learning
process of any course. In educational assessment contexts, Item Response Theory (IRT) has
been applied to measure the quality of a test in areas of knowledge like medicine, psychology,
and social sciences, and its interest has been growing in other topics as well. Based on
statistical models for the probability of an individual answering a question correctly, IRT can
be addressed to measure examiners’ ability in an assessment test and to estimate difficulty
and discrimination levels of each item in the test. In this work, IRT is applied to Numerical and
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Statistical Methods course to measure the quality of tests based on Multiple Choice Questions
(MCQ).

The present study focuses on three school years, namely 2015, 2016 and 2017, more
specifically on the 1st semester of the 2nd year of the degree course. It has involved more
than 300 students in each year, and it points out questions (also called items) from some
chapters of the program that were evaluated through MCQ. Emphasis is given on the range
of item difficulty and item discrimination parameters, estimated by IRT methodology, for each
guestion in those exams. We show where each partial exam explores ability levels: at a
passing point or at more demanding levels.

After the application of IRT to each test, which was composed of eight questions, we got 48
item difficulty and item discrimination parameters. The application of standard boxplots shows
few atypical responses from students in terms of extremal values of difficulty and
discrimination, which corresponds to MCQ that deserve further attention.

We have concluded that the vast majority of questions are well posed considering that they
are designed to focus on the cut-off point (passing/not passing). A proposed reflection, about
the learned benefits from ‘good’ outliers and possible causes for those ‘bad’ items, suggests
future improvements to classes, study materials and exams.

1 GENERAL
1.1 Context

Numerical and Statistical Methods is a curricular unit with those components isolated from
each other and it makes part of the curricula of several engineering courses since its creation
in 2004. Each component is examined in two folds with equal weights: using Open Questions
and Multiple Choice Questions (MCQ), where only one out of four choices is correct. In 2014
we started using automatic digital scan correction of MCQ answer sheets [1] and in the years
that followed, that were 2015, 2016 and 2017, we used exactly the same scheme for exam
moments: the first three chapters of the numerical component (Errors, Interpolation and
Numerical Integration) and the first two chapters of statistics (Exploratory Analysis and
Distributions) were evaluated using MCQ.

Inspired by the question ‘Do you evaluate your examinations in your courses?,” posed in a
seminar [2], the quality of MCQ used to individual evaluation during those three mentioned
years was investigated. It must be noted that the course has had a stable teaching staff and
the same curricula during the study period.

We have been collecting data from the application of Item Response Theory (IRT), since we
have started using an automatic correction method of MCQ. IRT model has a long tradition in
social and psychology sciences, in what the analysis of personal traits is concerned, as well
as in medicine courses to evaluate the quality of exams (e.g., [3]),. It has also been applied to
engineering and other sciences (e.g., [4]), so this method is a widely used instrument for the
study of the exams quality (e.g., [5]).

1.2 Item Response Theory Summary

In our context, an item (each posed MCQ) has a binary value as result - if it is correct it is
valued 1 and if it is incorrect or ignored it is valued 0. A powerful feature of IRT in characterizing
each item (question) is the so called latent traits [6]. They are called “latent” due to the fact
that they are not directly observed. In IRT, the probability of an individual with ability z € R to
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respond correctly to each question can be estimated using regression models with one, two
or three latent traits. In order to evaluate latent qualities of each MCQ, we propose a model
with two latent traits: the difficulty and discrimination parameters by MCQ. Objectively
speaking, the probability of an individual with ability z to respond correctly to MCQ (i), with
difficulty (B,;) and discrimination (B;;), is estimated by a logistic function defined by

1
1+exp(-p1i(z—Boi))’

p(,z) = [ = item, z = ability.

The curve of this function is the Item Characteristic Curve (ICC) and an example is given in
Fig. 1. For a given ability, we get the probability of choosing a correct answer to a given item
(in this case, three curves for questions about the Poisson distribution, Normal distribution and
Bayes rule).
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In the example above, the curve for the named ‘Poisson’ question, Fig. 1, has difficulty level
Bo; = 0.004 and discrimination level B;; = 3.1 (here i is the named ‘Poisson’ question). The
difficulty parameter is described as the necessary ability to have 50% probability to answer
correctly (median ability). The discrimination parameter is the slope of the curve at this point
and it is intended to determine how well an item differentiates the performance of respondents.
If a respondent presented lower ability to answer an item, we expect lower probability to
answer correctly, and when a respondent presented higher ability to respond correctly, then
we expect greater probability that his answer is correct.

Another informative curve is provided by the graphic of the Item Information Function, which
is defined by a normalized version of the derivative %. This curve gives a visual perspective

on where an item is more discriminative for a given ability level (z). For instance, in Fig. 2a,
the question about Poisson distribution is discriminating much more, among the range of ability
levels, than the other two questions.

The sum of all Item Information Functions, over all items in a test, defines the Test Information
Function (TIF). From its curve (an example in Fig. 2b), one can see if a test gives more
information about the requirement for the passing grade ability or if it focuses on higher ability
levels. An application of this curve, which is described in the next section, shows different
ranges of ability being discriminated.

1.3 Application

We will start by mentioning the oscillatory behaviour of the required ability at each exam. The
study was done by plotting a Test Information Function (see above), for each of the six tests
in the three years under study. Table 1 shows the ability unitary length intervals, for each
examination, in which the curve has its peak of information (see in Fig. 2b that the unitary
interval occurs in [-1,0]). These six intervals show an oscillatory pattern to differentiate ability.
In 2015, the first test contained questions that showed that less ability was needed to answer
correctly compared to the second test of the same semester. The same phenomenon
happened in 2016, but with less magnitude. In 2017, there was an effort to evaluate ability to
a more central level. However, the decision to use hard questions has produced a test in which
the peak of information distances 3 units of ability from the first test in 2015. Questions in the
second test matched the capacity to discriminate ability of the first test in 2015. We recall that
these MCQ tests are only 50% of the student grade and, yet, no study has been done for the
Open Questions.

Table 1. Most Informative Ability Intervals

2015 2016 2017
Numerics | Statistics | Numerics | Statistics | Numerics | Statistics
(-2,-1) (-1,0) (-1.5,-0.5) (-1,0) (+1,+2) (-2,-1)

1.4 Study of the Boxplot Outliers

Next, based on the IRT method, we have studied some Multiple Choice Questions (MCQ) that
called our attention and are related to the previously presented oscillatory effect in ability
demanding. As described in the introduction, we have studied the difficulty and discrimination
parameters. IRT has been applied to six tests, containing eight MCQ each. We have made
two standard boxplots for the 48 MCQ, one for each parameter. What follows is the study of
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guestions characterized by values of difficulty or discrimination that are outliers in one, or both,
of the boxplots.

The boxplot describing the difficulty has values ranging from -4.7 to 404.4, where the standard
values are from -3 to 3. There are six outliers’ cases and, when removing them, we obtain the
histogram of the difficulty parameter, characterizing 42 MCQ, in Fig. 3. We can conclude, for
the course under study, that MCQ have typical values for the difficulty parameter in a IRT
analysis. Half of the MCQ has been rated within the difficult level from -1.5 to -0.5.
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Fig. 3. Histogram of difficulty level estimates, Fig. 4. Histogram of discrimination level
after removing six outliers estimates, after removing three outliers

In the case of the discrimination parameter, only three outliers have been observed for the 48
guestions. After removing the outliers, the histogram in Fig. 4 shows good values for
discrimination in the majority of the questions.

Next, we will present questions that cause the atypical behaviour. Although the correct answer
is always identified as the first option, the questions and the options within each question were
both mixed by the software (see [1]) in all the six exams.

1.5 Questions with small value of difficulty parameter

Three ‘easy’ questions were rated with difficulties -4.473 and -2.805, in the numerical part
(years 2015 and 2017), and -2.845 in the statistical part (year 2016). The two numerical
guestions are about Lagrangian interpolation with three points and a standard trapezoidal
integration. This simple type of questions is presented and practiced in several moments in
classes. Therefore, we believe this is the reason for the required lower difficulty levels.

The next atypical question is a statistics question; see Fig. 5. A student, using only a bird-eye
look and, without ability in statistics, easily and intuitively chooses the first two options as
targets. At this time, it's easy to fulfil the task because the correct option is very close, in form,
to the formula in the question’s text. This possible reasoning, outside knowledge about
statistics, combined with students that know how to solve it, turn this question into an ‘easy’
one.
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Question [Pbb2] Let A and B be two events such that P(A) > P(B) and P(ANB) # 0.
Then

Il P(A|B) > P(B|A).

[ 1 P(A|B) < P(B|A).

[ 1P =o0.

[ ] (None of the other three options is correct.)

Fig. 5. Question ‘Pbb2’ with difficulty= -2.845 and discrimination= 0.840

1.6 Questions with higher value of difficulty parameter

Question in Fig. 6 is almost a standard question in the Numerical and Statistical Methods
course, with one exception: the problem description has the expression f®(x) € [-5,2].
Usually, an upper bound of |[f®(x)| is obtained using a calculator to draw a plot of a given
fourth derivative function. This slight change in the question’s text caused a more demanding
ability to answer this question correctly. The discrimination parameter indicates a good
separation between ability levels, which means that even small changes in questions can
transform a well-practiced problem into a more difficult one.

Question [Cap202] Consider a function f € C*([—4,4]) and p3 the cubic polynomial that

interpolates f at the nodes {—4,—2,2 4}. Assuming that f(*)(z) € [-5,2], Vo € [-4,4], an

upper bound for the error |f(0) — p3(0)| is

0

14
8
:

[

[ ] (None of the other three options is correct.)

Fig. 6. Question ‘Cap2Q2’ with difficulty=0.718 and discrimination=1.651

Question in Fig. 7 is about the Runge phenomenon in numerics. This theme is usually
presented in expository classes only, and students rarely practice the concept. We can
conjecture that the high ability required to answer correctly is due to the tendency of students
to read less theoretical materials. The discrimination parameter is small, revealing that the
concept is not well understood, even by students with higher abilities.

Question [Cap2Q1b] Let p, be the interpolating polynomial of a function f on an

interpolation support with n + 1 equally spaced points in the interval [a,b]. Under these
conditions,

. there are functions [ for which the distance between [ and p, increases as the
number of points in the support increases.

D for any function f, the distance between f and p, decreases as the number of points
in the support decreases.

D for any function f, the distance between f and p, decreases as the number of points
in the support increases.

[ ] (None of the other three options is correct.)

Fig. 7 Question ‘Cap2Q1b’ with difficulty=1.934 and discrimination=0.606

The next problematic situation arises from the definition of Lagrange interpolation: the
interpolated polynomial crosses each given point in the support. We believe that almost all
students know the formal definition. However, the question’s text and its options lead people
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to the wrong answer. The discrimination parameter is even smaller when compared to the
previous question, certifying that this situation was not well understood by the vast majority of
students.

