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St — EUROPEAN SOCIETY
~OR ENGINEERING EDUCATION

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

SEFIis an international forum composed of higher engineering education institutions, academic staff and
teachers, students, related associations and companies present in 48 countries. Through its membership
and network, SEFI reaches approximately 160.000 academics and 1.000.000 students. SEFI represents
more than four decades of passion, dedication and high expertise in engineering education through ac
tions undertaken according to its values: engagement and responsibility, respect of diversity and different
cultures, institutional inclusiveness, multidisciplinary and openness, transparency, sustainability, creativity
and professionalism. SEFI formulates ideas and positions on engineering education issues, influences en-
gineering education in Europe, acts as a link between its members and European and worldwide bodies,
contributes to the recruitment of good students whilst always promoting an international dimension in
engineering curricula.

Our activities: Annual scientific conferences, annual conventions for engineering deans, ad hoc seminars/
workshops organised by our working groups and special committees, scientific publications (incl. the
bi-monthly European Journal of Engineering Education), European projects under ERASMUS + and Hori-
zon2020, position papers, European debates, cooperation with other major European and international
bodies. The cooperation with partner and sister engineering organisations in Europe and in the world is
also one of our priorities.

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

EF
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VVarietas delectat...
Complexity is the new normality
Industry 4.0 and Diversity in Engineering Education

Creation is not finished! Roles and expectations for universities keep on changing in the 21st century whilst
the mission of science, engineering and higher education remains substantial. Stakeholders expect aca-
demia to better promote innovation, reform the knowledge economy, and manage vastly altered student
populations.

Turbulence, interdependency and complexity characterize the operating environment which is also influ-
enced by socio-cultural-economic, structural and political challenges. Freedom, openness and creativity de-
termine the digital economy. Open content and free access to knowledge help keeping collaborative crea-
tivity sustainable. New generation of learning technologies and networks are ubiquitous and mobile, which
reshape access to and delivery of learning. Cutting edge fields are artificial intelligence, learning self-analyt-
ics, adaptive learning, new credentialing, peer learning, user generated content, revolution of assessment.

The themes for the 4/th annual conference of SEFI are (but are not limited to) the followings:
. Diversity in Engineering Education?
. Fundaments of Engineering Education: Mathematics and Physics
. Gender, Inclusion and Ethics

. How to detect and attract talents with new generations of learning technologies and
networks?

. Impacts of demographics in tertiary education

. Integrated learning environments for the digital native learners

. Lifelong learning

. Network Capital

. New Complexity quest in engineering sciences

. New notions of interdisciplinarity in engineering education

. Open and online teaching and learning

. Strong demand for democratic involvement in educational processes
. Sustainability reflecting the complexity of modern society

. Talent management

. 4th Industrial Revolution
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BALAZS VINCE NAGY

SEFI 2019 Conference Chair

Vice-Rector for International Affairs
Budapest University of Technology and Economics

At the Budapest University of Technology and Economics, we believe that engineering is the science of
the 215t Century. Our University's 23/ years of age is a proof that our science lasts long and with strong
roots of classical knowledge, strengths in natural sciences and experience from application we may de-
velop it constantly. The proximity to industry and to innovation, along with the ever changing demands of
the ecosystem around us requires us to continuously research and discover new educational methodology
that follows the needs of the new influx of students.

That is one of the numerous reasons why we are so excited to have the large number of top engineering
educators from all the world with us at the 47% SEFI Annual Conference. We intend to receive a greater in-
sight on the new trends of engineering education and cutting edge solutions, to learn from each other and
to contribute to and debate on the latest achievements in this unique field of knowledge.

I'm delighted to welcome the participants of the 47" SEFI Annual Conference from Europe and from all
around the world. We intend to show you Budapest, Hungary and the great traditions of the BME fla-
voured with modernity.
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TIBOR NAVRACSICS

European Commissioner for Education and Sport

Tibor Navracsics is Hungarian. He holds a degree in law and a Doctoral Degree
in Political Science (1999) from Edtvos Lorand University (ELTE), where he was
Associate Professor at the Faculty of Law and Political Sciences. He has cov-
ered a number of political duties in Hungary, such as Member of Parliament
and Deputy Prime Minister. In 2014 he was appointed European Commissioner
for Education, Culture, Youth and Sport.

VALERIA CSEPE

President of the Hungarian Higher Education Accreditation Committee

\/aléria Csépe is research professor at the Research Centre of Natural Sciences
(RCNS) of the Hungarian Academy of Sciences (HAS), professor of cognitive
psychology and neuroscience (Technical University of Budapest, University of
Pannonia), and member of the Hungarian Academy of Sciences and the Aca-
demia Europaea. Her research focuses on the behavioral and brain correlates
of typical and atypical cognitive development from infancy to adulthood. The
research group of Neurocognitive Development founded by her at the Brain
Imaging Centre of RCNS HAS, investigates brain correlates related to the de-
velopment of spoken and sign language, reading acquisition and disorders,
spatial navigation, music as well as executive functions and probabilistic learn-
ing with various brain and behavior methods.

She served as deputy secretary General of the Hungarian Academy of Scienc
es, elected for two terms (2008 - 2014), being the first female in such a high
position there, Between 2012 and 2018 she worked for the strategic commit-
tee of the International Council of Science (ICSU) as elected member
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and took part in the preparatory works of the International Science Coundil
(merger of ICSU and ISSC). She is president, appointed in 2016 and 2018, of
the Hungarian High Education Accreditation Committee, As of 2017/ she is
principal investigator of the national curriculum redesign and implementation
EU project in Hungary, member of the Education 2030 focus group as well as
invited expert of the Research Precariat Scoping Group of the OECD.

She has more than 350 publications, including several highly cited papers, jour-
nal articles, monographs, edited books, book chapters and conference papers
in English and Hungarian.

Abstract

Humans under evolutionary pressure in time of the fourth industrial revolution

The general argument of evolutionary biologists is that humans have evolved in much the same way as all
other life on Earth. Mutations in genes from one generation to the next gave rise to new adaptations. The hu-
man brain had gone through a remarkable evolution in a short amount of time, e.g. within a few tens of millions
of years and resulted in getting bigger and more complex. Several researchers assume that the increasingly
social nature of the humans’ environment might require greater cognitive abilities. However, tools of increas-
ing complexity, technical and cultural inventions should have also had a great impact on the human brains'’
development,

Although it is an evergreen question how our cognitive abilities change with crucial and widely distributed
inventions, one of the most challenging one of the recent years is how the fourth industrial revolution may af-
fect our abilities, skills, coping potential, and especially our brain. Therefore, the presentation will highlight and
elaborate on four related topics:

e  Models of cognitive and neural adaptation (print, math and the brain networks)

e Humans under digital pressure (facts, myths, possibilities and limitations)

e Engineers'impact on the environment and human evolution

e Engineers’ mind (knowledge, creativity, brain networks)

How do we overcome the unfinished evolution in the time of fast and large-scale changes requiring unprec
edented skills? How the human brain's adaptation capacity should or may change? How our education should
evolve? The presentation aims at answering these and several other questions or provoke further ones.
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JIAN LIN

Deputy Director of the Center for Engineering Education,
Tsinghua University, Beijing, China

Professor Jian Lin is Deputy Director of the Center for Engineering Education
(CEE), Tsinghua University. The mission of the CEE is serving Tsinghua and
State, including participating in policy-making, the design and implementation
of reform programs, and providing the suggestion and advice in engineering
education, etc.

He is a Vice- Head of Expert Group for the China “national Plan for Educating
and Training Outstanding Engineers (PETOE)’, a key member of Expert Group
of the Ministry of Education of China for "Research and Practice for New En-
gineering Disciplines’, and an Expert of the Ministry of Education of China for
Colleges and University Auditing and Assessment

Professor Lin received his bachelor degree in civil engineering in 1982, master
degree in system engineering and management in 1988, and PhD in manage-
ment science in 1993 from Lancaster University, UK. He has been a profes-
sor since 199/ and had been the Executive Dean of Management School of
Beihang University (1996-1998) and the President of Wuyi University (1998-
2007)

As a nationally recognized leading expert in engineering education, Professor
Lin has published over 60 academic papers in engineering education. His pa-
pers recently published have been cited over 4,000 times and then made him
become the most cited author in this field in the past 10 years in China. He has
also been rated by a related authority as the most innovative and influential
author in higher education in China. In addition, Professor Lin had published in-
dependently four influential academic monographs in Chinese.

Abstract

Facing the Future: New Engineering Disciplines Construction in China

Chinahas the largest engineering education scale in the world. Engineering education reform and development is
not only a main engine driving China's higher education towards a great power in its quality, but also a important
support to Chinese national strategies. After a brief summary the current situation of engineering education in
China and an overview of PETOE (a China's national Plan for Educating and Training Outstanding Engineers), the
keynote will focus on the new engineering disciplines (NEDs) construction, the 2.0 version of PEOTOE, which
plays a demonstrating and leading role in the reform and development of China's higher education and is imple-
mented nationwide and guided by Chinese government, including NEDs' connotation and its construction goal,
the government policies and measures to promote NEDs construction, the emphases of NEDs construction for
different types of colleges and universities, and the current situation of NEDs construction, etc.
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XAVIER KESTELYN

Vice-President for Academic and Student Affairs, School of Engi-
neering, Arts et Métiers ParisTech, France

Xavier Kestelyn was born in Dunkirk, France, in 1971, He received the Ph.D. de-
gree in electrical engineering from the University of Lille, Lille, France, in 2003,
After ten years as a teacher of electrical engineering in high schoal, he was an
Associate Professor for ten years and is currently a Full Professor of electrical
engineering in the Laboratory of Electrical Engineering and Power Electron-
ics, Arts et Metiers ParisTech, Lille, France. His research interests include the
modeling and control of multiphase drives and new power grids with a high
penetration of power electronic converters.

He is currently the Vice-President for Academic and Student Affairs, School of
Engineering, Arts et Métiers ParisTech, composed of 8 campuses with 6000
students and a 400 people teaching staff.

Abstract

Responding the challenges of the Industry of the Future in a unique ecosystem?

Created to respond to the challenges of the first industrial revolution, Arts et Métiers has been able to support
the evolution of needs brought about by the electrification of systems and the automation of the production
lines. True Institute of Technology offering educational programmes from bachelor to doctorate, Arts and
Métiers is today a talent booster for the industry of the future.

In full capacity to respond to the new needs of the territories through its 12 sites in France and strategic
alliances on different continents, Arts et Métiers develops a pedagogy around the paradigm Human / Real
Industrial / Digital:

- The human, at the center of the educational system, is trained in the acquisition of skills grouped into four
blocks: disciplinary, personal and professional, interpersonal as well as trades of the executive or middle man-
ager of the industry of the future. With 14 research laboratories, we put first the training through research.

- The real, materialized by 14 technological platforms on an industrial scale, is the construction space of the
privileged competence where inductive and deductive pedagogies are alternately deployed. An Arts et Métiers
student spends more than half of his time in contact with the industrial real, materializing all the operations of
the life cycle of a manufactured product or a production system.

- The digital is systematically associated with the real to innovate (IA, VAR / VR) and with the human to in-
crease its performance. Key partnerships with Dassault Systemes and ESI enable the deployment of advanced
digital tools.

Beyond the training of executives and middle managers able to transform the company, Arts et Métiers allows
learners to access Intra/ Entrepreneurship by Technological Innovation.

The purpose of this presentation is to show how Arts et Métiers is developing its training capabilities in order
to respond to the challenges of the Industry of the Future in a unique ecosystem.
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Interdisciplinary Education:
a case study at the University of Twente

D. Kuiphuis-Aagten’
Educational Advisor
University of Twente, Netherlands
E-mail: d.aagten@utwente.nl

K.M.J. Slotman
Educational Advisor
University of Twente, Enschede
E-mail: k.m.j.slotman@utwente.nl

M.A.J. MacLeod
Assistant Professor
University of Twente, Enschede
E-mail: m.a.j.macleod@utwente.nl

Conference Key Areas: New notions of interdisciplinarity in engineering education

Keywords: interdisciplinary learning, interdisciplinary education design, interdisciplinary skills

ABSTRACT

The ability to cross boundaries is considered fundamental to the ability of scientists,
engineers and others to solve modern real-world problems. As with other educational
fields engineering higher education needs to find suitable interdisciplinary approaches
to meet these requirements. While there is much current study of interdisciplinary
learning it remains a challenge to formulate general strategies for implementing
interdisciplinary education in a way that students become skilled collaborative
problem-solvers. At the University of Twente there are currently opportunities to
explore different responses educators have to this challenge, through the study of the
High Tech Human Touch minors: a programme which offers minor courses to
meet interdisciplinary learning objectives. This case study performs a comparison
between the 10 HTHT minor courses relying on the education model ADDIE, to elicit
similarity and diversity, and related challenges, with respect to how instructors in each
course have responded to their interdisciplinary task. To make this comparison the
student-perspective has been taken into account through interviews and evaluations,
in addition to desk-research and semi-structured interviews with teachers. In current
literature there is little information about how students perceive interdisciplinary
education, yet such information can help understand the complexity needed for an
interdisciplinary ‘pedagogy’. Comparing the 10 HTHT minors, a range of different
interdisciplinary educational designs can be identified, with distinct challenges to each,
beyond the canonical model of collaboration-based designs. Especially noteworthy is
the fact that students consciously opt for these HTHT minors to learn from other
disciplines, but that this is not often the learning outcome, signalling a frequent gap
between student expectations and educational outcomes.

1D. Kuiphuis-Aagten, d.aagten@utwente.nl
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1 INTRODUCTION

Modern engineers are expected to possess professional skills, but also the ability to
operate across disciplinary boundaries in order to overcome contemporary and future
challenges which cross those boundaries [1]. As such universities across the world
are putting more emphasis on interdisciplinary programmes to educate students in the
hope that they acquire those skills. Literature reveals that there are different strategies
with respect to how interdisciplinary education can be organized. For example, an
educational programme may include study material from other disciplines in its own
discipline [2], or an educational programme can be set up in a way that the population
of students in the course consists of students from multiple disciplines [3].
Nevertheless, there is at present a lack of concrete differentiation and categorization
of the different interdisciplinary learning course structures applied in educational
programmes. Mostly interdisciplinarity is conceptualized these days in terms of
collaborative skills or the ability to integrate disciplines through the agency of
collaboration [4].? Additionally, there is not much reported on interdisciplinary
programmes in which there is a combination of engineering disciplines and social
sciences [5]. This is important, given the goals governing interdisciplinary learning for
engineers often demand engineers to have the ability to address complex problems
requiring the integration of environmental, medical, social and economic aspects into
their work [4,6]. Overall according to the ABET criteria, solving problems subjected to
multiple non-engineering constraints and non-engineering success criteria is a
necessary skill engineering students need to master, to be able to function in their field
[7]. This means that we need to teach students to reflect critically on their own
discipline in relation to others, and recognize limitations and advantages of different
perspectives [8]. Although research has been done examining these kinds of
interdisciplinary skills [9], there is not much known about the student experience in
interdisciplinary programmes [10]. Nevertheless, the student-perspective is of great
help understanding and evaluating novel educational approaches [11].

As an answer to these challenges the University of Twente changed their bachelor
education in 2013 from a subject-based approach to a more holistic approach of
project-oriented education, employing what is known as the Twente Education Model
(TOM). TOM aims to educate students to become entrepreneurial T-shaped
professionals; students who are not afraid and capable to venture off the beaten path,
apply their disciplinary knowledge in broader contexts, in collaboration with other
disciplines and society [12].

The aim of this case study is to analyse the experiences of the High Tech Human
Touch (HTHT) minor courses. This HTHT programme was developed in line with TOM
to create space in the curriculum for interdisciplinary topics which might give
monodisciplinary students skills to cross boundaries particularly into political and
social realms. Instructors were given tasks to design material to fit those ends. More
concrete, the goal of this study is to understand and evaluate how instructors
addressed this task set by the HTHT programme, through their conceptualization of
interdisciplinary visions and goals, and how well students themselves perceived and

2 |n this review study two-thirds of the reviewed interdisciplinary engineering education papers reported on a
collaborative project or problem-based learning course or programme structure.
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conceptualized these goals and felt their expectations were met. As a result we extend
knowledge on the potential educational designs of interdisciplinary programmes
including in cases where biological, engineering and social scientific knowledge is
involved. To extract elements of design and assess their performance, we have relied
specifically on the ADDIE model, in conjunction with instructor interviews, student
interviews and student evaluations.

2 BACKGROUND INFORMATION
2.1 Twente Education Model

All 19 bachelor programmes at the University of Twente implemented the Twente
Education Model (TOM) in 2013; a major curriculum innovation with the aim to better
prepare students for the future labour market. One of the three pillars of TOM is
project-led work; an overarching didactical approach that fits the university’s vision in
which students are facilitated and encouraged to develop an entrepreneurial attitude
using non-academic problem-solving and co-creation skills [13].

TOM consists of a pre-defined B1 B2 B3
curriculum structure, with courses of 10 _ — ! ’
weeks each 15 European Credits. [EN [ [ sl f:]:]v]n]
Moreover’ in a bachelor programme at Opening Core program Specialization ~ Minor Graduation
the University of Twente there are 4  semester semester
courses a year, resulting in 12 courses

in total. As shown in Figure 1, in the Figure 1. The TOM bachelor programme
third year of the TOM bachelor

programme students have the freedom

to choose a minor course, which is a

compulsory six-months of education

amounting to 30 European Credits.

The university offers diverse options among which are the High Tech Human Touch
(HTHT) minor courses. The HTHT courses are required to be open to students from
any background and focuses on problems in society, with the aim of giving students
knowledge and skills to address political, social, environmental and medical problems
outside their usual disciplinary sphere of activity and to develop sustainable HTHT
solutions. Naturally there is an opportunity, if not necessity, to conceptualize some of
the skills required as interdisciplinary ones. The choice however of how to do that has
remained with the instructors.

There are 6 minor packages of 30 EC and 4 minor courses of 15 EC. An example is
the minor course ‘Aeronautical Engineering and Management'. In this minor course,
students get acquainted with the development and operation of an aircraft. The
aerospace industry is a fine example of the interrelationships between technology,
economics, social and human sciences. Students explore how the needs of
organizations, such as airlines, define the aircraft that aerospace manufacturers
Boeing and Airbus develop, how technology is used to turn the aircraft from ideas into
reality, and what is required of humans to operate them safely.
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In all minor courses the project is central. A problem is outlined as the starting point of
the student’s learning process. In other words, these courses are designed using a
project-based learning approach. Because of the interesting combination of social
sciences, medical and engineering education, there is large variation in the degree
programme of students undertaking minor courses and in the project-based learning
strategy applied. The HTHT minor courses provide an excellent opportunity to
examine the questions: ‘how do instructors address the task of building courses on
subjects outside the domain of participating students, who come from multiple
backgrounds, and how well do students themselves perceive and conceptualize these
goals and feel their expectations are met?’

2.2 ADDIE model

The ADDIE model provides a systematic
instructional approach to course design, revision—————>{ Analyze |
which in turn offers a framework for A

delimiting essential instructional features

and comparing how the interdisciplinary A
courses we review have been designed to @@"‘ ”””” »|_Design |
meet the HTHT interdisciplinary and societal 1 }

programme goals. The ADDIE model stands

for the five steps Analysis, Design, v

Development, Implementation and
Evaluation. It is a guiding framework with an

iterative process often used in designing Figure 2: ADDIE model
educational programmes [14]. See Figure 2.

The first step, Analysis, relates to the vision and overall aim of the course, programme
or other educational unit; what do you want students to learn- and how are the learning
objectives related to this. According to Borrego & Cutler this is essential to determine
in order to be able to evaluate and enhance the learning process of students [15]. The
Design phase addresses realization - how is the vision of the course put into practice
through the structural design of the course including learning goals, -activities and
assessment? In the next step, the Development phase, learning content and tools are
developed in alignment with the design and vision. This phase answers questions:
How will students be facilitated to reach the learning goals and what will the
contribution of the teachers be? In the Implementation tools or instructional strategies
are tested during a run of the course with actual students. Evaluation runs the length
of the course, in which the quality of the design is assessed. Target questions include
‘How do students experience the course?’ and ‘What are successful elements?’ [16].

At first sight, the components within the different phases of ADDIE seem
comprehensive, but no mention of constructive alignment is made explicitly. According
to Biggs ‘constructive alignment’ is an essential factor of educational quality,
measuring how well educational aims link to educational designs [17]. However
constructive alignment is arguably at the heart of the ADDIE system, the extent to
which each phase is assumed to align the components it develops with previous ones
up the chain. As such to investigate the interdisciplinary HTHT courses in this case
study the ADDIE model and constructive alignment are applied together as an
evaluative framework for the educational designs.



Proceedings of the SEFI 47t Annual Conference - Concept Papers

JEF

3 METHODS
3.1 Research Design

This case study used a qualitative descriptive research design to examine how
interdisciplinary education is designed in practice, specifically in the HTHT minor
courses of the University of Twente. Qualitative research following the ADDIE model
gives the opportunity to gain in-depth understanding with respect to the differences in
design and motivation these minor courses apply to interdisciplinarity. The data was
collected in the 2018 iteration of the programme during and at the end of the minor
courses, to receive the most current and reliable information. The questions
formulated for the interviews are in accordance with the framework of Interdisciplinary
Learning in Engineering Education, which is based on a literature review of 110 articles

in engineering education on interdisciplinary learning [4, 18] (Figure 3).

Vision
curriculum development,
policy, collaboration,

sharing knowledge

Interdisciplinary

Engineering

Education

Figure 3. 3TU — Centre for engineering education —
framework (Beemt and Ven [18], Beemt et al. [4]).

In table 1 an overview of the instruments used for data gathering are presented.

What

Instrument

minor course
coordinators perspective
on educational design of
interdisciplinary minor

Semi-structured interviews using the ADDIE model [14], in
accordance with the framework on interdisciplinary learning
developed by a consortium of the 3TU Centre of Engineering
Education, with an emphasis on ‘education’ (See figure 3).

Student perspective on
educational design of
interdisciplinary minor

Semi-structured interviews using the ADDIE model, in
accordance with the framework on interdisciplinary learning
developed by a consortium of the 3TU centre of Engineering
Education, but rephrased from a student perspective. The
interview sessions were organized with groups of students,
functioning as a panel. We chose groups of students rather
than individuals as students can reinforce each other’s views
and experiences, and help formulate answers to unfamiliar
questions, since they are all in the same position’; i.e., they are
all students, have none to little experience in interdisciplinary
education, and have similar levels of knowledge and
experience. For these interviews the interviewer kept in mind
that every student in the panel had input and should be invited
directly to participate.