Question [Cap2Q3] Consider an interpolation support for a given function f with 11
equally spaced nodes between —5 and 5, and the respective 11 nodal values. Let p, be
the Newton’'s divided-difference polynomial of maximum degree in this support. Under
these conditions,

M /2 -p(2)=0.
[ ] it is not possible to use a linear spline because the number of nodes is odd.

]:l Pn is the polynomial that always provides the smallest interpolation error in this
support.

[ ] (None of the other three options is correct.)

Fig. 8 Question ‘Cap2Q3’ with difficulty=13.35 and discrimination=0.158

Our last question under study, which is linked to statistics, has difficulty of 404.4 and almost
none discrimination. This has surprised the authors of the question since it had been inspired
in a question presented in the course’s textbook (though it had only been practiced once in
classes). Possible causes for the high value of difficulty in this question are the phenomenon
of repeated observations in a sample and the mixture of definitions in a same question. Also,
the simplified definition of median, as the value that divides the ordered sample into two
halves, does not always help thinking about the possibility of repeated observations in a
sample. A study about this issue has been done in [7].

Question [ED] In a recent environmental study, 200 samples of water were collected
from a swamp and the nutrient concentration was recorded. It was concluded that:
percentile of order 25 = 0.4gr/em® and 3° quartile = mean = 0.5gr/em®. Under these
conditions,

- the percentage of observations greater than or equal to the mean is not less than
25%.
D the median of the data will necessarily be a value greater than 0.4 and less 0.5.

D if samples with atypical levels of nutrient concentration are observed in the boxplot,
they will correspond to samples with concentration levels above 0.55.

D the length of the polygon in the center of the boxplot is equal to 0.5.
Fig 9. Question ‘ED’ with difficulty=404.4 and discrimination=0.004

2 SUMMARY AND ACKNOWLEDGMENTS

The use of Multiple Choice Questions (MCQ) in written tests, supported by the digital scan
and automatic correction, has been evaluated using the application of Item Response Theory
methodology. A simple detection of outliers using boxplots of difficulty and discrimination
values shows few cases from the 48 questions that required investigation. In overall, the six
partial exams contained appropriate questions for the teaching/learning binomial in our
Numerical and Statistical Methods course.

The following summary could be useful to future evaluations and teaching/learning formats:

e (uestions with lower difficult value have been practiced in several moments. This
suggests a web tool to help students practicing the basic concepts when time in
classes is not enough for all students;
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guestions designed to evaluate theoretical concepts could demand a higher ability to
be answered but they are not necessarily strong discriminators between different
levels of ability. This may represent a problem to define an optimal format of the test:
how to design a discriminative question? A possible solution came from one question,
where a simple combination of known concepts strongly increased the difficulty value.
An electronic database of this type of more demanding problems could be created for
students with more ability in this course;

knowing the properties of difficulty and discrimination can help the team to prepare
exams that avoid the oscillatory effect in overall difficulty and avoid the dropout rate.

Given the good results achieved in the last three years, with a careful balance between
MCQ and open questions, we plan to keep applying and improving these evaluation
procedures in our Numerical and Statistical Methods course.
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ABSTRACT

Over the past four years, the Faculty of Engineering Sciences at University College
London (UCL) has been implementing a multi-disciplinary curriculum review of
engineering education — the Integrated Engineering Programme (IEP) — where
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students, from the very beginning of their degree, engage with the practical application
of engineering and skills needed to undertake engineering projects effectively.

The IEP was implemented at the start of the 2014/15 academic year for a new cohort
of nearly 700 engineering students, and has recently graduated its first class of
BENng/BSc students. Since September 2014, approximately 3,000 students have
participated in this cross-faculty programme and the current 2017/18 academic year is
the first year where all UCL undergraduates studying engineering are IEP students.

In order to explore the student experiences in navigating the IEP, data were collected
through focus groups and an online survey, based on the National Survey of Student
Engagement (NSSE), by the end of second term for five consecutive academic years.

This paper reports the findings of a mixed-method study comparing the motivations,
expectations and learning experiences of IEP and non-IEP students. The results
suggest that IEP students were enthusiastic about their studies, as they were more
likely to discuss ideas from their reading or lectures with others outside of class. They
were also more likely to agree that UCL is contributing to their ability to solve complex
real-world problems. IEP students also considered that the Minors contribute to
broadening their skillset education, and enables wider career options.

Conference Key Areas: Curriculum Development; Innovative Teaching and Learning
Methods

Keywords: students’ learning experiences; integrated curriculum; mixed-methods

INTRODUCTION

Over the past years it has been argued by industry, professional bodies and students
that engineering higher education must ensure that engineering graduates are given
opportunities to develop a wide range of technical knowledge and problem-solving
skills to work effectively in diverse professional contexts [1]

Back in 2014, the Faculty of Engineering Sciences at UCL implemented a multi-
disciplinary curriculum review of engineering education — the Integrated Engineering
Programme (IEP) — where students engage with the practical application of
engineering from the very beginning of their degree [2]. This curricular reform was
motivated by the need to change the traditional educational approach — with very little
group work and practical projects in the first two years, and with departments operating
in traditional silos — in order to provide engineering graduates with the breadth of
professional skills required by engineering careers.

A new cohort of nearly 700 engineering students started their studies in the IEP in
September 2014. Since then, approximately 3,000 students have participated in this
cross-faculty programme and the current 2017/18 academic year is the first year where
all UCL undergraduates studying engineering are IEP students.

In order to explore the student experiences in navigating the IEP, data collection was
planned to provide evidence-based findings and support further refinement and
development initiatives. Assessing and monitoring student progress is fundamental to
understand student’s motivations, attitudes towards teaching and learning, and
expectations about career outcomes. Researchers in engineering education have
found that individual's perceptions and previous experiences, at the beginning of an
engineering course, have a strong influence on student persistence [3][4]. Data was
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gathered before the implementation of the IEP, to provide a baseline level for future
comparisons. Collection of baseline data, before the beginning of an instructional
intervention is known to be one of the most common quantitative approaches used in
engineering educational research [5]. Data was also collected during the initial three
years of the programme.

This paper compares the motivations, expectations and learning experiences of IEP
and non-IEP students in order to explore the impact of the new engineering programme
on students’ experience.

1 METHODS & RESEARCH DESIGN

To assess the student’s experience in the IEP, a mixed methods approach was used.
Data was collected through an online survey, and focus groups by the end of second
term and for five consecutive academic years starting in 2012/13. To encourage
academic honesty, staff from UCL Arena Centre were commissioned to organize and
run both surveys and focus groups. In line with the university’s education strategy, the
UCL Arena Centre works with academic and professional colleagues from across UCL
to develop engaging, research-based approaches to education, and to improve the
standard of learning, teaching and assessment at UCL.

1.1 Online Survey

An online survey was based on the National Survey of Student Engagement (NSSE).
It comprised 29 questions about students experience during their current academic
year. All engineering students were invited to participate in the survey by the end of
the second term in five consecutive academic years.

The first set of questions in the survey addressed demographic data (age, sex,
ethnicity, fee status, mode of study, year of study, level of study, current grades,
accommodation, parents’ highest level of education, students’ highest level of
education, and engineering department). The findings presented in this paper focus on
questions addressing: students’ learning experience at UCL, and how often they
enrolled in certain types of academic activities, such as asking questions in class or
making class presentations (very much, often, sometimes, never, or not applicable);
what mental activities were emphasized by coursework, such as memorizing,
synthesizing and organizing ideas (very much, quite a bit, some, very little, none, or
not applicable); relationship with other students, academic staff, and administrative
personnel and offices using a scale ranging from 1 (unfriendly, unsupportive, sense of
alienation/ unavailable, unhelpful, unsympathetic/ unhelpful, inconsiderate/rigid) to 6
(friendly, supportive, sense of belonging/ available, helpful, sympathetic/ helpful,
considerate/flexible); and how students’ experience at UCL contributed to their
knowledge, skills, and personal development in different areas such as acquiring a
broad general education, writing clearly and effectively (very much, quite a bit, some,
very little, none, or not applicable).

For reporting purposes, the level for statistical significance was set at 0.05. The chi-
square statistic was used for testing relationships between categorical variables. T-
tests were conducted to assess whether the means of two independent groups (IEP
and non-1EP) were statistically different from each other.

1.2 Focus groups

Focus groups were run at the end of the second term in five consecutive academic
years, focusing on three main research questions: 1) what students like about their
current degrees? (subject; what do they learn and how do they learn; what job can they
get from doing it); 2) what could be further developed? (what changes would students
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like to see in their degrees; are they happy with the lecturers, group work,
assessment?); 3) What changes have they seen in the past year and how do they view
these? However, students were allowed to explore questions that emerged.

The sessions run in 2012/13 and 2013/14 were pre-IEP. In the three following
academic years, focus groups sessions were run with IEP students and non-lIEP
students separately.

2 RESULTS
Descriptive statistics

Participants that were studying at postgraduate level (MSc, Doctorate) or were
undergraduates in Y4 (MEng) were excluded from the analysis, as ho comparable IEP
data was available by 2016/17. A total sample of 396 students (208 IEP and 188 non-
IEP) was analysed. The breakdown by student group (IEP or non-IEP) and year of
study is provided in Table 1. The majority of students were between 18-21 years old,
and 35% were female. Half of the participants identified as ‘White’ and 36% as ‘Asian’.
The proportion of UK students was significantly lower in the IEP group (31.3%) in
comparison to the non-IEP group (47.6%) (x(2) = 11.111, p = .004), meaning that the
IEP cohort was more international.

Table 1. Participants by student group and year of study

Year of study Gender |Age Domicile |[Ethnicity
Student group (1 2 3 total Female [18-21 UK White Asian Black
Non-IEP 64 56 68 188 [33.0% 83.4% 47.6% [B0.5% [35.6% 4.3%
IEP 111 55 42 208 [36.9% (81.3% [31.1% [(50.5% [35.6% [3.4%

Results

IEP students were significantly more likely to have made a class presentation (86.5%)
than non-1EP students (77.4%) (x(4) = 7.358, p = .025). IEP students were significantly
more likely to report having used an electronic medium to discuss or complete an
assignment very often (51.9%) than non-IEP students (39.9%) (x(4) = 9.757, p = .045).
These findings align with the high proportion of active learning and teamwork that
feature in the IEP.