36
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SEQ (Student The Student Experience Questionnaire (SEQ) is a standard
Experience evaluation of the TOM courses in the bachelor. For the minor
Questionnaire) on courses the SEQ is extended specifically on the

educational design of interdisciplinary learning aspect. These specific questions are
interdisciplinary minor taken into account in this case study to elicit the student-

perspective. An example of a question is ‘it was an advantage
that the students in my minor were from different disciplines’
that can be answered on a scale from 1 to 5.

Analysis of All minors have a minor course manual for students. In this
documentation (e.g. manual the structure of the programme, learning objectives,
minor course/minor learning activities and assessments are presented. Also in the
manual) on similar University’s Learn Management System (Osiris) some basic
aspects as semi- information of the minor is shown. Of three courses, we
structured interviews obtained access to their CANVAS page, where all documents

related to the minor course were available. This
documentation clarified and supported our understanding of
the educational design of the HTHT

minors.

4 RESULTS

The results of this case study of the 10 HTHT minor courses are analysed using ADDIE
and constructive alignment in accordance with our research goal: to understand and
evaluate how instructors address the task of building courses on subjects outside the
domain of participating students, who come from multiple backgrounds, and how well
students themselves perceive and conceptualize these goals and feel their
expectations are being met’. Below a short explanation is given of how different
phases of ADDIE were used to structure the interviews. The results of the ADDIE
analysis are shown in Appendix |, table 2. Based on these outcomes, three
representative minor courses each with a different interdisciplinary approach were
chosen for in-depth interviews with students. The summary of qualitative information
from those interviews can be found in 4.2 below.

4.1 Application of ADDIE to HTHT courses

With respect to Analysis, all instructors face the challenge of constructing a course
which can encompass a societal dimension, technical knowledge and a diversity of
students of different backgrounds. This is the specific context in which notions of
interdisciplinarity and strategies for training could be freely developed by HTHT
instructors. For the Design phase we focused here on learning objectives, learning
activities, assessment, and constructive alignment. For the Development phase we
considered the learning content, tools and contributions of the teachers which facilitate
students obtaining, in this case, interdisciplinary learning goals. In Implementation we
examined if teachers are trained and if instructional strategies are tested to foster
interdisciplinary learning and thinking. Finally, in Evaluation we assessed the quality
of the design through the use of the SEQ results which track student perceptions.
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4.2 In depth-interviews with students

In this section we give a summary of three specific courses and present some of the
student reactions and comments. These courses are illustrative of the diversity of
approaches instructors are taking with respect to the HTHT task. Based on the
interviews with module coordinators, review of course descriptions and handouts we
distinguish 3 different interdisciplinary design structures amongst the minors courses:
1) training largely mono-disciplinary students in an interdisciplinary domain, 2) training
new knowledge and skills for a mixed discipline group, and 3) training interdisciplinary
collaboration and integration as necessary skill. Each of the 10 courses matches
broadly in design with one of these.

4.2.1 Biorobotics

In this minor course a large mono-disciplinary group of students is trained in an
interdisciplinary domain. Biorobotics applies high-tech systems & control knowledge
of robotic design to the biomedical interaction with the human body, and thereby
combines a vast number of disciplines. Much of the interdisciplinary materials and
skills required in this minor course is the same for all students. Although this minor
course is open to all students, only a very small amount of students from engineering
programmes outside biomedical engineering or advanced technology follow it. The
principal challenge for instructors is providing a course design which helps students
create links between their background knowledge in biomedical engineering or
advanced technology and the new interdisciplinary knowledge of robotics.

In the interview session students (4 in total) stated that their goal in following this minor
course was to learn in more depth about different subjects from another field of study,
in this case ‘robotics’. Interdisciplinary collaboration was not a stated learning goal of
the course. Students reinforced this stating that guidance or learning activities related
to interdisciplinary integration and collaboration were not necessary to complete the
project. They agreed upon the fact that they were all on the same level, because each
was undertaking a degree in biomedical engineering. Nonetheless one student stated
to us: “The integration of the human aspect could have had more attention, also how
you could effectively integrate this in your solution, and for sure | think an
interdisciplinary project team helps to learn to understand another discipline better.”
The comment suggested that the lack of interdisciplinarity somewhat limited their
ability to fully appreciate and integrate the new material they were learning.

4.2.2 Smart ways to get smart cities smarter

In this minor course a mixed student group is trained new knowledge and skills. The
goal for students is to acquire understanding of how the construction of Smart Cities
affects the physical urban built environment, and how such Smart City solutions can
be implemented in existing city spaces. Besides working together with students from
different disciplines, the students in this minor course are working with an entirely new
set of methods and concepts that are not based on a specific scientific background.
Central is a step by step plan designed for finding smart city solutions. The content is
thus novel and actively taught by teachers. In this model of interdisciplinary learning
collaboration or peer learning is hoped to facilitate students’ ability to acquire new
knowledge and skills in an unfamiliar area. More specifically, instructors do require
that students are able to explicate and transfer their specific domain knowledge to
fellow students from other fields (peer-learning), but only by means of applying these
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new methodological skills effectively. As such interdisciplinary collaboration is more of
a learning context, than a specific problem-solving requirement.

The interview session included two students from the minor course ‘Smart ways to get
smart cities smarter’; one from mechanical engineering and one from University
College Atlas. They stated that scaffolding the collaboration process could have
helped to get more out of the interdisciplinary collaborative learning process. As one
student put it: “It would have been nice if there were process tutors who coach and
guide you in the collaboration process by focusing on how we could use each other’s
expertise; someone capable of bridging the gap between different disciplines.”
According to Borrego a key element for improving the success of interdisciplinary
collaboration is providing instructors and tutors capable of bridging perspectives [19].

4.2.3 Science to Society

An example of the third design is the minor course ‘From science to society’, a
package of 30 EC. In this course students, who come from a wide range of disciplines,
need to design a prototype and a solution to a societal challenge by using multiple
scientific approaches. During the first 10 weeks (minor course 1: from Idea to
Prototype) the students are introduced to the foundations of different scientific
disciplines and skills to ensure that they share a common set of appropriate skills and
methods in their project team. Next, they delve into the state-of-the-art of the science
behind the theme of their choice, with the goal to look for novel ways of applying their
own background expertise in a closely guided yet agile design process. Students walk
the path from a general idea to one or more scientifically and practically grounded
prototype(s) for the challenge at hand. In the second half of the minor (minor course
2: from prototype to society) student project teams focus on realizing the prototypes
developed in the first part, and researching issues surrounding the implementation
and use of the product-in-development. Accordingly, the prototype is enriched with a
business model addressing the feasibility of the product. In this design the focus is on
interdisciplinary collaboration. Interdisciplinary collaboration skills are a central
learning goal, in which each student is expected to bring their background expertise
to the table. For example one of the learning goals of the minor course ‘From science
to Society’ is: ‘students are able to apply a design process while working in a multi-
disciplinary team, and ‘student need to be able to reflect on his and the other team
members’ role and contribution to the team.’

In the interview session students of the minor course ‘Science to Society’ stated that
they perceived the workshops of interdisciplinary team work as useful, but it was in
their opinion not enough to support the interdisciplinary collaboration process. One of
the students of the minor course ‘Science to Society’ said: “I now understand better
that you have to acknowledge and understand the strengths of everyone to find the
best solutions, but it was hard to find my own role in the group and find out how my
expertise could be used”. However, one student of this minor course said: “Travelling
to the industry stakeholder, and other informal team activities, helped in the process
of getting to know each other’s expertise.” As stated by Borrego interaction is time one
of the key elements to improve the success of interdisciplinary collaboration [19], and
identification and integration of individual knowledge and skills in the common
knowledge is not always easy, but the creation of a common ground can have a
noticeably positive effect on interpersonal relationships [20].
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5 DISCUSSION

Although in all the HTHT minor courses learning goals related to interdisciplinarity are
formulated, the educational value of interdisciplinarity as specific types of skills or
knowledge is conceptualized differently depending on the nature of the knowledge and
skills the instructors wish to convey, and the relevance of interdisciplinarity to problem-
solving in that area. Notably while collaborative and integrative problem-solving skills
are often singled out as relevant learning targets central to interdisciplinary learning in
education, only four of the design structures require it as a specific learning goal based
on our analysis, even if “collaborative skills” or teamwork skills are otherwise cited as
a learning goal. Nevertheless, opening up students to different perspectives outside
their basic disciplinary orientation is accounted for in all course designs. Students in
the minor courses all absorb the message that it is important to be able to speak
‘another language’ and that the human aspects in technical solutions should have
more emphasis in their educational programme. This is one of the main reasons,
students report, as to why they choose an HTHT minor course.

In addition, while an ADDIE analysis brings forth relatively clear and distinct
interdisciplinary learning goals in each case, these are not always well mapped or
constructively aligned to elements of design. For instance although all students are
expected to develop interdisciplinary teamwork in the course of problem-solving, in the
majority of the minor courses there are no explicit learning activities for training these
skills or assessment events. Only in some minor courses students are asked to submit
a reflection on the project process, for example about their own contribution to the
group work and what they learned from other disciplines. However, this part counts for
a small percentage of the total grade and the majority of the interviewed students did
not feel that sufficient guidance was given regarding the interdisciplinary collaboration
process. As such while the various courses develop a variety of interdisciplinary
learning goals to suit their educational visions, design elements which reinforce or
implement these explicitly are limited.

Regarding the development phase, where facilitation by tools or teachers are central,
most minor courses show that they make use of tutors. Most of the time an expert in
a specific domain, to whom students can ask questions related to that topic. Only in
three minor courses are ‘process’ tutors available, to whom students can ask
questions related to the process or collaboration process. For example in the minor
course ‘Science to Society’ master-student assistants have the role of ‘process’ tutor,
but these only have to act upon their role on the initiative of the students. In the minor
course ‘Innovations in sustainable chain management’ and ‘Aeronautical engineering
and management’ there are tutor meetings on a regular basis to monitor group work.

From interviews with students it became clear that a useful tool for developing their
interdisciplinary skills was the step by step plan used in the minor courses ‘Science to
Society’, ‘Aeronautical engineering and management’ and ‘Smart ways to get smart
cities smarter’. These plans provide a systematic approach to designing a solution,
which, according to students, also help to structure the collaboration process and
develop a common way of working. However apart from these initiatives most students
are left to manage the interdisciplinary learning aspects themselves without explicit
resources.
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As such the student perspectives we encountered here suggest a strong sensitivity of
students to interdisciplinary goals, and demand for assistance meeting them, rather
than being left to handle them themselves. Further, students show a preference
towards assessment tasks that can help them develop a concrete understanding of
what their interdisciplinary learning objectives are. This information reinforces the
importance and necessity of constructive alignment, particularly in interdisciplinary
contexts.

Further, results from the implementation phase, suggest how important it is for
teachers themselves to manage how they educate and guide a mixed group of
students from different disciplines. Some of the teachers received tutor training, and a
smaller proportion received training which did address interdisciplinary groups.
However many teachers in the HTHT minor programme do not have this training and
guide the students based on their own experience and expertise. In addition tools or
instructional strategies are rarely tested in terms of their ability to facilitate
interdisciplinary learning and thinking of students. Only in the minor courses ‘Science
to Society’ and ‘Aeronautical engineering’ teachers gathered qualitative information by
interviewing students about the methods that were used.

6 CONCLUSION

In spite of numerous positive student learning outcomes the design and development
of interdisciplinary programmes is not without difficulties. Our results suggest that
when instructors are given an ostensibly interdisciplinary task, they will formulate a
diversity of responses which conceptualize the educational value and content of
interdisciplinarity in different ways. Not all these responses will rely on or promote
interdisciplinary collaboration. This means that what counts as effective design and
constructive alignment in one case will not be in another. Educational scholars should
take account of this diversity when arguing for or evaluating interdisciplinary learning.
However while our instructors did demonstrate capacity to shape learning goals and
an overall course structure to meet the open-ended interdisciplinary goals of the HTHT
programme, the generation of learning elements to support the ability of students to
obtain those goals, and elements of constructive alignment, were still lacking. This
creates a disjunction between the expectation the students had of a course regarding
what they would get out of it, and what they eventually did. Students need to be
provided with specific teaching approaches to support the development of
interdisciplinary skills. These approaches, and the awareness of what is needed in an
interdisciplinary educational setting are essential in the design of interdisciplinary
programmes to be able to produce quality interdisciplinary work in future professional
lives and to solve complex problems [4, 19].
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Teaching the limits of functions
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ABSTRACT

The concept of limit plays a central role in the foundation of modern mathematical
analysis. However, the concept itself plays a minor role in both upper secondary and
undergraduate engineering education, leaving the students with many misconceptions
about the concept, resulting in poor performance in calculus and calculus-based
engineering courses. Most emphasis in teaching has been on how to calculate the limit
instead of on understanding its definition. In this paper, we will use the frameworks of
Brousseau’s theory of didactic situations (TDS) and Problem-Based Learning (PBL) to
suggest a method to teach engineering students the concept of limit and explain its formal
definition. The purpose is to enable the students to generate a precise definition of limit
of a function that captures the intended meaning of the conventional ¢-6 definition.
Moreover, we will argue that TDS bears many similarities with PBL, as both frameworks
require that the students act and engage in non-routine and realistic problems.

1 INTRODUCTION

Although mathematicians have long accepted the concept of limit as the foundation of
modern calculus, the concept of limit itself has been marginalized in upper secondary
schools and undergraduate engineering programs. Engineering students’ understandings

" Corresponding Author: | Abou-Hayt, imad@plan.aau.dk
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of calculus will greatly influence their ability to study more advanced analysis courses and

engineering courses, such as dynamics, since these courses all require calculus as a

prerequisite. One obstacle that can contribute to the difficulties of teaching and learning

limits is the symbolic representation of the limit itself, xhr}rg f(x). It can give rise to
—Xo

apparently contradictory processes such as: One that potentially never ends, and another
of “getting close to”. Nevertheless, as we will try to show in this paper, teaching the
concept of limit successfully may not be an unattainable task if we use proper strategies
and tools.

The focus of this paper will be on how the PBL and TDS frameworks helped us in
structuring our approach of teaching the concept of limit at both upper secondary and
college level. Moreover, we demonstrate how PBL, in a mathematics teaching context, is
compatible with TDS.

2 WHY LIMITS ARE IMPORTANT?

Teaching and learning the concept of limit has long been a very important subject to
mathematics educators. In fact, the concept itself has a long and interesting history [1].
Many mathematical and engineering concepts depend upon the concept of limit and
without a proper definition of it, mathematical analysis as we know it today would simply
not exist, since basic notions in mathematics and engineering are limits in some sense,

e.g.,

e Instantaneous velocity and acceleration are the limits of average velocities and
average accelerations, respectively [2].

e The area of a circle is the limit of areas of inscribed polygon as the number of sides
increases infinitely.

e The slope of a tangent line to a curve is the limit of the slope of secant lines.

3 ON PROBLEM-BASED LEARNING (PBL)

In PBL, problems drive the learning. A teaching session begins with a problem to be
solved, in such a way that students need to gain new knowledge before they can solve
the problem. In contrast to a traditional teacher-centered pedagogy, PBL is a learner-
centered educational method based on realistic problems encountered in the real world.
These problems act as a stimulus for learning, integrating and organizing learned
information in ways that will ensure its application to new, future problems [3]. Thus, PBL
is not merely preparing problems for the students to solve in the class, but also about
creating opportunities for the students to construct knowledge through effective
interactions and collaborative inquiry. In PBL, an important task of the instructor is to
initiate class discussions to enhance the students’ reasoning skills and encourage them
to apply their previous experiences to a novel case, thus enabling them to identify areas
of gaps in their knowledge and prepare them to new knowledge acquisition. Through PBL,
students are gradually given more and more responsibility for their own learning and
become increasingly independent of the teacher in their understanding. The methodology
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of PBL will be illustrated when we design teaching situations that gradually guide the
students to the formal definition of limits.

4 ON THE THEORY OF DIDACTIC SITUATIONS (TDS)

TDS is based on the idea that students construct new knowledge when they solve non-
routine problems while adapting to what is called a didactical milieu [4]. Non-routine
problems typically do not have an immediately apparent strategy for solving them. In TDS,
the teacher’s aim is to engage the students by designing didactical situations in such a
way that the targeted mathematical knowledge would be the best means available for
understanding the rules of the game and elaborating the winning strategy [5]. The
withdrawal of the teacher and the subsequent transfer of the responsibility of the learning
situation to the students is the essence of Brousseau’s notion of devolution, where the
students become the “owners” of a given problem, and thus enter the adidactic level, to
produce the knowledge needed to solve it. [6] mentions four phases of didactic situations:
Action, formulation, validation and institutionalization. These phases are exemplified
below when we create didactical situations that eventually lead the students to capture
the idea of limit.

5 RESARCH QUESTIONS
The main research questions of this article are

e How can we design didactical situations that lead to the rigorous ¢-6 definition of
limits in an introductory calculus course?

e Can the PBL and TDS frameworks be applied to teaching abstract notions in
engineering mathematics, such as limits?

We will try to show that even seemingly theoretical notions in engineering mathematics
are amenable to the PBL and TDS frameworks. The raison d'etre of this paper came from
two similar teaching situations that the first author taught to engineering students at a
higher education level in 2018. These students had no experience with any
mathematically rigorous processes using the definition or proofs related to limits. The
didactical situations described below require that the students participate in well-designed
activities that use real-life problems, which presumably would guide the students to the
correct conception of limits.

6 A PROBLEM-BASED APPROACH

6.1 Sources of Difficulties in the Teaching of the Concept of Limit

The differences between everyday language and the language of mathematics may
contribute to the students’ misconceptions, and hence also bring learning obstacles. For
example, one may say that “my limit of running continuously is four kilometers”. This
everyday understanding of limit may suggest that a limit is some value one cannot
exceed. The difficulties the students may encounter in understanding the concept of limit
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are discussed in [7], where three forms of obstacles to students’ understanding of limits
are mentioned:

e Epistemological obstacles related to the historical development and formalization
of the limit concept.

e Cognitive obstacles related to the abstraction process involved in the formalization
of the concept of limit.

e Didactical obstacles related to the ways the concept of limit is presented to
students.

One consequence of these obstacles is that a formal definition of limits is not included in
the Mathematics A curriculum in Denmark (the highest level possible), apparently due to
its conceptual difficulty. Thus, upper secondary mathematics textbooks, such as the one
by [8], give the following informal definition of limit:

If the values of the function f(x) approaches the value L as x approaches x,, we say that
f has the limit L as x approaches x, and we write

Lim f(x) =L

X—Xq

The real motive behind introducing the limits of functions in upper secondary school
mathematics is its use in defining the derivative of a function at a point:

The derivative of a function f at a point x,, denoted f'(x,), is given by

R (R Rd (0

provided this limit exists.

0

The definition of the derivative is a so-called indeterminate form of type [5] [9]. These

forms can usually be evaluated by cancelling common factors, which is the usual method
used in upper secondary school mathematics. Thus, it seems that the limit concept is
reduced to an algebra of limits, suppressing the topology of limits, which is crucial in the
formal definition: This didactical obstacle may lead to the misconception that the algebra
of limits and topology of limits may be completely disconnected. The informal definition of
limits therefore has its shortcomings. First, the definition does not precisely convey the
mathematical meaning of the concept of limit. Second, the expression “approaches to”
may result in the confusion whether limits are dynamic processes, where motion is
involved, or static objects.

6.2 Teaching Situations Leading to the Concept of Limit

In response to the above-mentioned difficulties, we will show how we tackled teaching
the concept of limit, using a terminology that is close to the one used in the formal
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definition, without sacrificing the topological aspect in the definition. Moreover, the
concepts we use should be familiar to the students from their previous experiences.
Specifically, we address the question: Given a process or system, how can we control the
error tolerance in the input, given that the output (or product) should have a given error
tolerance? So, in introducing the topic “Introduction to Limits of Functions” to the students,
we started the lesson by giving the students five tasks. These tasks represent several
teaching situations that may be needed to reach the institutionalized knowledge of limits
of functions, i.e. the tasks can be regarded as a gradual transition from the students’
personal knowledge to institutionalized knowledge.

Task 1: Discussion. How do you control the temperature of this classroom? Usually, we
require that the room temperature to be the ideal 20°C, but can we be sure that it is
precisely 20°C? If a temperature of exactly 20°C is practically unattainable, how can we
keep the temperature of the room close to it? The discussion is open for all students.
Many students gave the answer “We have to continuously adjust the settings of the
radiator to guarantee that the temperature is always near 20°C”. Other students argued
that “opening and closing the windows and the door also affect the temperature”. All
agreed that the temperature in the classroom is dependent on many factors. To make
things simple, we intervened in the discussion and drew the following figure on the white
board and asked the students to elaborate on it:

Input Output

(Radiator settings) ——— *| Room >
(Temperature)

The purpose of this task is to guide students to reach the (simple) conclusion: To control
the room temperature, one should adjust the settings of the radiator. Using TDS
terminology, this task corresponds to the formulation phase, where the milieu is an open
discussion. The students here construct personal knowledge about radiators and heat
while interacting with the problem of maintaining a constant room temperature. Using the
figure, the students’ personal knowledge is being validated and becomes more
formalized. Besides, this task encourages students to use relevant experience-based
knowledge in order to arrive at a plausible conclusion, to use PBL terminology [10].

Task 2: The area of a circular plate is given by A = ”sz, where d is its diameter. A

machinist is required to manufacture a circular metallic plate to be used in radio-controlled
wall clocks. The area of the circular plate should be 1697 cm?. But since nothing is perfect,
the machinist would be satisfied with an area machined within an error tolerance.

a) Within an error tolerance of +1 cm? for the area, how close to 26 cm must the
machinist control the diameter of the plate to achieve this?
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b) Given a positive number ¢. Within an error tolerance of +¢ cm? for the area, find a
formula for the resulting tolerance ¢ of the diameter of the plate.

An excerpt of a student solution of Task 2 is shown in Fig. 1. The aim of Task 2 is twofold:

e To support the students’ development of personal knowledge regarding the
concepts of closeness and distance, which culminate in the result |d — 26| < 0.024
(Fig. 1).

e To help the students acquire new knowledge about tolerances, namely the fact
that 6 depends on .

To use TDS terminology, the teacher hands over the milieu to the students by presenting
the problem and explaining the rules for solving it in such a way that the students can
engage in the intended activities [4]. This corresponds to the devolution phase in TDS.
This is also a PBL situation where teaching should offer the students the opportunity to
engage in activities like those of a researcher. “PBL assumes that students learn best
when applying theory and research-based knowledge in their work with an authentic

problem” [3].
5\ IEENEEP N
A=
Garl %
= LR - 1?? : 1
]
4-Crear ) I 4 {Tedm )
y o
[ L
5 2 =1 o o 77 4T3
597 < ol (= 12602y
o -s! - QL II.‘-
By JT
L Lo - q: -
= y] T T
"] =
M6 || || e L] A 169 E)
s gié
il AN K LMAD P! < N A L1 LA
hJS 7 o P
A i v 1
I 1oy lrlylrlQlpy 4] A S~
o _— [ / AP OT AT pi
\/ ,
1
b Jlyl £il-la o
=N Al UL Ry Z
Y i

Fig. 1. An example of a student solution to Task 2.
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Engaging in the task, the students employ their previously developed experience with
inequalities and absolute values in order to solve the problem. In TDS, this corresponds
to the action phase, where the situation is adidactical.

Task 3: This is a didactical situation where we explicitly interact with the students, in order
to improve their understanding of error tolerances and provide them with some
background for the independent acquisition of knowledge about dependent and
independent variables. The function of the machine is to take metal sheets as input to
produce circular plates as the final products, i.e., the output.

Input Output or Product
——» Machine |——

(metal sheets) (Circular plates)

The machinist must adjust the machine settings to satisfy the specifications of the
products. The question now is: What error tolerance for the diameter d should be used
so that the product (circular plates) requirements are met? Mathematically, Given & > 0.
Find ¢ such that if |[A — 1697 < £ then |d — 26| < §, where A is the area of the circular
plate.

Task 4: This task is a partial generalization of the third one. This task is really a “didactical
game” consisting of a challenge and a response. The “machine” now is a function f that
transforms a number x (input) to another number f(x) (output). Like the machinist’s work,
we want the output f(x) to be equal to a number L. In practice, we may be satisfied with
an output f(x) somewhere between L —¢ and L + €, where ¢ is the error tolerance of
f(x). The question now is how accurate our control setting for x (the input) must be to
guarantee this degree of accuracy in the function value f (x). This error tolerance for x is
usually denoted by 4. The function given to the students is f(x) = 5x — 3, together with
the two numbers L = 2 and x, = 1. The challenge is to make |f(x) — L| less than a given
number &€ > 0 by finding a number § > 0 such that |x — xy| < §. The number ¢ itself is
given in the following table:

Table 1. The challenge and the response

The challenge, ¢ | The response,
1

10
1

100
1

1000
1

10000
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In the language of TDS, this task is the starting point directing the student’s acquisition of
the institutional knowledge of limits. Within the framework of PBL, it helps students
acquire the skills required to tackle new problems involving limits. The students were
required to work in groups of two to find the “response” ¢ of the challenge ¢, by completing
the table. A two-student group consisted of a skeptic and a scholar. The skeptic presented
e-challenges to show that there is room for doubt. The scholar should answer every
challenge with a d-interval around x, that keeps the function values within ¢ of L. The
culmination of this task consisted of giving the students a new challenge: Find a formula
for ¢ in terms of .

The series of the tasks mentioned above constitutes a TDS teaching process to arrive at
the sought definition of a limit. This process also conforms to the essence of a PBL
framework [11]. The institutionalization of all these tasks, where the students’ personal
knowledge finally reaches the state of institutional knowledge, is attained by confronting
the students with the formal, rigorous definition of a limit of functions, as given in most
engineering mathematics books, e.g. [9]:

We say that f(x) approaches the limit L as x approaches x, if for every number ¢ > 0
there exists a corresponding number § > 0, such that for all x, if |x —x,| < § then
|f(x) — L| < e. And we write

lim f(x) =1L

X—Xq

As a part of the institutional knowledge, we mentioned two remarks to this definition to
the students:

e The definition does not ask for a “best” positive d, just one that will work.

¢ Note that there is no need to evaluate f(x,). In fact, f(x,) may or may not equal L
or may not exist at all! The limit L of the function f(x) as x - x, depends only on
nearby values!

Task 5: This final task consists of some exercises, the purpose of which is to test if the
students grasp the concept of limit: Use the formal definition of limit to prove the indicated
limits. Due to page limits, we only discuss one of these:

1) Use a CAS tool to plot the graph of the function f(x) =%. Show,
. . x%-9
graphically, that }}L%ﬁ =6.

This task is a validation situation, i.e. students convey their ideas and the teacher plays
a role of bridging their knowledge to achieve the intended knowledge [4]. Regarding this
exercise, the students used GeoGebra and Maple. Both these CAS tools produced wrong
plots of the function. The students, who are used to use CAS to solve mathematical
problems, including trivial operations on numbers, were surprised that the CAS tools
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failed to draw the right graph. They were not aware of the limitations of these CAS tools.
Here is the misleading graph which all students got (Fig. 2, left):

8

Fig. 2. Left: The “wrong” graph of the function f(x) = % . Right: The right graph.

The catch is that CAS tools automatically try to reduce an expression without showing the

x%2-9 .
IS

condition under which the reduction is valid. In our exercise, the function f(x) = —

reduced to f(x) = x + 3, without further notice: The result is a straight line, where x can
be any number! It is too easy to declare that one should have a critical attitude regarding
the outputs of CAS tools, as this requires deeper insight and knowledge in the internal
workings of these tools, something most students do not possess. The impact of CAS
tools on mathematics teaching and learning is still subject to intensive research [12] and
it is beyond the scope of this paper to account for the possible contribution of CAS tools
in improving the students understanding of mathematical topics. It is crucial to present

the true graph of the function f(x) = % to the students (Fig. 2 right) and elaborate on

the analogy with the previous tasks: A straight line with a “hole” at x = 3 means of course
that x # 3. However, this does not prevent us from investigating the values of the function
for values of x that are close to 3, like what we did in the previous tasks:

e In Task 1, it was beyond our reach to require a room temperature of exactly 20°C,
but we can get closer and closer to it.

e InTasks 2 and 3, it was impossible to produce circular plates having a diameter of
exactly 26 cm but we can get closer and closer to that.

Similarly, in the exercise in Task 5, we cannot give x the value 3, and hence the function
cannot have the value 6. However, as the graph shows, the function can get closer and
closer to 6 whenever x is sufficiently close to 3.

7 CONCLUDING REMARKS AND DISCUSSION

According to the PBL framework, “the problem is the starting point directing the student’s
learning process. A problem can be both theoretical and practical. It must also be
authentic and scientifically based” [3]. The main requirement of the PBL framework is that
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the students seek new knowledge, through realistic problems. Thus, both PBL and TDS
share the idea that a teacher provides students with the initial problem, so that the
students act and formulate concepts related to the problem-solving activity.

At Aalborg University, both students and researchers are supposed to engage in problem-
based, project-oriented approach in their academic work [13]. This paper itself can be
regarded as a problem-based approach to applying TDS in introducing the theory of limits
to engineering and upper secondary school students. In our own classes, many students
were in fact able to prove that a given number is the limit of a given elementary function,
using the formal definition. In fact, the problem that some students encounter was not in
applying the definition, but rather in the algebra of inequalities involving absolute values.
The ultimate purpose of the tasks mentioned is to make students capture the similarities
between the following situations:

e We cannot guarantee a room temperature of exactly 20°C, but we can get close to
it.

e We cannot produce circular plates having an area of exactly 169w cm?, but we can
make their areas closer and closer to that.

e We cannot divide by zero, but it is possible to investigate the properties of a rational
function? for values close to the zeros of its denominator.

We therefore do not believe that the ¢-6 definition of limits is too advanced for the
mathematics curriculum at the upper secondary school and undergraduate engineering
programs. Since, by using carefully designed teaching situations and pedagogical
approaches, it can be possible to equip the students with a proper understanding of the
concept of limit, and we hypothesize that it will pay off in other mathematics and
engineering science courses the students may encounter in their study.

8 FUTURE RESEARCH PERSPECTIVES

The methodology of this concept paper has been used in an introductory calculus course
for engineering students at Aalborg University in Copenhagen, Denmark. However, no
pre-tests or post-tests were conducted in the course. The first author has only tested the
students understanding of the concept of limit through Task 5. The informal assessment
of the course seemed to be promising. However, more research in teaching the concept
of limits at upper secondary schools is still needed to get a nuanced understanding of the
students’ conceptions and misconceptions of the idea of limit and what it might mean to
come to understand the limit concept. Therefore, in a future offering of the course, the
first author plans to design empirical tests that would reveal the impact the TDS and PBL
approaches might have on the students understanding of limits. This would be an
interesting subject of a new research paper.

2 Such as the function f(x) = %
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ABSTRACT

Environmental education has become an important tool for human formation,
especially in basic cycles such as primary and secondary school, which tends to
transform human actions on nature, based on multidisciplinary knowledge that
supports decision-making, generating a change in social behavior achieving recovery,
conservation and preservation of the environment. Higher education is more complex
to treat environmental education, then, although it is increasingly common to see
degree or undergraduate programs that have environmental content academic spaces
in their curricula, these develop specific skills of each occupation, therefore, it is almost
non-existent observe environmental education immersed in these curricula. In
environmental engineering, although its name would be assumed to have introduced
environmental education, were found evidence that in general demonstrate the
opposite, a lack or nonexistence of this in its formation. Based on an analysis of the
curriculum, objectives and graduation profiles, there was a lack of nuclei or academic
spaces that involve environmental education in these undergraduate engineering, and
it could be related that this deficiency is due to a certain extent that this career evolved
in Latin America of sanitary engineering, which sought to address problems related to
basic sanitation, product of the economic development characteristics of these
countries, then, environmental engineering inherits too much the technique of the
sanitary, leaving little space in the study plans for environmental and ecological issues.
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1 INTRODUCTION

The university is defined in many ways, but every definition has within its structure
aspects such as enrichment of knowledge for the common good; Salvador Moncada
(2008) defines the university as "an academic community that rigorously and critically
contributes to the protection and development of human dignity and cultural heritage
through research, teaching and several services offered to local, national and
international communities" . In universities, graduate programs are the first link in a
chain of studies that will train the person integrally and integrates the role of the
university from the outset, therefore, to the mission and vision of each institution of
higher education.

Today, humanity faces apparent, irreversible changes: the result of bad actions and
social development with little or no environmental liability, establishing a series of
global challenges such as climate change and the degradation of natural resources
[1]. These challenges are also the responsibility of universities and their programs.
While wide definitions include and integrate environmental issues in them, Zabala
(1999) defined the university as "a place where you should raise awareness about the
human being who with his activity promotes social and environmental changes in
recent years; It also fully trains people to be able to understand society and intervene
in order to improve it." Environmental Education (EE) and Education for Sustainable
Development (ESD) have become two currents within the comprehensive training in
higher education who are looking for concepts and different ways to protect natural
resources for future generations. The EE has a greater historical foothold against ESD,
which is why countries like Colombia's find it more relevant compared to ESD [2] [3].
Colombia has opted for a policy focused solely on the EE, the Ministry of Education,
as well as the Ministry of Environment and Sustainable Development of Colombia,
decreed for this country the "Environmental Education Policy" [4] therefore, has left
relegated for now the EDS.

Although EE lacks a single definition or consensus, it can be classified as
heterogeneous and diverse and is concerned with basic primary education to
independent university education, independent of the knowledge area, with a common,
clearly defined core proposing the promotion of some type of change in the way people
act towards the environment, outside of the focus or teaching strategy being employed.
UNESCO (1980), at the Conference on Environmental Education, stated that this must
respond to the complexity of the environment and its binding between biological,
physical, social, cultural and socioeconomic factors. Similarly, it is common to see the
EE emphasizing awareness and providing tools to acquire information about
environmental sustainability, focusing on promoting ecological behavior and critical
thinking against overconsumption [5] [6], Also focuses on providing information for
intelligent decisions facing the environment and how to protect it. [7] [8].
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At universities, the EE must take the student to know and understand their
environment, in terms of both human actions and natural phenomena, and to learn
from generating an action strategy to protect the environment. For this to happen it is
necessary to teach students practical, theoretical, and innovative actions and tools
aimed at improving the environment [9]. In this sense, many universities face a great
challenge, because few involve environmental matters within their substantive or
adjectival functions. In Latin America, environmental education is seen as something
that only affects primary and secondary basic education [3], but not higher education.
It involves large voluntary changes in reshaping curricula in graduate and postgraduate
programs. Therefore, this change would recognize in the educational system the
importance of the environment in people’s lives and the development of societies, thus
implying the use of EE in curricula and the universities themselves [10].

Based on the previous description, one can infer the importance of environmental
education and how it has joined the evolutionary process of universities, as well as the
need that exists to demonstrate it in the curricula and training of people who are in
these institutions. As previously mentioned, the chain of formal qualifications starts at
the undergraduate level and ensures that such training could in some way define the
future of the person in a certain job [11]. One graduate degree is environmental
engineering, which emerged from the evolution of sanitary engineering and the
specification of topics closer to the structure of civil engineering. Both types of
engineering address environmental issues in their curricula, on the part of sanitary
engineering, the area of environmental health. This area is broadly designed to analyze
the effect of the use of toxic elements in the environment on human health [12]. Civil
engineering includes issues of water resources [13]. Not much time has elapsed since
the emergence of environmental engineering in Latin America: only in the nineties did
the first environmental designations in engineering programs in Colombia appear, and
in much of Latin America, the original name was sanitary and environmental
engineering. Over time, the word “sanitary” disappeared from the discipline, as
environmental issues began to carry more weight as countries with greater progress
began to overcome the problems associated with the lack of basic sanitation. But the
curricula continued to focus primarily on technique, inclined to this health genesis.

Environmental engineering is therefore based on technique, and its definition given by
Engineer's Council for Professional Development - ECDP (Current Accreditation Board
for Engineering and Technology - ABET) and found in the book Introduction to
Environmental Engineering reads: "The environmental engineering is the profession in
which knowledge of mathematics and natural sciences obtained by study, experience
and practice is applied with judgment to develop ways to economically use the
materials and forces of nature for the benefit of mankind ". So the education of
environmental engineers has a very clear curricular core or training areas that meet
the definition given by ECDP, as basic sciences, basic engineering, training and
applied research and ethical engineering or humanism depending on the approach of
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the university offering the program; It is unusual to display the EE in the curricula of
this type of engineering.

The objective of this research focuses on the lack of evidence EE in the training of
environmental engineers in Colombia, based on reviewing the curriculum, objectives,
vision and mission of these higher education programs. It was conducted on a sample
of six programs of universities in Colombia who have this type of engineering,
reviewing the curricula and consulting students about their perceptions, needs and
interests focused on the EE. The goal is for the results to serve as input to improve
these programs through updating, evaluating the possibility of incorporating the EE in
the training/education of future environmental engineers so that they can become an
agent of change and transformation in society against social and environmental
challenges ahead.

2 METHODOLOGY

2.1 The environment in universities.

One could say that education, in general terms, seeks to provide validated knowledge
to people as tools to solve contemporary problems, so it is dynamic and adaptive, able
to lead us to generate new knowledge driving changes and improvements in society.
In this sense, environmental education emerges as a product of historical context and
the uncertainty of the future in social terms and in terms of existence as a human
species, which we have faced since the late twentieth century. Universities are being
forced to confront these challenges by applying schools of thought such as AD and
ESD. Universities play an important role in the solution to the current socio-
environmental crisis: the medium requires its members to prepare to meet the
challenges brought, including climate change, degradation of natural resources,
territorial disputes arising from the expansion of the agricultural frontier, solid waste
generation, pollution of water sources among many others [14] [15]. Teaching and
research should be the main agents of change to address the problems and challenges
of society, addressing issues that relate to the environment in any educational context,
as; responsible consumption, conservation of biodiversity, and the economy inter alia.
This entails the promotion and strengthening of environmental education processes
[16] [14].

It has been observed that higher education is not playing this important role, so the
effect that it is having on students and graduates in terms of pro-environmental
attitudes and solving these given problems is minimal. [17]. Universities therefore need
to increase efforts to permeate all spheres of environmental action; teaching, research,
operation and social responsibility [18] [19], acting in accordance with the global
guidelines on environmental education as the Talloires Declaration, Bergen, Turin, the
University Charter for Sustainable Development and many more [18] [20]. In line with



Proceedings of the SEFI 47t Annual Conference - Concept Papers _f EF"
these needs, universities committed to environmental issues have sought to create
program participation, implementation, and management of environmental systems ,
such as ISO 14001 EMS, and create environmental academic lines and
undergraduate and graduate programs, among many other things [21] [22]. Some
degrees and branches of engineering dedicated to environmental matters are covering
more and more space in universities. One of the most common degrees? in Latin
America is environmental engineering, which has a wealth of curricular uncertainties
that should be investigated to increasingly strengthen its graduates, so they can face
the changing environment on a planet increasingly in need of solutions to its
environmental problems [23].

2.2 Basis for evaluating the existence of EE in environmental engineering
curricula.

To analyze environmental engineering curricula in Colombia, we took the
recommendations of the ABET organization for the formulation of these programs and
skills that the engineer must have, among them: "Apply knowledge of mathematics
through differential equations, probability and statistics, physics based on calculus and
chemistry (including stoichiometry, equilibrium and kinetic)" "Master an earth science,
biological science and fluid mechanics", "Formulating balances of mass and energy,
transport and analysis of target substance in the air components, water and soil and
between these", "Carry out laboratory experiments, analyze and interpret data in more
than one relevant area of environmental engineering” [24].

It also was taken as a premise that the study plan is the materialization of the
curriculum and declares what is regarded as valid knowledge, dictating criteria of
relevance and validity for the discipline, as well as reflecting the interests of the
university or institution of higher education [25]. It is important to note that Colombia
has certain peculiarities, which give a different context to this research, because
curricular revisions, updating curricula, and the inclusion of innovative topics are rare
occurrences, due to the lack of teachers or experts dedicated to these issues,
especially in engineering programs [26] [25] [27].

For methodological development, public information was taken from a sample of 6
Environmental Engineering programs in Colombia, selecting recognized universities
with high quality accreditation by the Ministry of Education. The environmental
engineering program is currently offered at 46 universities in this country, but only 14
are accredited; Universidad Santo Tomas (USTA), University Business School (EAN),
School of Engineering of Antioquia (EIA), University ElI Bosque (UBOSQUE),
University of Antioquia (UDEA), Free University (UNILIBRE), Technologic of Antioquia
(TDEA) Pedagogical and Technological University of Colombia (UPTC), Universidad
Autonomy de Occident (UAO), Universidad de la Salle (USALLE), Universidad de Los
Andes (UNIANDES), National University of Colombia (UNAL), University of Medellin
(UDEM) Technological University of Pereira (UTP). High quality accreditation for
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higher education institutions indicates the quality of academic processes, both
substantive and adjective, is voluntary and is governed by law, and ensures that both
universities and programs meet national and international educational quality
standards [28]. Of the programs outside of this list, tradition highlights that which is
offered by the University of Boyaca, which is the oldest in this country [13].

Academic or subject areas were reviewed, as was the existence of environmental
education in the objectives proposed by each university for environmental engineering.
Once reviewed, the information was corroborated with students of these programs
through surveys, verifying the inclusion of AD in their training.

2.3 Analysis of environmental education in environmental engineering in
Colombia.

In a survey of 300 students in environmental engineering was performed in order to
contextualize the respondents, the number of respondents per university was as
follows: USTA; 70, UNILIBRE; 25, UNIBOSQUE; 65, UB; 40, UPTC; 70, UNISALLE;
30. It was necessary to disclose the information and definition of the EE by the Ministry
of Environment, Housing and Territorial Development and the Ministry of Education of
Colombia. This is important because it gives border conditions and frames the survey,
since the EE can sometimes be distorted with environmentalism or curricular activities
within subjects and only as a secondary or side effect is similar to an EE action. The
definition for respondents was in line with the policy of EE Government of Colombia:
"Environmental education should be considered as the process that allows the
individual to understand the interdependence with its environment, from reflective and
critical knowledge of its biophysical, social, political, economic, and cultural reality so
that the appropriation of concrete reality can be generate attitudes of appreciation and
respect for the environment in him and his community " [29]. Students were asked 18
questions, including 4 control questions to avoid bias. Questions fall into three groups:
knowledge in EE, EE training in their curricula, and perception of the importance of
environmental education in their training.

The age range of environmental engineering students surveyed is between 16 and 30
years. Of these, 93% are between 16 and 23, with the most representative respondents
being 20 and representing 26.7% of those surveyed. This age range is characteristic
of the Colombian student population usually finishes secondary education at age 15
and begins university education at age 16; in this case, it is typical for students to
graduate as engineers at age 24.

3 RESULTS AND DISCUSSION

Curricula and subjects offered in all semesters were analyzed to determine which
directly or indirectly address the principles of EE. Accordingly, some academic spaces
were found where it is essential to use EE tools: for example, in the subject waste
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management, which is common in all programs of environmental engineering. This
subject should include issues through environmental education as they are; source
reduction, sorting, reuse, recycling and many other tools that seek to minimize the
disposal of solid waste. Other academic spaces do this tangentially, especially in
environmental management, through the teaching of ISO 14001, which is equally
common in all of the reviewed plans of study. In the same way, subjects such as
environmental policy, ecology and environmental impact were found, but on average
they represent only 5% of academic spaces in the curriculum, with the Pedagogical
and Technological University of Colombia with the most representation, at 8%.

Paritcularities were found in the curricula where there are academic spaces dedicated
exclusively to EE and its promotion. Though it is important to note that it is
unrepresentative compared to the rest, in this case the Pedagogical and Technological
University of Colombia stands out with 4% was also noted, while its counterpart St.
Thomas University and the Free University do not have exclusive spaces for training
or promotion of EE. The summary of the quantitative analysis of academic spaces that
directly or indirectly addressed in its structure the EE is found in table 1. It is important
to note that there is an evident breakdown in the training process aimed at promoting
EE, but there is remarkable harmony between the programs of all sample universities
that focus on the same matters into own attitudes of EE, particularly the case of solid
waste management.