IEP students were also significantly more likely to have discussed ideas from their
readings or classes with others outside of class more often (41.5%) than non-IEP
students (26.1%) (x(4) = 11.707, p = .020), suggesting the enthusiasm of students with
their teaching and learning experience in the new programme, by having the
opportunity to work in projects targeting real-world problems, and also having the
chance to work with students from different disciplines. As IEP students mentioned,

[IEP] “I mean | tell people from ... my friends from other unis about how | had this
Integrated Engineering sort of module and they were really impressed with it
because they’d never heard of such a thing before where loads of different
disciplines had worked together for a project. And yeah they were pretty impressed
by it and | think enjoyed it quite a lot”
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[[EP] “We had two summer challenges. The second one was actually a
collaboration between Mechanical Engineering and Civil Engineering. So we were
a big group of about 10 students, 5 were mechanical engineers and 5 were civil.
And the idea of that challenge was to essentially build or design a water dam and
distribute energy to a town. So it was a nice collaboration because in mechanical
engineering you're thinking about in thermodynamics, the energy flow in water
dams and how energy is provided. And then civil engineers were helping as well
with creating designs for the towers that were going to hold the dam and get the
power cables to the town. | actually like that collaboration ... and also we ended
up making friends with people in Civil Engineering”

[IEP] “(...) research is really actual, we work on a current topic and current
problems. So even if it's biofuel, because there are kind of two different sides (...)
PGTAs are currently working on virus for Zika so it’s really actual research”

[IEP] “I think scenarios are useful because allows us to put in practice all the
theories that we learned, and also they are very different. This year we had four
scenarios, one was a pilot plant [and] the one before that was about producing
sufficient bioethanol for the UK transport necessities, so it was very interesting
because in the first we had one really lab focussed, and then the previous one was
about building the overall plant and thinking of what you do, how do you recycle
the water, your energy, thinking a bit about legislation, fuel. And the one before
was about production of the bio ethanol but on a really close focus point. And it
also allow us to go around in the labs, meet people from the departments, which
was really nice, because we don’t have many occasions to do so. So it kinds of
gives us the opportunity to catch up on the research that's currently going on in
the department”

No major differences were found between IEP and non-IEP groups regarding
coursework typology, with both groups of students equally likely to report. some
memorization; quite a bit of analytical, synthesis and judgement skills; and very much
applied theories to practical problems or new situations.

Students were asked to rate their relationship with other students, academic staff, and
administrative personnel and offices using a scale ranging from 1 to 6. No differences
were found between IEP and non-lIEP students regarding the assessment of their
relationship with other students (IEP M = 4.64, sd = 1.200; non-IEP M = 4.61, sd =
1.116), and academic staff (IEP M = 3.94, sd = 1.246; non-IEP M = 3.98, sd = 1.325).
However, IEP students were significantly more likely to rate their relationship with
administrative personnel and offices less positively than non-IEP students (IEP M =
3.88, sd = 1.282; non-IEP M = 4.33, sd = 1.312; t(386) = 3.437, p = .001). In order to
further explore this result, relationship ratings where analysed by year of study. Data
showed that IEP students’ rating of their relationship with both academic and
administrative staff decreased in year 2 (Figure 1).
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Fig. 1. Students’ relationship with other students, academic staff and administrative
personnel and offices by IEP status and academic year

A decrease in satisfaction was mentioned by second year IEP students during focus
groups sessions, with participants saying that coursework was more intensive than
expected.

[I[EP] “Second year is getting better, but probably we expect something more.
Because second year when we are doing with labs we focus so much more on lab
reports and how to write a lab report”

[IEP] “The second year is better but from a student perspective it's far more
challenging. And we spend so much more time on like studies to anything else
compared to last year. And | would say it's very intense”

[IEP] “You know in the first year you've got some time to read a bit, read outside
that, but second year you just ... okay I'm done, I'm done. But by the time you say
I’'m done it’s probably like Sunday night, which leaves you no room for preparation
for the next Monday. Whereas like the first year let’s say you've got the weekend
I’'m done probably like Saturday morning and (...) maybe | can hang out with my
friends”

This may have had an impact on IEP students’ relationship with academic staff, but
not necessarily with administrative staff. No particular mention to the relationship with
administrative staff was found in the focus groups.

Second year students in the non-IEP focus groups shared different perceptions. Some
students mentioned year 1 and year 2 as being the heavily theoretical and year 3 as
being more applied,

[non-IEP] “It's like the first and second year, they teach you the theory of it, and
then the third year is when you’re supposed to apply that theory, actually building
the plant for example”

Whereas other students referred to year 1 as being either more challenging or less
interesting than years 2 and 3.

171



46th SEFI Conference 17-21 September 2018 Research Papers

[non-IEP] “Second year we didn't have much, and then third year again it was just
small courseworks, small programming courseworks, and ... yeah just lectures and
stuff like that. So second and third year there wasn’t much, and then first year
there was a lot, which was really good”

[non-IEP] “first year was very ... cos we didn’t do IEP so it was very much oh take
a Maths class here, a Chemistry class here and a BioChem class here, and then
we’ll have (inaudible) BioChem Eng (...) And then the second year was more sort
of integrated but .. | feel like first year was more getting everything up to speed,
coming from different... coming from different degrees and qualifications and
things. So to make sure we’re all on the same standard (...) [First year] | found a
lot of that repetitive from school. And then second year was more integrated
definitely and more actual engineering and applied engineering. And that’s
continuing in third year. So | was just a bit bored in first year so that's why | was
less motivated”.

When asked to what extent their experience at UCL contributed to their knowledge,
skills, and personal development, IEP students were more likely to think that UCL
contributed to ‘acquiring a broad general education’ (86.7%) than non-IEP students
(80.9%); and ‘solving complex real-world problems’ (87.2%) than non-IEP students
(81.4%).

This was also reflected in the focus groups with IEP students, as one of the students
said,

[IEP] “Whereas the IEP is ... | would say it's interesting (...) Because it’s ... they
give you a real problem that ... which makes perfect logic sense which is daily life
(...) It's not like what you really have to just you know put some equations and get
it done, you really need to think about it. And you’re doing something that you can
actually do in real world where | mean ... not like coursework ... it's not just
experiment, you'’re doing on like a real world scale basis, so it's very different from
what we usually learn and what we usually have. That's why everyone likes it”.

To give students a distinctive edge after graduation, all students study an IEP Minor
option as part of their degree. Most IEP Minors are either topics from disciplines
complementary to engineering (such as Biomechanics or Programming), or
interdisciplinary subjects based on UCL'’s research strengths (such as Finance &
Accounting or Engineering and Public Policy), taught by cross-disciplinary teams. IEP
Minors are selected in the first year and taught across the second and third years (three
modules equalling 45 credits in total). Although not specifically asked in the survey
and focus groups sessions, IEP students considered the Minors to be an important
feature of the programme. Overall, they agreed that the Minors have a positive
contribution to broadening their skillset education, as illustrated by the following quote
from one of the IEP students,

[IEP] “I choose Public Policy because | missed Social Sciences in the degree.
Which it was nice to have (...) a topic that’'s not Biochemical Engineering related.
And also it can link together because (...) transdisciplinary training depending on
the professional pathway you want to follow (...) I think the minors is really cool
actually (...) I kind of see it as a way to do something different to my degree, and
kind of broaden my skillset.
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3 FUTURE WORK

Although the IEP is in its early years, the results described in this paper seem to
suggest that the programme has a positive impact in students’ enthusiasm about their
studies and is contributing to develop students’ ability to solve complex real-world
problems.

However, to better assess the impact of the programme, more data needs to be
planned, collected and analysed. A pre- and post-survey study with the first cohort of
students starting the IEP in 2014/15 is currently being analysed, comparing students
expectations and career plans when entering UCL (Year 1 in 2014/15) and at the end
of their MEng degree (Year 4 in 2017/18). A follow-up study is also being planned with
alumni to explore the impact of the IEP on career choices and pathways.

It would also be interesting to further explore the expectations and perceptions of
students about their relationships with administrative staff, since they support various
aspects of the student journey and experience.
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INTRODUCTION

Instruction should enable students to develop sound understanding, not only in the
short run (until being tested in an examination) but also as a basis for further studies
and subsequent professional practice. For this matter, the long-term effect of instruction
needs to be investigated.

For a continuous period of twelve years, engineering students at Hamburg University
of Technology (TUHH) were given the Concept Assessment Tool for Statics (CATS) [1]
at the end of their first statics course. Over the same period of time, pedagogy was
changed: first, from a traditional setting to one including interactive elements, and later,
due to change in faculty, back to the traditional setting. The CATS was re-administered
to self-selected samples from those students who had been tested at post-instruction
level. This so-called reTest was performed twice, once in 2014, just before pedagogy
changed back to the traditional setting, and again at the end of 2017. By comparing
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Fig. 1. Study design timeline

absolute scores as well as normalised change scores from the reTest participants, we
examine the influence of time, pedagogy, and activity as teaching assistant on retention
of conceptual knowledge in the field of statics.

1 METHODOLOGY

In order to investigate the retention of conceptual understanding, the following test-retest
study design was implemented. As illustrated by Fig. 1, a post-test was administered
every academic year in the same course. From 2009 to 2013, the pedagogic concept
of the course included interactive elements described below. Following Hake [2], the
instruction during those five years is therefore categorised as interactive engagement
(IE) while the instruction during the courses beginning in 2005 to 2008 and 2014 to
2016 is missing such elements and is therefore categorised as traditional (T).

In contrast to the continuous collection of post-test data, the reTest data was obtained at
two distinct events in November 2014 and 2017. The target population were all students
whose post-test data was found in our database up to the respective reTest event. As a
result, we obtained post-test/reTest score pairs with various retention intervals (Rls), i. e.
the time interval between post-test and reTest. In theory, the range of Rls spans one to
twelve years.

Using only the 2014 reTest data, it is impossible to attribute any observed effect to either
length of Rl or type of pedagogy because they are coupled (see [3]). With the pedagogy
changing back to traditional and the 2017 reTest, time and pedagogy are uncoupled.
We now have data for Rls of one to three years as well as six to eight years for both
types of pedagogy.

1.1 Traditional and interactive instruction

As mentioned above, we consider two types of pedagogies. Traditional (T) instruction
includes a lecture with little to no active participation by the students, plenary recitation
sessions where students are presented with solutions to quantitative problems, but
also smaller recitation sessions where students actively solve quantitative problems
under the supervision of a teaching assistant (TA). In our context, the term interactive
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engagement (IE) stands for a modification in the small recitation sessions. About half
the time, students solve quantitative problems, whereas the other half, they work on
Tutorial worksheets, in part taken from and in part newly designed after the "Tutorials in
Introductory Physics” by McDermott and Shaffer [4]. These worksheets are evidence-
based learning materials designed for implementation in small groups of three to five
students. The guidance of an instructor who is well-trained in socratic dialogue poses a
necessary component for effective learning with Tutorials [5]. Tutorial worksheets purely
aim at understanding concepts instead of traditional end-of-chapter problem solving.
The lecture component of the course was held by different instructors for both types of

pedagogy.
1.2 Test administration

The post-test data was collected in an introductory mechanics course at TUHH. A
major part of the course content is on statics, therefore the CATS [1] was chosen as a
post-instruction test. It was neither graded nor was participation rewarded in any kind.
We motivated the students solely by stating our research objectives. It was stressed
that not the students are tested, but the instruction. The lecture time spent on the test
administration was limited to 45 minutes by the instructor in the first run. This limit
resulted in 32 minutes of actual time on the tasks. For consistency, this time was set as
standard for all subsequent test administrations.