Table 1. Analysis of the designated EE programs in environmental engineering sample
academic load.

University Number of Number of | % of subjects Number of | % of
offering subjects with Academic | with focus on | exclusive | subjects
environmental | @focuson | Credits with a | EE subjects EE
engineering EE focus on EE for EE
1 USTA 3 12 5% 0 0%
2| UNIBOSQU 5 15 6% 1 1%
E
3 UPTC 4 12 8% 2 4%
4| UNILIBRE 2 6 3% 0 0%
5 uB 3 12 5% 1 2%
6| UNISALLE 3 12 5% 1 2%

In contrast to the above, 99% of students think the environmental engineer must be
trained with tools that give him the skills to transform the environment that is degraded
by human actions through EE. Another question focused on students’ futures as
graduates: in this question, 94% of respondents wanted to be part of projects related
to EE. In contrast shows that students corroborate the findings in the table two. Where
there is evidence of a curricular deficiency is in the training of the environmental
engineer based on the principles of environmental education: 72% of students
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expressed their desire for environmental education become part of the curriculum,
while 17% indicated a possible interest or need.

Moreover, students indicate that environmental engineering programs lack tools to
help prepare or train in EE: 65% of them think that their engineering programs do not
have this, reinforcing this trend 48.9 % of respondents think that they have never been
trained in environmental education strategies as part of their education in
environmental engineering.

It is noteworthy that 26.6% of students claim to be prepared or trained in EE
extracurricularly. They are voluntarily attending academic and non-academic spaces
with content dedicated to EE. Among those most frequently mentioned are forums,
seminars, courses and conferences representing 29.8% of respondents. Likewise,
69.1% of students in environmental engineering from universities in the sample say
they have conducted environmental education activities: among the most frequent are
reforestation, recycling days, lectures in schools, and plans for cleaner production.
These mostly they relate to activities within subjects such as waste management and
environmental management. In some cases, especially at the University of Boyaca,
are carried out in a class called "environmental education”.

Environmental engineering, like any other profession, must continuously adapt to the
challenges of the environment, and even more so for being born in modern times where
every decade represents unprecedented leaps in knowledge. This implies that it should
evolve with the needs of the environment, but it seems that the processes of
contamination and degradation of natural resources are winning. In this situation the
environmental engineer must not only respond from its technical base, which is
undoubtedly its support and backbone, but also from the ability he must have to prevent
pollution by promoting friendlier attitudes to the environment, which seek to conserve
natural resources and their sustainability, generating a synergy between a technical
solution to the process of contamination and mitigation in magnitude using
environmental education to those who generate pollution. A best practice observed in
the research was the subject of solid waste management, where students begin
learning the strategies for waste generators to minimize the amount they produce.
These tools fall into the categories of behavior change and environmental awareness,
which are primarily tools of environmental education. This finalizes the subject more to
the technical side, giving the tools for designing structures for the use and disposal of
the waste that a human population inevitably produces. In this case the student
understands perfectly the importance of human actions to mitigate their impact on an
uninhabitable environment (generating waste), but if they do not take actions that are
based purely on environmental education, even with the technical tools, the cycle is
unsustainable.

In all cases reviewed in the sample, a greater proportion of the curriculum is still related
to basic sanitation, which responds to the particular needs of the country in recent
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years, as the coverage of water and sanitation in urban areas for 1995 was only 86.1%
and 90.96% for 2010 [30]. However, according to the trend, it is expected that this
stage of the country’s history has been overcome, since in 2017 the coverage of
drinking water and basic sanitation in urban areas was 98.5% [31] [32]. This
encourages the curricula of environmental change, adapting and rethinking
engineering for the future characteristics of the country, designed to address an
increasingly developed and marked need to protect the natural characteristics and
potential, especially biodiversity and national water supply, since Colombia ranks 17th
in biodiversity and 3rd in water reserves in the world and owns 50% of our planet’s
moors, besides owning 53% of the territory in natural forests, among many other
environmental riches [33].

Looking at this future perspective raises the need for more EE in the curricula of
environmental engineering, putting them more in line with environmental and
contemporary problems, perceiving the context of biodiversity and nature as an asset
that must be protected by knowledge and education. This need is reflected in the
results of environmental engineering student surveys. Undoubtedly, the engineer who
is currently studying in Colombia wants to become a dynamic communicator of
knowledge, highlighting the importance of proper use of resources, protection and
conservation of unique natural areas in the world. This can be done through the
implementation of EE in the curriculum, as an instrument immersed in the syllabus. It
has been shown that currently, the curricula of this profession does not respond to the
needs and demands their own students and will therefore arguably not be entirely
relevant. It is necessary to clarify that the intention of this research is not to say that
this type of engineering is not fully responding to the needs of medium or that it is not
entirely relevant, but that it should incorporate environmental education more in its
foundation as a cross-cutting tool to all learning processes taking into account the
aforementioned example of the subject of solid waste , which is taught in the same
way in all universities. These results should be compared broadening the spectrum of
research of teachers, managers, graduates of environmental engineering universities
and employers in order to know their perceptions compared to the information
evidenced in this article.

4 CONCLUSIONS

We can say that the curricula of environmental engineering in Colombia are not
relevant enough to meet the future needs of the environment or the demands or current
tastes of students in this field, because while students and the country's outlook
indicate the need for the environmental engineer to know and manage environmental
education strategies, curricula incorporate only an average of 5% of space to these
topics.
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ESD is a type of education that has not been formally explored in Colombia, because
the government policy focuses on the promotion of environmental education.
Therefore, ESD is non-existent in the revised curricula.

It was possible to show that there are cases of successful environmental education in
the training of environmental engineers and common to all universities that were
included in this study, the most notable case is waste management and environmental
management. Achieving harmony between EE and technique, this case can be studied
in form and pedagogy to propose strategies of articulation between EE and other
academic technical spaces, substantially impacting the education of these engineers.

It is important to continue research on this topic and streamline environmental
engineering curriculum updating, so that it is relevant to Colombia and to be an aid in
the process of sustainable development in which it is framed. Through ongoing
evaluation and critical self-evaluation of this engineering, people can generate more
knowledge and holistic views which foster proper management of natural resources.

It was shown that there is a lack of training in environmental education among students
in environmental engineering, because in the curriculum review, only 1% of space in
the curriculum was, on average, dedicated exclusively to EE while in about 5% of
spaces on average, EE was partially covered, while among the students surveyed,
72% mentioned that environmental education should be part of the curriculum.

In reviewing the syllabi, it was observed that each university projects its mission or
goals in engineering education, in some cases in Christian teaching, humanist
education, pedagogy, and economics, among others, reflected in 100% the content of
the subjects. If the environmental feature formed part of the mission or objectives of
universities, this would also be within the syllabus, making it easier for teachers to
engage and spend time on EE.

It was possible to generate a breakthrough in research of curricula in environmental
engineering in Colombia. There are few, if any, studies like this, since there is no
information similar to that raised in a database research. This is due in part to its short
history and the lack of momentum to evaluate educational trends such as EE or ESD
curriculum with an environmental focus.

REFERENCES

[11 S.B. Sosa, R. I. Marquez, A. Eastmond, M. E. Ayala and M. A. Arteaga, “Higher
education and environmental literacy in southeastern Mexico,” Universidad y Ciencia,
vol. 26, no. 1, pp. 33-49, 2010.



Proceedings of the SEFI 47t Annual Conference - Concept Papers

JEF

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

J. B. Salgueirinho Osorio de Andrade Guerra, J. Garcua, M. De Andrade Lima and S.
Borges Barbosa, “A proposal of a Balanced Scorecard for an environmental education
program at universities,” Journal of Cleaner Production, vol. 172, no. 1, pp. 1674-1690,
2018.

E. J. Gonzalez Gaudiano and J. C. Puente Quintanilla, “El perfil de la educacion
ambiental en América Latina y el Caribe: Un corte transversal en el marco del Decenio
de la Educacion para el Desarrollo Sustentable,” Pesquisa em Educagcao Ambiental,
vol. 5, no. 1, pp. 27-45, 2012.

M. E. Badillo Mendoza, “Environmental education policy in Colombia, 2002-2010,”
Revista de investigacion agraria y ambiental, vol. 3, no. 1, pp. 89-96, 2012.

A. Kibbe, F. X. Bogner and F. G. Kaiser, “Exploitative vs. appreciative use of nature —
Two interpretations of utilization and their relevance for environmental education,”
Studies in Educational Evaluation, pp. 106-112, 2014.

C. M. Frantz and F. S. Mayer, “The importance of connection to nature in assessing
environmental education programs,” Studies in Educational Evaluation, vol. 41, pp. 85-
89, 2014.

A. Carleton-Hug and W. J. Hug, “Challenges and opportunities for evaluating
environmental education programs,” Evaluation and Program Planning, vol. 33, no. 2,
pp. 159-164, 2010.

A. Zsbka, Z. Marjainé, A. Széchy and T. Kocsis, “Greening due to environmental
education? Environmental knowledge, attitudes, consumer behavior and everyday pro-
environmental activities of Hungarian high school and university students,” Journal of
Cleaner Production, vol. 48, pp. 126-138, 2013.

R. Lozano, “ncorporation and institutionalization of SD into universities: breaking
through barriers to change,” Journal of Cleaner Production, vol. 14, no. 9-11, pp. 787-
796, 2006.

[10] C. P. Ariza and L. A. Rueda Toncel, “La educacién ambiental: una mirada desde el

contexto universitario,” Boletin Virtual, pp. 116-124, 2016.

[11] A. Alvar Ezquerra, “La universidad en la encrucijada,” Magriberia , pp. 25-44, 2011.

[12] J. Paz Maroto, La medicina y la ingenieria en la salud ambiental, Madrid: Instituto de

Espafia Real Academia Nacional de Medicina, 1968, p. 43.

[13] G. Garcia Duran, “Surgimiento y evolucion de la Ingenieria Ambiental en Colombia,”

Revista de Ingenieria, vol. 26, pp. 121-130, 2007.

[14] A. C. Molano Nifio and J. F. Herrera Romero, “La formacién ambiental en la educacion

superior: una revision necesaria,” Luna Azul, vol. 39, pp. 186-206, 2014.

[15] H. F. Guerrero Sierra, M. E. Vega and P. M. Acosta Castellanos, Estudios sobre medio

80

ambiente y sostenibilidad: una mirada desde Colombia, Tunja: Universidad Santo
Tomas, 2019.



Proceedings of the SEFI 47 th Annual Conference - Concept Papers fEF”

[16] D. Quiva and L. Vera, “Environmental Education as a Toolto Promote Sustainable
Development,” Telos, vol. 12, no. 3, pp. 378-394, 2010.

[17] A. Meyer, “Does education increase pro-environmental behavior? Evidence from
Europe,” Ecological Economics, vol. 41, pp. 108-121, 2015.

[18] T. S. A. Wrigth, “Definitions and frameworks for environmental sustainability in higher
education,” Higher Education Policy, vol. 2, pp. 105-120, 2002.

[19] R. Lozano, “Towards a more effective and efficient SD incorporation into the
universities,” GUNI Higher Education in the World 4: Higher Education's Commitment to
Sustainability from Understanding to Action, pp. 31-35, 2012.

[20] D. Tilbury, “Higher Education for Sustainability: A Global Overview of Commitment and
progress,” in Education in the World 4 Higher Education’s Commitment to
Sustainability: From Understanding to Action, Barcelona, 2012.

[21] A. Disterheft, S. S. Ferreira da Silva Caeiro, M. Rosario Ramos and U. M. Miranda
Azeiteiro, “Environmental Management Systems (EMS) implementation processes and
practices in European higher education institutions — Top-down versus patrticipatory
approaches,” Journal of Cleaner Production, vol. 31, pp. 80-90, 2012.

[22] Y. Leon Fernandez, A. Gomera, M. Antunez, B. Martinez Escrich, F. Villamandos and
M. Vaquero, “Enhancing environmental management in universities through
participation: the case of the University of Coérdoba,” Journal of Cleaner Production, vol.
172, pp. 4328-4337, 2018.

[23] W. J. Mitsch, “What is ecological engineering?,” Ecological Engineering, pp. 5-12, 2012.

[24] ABET, “Criteria for accrediting engineering programs : Environmental and similarly
named Engineering programs.,” Engineering Accreditation Commission, Baltimore,
2017.

[25] V. Balza Franco, “Formulacién y disefio de un modelo de vigilancia tecnoldgica
curricular en programas de ingenieria en Colombia,” Revista de la Educacion Superior,,
vol. 45, no. 179, pp. 55-77, 2016.

[26] F. Diaz Barriga, “Aproximaciones metodoldgicas al disefio curricular hacia una
propuesta integral,” Tecnologia y Comunicaciéon Educativas, pp. 19-39, 1993.

[27] V. Balza Franco, A. P. Caro Ospina and W. Navarro Zuiiga, “Una mirada a la
produccion académica de investigacion formativa de pregrado en el area de
operaciones y logistica de ingenieria industrial en colombia,” Educacion en Ingenieria,
vol. 10, no. 20, pp. 75-87, 2015.

[28] Consejo Nacional de Acreditacion, “Lineamientos para la acreditacion institucional,”
Bogota, 2015.

[29] Ministerio de Eduacion Nacional; Ministerio de Ambiente y Desarrollo Sostenible,
“Politica Nacional de Educacion Ambiental,” Bogota, Cooperativa Editorial, 2002.

81



Proceedings of the SEFI 47t Annual Conference - Concept Papers _f EF"

[30] Comision de regulacion de agua potable y saneamiento basico, “20 afos. Regulacion
de los servicios domiciliarios de acueducto, alcantarillado y aseo en Colombia,” Bogota,
2013.

[31] Contraloria General de la Republica, “Gestion y resultados del sector de agua potable y
saneamiento basico con enfasis en los recursos del sistema general de participaciones
1994-2017,” Bogota, 2018.

[32] H. F. Guerrero Sierra, M. E. Vega and P. M. Acosta Castellanos, Estudios sobre medio
ambiente y sostenibilidad: una mirada desde Colombia, Tunja: Ediciones USTA, 2018,
pp. 215-249.

[33] Ministerio de ambiente y desarrollo sostenible, “Logros y recomendaciones del sector
ambiental,” Gobierno de Colombia, Bogota, 2018.

[34] J. Garcia Carrasco and A. Garcia del Dujo, Teoria de la educacién. Educacion y
accion, Salamanca: Universidad de Salamanca, 1996.

[35] L. Garcia Aretio, M. Ruiz Corbella and D. Dominguez Figaredo, De la educacién a
distancia a la educacion virtual, Barcelona: Ariel, S.A., 2007.

[36] V. Balza Franco, A. P. Caro Ospina and W. Navarro Zuhiga, “Una mirada a la
produccion académica de investigacion formativa de pregrado en el area de
operaciones y logistica de ingenieria industrial en Colombia,” Educacién en Ingenieria,
vol. 10, no. 20, pp. 75-87, 2015.

[37] Ministerio de Educacioén - Secretaria de ambiente y desarrrollo sustentable , Educacién
ambiental Ideas y propuestas para docentes, Buenos Aires : Presidencia de la
Republica , 2011, p. 18.



Proceedings of the SEFI 47 th Annual Conference - Concept Papers IEF”

Combining the flipped classroom and simulation games in
engineering education: a methodological survey

Muriel Algayres
Department of Architecture, Design and Media Technology, Aalborg University
Copenhagen, Denmark

Evangelia Triantafyllou®
Department of Architecture, Design and Media Technology, Aalborg University
Copenhagen, Denmark

Conference Key Areas: Integrated learning environments for the digital native
learners, Open and Online Teaching and Learning

Keywords: flipped classroom, simulation, games, technology-enhanced learning

ABSTRACT

In recent times, there has been a considerable shift in the way engineering education
is approached, with increased demands for active learning and methodologies that
emphasize soft skills, such as ability to communicate effectively, identify and solve
problems, and function on multidisciplinary teams.

Within this scope, two methods have particularly been of interest in recent years: the
flipped classroom and simulation learning. Ample evidence exists pertaining to the
efficiency of the flipped classroom methodology. Similarly, extended state-of-the-art
review suggests that proper application of simulation games in engineering education
has the potential to maximize the learning outcome and transferability of academic
knowledge to the industry. However, combining the flipped classroom with other active
learning methodologies is a more recent development which has huge potential.

This paper aims at examining to what extent simulations and the flipped classroom
can be used in conjunction to support students’ motivation, engagement and learning
outcomes. It will present findings based on a scoping review of research incorporating
both methods. This review highlights how combination of simulation and the flipped
classroom ranks higher than either of these methods alone. It makes an argument
towards the use of meaningful gamification to enhance this combined model towards
a more efficient holistic learning experience.

" Corresponding Author
E. Triantafyllou
evt@create.aau.dk



Proceedings of the SEFI 47t Annual Conference - Concept Papers _f EF"

1 INTRODUCTION
1.1 The flipped classroom

An increased interest has arisen lately in active learning in higher education, to ensure
students’ engagement and autonomy in learning, as well as learning outcomes which
also incorporate 21st century soft skills [1]. Bishop and Verleger define the FC as “...an
educational technique that consists of two parts: interactive group learning activities
inside the classroom, and direct computer-based individual instruction outside the
classroom” [2]. Although early experimentation in the FC was made in secondary
education in the United States [3], it became quickly a staple of higher education.
Flipping the classroom meant an opportunity to transform the usually heavily
theoretical first undergraduate years into active learning, accelerating the
transformation from surface learning to active learning in students [4]. There is ample
literature pertaining to the efficient use of the FC in science education (e.g. [5]), and
the diversity of research reviews of FC in the past ten years initiatives reveals the
interest for the method in the scientific and educational discourse [2].

1.2 Simulation in engineering education

Within the field of active learning in engineering education, simulations have also
become the object of increased focus. We will define simulations as “an interactive
representation of reality based on the construction of a model of a system of which we
want to understand the working” [6]. Landriscina argues that simulation potentially
constitutes a suitable instructional method, in which learning requires a restructuring
of the students’ individual mental models through interactions between the individual
mental model and the simulation one [6]. Although Landriscina establishes a clear
separation between simulation and simulation games, he also underlines that both
frequently overlap by having specific rules, goals and scores. Similarly, Deshpande
and Huang through an extended state-of-the-art review suggest that proper application
of simulation games in engineering education has the potential to maximize the
learning outcome and transferability of academic knowledge to the industry [7].
Therefore, although simulation and simulation games present some differences in
terms of scope and agency given to the learner, due to the fact that research into these
methods have shown interest both for simulation and simulation games, we consider
both to be of interest for this investigation.

1.3 Combining simulation and the FC

Although both the FC and simulations have been of greater interest in the discourse
regarding higher education, research into combining the two appears to be still at an
early stage. Previous research in combining the FC with active learning methodologies
such as problem-based learning has been successfully carried out (e.g. [8], [9)]).
However, it appears that there is a lack of research and reviews in combining other
methods, such as the FC and simulation, and a need to identify the conditions of its
implementation, technology used, and learning outcomes. The aim of this paper is to
investigate the literature regarding the combined use of the FC and simulation in
engineering and science education. In order to perform this study, we will review the
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literature using a scoping review method, to illustrate which research has been carried
out in that field, and where research is still lacking on these subjects.

2 METHODOLOGY

In this paper, we have used Arksey and O’Malley’s methodology [10], as expanded
by Levac et al. [11]. The scoping review method uses the stages presented in the
following sections.

2.1 Stage 1: identifying the research question

The focus of this research is to identify the circumstances under which the FC and
simulation were used successfully in conjunction with each other or in the same
course, and how both methodologies could be improved by being used in combination.
To frame our investigation of the topic, we focused on the following research
questions:

1. Which technologies and type of simulations were used for the implementation
of simulations in the FC?

2. What were the educational outcomes of the use of simulations in the FC?

3. What is known of the conceptual framework used to incorporate simulations
and the FC in engineering education?

2.2 Stage 2: identifying relevant studies

Arksey and O’Malley [10] suggest that a wide definition for search terms should be
used. In light of the fact that some simulations are presented as simulation games [6],
and that sometimes simulations are developed under a gamified environment, a large
scoping review was done including all potentially relevant forms of game-based
learning. The following research string was thus devised:

("game-based" OR "gamification" OR "serious games" OR "educational games"
OR "simulation" ) AND ( "flipped classroom" )
The selection was then narrowed to select only articles explicitly pertaining to

simulation, and then only to articles dealing with simulation in engineering education.
The selected databases for this study were Scopus, Proquest, Web of Science,
JSTOR and Google Scholar. Only peer-reviewed articles and papers, accessible in
English, and in the period 2009-2019 (which coincides with the exponential
development of the FC) were researched.

2.3 Stage 3: Study selection

Using the key search descriptors, 1356 articles were identified. After excluding
duplicates, and articles studying active learning methodologies separately (FC or
simulation separately and not in combination with each other), 70 articles were
selected. These articles presented the combined use of the FC with either a
simulation, a simulation game, or an educational approach relying on simulation such
as the use of online virtual laboratories in the pre-class preparation phase. A further
34 articles focused on simulation in the FC, of which, after exclusion of study levels
(elementary and high school) and subjects not relevant to this study (such as foreign
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language education and teacher training), a final 24 articles were selected, which
focused in simulation in engineering education. Studies were excluded on the following
motives: research that did not fully take place in the FC, or that focused exclusively on
simulation in the learning process, theoretical papers and reviews, and papers that did
not include an evaluation in class.

2.4 Stage 4: Charting the data

The data extracted from the selection of articles was mapped using the following
criteria: Study ID, Title, Journal/Publication, Author, Year, Country of study,
Technology employed, Category of gaming elements employed, Position in the FC,
Study level, Subject studied, Size of class, Learning outcomes, Evaluated variables
and study focus, Study methodology, Theoretical framework for the study.

2.5 Stage 5: Collating, summarizing and reporting the results
The final stage of the scoping review summarizes and reports findings.

3 FINDINGS

A final selection of 24 articles was made, representing 12 different countries. Although
the last decade was studied, the oldest study is only from 2013, and 20 out of 24
articles were published in the past three years only (2017-2019). The majority of these
articles concerned the field of computer science and engineering (7 articles) followed
by engineering technologies (6 articles), applied sciences (5 articles), and chemical
and electrical engineering (2 each).

3.1 Which technologies were used for the implementation of simulations of the
FC?

A minority of four articles offered an examination of simulations used in the pre-class
process of the FC. Three out of four offered simulations in conjunction with
instructional videos and other learning material ([12], [13], [14]), whereas the last one
[15] used game-based learning as a means of preparation through a programming
simulation. Four articles ([16], [17], [18], [19]) offered a simulation experience that
encompassed the whole of the FC experience, all of them by using simulation in
conjunction with gamification to support the whole structure of the FC. However, most
articles used simulation during the in-class time, and the objective of the FC is to allow
students to prepare efficiently for class, usually through instructional videos. 16 articles
in total reference this approach.

There is, however, no way of asserting if one type of simulation was more frequently
used. Deshpande and Huang [7] establish three different types of simulation: drill-
based, exercise-based, and problem-based. Drill-based scenarios, in which we
include access to a virtual lab or VR, allow student to practise specific manipulations
in the reproduction of the real environment, or to observe a specific phenomenon or
process ([5], [20]-[26]). Exercise-based simulation focus on students finding the
correct technique to solve a problem. Simulations included in pre-class preparation fall
under this category ([12]-[17], [27]). Problem-based simulations offer complex
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scenarios, which allow students to explore multiple solutions and devise their own.
They can take the form of mini-cases or project-based activities, including game
production and design ([14], [18], [19], [28]-[31]). There is also no consistency in the
technologies employed, which can include web-based simulation ([21], [27]), AR [22],
simulation games ([15], [26]), machine simulators [24] or project-based simulation
([18], [19], [31]). The focus therefore seems to have been essentially in using the FC
as a way to further the efficiency of the in-class simulation, allowing for extended
tutoring time and face-to-face interactions.

3.2 Which were the educational outcomes of the use of simulations in the FC?

Three forms of evaluation and educational outcomes is observed in the selected
articles. In 15 of the reviewed articles, the research investigated the students’
performances, either through their grades, the pass rate of the class, or their
knowledge in pre- and post-tests. 18 articles investigated the students’ perception of
the learning process, through their self-reported opinion of the efficiency of the method
or interest in the studied subject. Finally, a minority of seven articles investigated more
closely the student’s living experience in the classroom by testing for motivation, stress
level, engagement or cognitive load. More than half of the articles (13 out of 24)
investigated two of these issues or more, three articles investigating all three of these
aspects. All articles reported positive outcomes following the combination of the FC
and simulation. Many articles report higher grades or higher pass rates in the
classrooms, which used a combination of FC and simulation or a gamified environment
([16], [17], [22], [24], [26], [27], [30]), increased student satisfaction and interest ([5],
[13], [14], [16], [21], [24], [27], [28], [30], [31]), and, when evaluated, improvement in
students autonomy ([15], [16]), engagement and positive response to the class ([5],
[16], [18], [28], [29], [32]). When evaluated against a different form of instructions, the
combination of the FC and simulation yielded better learning outcomes than traditional
lecture-based learning ([17], [22], [27]), non-flipped simulation [5], or traditional FC
without simulation or gamified system ([12], [15], [18], [27]), both in terms of academic
results and students’ appreciation.

It should be noted however that few articles presented clearly limitation or negative
outcomes to combining the FC and simulation. Two articles noted only a low and non-
significant increase of interest [33], or understanding [23] in students. Similarly, only
one study investigated the long-term impact on students’ knowledge retention by doing
a delayed post-test evaluation [22], this time with improved results in the three learning
dimensions of knowledge, comprehension, and application.

3.3 What is known of the conceptual framework used to incorporate simulations
and the FC in engineering education?

We finally investigated the theoretical background and theoretical framework to the

selection of articles at our disposal. The majority of articles, 18 out of 24, referenced

recent research in the FC. Six articles used the theoretical framework of research into

gamification and game-based learning, and seven articles referenced research in
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technology-enhanced learning or e-learning. However, only a minority of articles did
use cognitive theories in their research, looking for example into self-regulated
learning [28], self-efficacy [27], deep learning and cognitive load theory [5], adaptive
learning [12], and constructivist theory [32]. Only one article presented a specific
theoretical model [29], in the form of the Activity-Oriented Teaching Strategy (AOTS),
a structure which integrates in its development both the FC, project role-play for
developing project artefacts, teaching by example, and student seminars. Moreover,
some articles presented little in terms of theoretical background or conceptual
framework ([14], [25], [26]).

4 DISCUSSION
4.1 Technology used in combining the FC and simulation

The articles presented in this scoping review show a wide variety of subjects and
approaches to combining the FC and simulations, generally to positive outcomes. One
study [20] insists on the high potential for combining the FC and simulation, as the
former yielded more satisfying results than simulation alone. Our scoping review also
identified the lack of specific focus on the post-class process, and in tools used to
support the self-reflection on the learning process in students. Although a majority of
articles, 18 of them, involve some measurements of the students’ self-perception of
the methodology, only four articles present focus on the whole of the FC process,
especially by developing an online system meant to support students’ engagement
with the learning material, and appropriate use of gamification elements ([16]-[19]).
There is therefore future potential into pursuing the use of simulation in the FC, and
expanding upon it through a more holistic approach that would take into account the
whole of the FC process, and through the development of tools that would facilitate
the students’ self-learning process.

4.2 Educational outcomes in combining FC and simulations

The scoping review shows positive results in terms of grade improvement and
students’ self-reported perceptions. However, the review showed that investigation
into the learning experience itself was still limited. Few articles investigated students’
motivation, engagement or attitudes towards the subject or towards learning. The
result of the scoping review suggests that there is a significant gap in investigating
students’ motivation and engagement in the FC. Research into gamification in the FC
offer many examples of such studies [34], which could easily be extended to the
integration of simulation in the FC, or integration of simulation in a gamified FC. Finally,
this scoping review also identified a significant gap into investigating the impact of the
FC on students of different genders and economic situations. A single article [12] did
a focus group on non-white non-male students and reported a more beneficial impact
on female students and working students. In a context where the integration of more
diverse populations of students represents a major challenge in higher education,
specific investigation into the diversity of student populations still seems to be lacking.



Proceedings of the SEFI 47 th Annual Conference - Concept Papers fEF”

4.3 Conceptual framework for the FC

The scoping review shows that the research into the conceptual framework to integrate
fully the FC and simulations appears to be still lacking. A single article [29] offered an
original theoretical model, and many articles did not offer a satisfying theoretical
background. This lack of theoretical models for combining the FC and other active
learning methodologies may explain the lack of interest given to the post-class learning
process: as such, the FC experience still appears to be implemented in a disjointed
fashion, with little continuity between the pre-class and the in-class periods, and even
more so between the in-class and the post-class process. There is therefore potential
both in developing more complete theoretical models for combining the FC and
simulation, and in investigating its impact on students’ motivation, aptitude for soft
skills, and cognitive flexibility.

5 CONCLUSION

The FC may very well be one of the most emblematic efforts to overhaul traditional
lecture-based learning in the 21st century. As efficiency of the FC is now thoroughly
documented, the potential of combining the FC with other methodologies such as
simulations is now starting to be documented. This review shows that the potential of
such combination has been explored with success, with studies showing that the
method was generally well-accepted by students, and resulted in higher engagement
and more successful learning outcomes. Furthermore, the field still seems open to a
variety of extended investigations: the impact of different forms of simulation,
improvement in students’ self-directed learning, and the learning outcome among
students of different background, for example, should be explored in greater depth.
The studies we investigated still approached the FC and simulations as separate
methodologies, with the former facilitating the implementation of the latter. It must be
expected that further development into combining active learning methodologies will
result in greater incorporation, with the development of fully holistic educational model,
relying on greater technological integration and improved use of data analytics tools.
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ABSTRACT

Previous studies on the interaction of gender and professional identity formation (PIF)
in engineering curricula showed how PBL and group-work could affect female
students' experience. An ongoing study on an engineering school’s project-oriented,
problem-based learning curriculum analyses the interactions of the learning
environment and students’ personal characteristics with their PIF. This article
describes an attempt to draft a multifactorial model of PIF, analysing the relative
influences of gender and other factors in the process.

Correlation tests and Multiple Correspondence Analyses were used to sort data
collected from questionnaires to a cohort in the programme. Qualitative data from
interviews with 31 of these students were also analysed using lexicometric tools.

Data presented in this paper suggest that:

- Environmental factors are more relevant than personal characteristics (including
gender) to explain most PIF differences amongst students;

- Gender does affect PIF in two ways in this programme:

e Female students resort more to external resources (p-value=0.020) and
tutoring (p-value=0.05);

e Female students express more career goals flexibility (p-value=0.017).

Three perspectives arise to use this draft of a multifactorial model of PIF to develop
curriculum inclusiveness:

1. Address gender as part of a global scheme to address diversity via tools valuing
individuals' qualities [7];

2. Address diversity management through tutoring, which is the most relevant
factor for several indicators of PIF;

3. Use experience expression as a reflexive tool for students and teachers, and
for research design purposes.
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1 STUDY CONTEXT: ADDRESSING PROFESSIONAL IDENTITY FORMATION
AND DIVERSITY IN A POPBL ENGINEERING CURRICULUM

1.1 CESI’s PoPBL engineering curriculum specificities

CESI, a French multicentre school of engineering, has implemented a project-oriented,
problem-based learning (PoPBL) curriculum in its work-and-study engineering
programme since 2015. In this curriculum, based on group work in teams of six, new
teams are created for each of the 12 projects the students conduct, and a member of
the teaching staff tutors up to 6 teams at a time.

This study focuses on the cohort that undertook the 3-year engineering degree
programme, from October 2015 to September 2018. In this curriculum, the students
specialize through their in-company work (they spend 101 weeks in companies), and
during the last year of the school curriculum, when they choose a major. This means
students with very different backgrounds (two-year post-secondary degrees in fields
as varied as chemistry, quality management, electricity, public works etc.) share the
same training on the first 2 years of the curriculum.

The PoPBL dimension of the curriculum, with its team-based collaborative learning,
forces these students to cooperate to produce deliverables and solve problems in
multidisciplinary projects. Addressing diversity in this curriculum, where students have
heterogeneous academic origins but have to work together, seemed an interesting
starting point to try and analyse these students’ professional identity formation.

1.2 Student diversity in education research and in the curriculum studied

Diversity is a field of interest in education studies, and it is often defined as a cultural,
ethnic, socioeconomic, gender and/or ability heterogeneity amongst students that
needs to be addressed, and that is related to questions of underrepresentation,
inclusion and non-marginalization of all student profiles [1].

A first set of data shows that, in this engineering programme, there is indeed
heterogeneity-related issues in the students’ profiles, and not only academically
speaking. As far as gender diversity is concerned, female students represent only
12.5% of the student cohort. In group works, a female student will be, most of the time,
the only female student in her team. Furthermore, when enquiring their previous work
experiences, or expectations, the results confirmed the cohort’s heterogeneity’. For
example, 30% of the students had started a career as technicians before going back
to training, with the other 70% in their initial training; 60% of the students had a precise
idea of their future jobs, when 40% were clueless about their career goals.

This heterogeneity is the reason we wished to address the relative influences of
different personal characteristics in the process of these students’ professional identity
development. The students’ characteristics whose impacts on PIF we questioned were
both sociodemographic (age and gender?), and dispositional. Student dispositions are

" Data collected via a questionnaire to the full cohort of 587 students during their integration week.
2 In France, no data on cultural/ethnic/religious diversity can be collected by individual researchers

without legal authorization (granted mostly to commissioned survey groups), which explains the
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a combination of intrapersonal factors like resources (knowledge and skills),
motivation, and persistence, and might impact their behaviour and engagement in a
curriculum [2], and play a role in their professionalization process.

When enquiring how this heterogeneity was addressed in this curriculum, we noticed
that academic background heterogeneity was indeed addressed, with tutors creating
homogeneous teams of students, “handpicking” them according to previous skills and
backgrounds. Gender diversity and dispositional diversity (related to motivation, goals
etc.) were, however, not addressed.

1.3 Gender in engineering education and professional identity formation

Why focus this paper on the impact of gender, as compared to other factors, on PIF?
Women, in 2015, only represented 28,4% of all engineering students in France®. As
Beddoes stated, “despite a nearly 40-year history of (...) interventions (...), women
remain significantly underrepresented in engineering” [3]. Scientific literature in the
field points the gender bias that affects female students in engineering education.
More specifically, it was pointed out that group work in PBL environments significantly
affected female students’ experience [4] [5] and professional identity development [6]
and that female and male engineering students identified with different sides of the
engineering set of activities.

The concept of professional identity formation is a very interesting framework when
studying students’ engineering identities. In this paper, we define PIF as a social
"becoming", supported by the development of a sense of belonging, and the
recognition, by learners, peers and supervisors, of the learners’ abilities and legitimacy
[7]. PIF is thus always multidimensional. Investigating its relations to gender implies
studying the interrelations of gender and other personal factors, as well as
environmental influences, in students’ identification, self-recognition, achievements
and goals. Fowler [4] mentions the expectancy-value framework as key to questioning
the impacts of diversity on student perception of the curriculum, their engagement and
how engineering identity might develop differently amongst students. Hence the need
to try and build a multifactorial model of PIF, that should allow us to precisely evaluate
the relative influences of gender and other factors in the process of PIF.

2 SCOPE OF THE WORK AND METHODOLOGICAL APPROACH
2.1 Research goals and scope
With this study, we wish to:

- Evaluate the impact of this curriculum on male and female students’ professional
development, to try and analyse the relations between their gender and their PIF,

- Investigate the interactions of gender diversity and student diversity as a whole in
their professional development, to develop a model for understanding PIF,

limitation of sociodemographic data collected here, and the focus on dispositions rather that other
personal characteristics.
3 Source : Sous-direction des systémes d'information et des études statistiques -SIES
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- Address PBL curricula’s inclusiveness, and the way to support the thriving of
students of varied profiles in such curricula.

The PoPBL environment implemented at CESI is not a targeted program, which
means it is not an institutionalized attempt to build an inclusive engineering
environment [7]. It is a new curriculum implemented in a 35 year-old programme, with
new teaching, learning and evaluating methods. The impacts it can have “diversity-
wise”, and the question of this programme being “diversity-inclusive” is an issue for
inquiry by the author, but not for the curriculum designers®.

The personal factors investigated that we hypothesized might impact students’ PIF,
and that we will cover in this paper are: their biological gender, age, previous
experiences, goals and expectations. The environmental factors inquired were the
students’ training centre (the same training takes place simultaneously in 9 different
locations across the country, with cohorts of different sizes), and project tutors.

The indicators of professional identity development addressed here are:

- Students’ identification to an engineering posture (they were asked what an
engineer was to them, and if they felt they were able to act like engineers during
school projects),

- Students’ self-efficacy in an engineering posture (they were asked about their
confidence in their success in different tasks, full projects, and different roles in
groups)

- Conscience of their development and feeling of recognition/legitimacy (they
were asked what skills they thought they acquired, during various tasks and
projects, and if they felt these skills were acknowledged by peers/tutors),

- Challenges and support experienced in the process and overall satisfaction.

Previous scientific literature on the field allowed us to define these intrinsic indicators
of PIF (as opposed to external indicators like the acquisition of key engineering skills)
as our main focus.

4 The author, during the 3 years of data collection, was a project manager responsible for diversity-
related awareness campaigns directed to secondary school students, as well as a researcher in
education at the same institution.
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2.2 Methodology and data collected

Five questionnaires were submitted to the cohort throughout the 3-year survey, with
the following answer rates (Table 1):

Table 1. Data collected via questionnaires to the cohort of 5687 throughout the 3 years

1 2 3 4 5
Questionnaire Year 1 - Year 1 - Year 2 — Year 2 — Year 3 -
October 2015 | May 2016 | November 2016 | May 2017 | November 2017
Number of full 587 102 232 228 155
answers

Statistical analyses (flat sorting, Chi-square correlation tests and Multiple
Correspondence Analyses) were used to sort the data collected from these surveys
and allowed us to have access to global data and statistical analyses on the full
cohort’s experience of the curriculum.

To get more in-depths insight and nuance into the correlations noted in the cohort
results, a sample of 31 of the students, from 6 different training centres delivering the
same programme, took part to 68 interviews over the 3 years as well. These qualitative
data were first categorized by the author, using literature-driven PIF indicators, as well
as field-inducted ones. To analyse the frequency and strength of each category
according to various personal and environmental characteristics, the lexicometric tool
Sonal was used.

3 RESULTS

Although gender can be pinpointed as a relevant factor in students’ career goals
adjustment and use of resources, other personal characteristics that cannot be related
solely to gender (students’ expectations of the programme), as well as environmental
factors, seem to play a bigger role in students’ PIF than gender only.

3.1 Diversity as a difficulty

The first significant piece of data we would like to report here is the crucial importance
students give to “others” in their development in this curriculum, whether it be as a tool
to become themselves, or as obstacles on their way. Amongst the sample of students,
71% mention teamwork as a help during their first interview. Mutual aid and
cooperation as tools to gain knowledge and leadership skills are the most mentioned
resources to their development. But group work is also mentioned as the main difficulty
encountered by the whole sample of students. What they find difficult with group work
is the varied implication of the different team members in the projects, and the “non-
professional” quality of their relations to each other, that is especially regretted by
students identifying themselves with a manager-type engineer. Tensions arise from
group work and from the diversity of students’ engagement in the curriculum.
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3.2 Factors that affect professional identity formation in this curriculum

When looking at all the factors that impact students’ PIF, the cohort data collected
suggest that environmental factors (Table 2) are most of the time more relevant than
personal characteristics (including gender) to explain most PIF differences amongst

students.

What the below-mentioned data (Table 2) imply is that being in one or another training
centre, or being tutored by one or another tutor does have significant impact on:

- How the students will or will not identify to engineering identities,
- How they will or will not feel recognized as engineers by their peers and tutors,
- The challenges they will or will not perceived in STEM topics.

These PIF indicators are not related to any of the personal factors enquired. However,
personal factors do have an impact on students’ PIF as Table 2 shows.

Table 2. Significant correlations (Chi square p-value) between environmental, personal
factors and students’ professional identity development indicators ®(tool: XLSTAT)

PIF indicators
§ 2 | 3|5 .|a8|cx|8.]c |5 &
ST 2> S E -0 o9 © |90 (£ 2 |= )
Related fac S3§¢=| £ cgl oL [E3 |95 |5EE |S._ &
S028| © | Qes|6s (22|83 |28 |5°%
§ 22| 5|8 s = |32 (55|32 |8 &
T © n | §h |95 |8 n A E
: Project tutor 0050 [0.045] 0012 | NS | NS | NS 0018 NS
()
0 Training centre 0.033 [0.045| 0.007 |0.001]0.023/0.048/0.018| NS
o Previous academic NS NS NS NS 0.024| NS | NS 0.049
*8 background
“‘_i age NS NS| NS | NS | Ns | Ns | NS | 0044
g gender NS 0.003 NS NS NS |0.017|0.005 NS
()
o expectations NS NS NS NS |0.047| NS | NS | 0,029

Personal factors are the sole factors of influence on the overall student satisfaction of
the curriculum, which is related to their previous academic background, expectations
and age-range. Personal factors co-influence (with environmental factors) other PIF
indicators: self-efficacy, the support encountered, as well as career goals evolution.

Multiple Correspondence Analyses (on cohort data) reveal that environmental factors
can reinforce or diminish the effect of initial predispositions caused by personal factors.
For example, both gender and tutoring can be significantly related to students’ self-
confidence. When comparing the relative influences of these factors (gender versus
tutoring) on self-efficacy, via MCA, tutoring appears to be the most influential factor.
So if we can relate to Fowler’s finding [4] of female students’ “lower sense of self

5 NS is for « not significant », i.e. a p-value>0.05
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efficacy” in STEM, tutoring affects this indicator even more strongly. Tutors can
diminish (and increase) this gender bias. The same phenomenon occurs with
teamwork as a support to students’ PIF: though impacted by personal factors, such as
students’ previous experiences, this indicator is more impacted by environmental
elements.

Gender does affect PIF in two major ways in this programme: it clearly affects students’
career goals flexibility and their use of resources in the curriculum. When compared
(MCA on cohort data) to environmental influences on students’ career goals, gender
is the most significant factor, and when compared to the impact of the training centres
on the use of the tutor as a resource, gender is, again, the most significant factor.
These are the only two significant gender differences that are not counterbalanced by
tutorial posture or other environmental elements. The impact of this bias is confirmed
by the sample’s data: 3 out of the 31 people in the sample considered completely
changing their career path and quitting engineering. The 3 were women. This piece of
data, though not statistically significant, raises the issue of female students’
persistence and well-being. Although data collected from the cohort does not underline
such gender biased team dynamics as found in previous studies (Fowler's for
example), gender does have an impact on students’ experience in the curriculum, and
their “becoming” engineers.

The other personal characteristics that are most significantly related to PIF indicators
appear to be students of both genders’ expectations and previous experiences. These
personal characteristics are indeed the most relevant factors of impact on students’
support experienced in the curriculum, and their overall satisfaction.

3.3 Impact of methodological design on data collection

We mentioned that, in the cohort-related data, environment is more relevant than
personal factors to the expression of teamwork difficulties. We are however able to
point out a major difference between data collected from the cohort and data collected
from the sample (i.e. qualitative data). Indeed, the sample data appears to bring more
nuanced, and more gender-related differences between students’ PIF.

For example, in the sample of students interviewed, female students tend to express
significantly more how they use teamwork as a rehearsal for their future role as
managers and group coordinator. They also tend to mention more the difficulty to lead
and more basically to put to work the teams of their peers, pinpointing the lack of
“‘maturity” of their (male) peers and even, for two of the female students in the sample,
expressing a feeling of being marginalized because of their engagement in the
curriculum. All the while, male students tend to express how they use teamwork as a
way to co-develop their knowledge, and as a source of social networking.

Gender differences, as well as other more implicit and subtle differences related to
personal characteristics, arise in the qualitative data collection, which encourages us
to question the impact of research design on the analysis of “sensitive” data related to
identity and diversity. The biases related to the different “quality” of the data collected
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can be numerous. First of all, the author of this paper and research project is female,
and takes part to affirmative actions aimed at building awareness on gender bias in
engineering studies. Although this activity was never mentioned during the interviews,
and the same questions were asked to male and female students, this bias is still likely.
Moreover, more female students took part to the interview process than the cohort’s
female/male ratio accounts for. This can lead us to confirm that female and male
students do not behave and engage in the same way in student/staff relationships in
the curriculum, but it also forces us to carefully nuance the scope of the results related
to the sample’s data, as they are less representative than the cohort’s data.