The reTest events took place in November 2014 and 2017. While the post-tests could be
administered in one single class during lecture time, this was not possible for the reTest
as we wanted to reach students from all cohorts. Instead, the events were advertised
on campus and in 2014 also to the alumni network. The advertisement channels used
were mailing lists to all students and research assistants, posters and flyers, as well as
short announcements in selected lectures. To acquire as many participants as possible,
the test could be taken offline on campus or online. To reduce the self-selection effect,
the following incentives were given: a lottery for all participants with four drones and four
audio speakers as prizes, as well as chocolate for the offline participants only. Before
starting the CATS, reTest participants were asked to fill out a questionnaire asking
for demographic data on their physics and mechanics background, on their personal
teaching activity, as well as on their study progress. Of these aspects, only personal
teaching activity is included in the analysis in this paper.

During the first nine years, the students were identified by their matriculation numbers.
In 2014, we decided to use self-generated identification codes (SGICs) for various
reasons, including data privacy and higher matching rates. See [6] for details.

1.3 Post-test results

On the post-test, the cohorts using Tutorials outperformed the traditionally taught cohorts,
independent of instructor and controlling for pre-instruction understanding of forces by
using the Force Concept Inventory (FCI) [7]. In the IE-cohorts, students performing in
the middle range on the FCI pre-test performed on average 2.8 + 0.5 out of 27 points
higher on the post-test. For less well-prepared students the difference was somewhat
smaller, for above-average students correspondingly higher. When comparing the reTest
results of groups with different pedagogies, this post-instruction difference in conceptual
understanding must be taken into account.
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Fig. 2. Number of valid participations per Rl, indicating the share of TAs as well as the
distribution of pedagogies.

1.4 Methods: Normalised Change

To account for the difference in post-instruction CATS-scores among the groups with
different pedagogies, a normalised change metric ¢ according to Eq. (1) will be applied.
The raw change scores from post- to reTest are normalised with respect to the maximum
possible gain in case of a positive change or with respect to the maximum possible loss
in case of a negative change [8].

re — post

700 - post re > post

drop re =post=1000r0

0 re = post
re — post
re —post re < post
( post

2 THE SAMPLE

In total, 656 participations were counted in both reTest events. We expected to observe
cases of unserious participation, which we define as less than 9 items answered, or less
than 10 minutes time spent on the test (as devised by Steif and Hansen [9]), provided
the total score does not exceed 14 out of 27 points. The total number of cases of
unserious participation was 83, which were all observed among the online participants,
possibly due to unsupervised and distraction-rich test-taking settings. Furthermore, 24
cases had to be eliminated because they could not be uniquely matched to a post-test.
The result is a total number of 549 valid participations over all Rls.

Fig. 2 shows the distribution of reTest participations over the Rls for TAs and non-TAs
as well as for T and IE pedagogy. We can see that sample sizes drop after six years
Rl as most students graduate within this period. The data set includes data with Rls of
one to three years as well as six to eight years for both types of pedagogy. Because of
the small sample sizes n; in the pedagogy subgroups for Rls 7 and 8 (n; = 3,ng = 1
for the traditionally instructed and n, = 7,ng = 2 for the interactively instructed), we
limit the analysis to the data with RIs of one, two, three and six years. The selected
subset corresponds to a total number of 347 participations. Among those, 109 were
categorised as having TA-experience in relevant subjects which include Mechanics,
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Fig. 3. Does the sample represent the population for each pedagogy subgroup? A
value close to zero means that the sample represents the population well in the respec-
tive posttest score value. A value of positive/negative y indicates an overrepresenta-
tion/underrepresentation by the factor 2¥. Note that the cases for which either frequency
is zero would have to be represented by +o0o and are therefore not displayed.

Physics, Engineering Design as well as others specified by the participants. The majority,
I.e. 214 of the 347 participants, had IE instruction.

In general, a representative sample is required in order to make inferences from the
sample to the population. As this sample is self-selected, it does not necessarily rep-
resent the population. Comparing the distributions of the post-test scores from the
sample to the ones from the population reveals that the stronger students are slightly
overrepresented in the sample. Here, self-selection bias can play a role. Also, the ad-
vertisement for the reTest events did not reach (supposedly weaker) dropout students.
In Fig. 3, the effect of pedagogy on the representation is investigated. The relative
frequencies of the possible post-test scores in the sample are compared to the ones
in the population for the selected Rls. Transformation to the log2 scale allows for easy
visualisation of over- and underrepresented scores. For the T-participants, the higher
scores are overrepresented while the lower scores are underrepresented. The same
tendency can be seen even more pronounced for the IE-groups.

Comparing the post-test scores among the different subgroups (Fig. 4) reveals signifi-
cantly higher average scores for |IE over T pedagogy, slightly higher average scores for
TAs over non-TAs, as well as slightly higher scores in Rls 1 and 2 over Rls 3 and 6.

3 RESULTS

The results are first examined in terms of absolute scores before examining the nor-
malised changes achieved by the various subgroups which differ in terms of the three
variables pedagogy, personal TA-activity, and retention interval.

Fig. 4 shows the mean post- and reTest scores. All subgroups exhibit a mean gain
from post- to reTest, indicated as the grey part of the bars. While the non-TA groups
with Rls of one and two years have managed to reach similar reTest scores as their
interactively learning peers, the difference between the pedagogies remains visible in
the non-TA subgroups with Rls of three and six years. The reTest scores among the
TA groups show no difference with respect to RIl. Comparing TAs to non-TAs, we see
higher reTest scores only for the T-taught TAs, while the scores are comparable in case
of IE pedagogy.
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Fig. 6. Normalised Change independent of pedagogy. For the time of their studies (i. e.
5 to 6 years), the level of understanding does not fall below the post-instruction level.
Sample sizes are too small for Rls 7 to 12 (see Fig. 2) to interpret the data.
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Fig. 5 shows the average normalised change for the various subgroups. All subgroups
exhibit on average positive normalised changes, interpretable as a gain in understanding.
For TAs, pedagogy seems to be a relevant factor in combination with time. While we
have no data to compare the pedagogy groups in Rl 1, the traditionally taught TAs show
a much larger gain in Rls 3 and 6 than the interactively taught TAs. The gain seems
to increase with time for the traditionally taught TAs while it remains constant for the
interactively taught TAs. For the non-TAs, pedagogy cannot be determined as a relevant
factor on the average normalised change due to the overlapping error bars in every RI.

With respect to the time factor, a clear trend cannot be seen among the non-TAs. If
pedagogy is indeed an irrelevant factor in terms of average normalised change scores
for the group of non-TAs, the data can be aggregated and re-examined. In that case,
the restriction to Rls 1, 2, 3, and 6 is no longer necessary. Fig. 6 shows the average
normalised change of the group of non-TAs over all Rls. The sample sizes are very
small for Rl 7 and longer and the respective change scores should therefore not be
generalised. For Rls 1 to 6, the level of understanding does not fall below the post-
instruction level (¢ = 0). The largest gain is achieved by the cohorts who took the reTest
two to three years after the post-test.

4 DISCUSSION AND IMPLICATIONS FOR ENGINEERING EDUCATION

Both, the post-test and the reTest data, are biased by self-selection of the participants.
For the post-test, this effect is expected to be lower as students had to actively decide
to leave the class before the test started ("opt-out”) while for the reTest, students had to
actively decide to come to the test lab or to the website ("opt-in”). We tried to level out
this difference with the incentives. The bias of not recruiting dropout students can be
neglected as only students pursuing their studies are of interest to this investigation.

The large gain by TAs in the traditionally taught groups poses the most radical effect seen
in the data. A possible interpretation is that personal TA-activity results in interactive
engagement with the concepts, which leads to high gains. It can be assumed that many
TAs carry out their teaching activity for more than one year. Therefore, TAs with higher
Rls can be assumed to have repeatedly engaged in the concepts and gained even
more experience. Traditionally taught students thus achieve high gains by means of their
TA-activity. Those students who had interactive instruction, already experienced these
gains before the post-test and thus do not exhibit such high gains from post- to reTest.

Although a large part of the sample are TAs, instruction must be implemented for the
default case, i. e. non-TAs. For this group, the results presented in this paper mainly
suggest two conclusions: (1) The average level of understanding does not decay for
any RI group up to at least six years after instruction, on the contrary, it increases. This
indicates that conceptual knowledge, other than rote knowledge, is retained, and/or
that the concepts are used in subsequent courses. (2) The normalised gain seems to
be independent of pedagogy. This leads to the conclusion that higher post-instruction
levels (achieved here by the cohorts using Tutorials) also result in higher levels of
understanding in the long run. As we deal with uncertainties, indicated by the error bars,
this mathematical reasoning is not always reflected in the plots (see Rls 1/2 in Fig. 4).

When interpreting the absolute scores in Fig. 4, we must refrain from viewing the data as
longitudinal. The traditionally taught RI-groups 3 and 6 exhibit a lower average post-test
score than their counterparts in Rls 1 and 2. Comparing pedagogies, we must come to
different conclusions for Rls 1/2 and Rls 3/6. In the first case, T-taught students were
able to catch up to the same level as their IE-taught colleagues within periods of one and
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two years, respectively. For Rls 3 and 6, we must conclude the opposite, i. e. that they
still lag behind three or six years after instruction in terms of conceptual understanding.

The new insights gained by the 2017 reTest do not change the conclusions made in [3].
For non-TAs nothing changes. For TAs, the observed change of the group including
T-taught students (the long RI group with 5 to 9 years) might be influenced by pedagogy
effects.

It is the responsibility of instructors to help students with their learning. Even though
we could show that, independent of pedagogy, the average level of understanding
does not fall below the post-instruction level, the results of this study indicate that
instruction should be implemented with evidence-based activating learning methods in
order to promote sound understanding by instruction. Otherwise, it is the opportunity
and decision to take on a job as teaching assistant which strongly influences the level of
conceptual understanding to be reached in the long run.
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INTRODUCTION AND BACKGROUND

According to Fullan [1] (p. 6) “the education system was thought to be one of the major societal
vehicles for reducing social inequality”. The educational system has evolved, adapting to
economic and technical requirements. The awareness of the physical and natural limits of the
planet leads to a new evolution.

Wright [2] studied multiple international declarations that refer to the need to include
Sustainable Development (SD) across the curriculum and to develop interdisciplinary and
transdisciplinary research as well as public outreach. Sterling [3] (p. 806) argued that “the
sustainability does not simply require an ‘add-on’ to existing structures and curricula, but
implies a change of the fundamental epistemology in our culture and in our educational
thinking and practice [...], sustainability is a gateway to a different view of curriculum, of
pedagogy, of organizational change...”.

We adopted the traditional definition of SD, from the Brundtland Report [4] that specifically
emphasizes the requirement to “meet the needs of the present without compromising the
ability of future generations to meet their own needs.” SD is a challenge for the future for which
the higher education institutions should contribute.

Two themes of education science are presented in this section: the first one is the integration
of SD in higher education. The second one is about SD and educational innovation.

Lozano et al. [5] presented five main approaches for integrating SD into higher education
curricula: i) coverage of some environmental issues in an existing course or courses; ii) a
specific SD course; iii) SD intertwined as a concept in regular disciplinary courses; iv) SD as
a possibility for specialization within the framework of each faculty; v) SD as an undergraduate
or post-graduate program. So, integrating SD approaches differ from one institution to another.
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Van Bellen [6] explained that the measure of sustainability must establish a connection from
past to present and from present to future. Sustainability is a process of perpetual adaptation
and actions should concern the three pillars. Moldavska and Welo [7] insist on the fact that
the three pillars of SD should be addressed equally. Here, we focus our attention on how
teaching could be transformed in order to be in adequacy with the global aim of SD.

There are tools for evaluating integration of academic SD initiatives in universities. Most
studies are focused on the environmental pillar [8], [9]. Olszak [10], integrated economic and
social pillars. Urbanski and Rowland [11] evaluated academic SD initiatives by using “STARS
as a multi-purpose tool” in the campus sustainability movement. This tool was released by the
Higher Education Associations Sustainability Consortium (HEASC) in 2006, and “would
address all the dimensions of sustainability and all the sectors and functions of a university”.
This type of tool evaluates the “sustainability performance” of colleges and universities, without
understanding how different performances are achieved.

On the basis of this statement, our hypothesis is that the implementation of SD in a higher
education engineering school, should lead to educational innovation, taking into account its
relationship with research.

Since 2000, many studies have dealt with sustainable development and innovation,
technological transitions, based on the idea that innovation is a key factor for SD [12].
Conceptual work has dealt with SD for engineers [13], [14], [15], [16]. The relationship between
sustainable development and teaching innovation has been explored [17], [12].

It appeared necessary to think about the integration of SD in educational programs as well as
innovation for a sustainable educational system [13], [18].

In education, the study of each stage of incremental transformation becomes a strategic
priority for the integration of SD [16]. The change should begin with the educational leaders
and then spread to the teaching staff. Our research question is: What are the students'
perceptions about the value of integrating Sustainable Development and innovation into the
curriculum?

Therefore, this communication presents previous SD research and a review context in Section
2; the research methodology is described in Section 3. The students’ perceptions about the
integration of SD and educational innovation in their academic field (UniLaSalle Beauvais) are
presented in Section 4. Some conclusions are drawn in Section 5.

1 PREVIOUS SD RESEARCH AND REVIEW CONTEXT AT UNILASALLE

Since 2009, French institutions of higher education have engaged in the integration of SD in
their strategies actions. The Conference of University Presidents (CPU) and the Conference
of higher education (CGE) proposed the Green Plan (Article 55 of 3 August 2009 of the
Grenelle 1 law) and the integration of sustainability in higher education.

We present a case study at “Institut Polytechnique UniLaSalle!” focused on the education of
engineers. UniLaSalle aims to train young engineers or managers in fields directly concerned

1 In January 2016, the « Institut Polytechnique LaSalle Beauvais », a French engineering school, merged with
another higher education engineering school (ESITPA, Rouen). Both campuses (Beauvais and Rouen) have a
common name: UniLaSalle (www.unilasalle.fr). This communication describes the students’ perception of the
Beauvais campus. It is an extension of a study released on the perception of the executive management and
curricula manager’s teams (2016-2017).

183



46th SEFI Conference 17-21 September 2018 Research Papers

by SD. The teaching of SD at UniLaSalle is adapted to the nature of each specialty?
(Agriculture, Nutrition and Health, Geology and Environment). SD approach is integrated in
UniLaSalle at three levels: campus life, teaching and research. UniLaSalle decided to be part
of the pioneers to use the self-evaluation referential as a guide to build its action plan [19].

In recent years, the executive management team believed that “sustainable strategies within
an engineering school is a holistic approach which links governance and strategy, teaching
and research and campus life. It is a work at both individual and institutional levels concerning
all dimensions of sustainability” [19] (p. 233).

In this context, as presented in a previous article [19], the question was: how to place an
integrated approach of SD in the strategy of UniLaSalle? This article focused on the study of
sustainability by using two perspectives: integration and evaluation by the executive
management team.

Fourati-Jamoussi et al. [20] extended this idea of sustainability through the perception of the
executive management and curricula managers’ teams. A qualitative methodology [21] was
chosen, based on the case study of UniLaSalle. Data were collected from 27 semi-structured
interviews (during 45 min) with two groups: the executive management and the curricula
management teams. The interview guide was built on six themes/questions: i) what is the
definition of innovation in engineering education? ; ii) what are the different types of
innovations? ; iii) what are the reasons to innovate at UniLaSalle? ; iv) what is the definition of
SD? ; v) what are the reasons for integrating SD in the engineer training? ; vi) what is the link
between SD and innovation in engineering education?

The results of this study are submitted for a publication under revision and can be summed
up as follows:

i) The reasons for integrating innovation in the engineering curriculum at UniLaSalle: The
executive management team is more concerned by the issue of global environment and the
evolution of education while the curricula management team looks for the best compromise
between companies’ needs and students’ needs and wants.

i) The reasons for integrating SD in the engineering curriculum: According to the executive
management team, the first reason for integrating SD is to train Responsible Engineers. The
curricula management team, in charge of professional-qualification modules, precisely
focusses on an ethical dimension. Regulatory and environmental issues are also important for
this group.

iif) The perceived pillars of SD: An important element of previous results is the emergence of
a fourth pillar. Three respondents insisted on this fourth dimension and affirmed that the
governance of energy and mineral resources is specific and different from environmental
issues which are more connected to the natural living world. This fourth pillar was integrated
during the elaboration of the survey submitted to the students. The three pillars, economic/
social and environmental, are well integrated by the executive and curricula management
teams.

iv) The link between SD and innovation in engineering education: SD is now perceived as a
stimulus to innovation for the majority of respondents (both teams). SD is considered as a

2 In Geology, Agriculture or Nutrition and Health curricula, the challenge of SD is integrated in specific
pluridisciplinary courses which describe the challenges from SD requirements in their discipline.
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constraint which induces innovation and sometimes as a factor which both promotes and
restricts innovation.

The challenge of this work is to study the impact of integrating SD and innovation in the
engineering curriculum on the students’ perception at UniLasallle.

2 METHODOLOGY

A survey based on four themes was designed in order to compare the objectives of the
executive and curricula management teams to the students’ perceptions and experience: i)
the reasons for integrating innovation in the engineering curriculum at UniLaSalle; ii) the
reasons for integrating SD in the engineering curriculum; iii) the perceived pillars of SD; iv)
and the link between SD and innovation in engineering education.

2.1 Subjects

291 engineering students (148 female and 143 male; mean age = 21.2, SD = 0.9 years) from
three specialties (agriculture, nutrition and health sciences, and geology) participated in the
study (Table 1). Data were collected in November 2017.

Table 1. Distribution of population by specialty and sex

Sex
Female Male Total
Specialty Agriculture 59 85 144
Nutrition and health sciences 51 10 61
Geology 38 48 86
Total 148 143 291

2.2. Measures

The questionnaire comprises 22 items. Three items concern sociodemographic data (age,
sex) and the field of study (specialty). Ten items relate to innovation in the engineering
curriculum. On a 5-point Likert scale (1 = not probable to 5 = very probable), students express
their opinion about the reasons for integrating innovation in the engineering curriculum at
UniLaSalle (eg, to satisfy companies’ needs). Four items relate to the integration of SD in the
curriculum. On a 5-point Likert scale (1 = not probable to 5 = very probable), students comment
on UniLaSalle's reasons for integrating SD in the engineering curriculum (eg, to increase the
level of responsibility of the future engineer). Students are then asked about the four pillars of
SD (economic, environmental, social, energy & mineral resources). For each pillar, they
indicate on a 5-point Likert scale (1 = very rarely addressed to 5 = very often addressed) to
which extent each pillar is addressed in their curriculum. On the links between innovation and
SD, students have finally to choose one of the following statements: i) SD promotes innovation
in the engineering curriculum at UniLaSalle, ii) SD restricts innovation in the engineering
curriculum at UniLaSalle or (iii) SD promotes and restricts innovation in the engineering
curriculum at UniLaSalle.
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3 RESULTS

Out of the ten reasons for integrating innovation in the engineering curriculum at UniLaSalle,
the four main reasons put forward by students regardless of their specialty, are (Fig. 1):

* To satisfy the job market's needs
* To satisfy companies’ needs
* To adapt training to the engineer’s profile

» To improve teaching quality

Companies' needs
Needs and motivation of the teachers
Linking research and teaching
Improve teaching quality

Stimulate the collective effort between...
Evolution of the education
Demands and motivation of the students
Satisfy the job market’s needs

Constraints of natural or global...

Adapt training to the engineer’s profile

0O,

@]

0] 1,00 2,00 3,00 4,00 5,00

M Geology B Nutrition and health sciences M Agriculture
Fig. 1. Students’ opinion about the reasons for integrating innovation in the
engineering curriculum at UniLaSalle.

Regardless of their specialty students consider the reasons for integrating SD in the
engineering curriculum in the following descending order of importance (Fig. 2):

» To allow students to understand environmental and regulatory issues,
* Toincrease the level of responsibility of the future engineer

» To satisfy European directives

» To take into account an ethical dimension

Responsibility of the future engineer
Environmental and regulatory issues
European directives

Ethical dimension

0,00 1,00 2,00 3,00

P
o
o

5,00

m Geology m Nutrition and health sciences m Agriculture

Fig. 2. Students’ opinion about the reasons for integrating SD in the engineering
curriculum at UniLaSalle.
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Depending on their specialty, students consider that the pillars of SD are not addressed with
the same intensity in their curriculum (Table 2). One-way analysis of variance (ANOVA)
indicate that significant differences are observed by specialty on the environmental (F (2, 284)
=12.58, p <.001) and the energy pillars (F (2, 284) = 92.16, p < .001). Tukey's post hoc tests
indicate that i) the environmental pillar is more addressed in the geology (M = 3.85, SD = 1.08)
and agriculture (M = 3.74, SD = 1.04) specialties compared to the nutrition and health sciences
specialty (M = 3.00, SD = 1.10) and that ii) the energy pillar is more addressed in the geology
specialty (M = 4.26, SD = 0.83) compared to the agriculture specialty (M = 2.78, SD = 1.18);
it is also more addressed in the agriculture specialty compared to the nutrition and health
sciences specialty (M = 1.96, SD = 0.98).

Table 2. Student’s opinion about the intensity (mean levels) to which each DD pillar
is addressed in their curriculum depending on their specialty

Agriculture Nutrition and Geology
(n = 144) health sciences (n = 86)
(n=61)

M SD M SD M SD
Economic pillar 3.73 1.08 3.46 1.20 3.65 1.08
Environmental pillar 3.74 1.04 3.00 1.10 3.85 1.08
Social pillar 3.17 1.10 3.47 .97 3.15 1.05
Governance energy and 2.78 1.18 1.96 .98 4.26 0.83

mineral resources pillar

Finally, 66% of the students consider that SD promotes innovation in the engineering
curriculum, 30% consider that SD promotes and restricts innovation in the curriculum. Only
4% assess that DD restricts innovation in the engineering curriculum at UniLaSalle. The result
is the same for the three specialities.