Just like most curricula may not yet be designed to embrace student diversity, we
agree with Beddoes et al. [5] that “the dominant research designs and approaches
may not be the best for capturing the experiences of minority groups or understanding
gender in teamwork”. Altogether, it appears that collecting qualitative data can be a
very precious source of nuanced and more implicit information when dealing with such
issues as professional identity formation and diversity, especially when trying to
develop a viable model of the process.

4 CONCLUSIONS AND PERSPECTIVES
4.1 The model of PIF in this curriculum

What the data collected show is that, although there are some “common”
developments in all the students’ professional identity formatione, most of the PIF
indicators that we analysed are either influenced by personal factors, including gender,
or environmental factors. These diverse transitional paths can lead to a feeling of
inadequacy of the curriculum (and, for one third of the cohort, an overall
dissatisfaction) to some of the students, when their evaluation of the curriculum does
not match their expectancies. The following figure (Figure 1) is an attempt to depict a
model of professional identity development in this curriculum, which takes into account
the relative influences of personal and environmental factors on PIF indicators, as well
as the weight of explicit and more implicit factors of influence.

6 We did not focus here on the “common” tools of developments, but the two following factors are
mentioned by the cohort as “universal” tools to build one’s engineering identity: oral evaluations and
problem solving experimentation.
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Figure 1 : A model of PIF in this curriculum - personal, environmental, explicit and
implicit factors of influence
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4.2 Perspectives to make (gender) diversity a support of PIF

The consequence of this heterogeneity in developmental paths, is that the curriculum
designers, should they aim at tackling disengagement issues or tensions amongst
students, should address gender diversity and dispositional diversity the way
background diversity is addressed: by taking action. Indeed, tutoring teams are able
to transform background diversity into a strength for each team, building up individuals’
confidence thanks to previous experience. This implies tutors selecting team members
“so that individual student characteristics and diversity can be considered” 7. To
transform student diversity into a support of PIF, diversity in all its dimensions
(students’ goals, expectations, motivation, learning styles, as well as their preferences

7 Source: SEFI Position Paper on Diversity, Equality and Inclusiveness in Engineering Education
https://www.sefi.be/publication/sefi-position-paper-on-diversity-equality-and-inclusiveness-in-
engineering-education/
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in terms of resources and tutoring) should be addressed and expressed, and not
overlooked. An inclusive learning environment cannot be developed if diversity is not
acknowledged and if biases are not made explicit, which seems the case for gender
diversity in this curriculum. Engineers are often team leaders, and their communication
and interpersonal skills are as important as their technical skills. Engineering
Education should then use what we've so far learned about professional identity
development and the impacts of diversity on it, to develop curriculum inclusiveness.
The following strategies could be explored to do so:

1. Exploring activities to address diversity so as to change students’ relationship to
“otherness” and their expectations towards one another®. We would add using
experience expression as well, as a reflexive tool for both students and teachers
so as to make their skill sets, learning goals and (un)comfort zones more explicit
and obvious and to encourage students to reflect on theirs and others’ [4], and to
allow tutors to adapt their tutoring to such feedback received.

2. A global scheme to address student diversity via tools valuing individuals' qualities
[7], so as to avoid treating only part of the problem (dealing with gender diversity,
but not addressing differences in expectations, and vice-versa). Addressing
diversity in engineering training in all its dimensions to try and model the various
characteristics that affect PIF is only a starting point to develop/design engineering
curricula that allow students, in their diversity, to thrive and develop their
confidence. What kind of tools can be used?

- French researcher Roux [8] mentions the positive impact of “ritualized social
practices” that allow “reciprocal control of the partners during the course of
the tasks” in order to deal with student heterogeneity in group work.

- As far as engineering projects are concerned in a PBL context, researchers
at Louvain Learning Lab [9] suggest using « position » cards instead of fixed
roles in teamwork so as to be more representative of actual engineering
activities in real life projects, but also to allow more flexibility and ensure that
interactions between students are structured and symmetrical.

3. Tutoring is key in addressing diversity management in such group work and PBL
engineering education contexts. If students’ freedom of choice in terms of building
a team can be a very formative option in terms of team management, it also
appears that task assignment and team composition by tutors can be a good way
for students to develop critical interpersonal and communication skills, and for
tutors to “disrupt the self-perpetuating feedback loop in which students gain skills
and experience according to their pre-existing expertise” [4]... Which also means
disrupting stereotypes, habits and biases as much as possible.

4.3 Conclusion

PBL is often presented as a learning environment that is most adapted to a wide
variety of student profiles. But we can agree with Du et al. [10], that PBL itself is “not
enough to be used as arecipe” for homogeneous student development in a curriculum.

8 Atadero et al. 2018 [5] suggest using Student Trading Cards or Sketch-based interaction.
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To accommodate the different expectations, academic backgrounds, learning styles,
and to tackle disposition-related, as well as gender-related biases in the cohort, the
PBL curriculum should be envisioned as a crucible where diversity is addressed and
promoted; as an environment “where every individual is not only respected, but also
feels safe and included™. This might be achieved through tutoring as a mediation to
the social interactions at stake. Some tutors in the curriculum studied have expressed
their difficulty with the new professional identity they too have to develop, as tutoring
and teaching are different activities that require different skills: they too need to adapt
to the new curriculum. Addressing gender and more globally diversity and professional
identity formation as a multifactorial model in a PBL environment is then also
connected to addressing tutoring identity in a PBL learning environment. Student
diversity might stop being a hindrance to students’ well-being and their harmonious
development if tutoring identity, and diversity management by tutors were to be
systematically addressed at the institutional level of PBL curricula.
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ABSTRACT

The Open Content Development (OCD) model is intended to result in new content
development of teaching methods and their implementation in practice. We aim to
develop open — with active teacher/student contribution — content and to apply those
contents in practice. The project, which was launched in 2016 with the support of the
Hungarian Academy of Sciences, is part of a complex subject pedagogical
methodological innovation project. The aim is to provide the possibility of modernizing
the materials in technical education continuously and rapidly and to raise the
pupils/students’ interest on the other. Serving the modernization of the subject
named 'System Theory for All’, our project aims to develop an innovative method,
relying on the principle of open access, allows the students to do everyday
development activities in framework system (Moodle). The project has offered the
opportunity of cooperation in developing learning content, and school books,
involving the lecturers and students (75 persons) into the construction works on
various micro-content manageable online with the help of the method. As a result of
our work, in the online teaching-learning space, which was created according to the
up-to-date principles of network learning, the Sysbook electronic platform has been
introduced as well as learning units (micro-content) elaborated by 265 students that
have been made accessible in an up-to-date electronic archive and search system
for a broader range of users. During the latest 18 months, our further training
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program preparing the application of the process in a full professional circle has been
attended by 110 VET teachers working in 12 VET institutions. In our paper, we
introduce the model of open content development as an innovation process, the
elaborated dynamic, interactive micro-content and the results gained during practical
tests done with students.

1 INTRODUCTION

The openness in educational content has been one of the significant developments
over the last two decades. While ensuring open access to the towers, the conceptual
issue of our project is to open the development process to all participants. Students
are now assisted by a large number of educational portals that make their open
content accessible (W1) In the process of digital transformation, content development
based on interactivity seems an innovative method. The training content development
has stable didactical features [1] and is partly connected to the endeavours which
strive to shape the alternatives of the traditional training curricula in a learning
environment determined by new info-communication technology in the learning [2].
Concerning the new didactical model supported by digital transformation became an
essential precondition of the online assessment of learning and innovation to be able
to evaluate the methodological impacts of the system and to prove our preliminary
working hypotheses on the broader professional base [3].

Developing Open Educational Resources (OER) with engineering students’
participation means potential for improving the content. According to the new kind of
students interactions [4], the channels and community-making elements of
interpersonal communication have transformed (especially in the web 2.0
environment). As we introduced in our previous papers the open access to learning
contents and Digital Pedagogy [5] has made a considerable try to renew pedagogical
thinking after the millenary and firstly [6] at the universities. Nowadays, in content
development, the rapidly changing elements determined by digital transformation
aspects, and the dynamics of the changes are challenging to be forecasted [7].

Our concept covers the elaboration and introduction of a learning material
modernization model created in an online environment within secondary and higher
education in a collaborative way. Using this process, our aim, on the one hand, is to
provide the possibility of modernizing the materials in technical education
continuously and rapidly and to raise the pupils/students’ interest on the other.

2 METHODS

One of the essential elements of our project is that engineer teacher training,
conducted at two different faculties of our university, and electrical engineers’ training
has been connected in terms of thematic and methodological questions. The project
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has offered the opportunity of cooperation in developing learning content and school
books, involving the lecturers and students (75 persons) into the construction works
on various micro-content manageable online with the help of the method. As a result
of our work, in the online teaching-learning space, which was created according to
the up-to-date principles of network learning, an electronic platform has been
introduced as well as learning units (micro-content) elaborated by 265 students that
have been made accessible in an up-to-date electronic archive and search system
for a wider range of users. During the latest 18 months, our further training program
preparing the application of the process in a wider professional circle has been
attended by 110 VET teachers working in 12 VET institutions. In our lecture, we
introduce the model of Open Content Development (OCD) as an innovation process,
the elaborated dynamic interactive micro-content and the results gained during
practical tests done with vocational teachers and engineer students.

Our first multi-levelled e-learning environment called Sysbook (W2) was included in
our application. The constantly evolving Sysbook platform connects to the OCD
model; this platform introduces the open learning resource elaborated about a certain
comprehensive topic: About systems and management for everyone [8]. This
platform (W3) presents the students’ innovations, as well, and after an expert
evaluation, the development results can be published here. In Sysbook several case
studies show the application of system view. In the different examples it is
investigated, what is considered a system, how is the system connected to its
environment, what are the input signals and what are the output signals? How can
the model of the system be built? What are the requirements set for the system?
Which balance and energy considerations have to be applied? Can we control the
system? How to control the system?

3 SUPPORTING FRAMEWORKS

We illustrate the implementation of our concept with three examples from the results
of the project so far. SysBook has evolved from traditional engineering training and
has provided an opportunity for methodological innovation. The MC-HUNGLE system
provides explicit methodological support for micro-content developers. And creating a
MICROPEDIA online platform will help you develop, archive, and deploy micro-
content more widely.

3.1 SysBook

Considering the open approach, the students can contribute to the content of
Sysbook. They can develop their contents related to systems and controls they are
familiar with. After a review, this area can be supplemented with new materials. Till
now, some examples are temperature control of a terrarium, speed control, model of
the learning lab experiment, the model of motor, etc. (Fig. 7).
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Fig. 1. Systems appearing in the Sysbook

Motivated computer engineering students created Java applet demonstrations in the
field of control engineering during their summer internship programme at our
university. These applets have been included in the “Control course” surface of
Sysbook. Each applet is available both in English and in Hungarian, also linked with
their PDF format instructions (Fig. 2.). The topics and demonstrations of the currently
published applets are the following: Frequency analysis, Fourier analysis, Bode and
Nyquist diagrams of a system, Shower temperature control, Juggler (inverted
pendulum), continuous PID controller (series and parallel), discrete and continuous
Youla controller, Prediction for first-order systems.
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Fig. 2. Control Engineering Java applet demonstrations
created by motivated students

Based on the OCD concept, we decided to design and develop a smartphone
application which can help our students and teachers to reach our micro-content
management systems. This decision was based both on the hypothesis of the
research group and also on the current trends regarding the device usage in the Z
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and Alpha generation students. The “Bring Your Own Device” (BYOD) phenomenon
where the word “Device” can also be replaced with “Phone”, “Tablet”, “Personal
Computer” etc. getting more and more popular in the different educational institutes
from the primary schools to the universities. A self-developed application would help
to strengthen this phenomenon and give more power into the hands of the users.

First, we made literature and market research concerning the different smartphone
operating systems and marketplaces. From 2010 to the end of 2018, the dominance
of Google’s Android operating system has grown from 20% to the currently 86%
share of the market. 13% belongs to Apple’s iOS platform. The last 1% includes the
other remaining systems [9]. Then, comparing the two platforms we decided to
choose the Android platform for the first target as it is more open, the development is
free, and no special devices are needed to develop applications. Our application is
based on a WebView component, extending its features by different smartphone and
Android-specific options, such as using pictures of the camera, different sensor data
etc.

The source code of Sysbook was optimized for compact displays, and smaller
screens as the current smartphones have (Fig. 3). We also enabled to run some
JavaScript code snippets which are showing the expressions of the different words
included in the glossary of Sysbook. We are currently working on an improvement of
the application, applying the commonly used gestures (swiping, pull to refresh, etc.)
instead of clicking on the different hyperlinks in Sysbook.

Chapter I:
Everything is a system:
philosophy

Lagrange believed that a ma
thoroughly understood his own
50 clear that he can go

irst

Fig. 3. Sysbook optimized for the smartphone application screen

LT}

In Sysbook there are four surfaces (levels): “Comics”, “What we are talking about”,
“Control course” and “Mathematical representations, examples”. There are altogether
almost 137 pages, in 11 different chapters. Two of the four surfaces can be shown on
the screen, combining the left and right side also. "Comics" and "What we are talking
about" levels are available for every page of Sysbook. These pages were written by
academicians, professors and system experts for three target audience: to
everybody; for different students, for the experts with different professions or the
control specialists.
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As the Sysbook is a base curriculum in different university subjects at the Budapest
University of Technology and Economics, the student might come from the Faculty of
Electrical Engineering and Informatics regarding the topic “Control Engineering”. Or
the students also might come from the Faculty of Economic and Social Sciences
regarding the subjects “System Theory for All” or “Digital Pedagogy”, usually
engineering and economist teacher students. In the Student Area of Sysbook, the
students can also design, create and publish their topics of interest as pages, micro-
content in the area. After a peer review, these materials will also be available as part
of the Sysbook.

3.2 MC-HUNGLE

Our second micro-content editing system called MC-HUNGLE can also be accessed
using the smartphone application. MC HUNGLE is a LAMP-based (Linux, Apache
HTTP Server, MySQL, PHP) Web 2.0 application, which can be opened using regular
browsers or smartphone browsers also. The system is also used by the students of
“‘Becoming an Engineer” at the Faculty of Electrical Engineering and Informatics and
even by the partner institutes of our research group. This system is available
currently only in Hungarian, but the internationalization of the interface is in progress.
The main goal of the MC-HUNGLE system is to allow editing micro-contents with
structured metadata supporting advanced search methods and explicit knowledge
formalization. We designed our web application to offer the possibility to the quick
and efficient elaboration of individual micro-contents without a high level of the
mental load from users. As Fig. 4 shows content editor page is simplified, allowing

authors to work focusing on knowledge allocation.

Minta mikrotartalom

HUNGLE

Fig. . Screenshot of content editor page from MC-HUNGLE

The title of the content unit should be expressive, concise, short. When creating a
micro-content, we strive for clear, transparent communication. We can use an image
or/and text block in the content unit. We suggest that an image should not be too
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complicated; it should not contain much more detail than necessary understanding.
The text block should have a maximum of 1024 characters; the content breakdown
should aim for the introduction, the body and the conclusion. Entering tags and labels
is very important for successful content mining. We recommend at least three or
more labels to each micro-content. Authors can use one word or complex expression
for a tag. It is essential to know that metadata of the original author of the content unit
is retained even after reusing by other users (teachers, students).
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Fig. 5. Different ways to organize and structure micro-contents by MC-HUNGLE
(groups (basic set, thematic group and domain) and knowledge tracks)

Micro-contents can be represented as icons and thumbnail images. With a suitable
algorithm, we generate and attach a unique colour code to individual content units.
Over a certain number of items, it is necessary to organize micro-contents. There are
two simple procedures. First one is to collect different content units into a higher level
of groups (basic set, thematic group and domain). Elements for a topic are received
by teachers and students, and this collection can be offered to others. There may be
an array of similar topics, but users have the choice of the best ones for them, or they
can reuse existing sets in whole or in part. The left side of Fig. 5 shows these levels.
The second one is selecting knowledge tracks on a large set of micro-contents. In
this case, the teacher usually collects a lot of content units for a lesson or a course.
In addition to this option, the teacher designates specific content units to be viewed in
succession formed to one or more knowledge tracks. On the right side of Figure 5.
these knowledge tracks are shown. There are three knowledge tracks marked with
different colours altered lessons. Note that some micro-contents may participate in
other knowledge tracks.
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3.3 MICROPEDIA

The newest results of our survey have proved our hypothesis according to which one
of the possible ways of increasing teacher activity is to offer, besides methodological
support in learning the theoretically instant material in the increasingly accessible
online learning environment, the possibility to join in the Learning Management
Systems (LMS). The new micro contents, except for their different forms and topics,
showed a significant potential for using them in the teachers’ preparation for their
lectures and practical work with students. Using the new set of micro contents 2018-
2019 we established an archiving system for distributing the result of content
development (W4), the next Fig. 6 shows a few screen pictures about the teachers’
support portal:

Fig. 6. MICROPEDIA as a micro-content archiving system/portal (W4)

We integrated the MC-HUNGLE interface with our smartphone application (Fig. 7)
where the users can create new micro-contents using the menu of the application,
where for example they can attach a photo to a micro-content which was taken using
the camera of the smartphone inside our app.
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Fig. 7. MC HUNGLE micro-content editing system
in the smartphone application and its menu

The third system is the newest one (available currently only in Hungarian), the OCD
Micro-content management and community system. The system is a Drupal content
management system based framework for managing different micro-contents, tutorial
videos, lecture notes, tags etc. The users can register and login to the system,
upload image-, animated image-, Prezi- or Youtube video-based micro-contents with
the extended type of metadata such as title, description, tags: target audience, level,
profession group, NVQ qualification. The teachers can evaluate the work of the
students. Also, the students can rate the work of each other. This site collects all
"digital free-hand" micro-contents. It means that a lot of users create valuable content
units without any frameworks just using content authoring program (e.g. Power Point,
Impress, Prezi). Digital diversity makes it difficult for computer-supported content
analysis, but these are stacked for human use and classified as possible. The Drupal
framework also helped us to optimize the screen for compact displays. Some
integrated code snippets support to open the Youtube videos and the lecture notes
with the application, and it is also possible to use the picture taken by the camera of
the smartphone as the basis of different newly created micro-contents.
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Mikro-tartalom kezel6
koz0osségi rendszer

Open Content Development - Create and share
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Legfrissebb jegyzetek

Fig. 8. OCD Micro-content management and community system.

Our achieved result is a native (Java-based), expandable Android application (Fig.8)
with which the different users, students and teachers of the Open Content
Development Research Group and Partners and also the students from at least two
faculties at the Budapest University of Technology and Economics can reach, use
and create their learning units, the micro-contents on their smartphones.

4 SUMMARY AND ACKNOWLEDGEMENT

According to the current procedural approach, applying such solutions at the level of
open content development requires decisions at the institutional level. Utilizing the
advantages of digital transformation and the fact that it allows accessibility in space
and time, comfort and personal time management in acquiring the learning material,
we succeeded to open the process of content development and make it possible for
teachers and students to share new knowledge by collaborative work.

This project encouraged the faculties of an institution to ,learn” in an environment
where information exchange organised into an informal network supported by IT
devices has an increasingly important role. The point of the concept was formulating
active student’s contribution as participation in the network and access to information
as well as to the software packages were able to interpret data in various contexts,
promoting cooperating and self-organised learning. This network concept, as the
feature of active student’s contribution, encouraged the new educational content
development. The result of these activities integrated an original model of OCD (open
content development) to formulate a real open environment where information
exchange is organised into an informal network. The result demonstrates the tested
concept of students’ participation in the network and access to the micro-learning
content packages that help to interpret information in various contexts.
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According to the perspectives, the implementation of the OCD concept in engineering
and teacher education has shown positive results based on first experiences. The
new methodological process can be effectively integrated into teacher training as well
as in teacher training. Based on the experience so far, the greatest achievement is
the significant increase in teacher and student activity in content development, which
is a significant innovation factor for the modernization and improvement of the rapidly
changing educational content.

This research project of the MTA-BME Open Content Development Research Group
is funded by the Content Pedagogy Research Program of the Hungarian Academy of
Sciences.
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ABSTRACT

Six years ago, several higher education institutions offering study programmes in
Engineering Technology underwent a thorough change, evolving from independent
entities into an integrated multicampus faculty under a single governing board and a
central faculty administration at KU Leuven, Belgium. Consequently, educational
management structures at the new campuses were forced to adapt in order to remain
functional while maximizing multicampus complementarity.

This paper describes the transformation process of the educational management
support procedure for Master’'s Theses within the same programme at three different
campuses. Under the coordination of the faculty educational developer, a new online
collaboration tool was established as a portal to collect, check, select and assign
Master's Theses proposals for campus coordinators, supervisors, students and
industrial partners of the different campuses.

After one year of implementation, feedback from stakeholders identifies the support
for sustainable and transparent collaboration as the main advantage of the new tool.
Also, the transparent workflow with structured process steps within a single access
point, as well as enhanced student participation were acknowledged. The future
challenges for the tool, however, are to maintain its initial stimulant function for
multicampus collaboration and to improve networking with local industrial partners
between formerly single campus contacts.

Our results indicate how a software-tool embedded in an online platform can act as a
leverage for sustained multisite cooperation, while indicating how both the use of ICT
and human interaction need to be carefully balanced to establish a sustainable
collaboration model.

" Corresponding Author
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1 INTRODUCTION

In the year 2013, several institutions offering Master programmes in Engineering
Technology in Belgium merged into the multicampus Faculty of Engineering
Technology (FET), with 600 staff members and close to 6.000 students located at
seven geographically dispersed campuses. Consequently, the organizational
management support structures transformed from a single entity organisation towards
a complex multiregional system, representing a challenge for faculty support services.

At FET, Master’s Thesis projects are joint collaborations between students, research
groups and/or industrial partners, designed to integrate disciplinary knowledge with
academic and professional skills so that students may acquire and train several
competencies within one research project. The organization, quality control,
assignment to students and administrative follow-up of these projects is complex and
the newly established campuses expressed the need for a new support system for
Master Theses projects.

This paper describes the transformation process of the educational management
support procedure for Master's Theses within the programme of (Bio)chemical
Engineering Technology at three campuses at the multicampus Faculty of Engineering
Technology at KU Leuven, Belgium.

2 BACKGROUND AND PREPARATION

There is little literature dedicated to educational support structures in multisite faculties
[1]. Several authors, however, recommend a collaborative, faculty-driven approach
facilitated by educational developers [2, 3] during the design of any new process, as
well as to involve most — if not all — stakeholders [4]. In our approach, the different
steps from design to implementation were carefully monitored by a faculty educational
developer to ensure input from all stakeholders involved. The faculty educational
developer acted as a liaison between the central Programme Committee and the local
campus coordinators, project supervisors, students and industrial partners.

2.1 A new collaboration model

In the past, when campuses were independent institutions, staff members organized
management systems for the collection, quality control and assignment of Master’s
Theses projects and optimized these for local needs. Each campus coordinator
developed a system for their own student population, research groups and industrial
partners, incorporating specific prerequisites for project ideas, their own choice of
software and tools, and locally adapted assignment methods.

After the establishment of the multicampus faculty, each campus coordinator
experienced an increased level of organizational complexity as their campus was now
part of a larger entity. Colleagues from dispersed campuses were expected to function
as a team, while their locally adapted management structures were not compatible
with each other. As such, a centralized support system to manage project proposals
in a coordinated and transparent manner was needed.
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2.2 Adaptation of the software

Due to limited resources — both in time, money and available personnel — the Faculty
Board decided to adopt an existing software-tool from another Faculty as a starting
point. After some minor adaptations through iterative consultation rounds with the
Programme Committee, the campus coordinators for Master's Theses and the
software expert of the existing software-tool, the tool was considered supportive for
the most basic needs of the multicampus collaboration model.

The tool consisted of a database support system for all campuses involved, embedded
in an online platform and a single access point for all stakeholders, with the following
consecutive steps: 1) the collection of project proposals, 2) the quality control of project
proposals, 3) the ranking of projects by students according to their preferences, and
4) the final assignation of one project per student (Figure 7). Student data were
uploaded in the system through an automated feed from the main university
framework, ensuring the most actual information of all students enrolled in the
programme. All process steps were managed via an adjustable timetable by the faculty
educational developer.

In the tool, three key roles are identified (campus coordinator, thesis supervisor and
student (Figure 1), each with its own access portal, and with a specific view and rights.

Coordination

0"9" 0%

Programme
. Committee .

i Vi
' Educational Developer

1 Collect

Check

! Industrial partners &
Research groups

Partners

STOP =

Figure 1 Collaboration model for all stakeholders (simplified presentation)

All faculty staff members and students had general access to the tool with their
personnel login to consult. External partners were able request login details by the
campus coordinator to gain access to the tool.
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2.3 Workflow and democratic involvement

To encompass all tasks involved in the new collaboration model, and ensure
transparency for all stakeholders on all campuses, a detailed workflow was drawn,
including detailed information on each role. The resulting model mirrored the
multicampus collaboration model for educational programmes that are simultaneously
implemented on more than one academic site.

The uniform implementation of the collaboration model at all three campuses was
coordinated by the faculty educational developer and the Programme Committee, by
determining the prerequisites for proposal submission and the deadlines for the
process steps.

During the process step for students to rank proposals according to their preferences
(Figure 1, step 3), the democratic involvement of students was ensured by the
establishment of a high level of transparency during the ranking of proposals. For this,
the process step was divided into two subsequent sub-steps: first, an open
consultation period for students to revise all possible project proposals, followed by
the submission of preferences. During the consultation period, students were allowed
to consult all project proposals in detail during a significant amount of time. Meanwhile,
students were stimulated to attend information sessions or to contact supervisors and
industrial partners or to discuss possible partnerships with fellow students without
time-pressure. After the consultation round, the submission period starts, during which
all participants can rank the projects of their interest while the preferences of their
fellow students are visible. Students do not have to worry about a first-come-first-serve
pressure, which would undermine the democratic selection process. During
submission, the tool does not register the time when students submit their choices, or
the amount of times they changed their minds.

Specific care was given to the dynamic assignment system to make sure the tool
assigned each student with a final project that was ranked as high as possible in the
preference list of the student (Figure 1, step 4). Assignation was organized in
consecutive rounds, alternating automated and manual assignment steps (Figure 2).
First, all students who appeared as a single candidate for a certain project proposal
with preference “1” (i.e. their first preference) were automatically assigned to the
project. Second, where multiple candidates appeared for one project as their first
preference, the supervisor had to choose one student and assign this student
manually to the project in the tool. All candidates and supervisors involved in this
manual assignment step, were notified by an automated email sent from the tool. After
all preferences “1” were assigned, the allocation process continues with the
preferences “2” and “3”, following the same methodology. The assignment system was
completed as soon as all preferences have been processed. Students who did not
receive a subject, were invited to participate in a second allocation round with the
remaining project proposals.
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Figure 2 Assignment system, alternating automated and manual steps

2.4 Implementation of the platform

Before implementation, adequate documentation with guidelines for each key role was
developed and published through the faculty website. The website included an
overview of all process steps and deadlines. The platform was launched
simultaneously on all three campuses in January 2016.

3 EVALUATION

During implementation, informal contact with stakeholders was maintained, providing
continuous feedback about multicampus collaboration, process management, student
participation and work field interaction.

3.1 Multicampus collaboration

The tool was found to strengthen multicampus collaboration through easy access to
information about research activities from other campuses. As such, academic staff
got acquainted with colleagues from other campuses, which then invigorated a
sustainable multicampus partnership and network.

Stakeholders also testified that, while designing the future tool architecture for multiple
campuses, the mindset for multicampus collaboration was stimulated. While
discussing uniformity of deadlines for all campuses, for example, openness towards
future cooperation was stimulated, and spontaneous communication between
stakeholders was enhanced. As such, the mere idea of a shared tool already sparked
multicampus collaboration even before it was even implemented.

However, to collaborate with colleagues from distant campuses is not always easy,
and certain technical issues with the software slowed down the intensification of
multicampus collaboration. Not every supervisor was immediately convinced of the
advantages of such multicampus schemes and more time may be needed for this to
grow.

3.2 Process management

The tool provided a standardized workflow with clear process steps, during which each
stakeholder was aware of tasks and responsibilities. The tool was considered the
backbone of a complex process involving multiple stakeholders at multiple locations.
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The main advantage of the tool was that it collected all proposals within one platform,
monitoring stakeholder accessibility through time slots that were opened and closed
according to a predetermined and transparent timeline. This helped to perform the
necessary tasks in an efficient way throughout the process. As a side-effect, it was
possible to divide the work load among stakeholders, as the tool provided a clear view
of the tasks that needed to be done.

Within this structured approach, the use of the tool remained flexible. As the campus
coordinator had unlimited access to all tool functions during all process steps, this
allowed him to overrule certain tool functionalities in function of occurring needs.
Taking into account the necessary precautions and quality measurements, as was
expected from all campus coordinators, this prevented the software-tool to dominate
over interpersonal contact and ad hoc cooperation between stakeholders.

3.3 Student participation

During the selection period, the tool allowed students to see preferences of their fellow
students, which enabled them to weigh their options and to manage their preference
ranking of subjects. All students were allowed to edit their ranking as many times as
needed as the tool did not register input time, nor the number of changes made.
However, further investigation will be needed to measure the effect of this transparent
student participation in comparison with other procedures.

In the approval and publication period, students were allowed sufficient time to contact
thesis supervisors and external partners, without being pressed to decide quickly. In
this, the tool created calmness in a process that may otherwise be quiet stressful for
students, and stimulated students to obtain a project they are truly interested in.

3.4 Work field interaction

At the early stage of implementation, the effect of the tool on work field interaction was
still rather uncertain, as not many external partners were informed about the new
platform. However, it seems to be a rather promising aspect, as it could provide
industrial partners and research groups with access to the entire student population of
the Faculty through one single platform. More efforts may be needed to promote the
platform among industrial partners. On the other hand, external partners may feel
reluctant to work with supervisors from campuses they are not familiar with or they
may want to select candidates themselves instead of through a tool. These aspects
remain to be investigated in order to evaluate the possible impact of the tool on work
field interaction.

4 CONCLUSION AND FUTURE PERSPECTIVES

A multicampus collaboration platform for Master’'s Theses was successfully designed
and implemented for staff members and students in (Bio)chemical Engineering
Technology at three campuses at KU Leuven, Belgium. The main advantage of this
platform is its support for sustainable and transparent collaboration between all
stakeholders involved in the procedure, including campus coordinators, thesis
supervisors, students, industrial partners and research groups. The platform provides
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transparent procedures and a single login portal, creating easy accessibility and
compatibility.

The results show how the implementation of a software-tool embedded in an online
platform provides organizational support in a complex multicampus process, and how
such a tool can act as a leverage for sustained multisite cooperation. The future
challenge for this platform will be to maintain this leverage function, and to keep up
the necessary investment of human resources in order to enable its effective use for
students, academic staff and external partners. After the first year of implementation,
the multicampus collaboration platform for Master’s Theses has already been adopted
within other Master’s programmes within the Faculty and currently, its model is being
analyzed for broader implementation within other Faculties of the university.

The observations documented in this paper confirm that the use of ICT can enable
more effective use of resources, and provide wider exposure to students and teaching
staff [6, 7]. At the same time, the preliminary results in this paper identify the
complementarity of ICT and human interaction and the need to balance both to
establish a sustainable collaboration platform. As documented in literature, the role of
the educational developer during all process steps, functioning alternatingly as a
facilitator, change manager and coordinator [5], enabled the necessary organizational
support to strengthen transparency, the technological support to help multicampus
collaboration, and the quality assurance to optimize data management.
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Abstract

The aim of this paper is to answer the question: What do first-year engineering students, in a
PBL environment, identify as a good study-day and what can be said from a motivational
theoretical perspective about this kind of day? The ultimate purpose of the paper is to inform
students and teachers within engineering education (EE) about how to spur student
motivation. Research into this field is very limited in an EE perspective.

Empirically the study is based on 8 groups individual students' own written descriptions of
what they have experienced as being a good study-day.

The analyses identifies indicators of students’ individual motivation and discuss what brings
the individual students satisfaction and productivity. The study concludes that first year
students are mainly motivated by mastering something new and supportive communities.

" Corresponding author
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INTRODUCTION

This paper reflects an interest in first-year engineering students’ perception of what
motivates them to study. Research into this field is limited from an engineering
education (EE) perspective and yet highly relevant in terms of the final professional
quality of engineering students and the retention of the same, not to mention the
educational and political awareness these subjects attract (Graham et al 2013,
Thomas et al 2017).

The aim of the paper is to answer the following question: What do first-year
engineering students, in a PBL environment, identify as a good study day and what
can be said from a motivational theoretical perspective about this kind of day? The
ultimate purpose of the paper is to inform students and teachers within EE about how
to spur student motivation to, and maintain it at, the highest level possible.

The paper first presents the theoretical framework used to interpret the collected data,
then we present the methodology used, and finally we go through the results and
discuss them.

1 THEORY ON TOP MOTIVATED YOUNG PEOPLE
1.1 Theory on motivation

Theoretically speaking, motivation has been around for a very long time and been at
the centre of attention within many fields, first and foremost psychology, but also within
social sciences like business and management (see, for example, Higgins 2011).
There is a vast amount of theories and definitions to pick from. Within the educational
field, and especially within the engineering education (EE) field, the interest in
motivational theories has traditionally been limited. To the extent that interest is now
gathering around the motivation of young engineering students, the highly influential
theory of self-determination (SD) has been a preferred frame of reference (Trenshaw
et al 2014, Ohland et al 2015, Catz et al 2018). This approach underlines the
importance of human needs to the attainment of motivation. Three basic needs in
particular, namely autonomy, relatedness and competence, should be satisfied in
order to bring the individual to a high level of autonomous motivation. SD theory
operates with a scale of motivation ranging from not being motivated (a-motivated),
through being extrinsically motivated to being intrinsically motivated (see Trenshaw et
al 2014). In the literature, SD theory has mostly been applied in relation to the
education of young people, with the need for autonomy being singled out as the most
important need, and only a few studies have been carried out about college students
and engineering students (ibid.). In these few studies, relatedness needs and
competence needs are shown to be of most importance, leading to the conclusion that
contextual factors strongly influence what kinds of needs are most important to satisfy
(Trenshaw et al 2016). And since we are looking at engineering students in a specific
PBL context, we would like to utilise a motivational theory a little less generic than SD
and a little more focused on the contextual dimensions of motivation.
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Hein (2013) is a motivational researcher who seeks to understand motivation from a
contextual point of view, focusing on the motivation of creative and highly skilled
employees. On the basis of her research, five different motivational types are
identified, one of which is not motivated at all, but just there for the money. The other
four profiles are motivated either by a work-related cause in itself, by the profession in
two different ways or by keeping up a good work-life balance. The theory is, however,
developed in a work context and not a higher educational context, so we might be able
to use some of the methodology attached, but it makes little sense to regard first-year
engineering students as more than potential creative academics.

Katznelson et al (2018) and Sgrensen et al (2013) have conducted research on highly
motivated young people inside and outside academia from a contextual point of view,
which shows some promise for this study, which is why we will look further into their
motivational understanding in the next section.

1.2 Motivation understood as interaction

Katznelson et al define their motivational understanding both in terms of what it is not
and in terms of what it is:

“We do not consider motivation as something that is or is not. Something somebody just has
and others don’t have. On the contrary, we understand motivation as a dynamic and
changeable size, which must be seen and understood in a concrete context and a specific
cultural and historical context (Pless et al. 2015; Jackson 2006; Lemos 2007). ... [We
understand] motivation as something that arises in the encounter between the young people’s
experiences, interests and motives for participation, what creates meaning for them, and the
cultural practices and frameworks that prevail in the contexts in which they participate.”
(Katznelson et al 2018, pp. 22-23)

According to this line of thought, motivation is understood as an interaction between
the single young engineering student and the immediate situation and context at hand.
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1.3 Five contexts that motivate young people

As regards top motivated students, Katznelson et al (2018) define five contexts in
which highly motivated students find their motivation:

3.Contexts that give
them experience with
coping and success

2.Contexts where 4.Contexts where they
there is prospect and experience making a
perspective for a goal difference and imprint

the world

1.Contexts that spark 5.Relationships that
their desire for push, acknowledge
knowledge and and have expectations
interest for them

Figure 1. Five contexts that motivate young people. Adapted from Katznelson et al (2018).

Context no. 1 regards activities or situations in which the student is motivated by
learning new knowledge; in context no. 2, the student is motivated by future prospects;
in context no. 3, the student is motivated by mastering something new; in context no.
4, the student is motivated by putting an imprint on the world; and in context no. 5, the
student is motivated by a community that supports the student.

While going through the results we will qualify these concepts, but first we want to
introduce our data collection methods.

2 METHODS FOR COLLECTING DATA AND ANALYSING MOTIVATION
AMONGST ENGINEERING STUDENTS

The study is conducted in a project and problem-based learning (PBL) environment at
Aalborg University and analyses both individual and group perceptions and reflections
on ‘what makes a good study day’. The data were collected as part of a bigger
research project on group motivation conducted amongst first-year engineering
students within two different educational contexts — the combined educational subjects
of biochemistry, environmental techniques and biology and the educational subject of
techno-anthropology. Eight groups of students were singled out — four groups from
each educational context. The groups either volunteered or were asked to participate
in the data-gathering events. Three groups volunteered and 5 were asked. Thus, we
tried to avoid systematically biased students, and maximised the chances of diversity.
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The data comprised observation by videotaping, group interviews and written
individual feedback from students.

The empirically data used for the analysis in this paper are entirely based on the
individual written feedback, where 33 students from eight groups were asked — within
15 minutes — to write down an answer to the question: ‘what is the best study day you
have experienced?’. The question was formulated with inspiration from the research
of Hein (2013). She used the same core question (best working day) to make people
talk about their motivation for their work.

The individual descriptions of students’ perceptions of a good study day are interpreted
and decoded by the two researchers using the five contexts as a theoretical map —
first independently and then jointly. Based on these conceptualisations and sense-
making, the descriptions are illustrated in a quantitative image. The image map
provides a quantitative overview of students’ individual contextual motivation. To
provide insight into, and give meaning to, the categories, representative quotes are
selected within each category and disseminated. Furthermore, the 33 descriptions of
a study day are analysed based on their group belonging. Thus, the eight groups are
analysed through the lens of cohesion and diversity, and the two subjects of study
mentioned above.

3 RESULTS — WHAT MOTIVATES ENGINEERING STUDENTS?
3.1 Graphical depiction of motivational contexts

Looking at the statements of the 33 students, in aiming to identify the different types
of motivational contexts that they adhere to, the following picture emerges:

3. Master something
new

2. Future perspectives 4. Putting an imprint

1. Knowledge that 5. Community that

motivates supports

Figure 2. Graphical depiction of the motivational contexts of the 33 students. Each student adheres to
one, two or three motivational types. Most students are motivated by two or three different types. Each
‘" constitutes a statement from a student.
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As can be seen in the figure, the two motivational types that are most adhered to by
the students are being motivated by community support — understood as either the
group or the supervisor — and by being able to master or accomplish a specific task or
challenge. Twenty-eight students mentioned community support and 23 mentioned
mastering something new. Fifteen of the students mentioned being motivated by a
clear future goal, seven mentioned acquiring new professional knowledge in itself and
one student mentioned being motivated by putting an imprint on the world. Across the
eight groups and two educational contexts, some differences could also be identified
(see 3.3).

3.2 The five contexts as seen from a qualitative perspective

To give a more qualitative picture of the five different motivational contexts we have
gathered some quotes that illustrate what the five contexts are about.

3.2.1 Examples of knowledge that motivates

Being motivated by the subject itself was mentioned by seven students. Typical
comments:

"The ideas flew through the room"

"... [we had] a day where we found a really specific and exciting position within our main topic."

3.2.2 Examples of future perspectives that motivate

Six students mentioned being motivated by having clear long-term goals, linked to the
goal of the project:

“... we got the project on track. We then agreed... on a problem statement ... ”

"for the first time we had a common goal and mission, which was highly motivating"

Some of the other 15 students in this category underlined that not only clear long-term
goals but also clear agendas and a clear direction of discussions as well as actually
reaching a goal contributed to having a good study day:

"... Good discussions about potential ways one could go with the project ..."
"You come home and feel that we as a group have moved a good distance closer to the goal."”
"... the days when we know what to do and have a purpose.”

"... to reach a goal that we all agreed on."

3.2.3 Examples of mastering something new that motivates

What the students mention they master are different elements of the PBL process.
Two students mentioned mastering a method for structuring the work process — the
process of brainstorming and delimiting a problem formulation. Another two mentioned
being able to work alone at home and accomplish what they set out to accomplish.
One student mentioned being able to solve a difficult professional challenge in the lab.
Eighteen out of the 23 students in this category talked about different aspects of being
productive — finding a good balance between working hard and having fun, getting a
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accomplishing what was planned:

"There was a good balance between serious work and breaks”
"... a constant flow and a good productivity."
"I liked that we were so structured and got an effective job done.”

Five students talked about succeeding in carrying out collaborative work:

"... we [have] had many days where we do not really know where we are going, then it can be
really nice to suddenly feel that you are moving forward ... if you finally agree on something.”

3.2.4 Examples of putting an imprint on the world that motivates

A single student made a remark that pointed in the direction of being motivated by
putting an imprint on the world:

"I felt that | myself was totally turned on by the project, as we found a subtopic that was
relatively groundbreaking in the field of the study, and generally just interesting."

3.2.5 Examples of community support that motivates

When the students talked about community support, they pointed to different aspects
of social support. One thing that motivates is when the supervisor or the group as a
whole is enthusiastic about what is going on in the group collaboration. Four students
mentioned acknowledgement from the supervisor and three students referred to when
everybody in the group was happy. A specific kind of happiness arose when everyone
in the group contributed and “pulled in the same direction”. Eight students mentioned
this particular trait of a motivating group collaboration. Nine students underlined that a
well-structured group collaboration that supports each other’s activities and/or helps
solve challenging professional issues is very motivating. One of these students said:

"On this one day, the feeling of perdition disappeared and all the frustrations were hidden
away when we saw what each other was really capable of ..."

Social cosiness — having fun while working together — is also a high scorer, and was
mentioned by seven students:

"... it is also those day, when it really has been fun to meet and work together — emphasising
work."

Finally, five students underlined the creation of a generally nice atmosphere in the
group as being very motivating.

"It was awesome, that we had created an environment where it was allowed to ask stupid
questions and where we could help each other ... a feeling that we together improve each
other."”

131



Proceedings of the SEFI 47t Annual Conference - Concept Papers

JEF

132

3.3 Looking at the group context

Looking at the 33 students from a group context perspective it is noticeable that the
group context has an influence on the ways in which each single student is motivated.
Following the individual analysis it is not surprising that ‘mastering something new’
and ‘being supported by community’ also dominate the analysis on a group level.
However, it is not random how these motivational contexts are mentioned within each
group. There seems to be a pattern where group members either highlight ‘mastering
something new’ or ‘being supported by community’ as the dominating motivational
context, except for two groups that have a somewhat scattered outcome. Among the
six groups that align internally, there is an even balance between groups focusing on
‘mastering something new’ and groups focusing on ‘being supported by community’.
The groups thus reflect diverse values and underlying motivational context
connections, which seem to have developed within each group as a dominating
motivational context.

Looking at the groups from a subject perspective there seems to be a tendency for
techno-anthropology groups to highlight ‘being supported by community’ as the
primary motivational context, whereas biochemistry, environmental techniques and
biology students have a tendency to highlight ‘mastering something new’.

4 WHAT CAN WE LEARN FROM THIS AS EDUCATORS?

Returning to the initial question — what do first-year engineering students, in a PBL
environment, identify as a good study day and what can be said from a motivational
theoretical perspective about this kind of day? — the analysis of the 33 students’
answers to this question show, through analysis according to Katznelson et al.’s
motivational contexts, that students are most motivated by a ‘community that
motivates’, which to a large extent can be related to collaboration processes and social
relations within the group. But also, the ability to ‘master something new’ comes out
with a very high score, which relates mostly to the students being productive and
efficient. This is interesting as the students are first-year students and thus newbies in
a PBL learning environment that implements a student-centred learning method. This
method requires a high degree of self-determination, which it seems the students
relate to, in the form of pursuing productiveness. Fewer students mention ‘future
perspectives' as a motivational context — e.g. obtaining a clear problem formulation or
the experience of working towards a clear direction or even just a clear agenda. The
feeling of structure and perhaps some degree of security seems important, as a PBL
process might be experienced as an uncertain way of learning compared to a more
traditional teacher-centred approach, which most students have been used to from
high school. Less than a quarter of the students are motivated by the engineering
subject knowledge itself. This may seem surprising, but for the first semester the PBL
projects are new and the semester does have learning outcomes that contain PBL
competences that the students must acquire. Only one student gave an answer that
pointed in the direction of being motivated by putting an imprint on the world. Again,
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the context is first year students in a new learning environment, indicating that learning
resources are focused on these matters.