4 DISCUSSION AND CONCLUSION

We can notice that the students’ answers are converging with those of the curricula
management team. Most of the students think that SD is a factor of innovation in their curricula.
Depending on their specialty the different pillars of SD are not treated with the same intensity.

The speciality of our future engineers (Table 2) has a strong influence on their perception of
the three pillars of SD and the fourth pillar on the governance of energy and mineral resources.
Differences in the perception of the SD pillars integration between the specialties can be linked
to their respective curricula [9] and corresponding work experience. The role of training and
the need to balance the integration of the four pillars in the different curricula suggest
differentiated actions according to the specialties. This study can help curricula management
team and teachers to identify the dimensions of SD that need to be strengthened, as well as
the implementation of specific resources and tools for teachers to innovate in training and to
be aware of the reasons for innovation at the institutional level. It can be described according
to different formalized situations and implies a change in the relationship between students,
their involvement, and the teacher.
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When a strategy for innovation and SD is implemented in training at all levels of the institution,
from the executive management to curricula managers, this study shows that students also
feel concerned by this visionary approach (eg. Figures 1 and 2).

The results of the link between SD and innovation showed that 66% of the students consider
that SD promotes innovation in the engineering curriculum and 30% consider that SD
promotes and restricts innovation in the curriculum, so we can confirm that the implementation
of SD in a higher education engineering school is perceived as and should lead to educational
innovation.

The internal variability of responses in each specialty appears surprisingly high. This may be
due to an internal heterogeneity in the population for each specialty: eg. the different parents’
level of education and socio-professional categories. A stratification approach (cluster
analysis) could be set up and may show that the specialties are not the most important criteria.

This particular reflexivity, both from staff, curricula managers and students, can bring valuable
insights in the support for any engineering institute that wishes to incorporate more social
responsibility in its own development. It can also promote training and research as a vector
for alignment of the job market's needs with the knowledge and skills acquired by future
engineers.
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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.

Higher education 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. Moreover, engineering relies on international
mobility more than most other academic disciplines.

The United Kingdom European Union membership referendum, also known as the
Brexit referendum, took place on 23 June 2016, and its impact is still unfolding and
under continuing analysis. However, it is widely anticipated that it is likely to disrupt
student and staff mobility with negative repercussions for broader European society
through research, innovation, skills shortages and economic impact.

This paper intends to start a debate on the initial findings about the emerging
changes of Brexit not only for the UK’s HEIs, but also the potential implications to
other countries’ education systems, research policies and infrastructures and the
disruption of European research projects that include UK researchers and
institutions.

In the UK, the Higher Education Statistics Agency (HESA) holds large datasets on all
aspects of the higher education sector in England, Scotland, Wales and Northern
Ireland. It includes data on students, academic and non-academic staff, universities
and other education providers. These datasets can be accessed by subscribers
(higher education providers and not-for-profits) on the Heidi Plus platform which
allows data analysis tailored to answer to specific research questions.

Reports on HESA data prior to the Brexit referendum showed an increase in the
proportion of European (EU) academic staff in Engineering and Technology in the UK
sector, rising from 10% in 2006/07 to 19% in 2015/16 [1]. As for students, a 71%
majority of those entering a first degree in engineering and technology
(undergraduate) were of UK origin. 6% were from EU countries and 23% from other
nationalities [2]. The opposite was found at postgraduate level, with only 25% UK,
15% EU and 60% other nations.

This paper presents descriptive figures of the latest student and academic staff
datasets, to understand the changes in study and demographic distributions (EU
nationality/domicile country) in UK HE Engineering before (up until 2015/16) and after
(post 2016/17) the Brexit referendum. The study compares the latest annual growth
rate of the student and academic staff numbers over time using compound annual
growth rates (CAGR), following the type of data analysis that is usually adopted by
the sector [1], and form the basis for a longer term assessment of the impact of Brexit
on UK Engineering HE. It also analyses data trends in different HE providers, to
better understand the initial impact of Brexit in research-led universities that are
highly competitive in international rankings (Russell Group) in comparison to other
universities. This paper aims to discuss the initial impact of the UK’s decision to leave
the UK by answering the following research questions:

e Has the proportion of EU engineering students decreased in 2016/17 for both
undergraduate and postgraduate degrees? What are the data trends by type
of university, and by nationality?

e Has the proportion of EU engineering academic staff decreased in 2016/17, in
particular ‘research only’ staff? What are the data trends by type of university,
and by nationality?
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2 METHODOLOGICAL APPROACH
2.1 Data analysis

The figures provided by HESA for both students and academic staff are full person
equivalent (FPE). FPE looks at how much of one person's studying or working time is
engaged in a particular activity.

Compound annual growth rates (CAGR) were calculated to compare academic staff

and student numbers over nine academic years, using the formula below (1),
1

CAGR(tOJ tl) — (%)tn—to _ ( )
1).

Where, to — the first year of observations; t1 — the last year of observations; V(to) —
the start value; and V(t1) — the last value observed.

2.2 Students’ data

Data for students were selected by domicile continent (Europe) and country
(excluding England, Scotland, Northern Ireland and Wales), and further analysed by
level of study, engineering discipline and ‘mission group'.

Level of study provides the breakdown figures by: first degree/undergraduate (UG),
postgraduate research, and postgraduate taught. Postgraduate research (PGR)
includes doctorate, master's degree and postgraduate diplomas or certificates
studied primarily through research. PGR students are trained in research methods
and are expected to do a research project. Full-time programmes usually last 18
months. Because there are lower teaching costs, fees for master's by research are
usually lower than for a taught master's. On the other hand, postgraduate taught
students (PGT) are those studying for a qualification mostly by a taught method
(learning by teaching), although there may be a research element. Full-time courses
are normally one year long [3].

In the UK, higher education institutions are commonly grouped in ‘mission groups’.
The Russell Group is a self-selected group of research-led universities. Data was
filtered by university type (Russell Group’s member vs. non-members).

2.3 Academics’ data

Data for academic staff was extracted by academic employment (academic staff
only, including teaching, research, teaching and research, or neither teaching nor
research) [4]. It relates to the contract of employment and not to the actual work
undertaken.

3 DATA FINDINGS
3.1 European Students

The first student data released by HESA post-Brexit referendum, referring to
2016/17, shows an overall annual increase in undergraduate (8.2%) and
postgraduate taught degrees (2.9%) and a decrease in postgraduate research (-
1.4%) for all subjects. For engineering subjects, an overall increase was also
registered in UG degrees (6.5%), but a decrease in both PGT (-1.8%) and PGR (-
2.9%). These results were not expected, taking into account that the pre-Brexit trend,
based on compound annual growth figures, was relatively stable for UG and PGT
(0.5% and 0.9%, respectively) and showed a positive increase for PGR (4%) (Fig. 1).
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Type of university

When analysing these data by type of university, Russell Group (RG) members have
registered an annual increase in both UG (8.3%) and in PGT (12.8%), but a decrease
in PGR degrees (-4.2%) in 2016/17, compared to the previous year. For these
universities, the compound annual growth pre-Brexit was 7.8% for UG, -0.9% for
PGT and 6.5% for PGR. Non-member institutions (NM) have registered an annual
increase in UG (5.1%), and a decrease in both PGT (-6.7%) and PGR (-0.7%) in
2016/17 compared to 2015/16 (Fig. 2).
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Fig. 1. Number of EU engineering students by degree level
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Fig. 2. Number of EU engineering students by degree level and type of university
Domicile country

A breakdown by country showed that the top five EU countries exporting engineering
students, both at undergraduate and postgraduate levels, into UK Higher Education
institutions in the last two years were France, Germany, Greece, Italy and Spain.

After the decision for the UK to leave the EU, with the exception of Greece (with a
decrease of -0.7% in their UG numbers), the UK’s universities had registered an
overall annual increase in the numbers of engineering UG students from Germany
(25.3%), Italy (19.8%), France (17.6%), and Spain (12.3%). This contrasts with the
figures in postgraduate study (Fig. 3). Post-referendum figures were:

France (FR): PGR (-2.8%) and PGT (-8.0%);
Greece (EL): PGR (-7.1%) and PGT (-9.8%);
Germany (DE): PGR (-1.8%) and PGT (1.5%);
Italy (IT): PGR (0%) and PGT (-5.0%);

Spain (ES): PGR (-4.9%) and PGT (-1.3%).
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Fig. 3. Number of students by EU country and degree level

In 2015/16, UG degrees were the most popular among students from Greece,
Germany and Spain; PGT was the most popular among students from France, and
PGR from Italy. In 2016/17, UG degrees were the most popular among students from
all the above top five European countries.

3.2 European Academic Staff

The first post-referendum staff data released by HESA, referring to 2016/17, shows
that the proportion of European engineering academic staff (including teaching,
research, teaching and research, or neither teaching and research) in engineering
HEIs is 17.4%. When analysing research staff only, one in four research academics
was European (26.4%).

Data analysis revealed an overall annual increase for all academic staff (all
domiciles) working in engineering HEIs in the UK (2.7%) and a smaller increase for
research-only staff (0.9%) in 2016/17 compared to 2015/16. The figures for European
staff were 6.5% for all academic staff and 3.1% for research-only (Fig. 4)

Type of university

Data analysis of type of academic employment and university group revealed that the
proportion of EU academic staff working in Russell Group universities was 22.8%
(27.2% in ‘research-only’ contracts) and 13.4% in non-member universities (23.9% in
‘research-only’ contracts).

Both groups of universities were able to contract EU academic staff in 2016/17
(increase of 5.1% in Russell Group and 8.2% in non-members) (Fig. 5). However,
when data on ‘research-only’ staff was analysed, Russell Group universities
increased the number of EU staff by 3.9% (whereas the CAGR up until 2015/16 was
7.8%) and non-members increased just 0.2% (whereas the CAGR up until 2015/16
was 5.2%). These findings may suggest the potential negative impact of the UK’s
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Brexit decision on EU engineering academic staff recruitment, particularly staff in
‘research-only’ contracts.
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Fig. 4. Number of staff by domicile and academic contract
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Fig. 5. Number of EU staff by academic contract and university group
Nationality

Similarly to what was found for students, the most represented countries of EU
academic staff in the last two years were France, Germany, Greece, Italy and Spain,
but also Ireland, followed by the Netherlands, Poland and Portugal. In 2016/17, within
each nationality, the proportion of ‘research-only’ staff was 44.3% for France, 29.8%
for Germany, 30.3% for Greece, 39.6% for Italy, and 47.5% for Spain.

4 DISCUSSION

Data analysis revealed an increase in the number of engineering undergraduate
students from EU countries in the academic year following the referendum. This may
suggest that EU students are taking the opportunity to study engineering in the UK as
a ‘last chance’ before fees, funding and visa requirements change. The fall in the
pound’s value since the referendum has made studying in the UK more affordable
and this may be particularly attractive to non-UK students.

In terms of recruitment of undergraduates and postgraduate taught degrees, Russell
Group universities have thrived. Other universities have fared less well suggesting
universities with international brands have greater resilience in the face of political
realignments.
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The decline in EU students in PGR degrees, particularly in Russell Group
universities, needs further research: for many, these degrees represent a longer-
term commitment in terms of both study and career and so, even for resilient brands,
the prospect of moving to the UK as a country outside the EU may have undermined
its attractiveness as a destination.

The increase in rates of EU academic staff recruitment seem to have been
negatively impacted as well, particularly for staff in ‘research-only’ contracts [5].
Currently, the lack of clarity over the right to remain in the UK and the uncertainty
about the UK’s capability to host EU-funded projects seem to be two of the main
drivers of EU academics leaving the UK [6].

More data analysis is needed to better understand the impact of the Brexit decision
on European students and staff studying and working in the UK. Data on the 2017/18
academic year, available in early 2019, may help to provide a clear picture.

It is important to remember that, although the Brexit referendum triggered a process
of withdrawal from the EU, the UK will remain a member until at least 29" March
2019 and UK Government policy is to remain within EU structures for a transition
period of 21 months thereafter.

Therefore the significance of any patterns remains to be demonstrated, not least
because of the concurrent impact of other factors such as the attractiveness of
Trump-era USA as a destination for students and academics. Our research and the
available data to date provide no basis to draw conclusions, but they do raise
guestions:

Will the UK remain as significant an international hub for engineering higher
education and research post-Brexit?

Certain universities seem to have avoided most negative effects so far, but how
deep is their resilience?

Other universities appear to be experience an impact already. Will this pattern grow
or disappear?

Is there an opportunity or a threat to other EU institutions?

What would the impact on ongoing and future research projects and infrastructures
be in the EU?
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INTRODUCTION

SEFI 2018 proclaims in its introduction “Creativity, innovation and entrepreneurship must
obviously be part of any engineering educational program”. Discussing this pronouncement
from an entrepreneurship education research perspective, it is questionable whether
entrepreneurship is actually part of engineering study programs. This article aims to enrich the
scientific discourse in engineering education research by contributing to specific foundations
of entrepreneurship education in STEM degree programs. While politically and practically
driven debates on employability or entrepreneurial activity call for advanced entrepreneurial
agility at universities, the question of whether entrepreneurship is “part of any program” has
not yet been exhaustively researched. Even though an international discourse on approaches
to entrepreneurship education arouse in the last decades, it is usually assumed that for non-
business students, especially in STEM degree programs, entrepreneurship education is rarely
embedded in the curriculum. However, nobody really knows because exhaustive curriculum
analysis is a bumpy road to success. Thus, our main question is: How is entrepreneurship
embedded in higher education STEM degree programs?

1 RESEARCH BACKGROUND
1.1 Exploring: Research in engineering and entrepreneurship education

This paper aims to bring together two research communities. First, we are looking at the
development of engineering education research (EER) in the last decades [1, 2, 3]. While itis
still under discussion whether EER can be described as a discipline, a community or a field
[3], a lot of research on the core questions of EER topics has been conducted so far [1]. On
the one side, general and broad-ranging topics are discussed, e.g. “the nature of engineering
knowledge, which topics should be taught and how they should be taught, and the social and
organizational contexts of engineering and engineering education” [1, p22]. On the other side,
quite specific questions are addressed, such as chances and challenges of e-learning or
problem-based learning, skills, diversity, recruitment, engineering educators, student learning
processes [1]. Much work has been devoted to questions of curriculum development [1, 4],
where aspects of embedding entrepreneurship are also discussed [5].

Second, we observe a vivid community of research in entrepreneurship education (REE) in
the last decades [6]. Within this discipline (community or field), issues are discussed in a
complex and heterogeneous way. To date, the terminology of entrepreneurship education is
unclear [6], and heterogeneous questions are being debated. On the one side, we see general
questions of the character and issues of entrepreneurship education as a research field [6].
On the other side, we see a more narrow perspective on specific questions, e.g. contrasts
between a “traditional” and “entrepreneurial” way of teaching, other pedagogical approaches,
effects of entrepreneurship education, entrepreneurial mindsets and embedding of
entrepreneurship in so called non-business disciplines curricula [6]. Within this field, most
research is carried out with business students, as most entrepreneurship researchers
themselves have this background and entrepreneurship is often taught to this target group.
While the embedding of entrepreneurship in engineering curricula was already proclaimed as
one of the hottest topics in the USA about 15 years ago [7], we are still faced with the situation
that little research has been done on this question to date [8]. Reflecting this brief overview,
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this paper aims to explore the specific question of the integration of entrepreneurship into
engineering curricula and thus to link relevant issues of both communities.

1.2 Focusing: Core definitions

To do so, there is a need to set some core definitions in EER and REE. To explore the question
“‘How entrepreneurial is engineering education?” we define engineering education in the
context of higher education in STEM fields, known as abbreviation for science, technology,
engineering and mathematics. However clear this classification may appear, it remains
unclear which teaching and learning contents, fields of study or subjects are meant exactly.
This paper defines STEM according to ISCED-F educational classification, published by
OECD and UNESCO [9], as broad fields of education and training: natural sciences,
mathematics and statistics (MS), information and communication technologies (ICT) and
engineering, manufacturing and construction (ENG). Consequently, engineering education is
a very broad field, being split up in six narrow fields (a) chemical engineering and processes,
environmental protection technology (ENG-CH), (b) electricity and energy, electronics and
automation (ENG-EL), (c) mechanics and metal trades, motor vehicles, ships and aircraft
(ENG-ME), (d) manufacturing and processing (ENG-MP), (e) architecture and construction
(ENG-AC), and (f) other engineering sciences including industrial engineering and
management (ENG-OS).

Entrepreneurship education can be defined based on a wide or a narrow notion of
entrepreneurship. Narrow definitions focus on uncovering entrepreneurial opportunities,
business development, self-employment, business creation and growth, i.e. the question of
how to become an entrepreneur. In contrast, broad definitions focus on aspects of personality
development, creativity, initiative, action orientation, i.e. the question of how an
entrepreneurial thinking and acting person can be developed [6]. In addition, the common
starting point of all variations of entrepreneurship education remains the concept of value
creation — and this term can be understood in a broad sense as financial, cultural or social
value. The common goal of entrepreneurship education seems to be the development of
entrepreneurial competences [6]. Some typologies of entrepreneurship education exist. For
our research, we chose a new typology that differentiates entrepreneurship education types
into traditional (TEE), creation (CEE), value creation (VaCEE), venture creation (VeCEE) and
sustainable venture (SVEE) approaches [11].

1.3 Questioning: How entrepreneurial is engineering education?

The debate in EER shows that there is a discussion around the question of how to improve
engineering curricula. Arguing from the perspective of REE we assume that in general the
curricular anchoring of entrepreneurship education has positive effects [10]. A brief overview
of the status quo of research shows that many case studies for several universities exist. For
the case of Germany, we find the specific situation that associations (e.g. German Association
of Engineers) explicitly advocate entrepreneurship education in higher education for
engineers, but up to now, the concrete status quo of embedding entrepreneurship education
in curricula is not known. To sum up: Even though the relevance of entrepreneurship education
for engineering is known in research and praxis, there is no knowledge about the extent to
which engineering students are confronted with contents of entrepreneurship education in
Germany. Therefore, we address the question: How entrepreneurial is engineering education?
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2 EMPIRICAL STUDY
2.1 Method and data description

A comprehensive document search and analysis of study course documents of all STEM study
programs in six German Laender has been carried out in the period of 04/2017-12/2017. All
programs have been selected from the database of the Hochschulrektorenkonferenz (German
Rectors’ Conference). The adjusted sample includes 1361 study programs at 58 higher
education institutions. In a second step, N=2220 documents have been collected (study and
examination regulations, module regulations and descriptions) and digitally stored. Those
documents were searched for subjects related to entrepreneurship education using the digital
search function. A positive list was used to search relevant terms such as “griind*” or “entre*”
(for founding, start-up management, entrepreneurship etc.). Finally, those course descriptions
including elements of entrepreneurship education were analysed via content analysis.

The sample is almost equally distributed between study programs at universities (n=684) and
study programs at universities of applied sciences (n=674). Almost exclusively, study
programs are offered by public universities (n=1311). Private universities provide 4 percent of
the study programs in this sample (n=50). According to degrees, the sample shows a balanced
distribution of bachelor's degree programs (46 percent) and master’s programs (47 percent).
Allocation over six German Laender reaches from 10.4 percent (n=142 study programs) in
Brandenburg to 29.2 percent (n=397 study programs) in Saxony.

2.2 Curricular anchoring referred to broad and narrow fields of study

A binary variable has been used to code whether or not a study program includes
entrepreneurship. In the complete sample, 19.3 percent of study programs (n=263 out of 1361)
include entrepreneurship. The ISCED-F categories allow a comparison of the broad field of
ENG with the two other broad STEM fields MS and ICT. Results show (Fig.1) that 18.33
percent of engineering curricula include entrepreneurship, which is almost average. While ICT
has the biggest share with 31.58 percent, study programs in the broad field of MS have the
lowest share with 13.02 percent of programs including entrepreneurship

100
86,98

90 81,67
80
68,42
70
60
50
40 31,58
30
18,33

20 13,02
10

0

MS (n=361) ICT (n=247) ENG (n=753)
with entrepreneurship without entrepreneurship

Fig. 1 — Study programs with/without entrepreneurship according to broad fields of
study, numbers in percent
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A detailed view on the narrow fields of ENG shows that especially study programs in the
narrow fields of ENG-OS and ENG-ME include entrepreneurship above average with 27.2 and
21 percent. For the remaining narrow fields of ENG, entrepreneurship is included in 15.6
percent of the cases.

Reflecting the results from the perspective of different university types (Fig. 2), it can be
observed that 21 percent of ENG study programs at universities of applied sciencies include
entrepreneurship while only 13.3 percent of ENG study programs at universities do so.
Compared to the other broad fields, a similar observation can be made here. In both fields,
the share of study programs that include entrepreneurship is higher at universities of applied
sciences than at universities.

100 88,4 86,7
90 80 79
80 73,4
70 61,5
60
20 38,5
40 26,6
30 . 20 21
20 11,6 13,3
., 1
with entrepreneurship without with entrepreneurship without
entrepreneurship entrepreneurship
university (n=684) university of applied sciences (n=674)

B MS (n=361) MICT (n=247) ®ENG (n=753)

Fig. 2 Study programs with/without entrepreneurship according to university types
and broad fields of study, numbers in percent

Furthermore, it can be highlighted that there is almost no difference between Bachelor and
Master programs regarding the embedding of entrepreneurship. 19.9 percent of ENG study
programs on bachelor level and 18.7 percent of ENG study programs on master level include
entrepreneurship. It is remarkable that the German Diploma still exists in the field of ENG.
Only 8.8 percent of ENG diploma study programs include entrepreneurship.
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Fig. 3 Study programs with/without entrepreneurship according to degrees and broad
fields of study, numbers in percent

2.3 Course analysis

In a second step, we analysed in detail the identified courses on entrepreneurship in STEM
curricula. Up to six courses related to entrepreneurship were identified in one study program
(Fig.4). Usually, ENG study programs include one course with content related to
entrepreneurship. A maximum of four courses in one study program could be found.
Compared to the other broad fields, some differences can be observed. While MS study
programs include up to six courses, the common model is one course including
entrepreneurship. In ICT, more study programs were identified including two (16.67 percent)
or three (12,82 percent) courses.

100

80

60

11,59
40 168 12,8280 1,45 0,00 0,00
1[28- 1,28- 0,00- ENG (n=138)

20 2,13 0,00 4, )M 4 20 Mmmy |CT(n=78)

. oy e A A& (-

1 2 3 4 5 6

B MS (n=47) ®ICT (n=78) mENG (n=138)

Fig. 4 Total amount of courses related to entrepreneurship in one study program,
sorted by broad fields, numbers in percent
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Furthermore, the courses in all broad fields mainly have a duration of one term. 86.96 percent
of entrepreneurship courses provided by ENG study programs are one term courses, 13.04
percent are two term courses. 58.71 percent of courses provided by ENG study programs are
compulsory optional subjects, 38.06 percent are core subject. Compared to the broad fields
of ICT and MS, in ENG the biggest amount of courses has the character of a compulsory
subject (ICT — 28.42 percent compulsory subjects, MS — 15.52 percent compulsory subjects).
In addition, the character of courses has been identified. Typically, entrepreneurship related
courses in ENG study programs are combined lectures with seminars (59.76 percent).
Compared to other broad fields, this is the biggest amount. Only 15.85 percent of
entrepreneurship related courses in ENG study programs are solely lectures and 21.34
percent are solely seminars.

Finally, we analysed course descriptions of the courses related to entrepreneurship. We
illustrate the results by the example of the narrow field ENG-EL (Fig.5). Out of 43 detected
courses in 32 ENG-EL study programs for n=33 courses sufficient descriptions were available
and analysed. The contextual relevance of entrepreneurship in these courses shows two
extremes: either a complete course is dedicated to entrepreneurship education (contextual
relevance ‘high’) (e.g. courses in which all themes and subthemes are oriented to the
overarching agenda of business plan writing) or a single subtheme is oriented to
entrepreneurship (contextual relevance ‘low’) (e.g. courses in marketing which include
entrepreneurship as one topic beneath ten or twelve others). In addition, we categorized
courses according to the underlying approaches of entrepreneurship education [11]. Two
thirds of the courses examined show elements of the type TEE (traditional entrepreneurship
education), while one third shows elements of the type CEE (creative entrepreneurship
education). The other more advanced and complex approaches to entrepreneurship education
(VaCEE, VeCEE and SVEE) were not identified in the course descriptions.
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15
[
m high average low m TEE m CEE m VaCEE m VeCEE m SVEE
Contextual relevance of entrepreneurial Types of entrepreneurial education
education in identified courses (n=33) accordingto Lackéus (2018) in identified

courses (n=33)

Fig. 5 Course analysis regarding contextual relevance and types of entrepreneurship
education, subsample ENG-EL (n=33)

3 CONCLUDING REMARKS

If — as SEFI 2018 introduction proclaims - “creativity, innovation and entrepreneurship must
obviously be part of any engineering educational program”, there is a lot to do for STEM study
programs in Germany. Only 19.3 percent of the study programs embed entrepreneurship
education in their curriculum. Looking into the details, only 50 percent of the identified courses
(in our example ENG-EL) have a high contextual relevance of entrepreneurship. If we reflect
on this result, entrepreneurship education does not seem to have the status of one of the
"hottest topics" at engineering schools, as was the case in the USA 15 years ago [7]. For future
research, we still have to understand the reasons why engineering education in Germany does
not seem to be entrepreneurial. We are currently seeing these three aspects. (1)
Entrepreneurship education is in the hands of the Faculties of Economic Sciences. Often
enough, students in these subjects are the primary target group of their teaching. For future
research, it could be a fruitful idea to investigate whether or not the institutional affiliation of
the lecturers is a relevant factor for a successful integration of entrepreneurship into non-
business study programs. (2) In view of the broad and narrow definitions of entrepreneurship
education, interesting research questions also arise: Which peculiarities and specificities does
engineering entrepreneurship education have with regard to the questions of “how an engineer
becomes an entrepreneur” and “how an entrepreneurially thinking and acting engineer can be
developed”. (3) Since 1998 there has been a state-aided programme in Germany with the aim
of promoting entrepreneurship at universities. The permeation of university teaching is among
the objectives of the program. In light of our results, the question arises as to why this goal
has not yet been achieved to a greater extent. In particular, it would be important to explore
how government support affects entrepreneurship education of non-business students. Taking
these observations into account, we look forward to discussing our findings with the SEFI
community to gain a deeper reflection of our work from an international perspective.
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1 INTRODUCTION

The research for this paper started with our fascination for the pragmatic ways
engineering professionals do research, in order to close the knowledge gaps occurring
during their problem solving processes. Take for example an engineer who is called to
an emergency at headquarters when the internet satellite connection to a remote
offshore production plant is down. The engineer can either work around the problem
or try to find its cause. Finding the cause of the problem requires thorough investigation
on a distant location and it is not clear whether the required spare parts are available.
Working around the problem could be faster, but the engineer is not sure if an
alternative connection can be created. The engineer decides to probe both ways,

1 Corresponding Author:
D.W. Greve
dan.greve@hu.nl
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analyse the information he receives and subsequently continue on the most promising
path. This way, he first succeeds in creating a low bandwidth work-around for the
internet connection. Later he finds the cause of the problem so a helicopter can bring
replacement parts with the next supplies. (example taken from participant D in this
research)

The example illustrates that engineers work in pragmatic ways to close knowledge
gaps. They employ pragmatic research tactics that take constrains of time and
resources into account and aim for the highest chance to close knowledge gaps.
These pragmatic research tactics aim for answers that fit just good enough rather than
perfect, to close gaps (e.g. a low bandwidth solution) The answers just need to fit
sufficiently in order to solve the problem. To find answers, an engineer can flexibly
choose whether to simply look up an answer, investigate the situation more thoroughly
or design a rigorous research plan. In summary we define that pragmatic research
tactics aim for the highest chance to find answers that fit sufficiently to close knowledge
gaps in order to solve the problem with optimal use of time and resources.

As research methodology teachers in engineering education, we would like to have a
meaningful discussions based on literature with students and teachers about the use
of pragmatic research tactics. A first place to search is the literature on (pragmatic)
problem-solving methods in engineering. This literature can be found in the form of
best practices for an engineering subject (e.g. ITIL, Six Sigma) or can have a more
general life cycle approach with recursive (e.g. problem solving cycle), sequential (e.g.
V-model) or incremental (e.g. agile) methods as can be found in systems engineering
handbooks [e.g. 1, pp. 32-36]. These problem-solving methods include steps that
require research, such as determining user requirements, finding an algorithm or
testing a proof of concept. But within problem-solving literature, research methods,
and especially their corresponding pragmatic tactics, only receive a global treatment.

Another place to search for research pragmatics is the literature on research
methodology in engineering (e.g. [2]-[5]). However, research pragmatics are a topic of
interest in most academic textbooks, they are seldom presented as a central concern.
And when they are treated as in [6]-[8], pragmatics are discussed with respect to a
particular research practice and with corresponding pragmatics in mind. So, although
this literature might for example treat how to deal with small samples or missing data,
it does not provide help for switching dynamically between small scale or informal
research to more thorough approaches.

All in all, the literature on problem-solving and research methods richly supplies solid
research strategies suitable to plan research in various types of projects. However,
literature on flexible pragmatic research tactics suitable to discuss ways to adapt to the
changing situation within projects, is rare and scattered.

To learn more about pragmatic research tactics we set up an empirical study with
novice engineering professionals because that is the aspiration level of our students.
Since the authors work in bachelor of IT engineering education, the scope was
restricted to this area. This resulted in the following research question for this study:

What are pragmatic research tactics that novice bachelor of IT engineering
professionals use to acquire sufficiently good answers to close the knowledge gaps
that occur in the context of their project assignments?
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2 METHODS
2.1 Design

In order to research what novice engineers actually do when closing knowledge gaps,
a qualitative approach based on grounded theory [9] was chosen. A concern with the
data collection was that part of the process happens invisible and even unconsciously.
This entails that written research reports and observations will keep aspects of the
process out from view. An interview is a way to collect more anecdotal stories that
include part of the unconscious process. Another way to stimulate this is to visualize
the process with timeline mapping [10]. To create a rich source of information, the two
were combined in a semi-structured visualization interview. The interviews were
analysed according to grounded theory, starting with open coding to organize the raw
data into labels, followed by axial coding to identify research activities in the labels.
The process was concluded by selective coding to find integrating categories of
pragmatic research tactics. More explanation of the process, in the paragraphs below.

2.2 Participants

In order to obtain information concerning the research pragmatics of novice IT
engineers, interviews were conducted with professionals who have a working
experience of three to five years. Within this timeframe, engineers are expected to work
professionally and be able to discuss their ways of working in a reflective way. At the
same time, they are not yet promoted to senior jobs with different characteristics.
Bachelor alumni from the IT program of the University of Applied Sciences in Utrecht
were contacted by e-mail. From the positive responses, engineers out of the four IT
specializations were incorporated into the study. In this way a broad spectrum of
engineers ranging from Technical Software Engineers (TSE), System & Network
Engineers (SNE), Software & Information Engineers (SIE) and Business & IT
Management (BIM), were included in the study. See Table 1.

Table 1. Participants that were interviewed. See text for explanation of specializations.

c
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o | = & |Job Title Practice
S| 5 |2%
pud ) C o
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o 0n | >
A | TSE | 4 |Testlead medical applications Multinational
B | TSE 3 | Application developer Own business start-up
C |TSE 5 |Product owner Start-up
D |SNE | 4 |Network engineer Offshore industry
E |SNE| 5 [Network engineer System consultancy
F | SNE | 4 |High end network developer Internet exchange
G SIE 5 |Web developer Own business
H SIE 5 |High end AV app developer Secondment, Broadcast company
I BIM 4 |Business analyst Major consumer web shop
J BIM 3 |Business IT consultant Development & consultancy
K BIM 5 |BI data warehouse designer Development & consultancy

2.3 Visualization interviews

For the semi-structured interviews, a form of timeline mapping