The analysis of answers from students across the eight groups shows a balance
between groups focusing on ‘mastering something new’ and groups focusing on ‘being
supported by community’. This indicates the development of norms within the groups
in regard to which motivational contexts are considered important. Looking at the
groups from a subject perspective, there seems to be a tendency for techno-
anthropology groups to highlight ‘being supported by community’ as the primary
motivational context, whereas biochemistry, environmental techniques and biology
students have a tendency to highlight ‘mastering something new’. Based on this, it
may be possible to formulate a hypothesis that different academic subjects attract
different students who are motivated by different external contexts or that the
academic contexts themselves are biased towards one or other form of motivational
context.

This study into motivational contexts indicates that first-year engineering students from
a PBL environment, and based on their own descriptions of what they consider to be
a good study day, are motivated by collaboration processes and social relations, and
further the feeling of mastering something new, more than by future perspectives or
the subject knowledge itself. This is of importance for us as supervisors and teachers
in the first year to know and take into consideration when we aim to motivate our
students.
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ABSTRACT

New technologies appear increasingly in engineering education and create a
pressure on the didactic design to keep up in adapting. Some teachers take the lead
and try out various e-learning tools, but the main question is how do we lift an
entire department from traditional didactics to a mindset and skills for e-
learning didactics? This paper will explore: What are the main barriers and drivers
for e-learning teaching development — and how should we consider this in an
implementation plan?

Many teachers in our department are well on their way in using e-learning elements
and we have interviewed a representative range of teachers individually to identify
the most relevant questions, before we in fall 2019 interview all faculty members (70
persons) individually and all external professors (33 persons) through a
questionnaire. We will move all courses to a new and better Learning Management
System in September 2019 and during this establish a common approach and
implementation, using change management inspired by the ADKAR-model. ADKAR
stands for Awareness, Desire, Knowledge, Ability and Reinforcement.

The benefits of improved learning technologies are obvious, just as there are many
examples of stand-alone first movers in engineering education. There are, however,
fewer studies dealing with the individual teachers’ motivations for developing e-
learning skills. We will in the future focus on how to motivate and support the
majority of teachers in getting on board with e-learning teaching.
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1 INTRODUCTION

The department and the university have both had a 100 % increase of students in
the last 10 years and expect this growth to continue, just as the university is in the
process of renovating and modernising the classic teaching areas and the study
areas and at the same time expands the laboratory facilities significantly. The
teaching and learning is therefore in a transition process and will be re-evaluated
and most likely transformed in order to create an improved learning environment. An
essential part of this transition is to change the mindset of the teachers and to
incorporate the e-learning mindset and skills in the transition, which we will look into
in this paper.

Learning technologies are increasingly making their way into higher education with
great potential for enhancing learning [1]. However, it is also clear to us, that an e-
learning mindset and skills to develop interactive and engaging e-learning has not
quite reached the maijority of teachers at our department of civil engineering just as it
is the case at other departments and other universities [1]. In order to gain the many
benefits from learning technologies, such as more interactive and engaging learning
experiences, flexibility, scalability, internationalization and individual learning paths,
we need a more widespread use. That is why this paper will focus on how to
motivate and support the majority of teachers at a department in developing e-
learning skills, getting an e-learning mindset and use e-learning in their teaching.

This is a work-in-progress towards defining a strategy and a plan of action for the
department regarding e-learning. A main challenge in this project is the area of
tension between setting goals for teaching activities and the Danish academic
tradition of the teacher’s freedom of method.

This means in our opinion, that we can argue a lot in favour of using e-learning and
list all the benefits without a significant shift in the use of e-learning. As we see it, we
need to address the teachers’ barriers and drivers (motivation factors and needs) in
order to get more teachers engaged in using e-learning and benefiting from the new
opportunities.

Our stepping-stone in the drive of this shift is the launch of a new Learning
Management System (LMS) that is chosen for its ability to support online and
blended learning and offers a range of built-in learning technologies. The benefits
from this shift requires, however, a change of habit for the teachers and their
acceptance of letting go of their normal control of a course. Many teachers have
already without coordination started using e-learning tools and activities in their
courses, but the department still lacks a complete strategy and action plan for this
development.

We are not presenting a tried and tested implementation strategy, but we will present
and discuss the approach that we will use to establish the strategy.
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2 DEFINITIONS AND SCOPE

The term “implementing e-learning” is widely used, but with various perspectives. It
requires a definition and clarification as to what constitutes e-learning in the specific
case. Furthermore, an implementation strategy for e-learning also has a wide scope
from everything regarding technical issues and choice of system and tools to
pedagogical principles, organizational readiness and change management. In order
to clarify the scope of this paper we shall begin with defining our perspective on e-
learning implementation at our department.

2.1 How do we define e-learning?

The term “e-learning” can be used for anything from the use of a simple digital
learning tool to describing courses and educations that are entirely online.

Dimensions of e-learning can also be used for clarifying purposes as described by
Wagner et al. [2] who list the following dimensions: Synchronicity (asynchronous or
synchronous), location (same place or distributed), independence (individual or
collaborative) and mode (electronically only or blended). These illustrate the nuances
and variety of what constitutes e-learning.

Like the term e-learning, blended learning is also used as a very broad term. It
comprises both face-to-face learning and some form of online learning in a “blend”
that should seek to take the advantages from both forms to get the optimal blend [3].
However, in practice the term is often used for courses that make use of online
learning activities as “add-on” to traditional learning, while maintaining traditional
lectures.

At the furthest end of the scale, a vision for e-learning implementation in higher
education can be where “virtualisation and remote working technologies will enable
us to study at any university in the world, from home” [4] — meaning that entire
educations and degrees will be made accessible online in the form of e-learning.
This vision requires a university wide transformation.

At the other end of the scale (in the broadest sense of the term) one could argue that
using a webpage for course information and an LMS for access to course material,
timetables and for sending announcements is e-learning. We do not consider this
simple use of an LMS for administration as e-learning.

In our definition the use of integrated learning technology such as quizzes, peer
review and videos will constitute e-learning.

In our current vision for our department, we will focus on promoting and enhancing
the use of effective blended learning, as this would maximise the range of
pedagogical options.

2.2 Changing the pedagogical principles
Implementing e-learning involves a change in the pedagogical mindset.
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“One of the most crucial prerequisites for successful implementation of e-Learning is
the need for careful consideration of the underlying pedagogy, or how learning takes
place online. In practice, however, this is often the most neglected aspect in any
effort to implement e-Learning.” [5]

In order to get the full advantage of e-learning through blended learning, the mindset
and approach to teaching and learning would have to shift [6], where the teacher
become a learning journey facilitator and let go of the traditional role as lecturer and
thus let go of the control. This is a big change and requires both courage and a
different set of skills than the classic teacher skills.

We expect this scenario to be the future for higher education learning, but it is not
something that happens quickly or easily. Instead of setting the bar too high up front,
a step-by-step approach seems prudent. For this reason, our first goal is getting all
teachers accustomed to the basic use of our new LMS while inspiring them to
experiment with the more advanced learning technologies that are accessible.

2.3 Implementing the change

There are many ways in which to address an e-learning strategy and implementation
plan. The most important stakeholders are the teachers, the university and the
students. From discussions with students, we know that they have a positive attitude
towards increased use of learning technologies providing they are a real help in their
learning, but we will not look further into the student perspective here, nor on the
university situation. In this work-in-progress project, we will focus on the teachers as
stakeholders, their motivations and barriers.

Our perspective on implementation will focus on the teachers’ barriers and drivers for
using e-learning. This will be the foundation of an implementation plan considering
the principles of change management and exploring the various ways in which to
support the teachers in getting the necessary knowledge, skills and experience in
using e-learning.

3 METHODOLOGY

Based on a combination of literature review and our preliminary findings in the initial
interviews with teachers at our department, we will identify the drivers and barriers
for e-learning implementation, and propose a plan for developing e-learning skills
and e-learning mindset among the teachers.

3.1 Reported experiences in other investigations

In a literature review on e-learning readiness factors in higher education [7] the
authors conclude that skills and attitudes are the most significant factors in e-
learning readiness. Another study [3] reported that the stated individual barriers in
using e-learning are lack of time, lack of technological knowledge and skills, lack of
incentives, lack of recognition for the work involved and organizational lack of policy,
planning and support.
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Lack of time and lack of knowledge, skills and experience are also mentioned as
challenges in [8] & [2], where the last added that fear of student acceptance may be
a barrier as well. Factors which are likely to increase motivation have been reported
[4] as “the potential to reach new students and experiment with new technologies”
whereas “inadequate technical support, time, and recognition of the work involved” is
likely to decrease motivation.

The implementation process itself is well described by Blackburn [6], who points out
the fact that “Change is often initiated by school administrators, not the teaching staff
themselves.” This type of change often meets resistance because it entails a
demand for acquiring new competences and spending time producing e-learning.
Extra time that the teachers do not have. An imposed change in the fundamental
ways of teaching is thus a barrier to be taken into account.

3.2 Initial interviews with teachers — preliminary findings

From our sample interviews with representative teachers — 6 teachers, one from
each section at our department — we have gathered an overview of the drivers
(Table 1.) and main barriers (Table 2.) that the teachers have for e-learning.

Table 1. Drivers

Intrinsic motivation

- A desire to create the best possible learning design — better quality in
learning
- A desire to develop and a curiosity and interest in new tools and technology
- A desire to be more efficient in course administration by using automated
processes
Extrinsic motivation

- Solving a problem (burning platform) that requires a new course of action
- Reward and recognition

- Dedicated resources such as time, money or support

- Command (being required to do so)

Table 2. Barriers

Time
- Finding the time — to learn how and execute (skills)
- Lack of acknowledgement of time used
- Time away from research
Change of habit
- Hard to take the first step / getting started
- Hard to do something different from what you are accustomed to do
- Worry that it requires too much, need to rethink your entire course design
Fear
- Fear of not being the expert from lack of experience
- Fear of letting go of control
- Fear of trying something new and out of comfort zone
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Negative attitude towards e-learning

- Disagreement with the pedagogical principles of e-learning
- An understanding of e-learning lacking the human interaction

Rules and practicalities

- Concern about living up to requirements (Current statement from our university
is that the implementation of e-learning may not result in less face-to-face time
between teacher and students).

- Not all educational content is suited for e-learning

We will investigate further into the drivers and barriers drivers for e-learning
implementation by individual interviews with all our teaching staff this fall. The results
will help determine which of the factors are dominant at our department and help in
targeting the most important areas in the implementation plan. The interviews will
also provide relevant successful use-cases of different learning technologies and
pedagogical methods that can serve as inspiration and knowledge sharing within the
department.

4 IMPLEMENTATION AND CHANGE MANAGEMENT

Any implementation process is a change — and in order to succeed with the
implementation, it is necessary to recognize the need for change management and
the focus on helping individuals move from one standpoint to another. The ADKAR
change management model is a way of understanding the steps in a change process
[9]. ADKAR stands for Awareness, Desire, Knowledge, Ability and Reinforcement.
An important point is respecting the fact that the steps are addressed in this order.
Moving forward too fast without people accepting the current step will not lead to
success.

In our case with the launch of a new LMS, we started creating awareness well in
advance. We introduced the notion of a new LMS arriving soon at department
meetings. The message came from our head of department to underscore the
benefits and necessity of the change and the alignment with department and
university strategy. From there on, we recruited “pilot” teachers from each section
being the first to try out the new system for a semester while getting their ongoing
feedback about issues that needed to be solved for a smooth transition to this new
system. The next step of creating desire for the change is perhaps too ambitious. We
focused on getting acceptance of change and overcome resistance to engage. At
this stage, the pilots already played an important role as the teaching staff was
presented with respected peers who had made the change to the new LMS and
shared their honest opinion and experience of the required effort, benefits and
necessary change of habits. At a department workshop for teachers, we combined
knowledge and ability by presenting the basic guide to getting started with the new
LMS and engaging the teachers in using the system right away and migrate their
courses to the new platform.
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Getting the teachers to practice their ability to use the new LMS will be our focus in
the coming period combined with providing just-in-time knowledge, best practice
examples and individual support. As more teachers become accustomed to the basic
features, we will present them with the possibilities of the more advanced features.
We also need to consider how to provide reinforcement to sustain the change and
the continuous progress. How can we provide acknowledgment for teachers well on
the way?

This implantation plan currently only focuses on implementing the new LMS. We
wish to expand the scope to the broader sense of e-learning implementation.

Our plan is supported by Blackburn [6] in his best practice advice for successful
implementation, which furthermore includes providing funding and support to
teaching staff that are re-engineering their course designs, creating a Community of
Practice (CoP), recognize and reward teaching staff who reuse open learning
materials. Finally, to accept resistance as part of the process and be prepared to
deal with it.

5 DISCUSSION

We believe that a successful implementation of e-learning will require an effort on
many different levels and that we must allocate resources to support the process if
we wish to increase the degree of success. Now that we have begun the process,
our focus point will be on

e Offering just-in-time-support to teachers as well as reaching out and follow up
on teachers getting started.

e Expanding on the help resources and guides for learning technologies and
pedagogical principles for e-learning.

e Interviewing the teachers to get information regarding their experience with e-
learning that can be used as showcases in knowledge sharing.

e Arranging short workshops that will dive further into specific advanced
functions in the LMS and relevant e-learning tools.

e Cultivating communities of practice for e-learning at our department over time.
This has begun with arranging network meetings for the “pilots” that were the
first to use the new LMS.

We will during the process look further into approaches, which further support the
drivers and reduce the barriers. The questions are, however, which initiatives beyond
what we have already stated should be considered? What other possibilities might
there be for giving incentives for using e-learning? Should we consider a type of
reward as motivation?

"Extrinsic rewards can be used to motivate people to acquire new skKills or
knowledge. Once these early skills have been learned, people may then become
more intrinsically motivated to pursue the activity.” [10]

It is a question of how such acknowledgement and rewards can be used best in an
academic community.
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6 FUTURE WORK

This paper represent our work-in-progress towards an e-learning strategy and plan
of action. We have focused on the more practical side of an implementation plan for
our new LMS, which in time should lead to more use of e-learning.

In a larger perspective, we are interested in the strategic framework for our
department in regards to e-learning. The next step will be to define the criteria for
success and how we determine progress. This raises the questions: What are the
ways to do this — both in quantity and quality? Do we measure number of courses on
the new platform? Number of courses using advanced features, such as group
enrolment, peer review, videos, quizzes? Number of courses using Flipped
Classroom? Number of entirely online courses? Furthermore, what is the best way to
measure effect on learning outcome?

We can measure the effect of the new use of e-learning by comparing: Grades,
number of students completing the courses, number of students dropping out,
student satisfaction with the courses. Will that be sufficient?

Other relevant questions that we have encountered in this process are: What are the
basics in pedagogical principles and didactics for e-learning? What does a teacher
need to learn in order to be able to develop online or blended learning courses?
Alternatively, from another perspective one could raise the question: Should all
higher education teachers in time be able to produce e-learning — or would it be
more effective to flip it — where the course design, structure and production is
determined by an e-learning team and the teacher provides the contents?
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ABSTRACT

Giving free access (student licenses) to particular software packages is one of the
greatest financial support one in their years of education can get from the university or
software providers. However, it is worth taking a look at the circumstances of the
installation process.

Students at Budapest University of Technology and Economics experienced some
serious difficulties while installing MatLab, a multi-paradigm numerical computing
environment, which is continuously used during the B.Sc. and M.Sc. studies.

This problem may cause some legal trouble because we all know the similarities
between university students and electricity - they follow the path with the lower
resistance. University governances should also definitely consider this when setting up
their software license-system, as a sufficient number of students will choose illegal
ways to get access to a software if it is easier than getting it through the university
licence.

We examined mechatronics engineer freshmen (Department for Mechanical
Engineering) of the university installing student-licensed MatLab on their own laptops
performing (second level) TAP. An open source software, Inkscape was used during
the experiment as a reference.

Our main aspects were: how time-consuming and how mentally stressful it is for
students to acquire the software.

To get exact and numeric values of the latter, NASA Task Load Index papers were
used after each software got installed.

1 INTRODUCTION

Usability testing evaluates ease of use [1], where real end users are testing hardware
or software products whilst the process is being monitored by researchers. It does not
perfectly mimic real-life use, but it is the closest one can get, and gives relevant results.
This type of testing is best with five participants [2] as this way relatively few resources
are needed whilst around 85% of the possible problems and stumbling blocks can be
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found. Usability testing is also not relatively new practise, earliest sources specifically
about usability testing found during our research date back to 1993 [3].

In our research, we focused mainly on the installation progress of software. These days
— when one has become so accustomed to software updates and new installs — it has
almost become an automatic process one barely pays any attention to, unless facing
difficulties, or when having to follow a specific, sometimes counter-intuitive process.

Such specific processes often make an appearance in the installation of software for
student use. This article will be focusing on software packages intended for use by
engineering B.Sc. and M.Sc. students, more specifically how these software packages
can be claimed and installed.

Starting an engineering B.Sc. can be overwhelming considering all the new
impressions, one of which is all the new software that is to be installed and put to use.
The software can be divided into several sub-categories[4] such as freeware, single
user licences which are linked to site registration, software distributed by the university,
multi-user licences etc.

When starting university, students of the Budapest University of Technology and
Economics (Budapesti Miszaki és Gazdasagtudomanyi Egyetem, BME) do not get
onboarded in a sense that they get a full software package or complete instructions on
how to obtain all required software for the respectable faculty, instead there is sporadic
information given by the university along with some student-to-student guides. There
are many possibilities for legal downloads for software like MS Windows and Office,
Ansys, Wolfram Mathematica, Autodesk Inventor, Catia, Creo, SolidWorks, MatLab
etc., which all have very different processes for acquiring the licences.

In this paper the aim is to bring forward the process of the MatLab installation, and to
point out the many stumbling blocks that can pop up during the process. There is a site
operated by the IT directorate of the university, which was specially created to describe
and help with the process of the MatLab installation, however multiple ways are listed
on how the software can be installed legally, none of which is clear-cut.

For this research we performed a usability test on the MatLab installation progress.
Participants were asked to think aloud while performing the installation, while it was
emphasized, that it is not their performance that is measured, but rather the reoccurring
problems in the installation process.

2 METHODOLOGY

The aim of this study was to measure the following characteristics of the installation
process of MatLab with student licence at the Budapest University of Technology and
Economics:

¢ installation time;
e frequently occurring errors;
e and the strain the process puts on students.

The study took place at the Budapest University of Technology and Economics,
building Q. Six participants were included, who studied mechatronics and were in the
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beginning of their second semester of B.Sc. the time the study was performed. We
analysed the study’s sixth participant’s case later; the whole task was competed by
five people. All but one of the participants were male, with relatively high experience in
the field of informatics.

We informed the participants about the purpose and details of the study and assured
about the safety of their personal data and that not their performance, but the
installation process is being investigated. We also informed them about the scientific
method, which was used: level 2 Thinking Aloud Protocol.[5]

The circumstances of the study were equal in all six cases: the same room and wired
Internet connection was used. (MatLab can only be installed using the university
network or VPN). Minimum two of us were present to obtain objective results.

To complete the installation process with this kind of licence, one must possess a
registration to a university server. Since this registration process has an estimated
lead-time of two to three hours, we asked the participants in an e-mail to complete this
registration in advance. This preparation did not affect the testing of the installation
procedure.

The participants used their own laptops for installation purposes, we compensated the
variances in download and installation time, that arose from the performance-
differences of the computers during the analyzation.

We used a questionnaire in order to collect information about the awareness about
student licences provided by the University. We wanted to find out whether participants
have known about the following free student software before the study application:
Windows10, Office365, MatLab.

Since none of the participants were familiar with the TAP method before the study, we
added a training exercise to the research. We asked the study subjects to think aloud
while downloading and installing a free screen and voice recording software,
ThunderSoft Screen Recorder[6], the recordings of which were the main source of
information and data (time, recorded video of the screen and the voice of the
participant) for the analyzation. We used another voice recording device (a mobile
phone) as data authentication.

This training task was not recorded. The recorded and examined study contained the
download and installation of two software packages: Inkscape [7], an open source
drawing software (used as a sample to estimate the temper and attitude towards
software installing of participants) and MatLab, the main subject of the study, a multi-
paradigm numerical computing environment developed by MathWorks.

We sent an e-mail to the participants, which included the two webpages, from where
the examined processes started. To each exercise belonged two worksheets: one for
the subject, which included the detailed steps of the exercise and one for us on which
the common mistakes (guideline was created pre-research based on our personal
experiences), successfulness of the participants and notes were marked.
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After each exercise we asked the subjects to fill in a Nasa Task Load Index paper [8]
(translated to Hungarian by us), which measured the participants’ subjective opinion
on the exercise and on their own performance.

Finishing both tasks, we asked participants to grade the study itself and the our
attitude. We also graded the subjects according to the following aspects: experience
with computers, tiredness after the tasks, attitude to the tasks, attitude to (incidental)
failures, efficiency of the TAP method-usage.

We fed the collected data into a spreadsheet software, which was used for analyzation
as well. The analysation was led through the frequently occurring mistakes of
participants (rated with checkboxes) and successfulness of the participants (rated on
bars 1-5; 1 — could not absolve the task; 5 — perfectly completed without help).

The whole recorded time/participant was divided into: Inkscape time, MatLab time and
NASA TLX time, which was not counted as valuable working time. Both the MatLab
and Inkscape times can be divided into ‘thinking’ and ‘loading’ time. Since the ‘loading’
time depends on the computer, the study concentrated on comparing the pure
‘thinking’ times of the two software packages. We also examined the correlation
between the experience with computers (the researchers’ subjective opinion on
participants) and time (participants spent on finding the way of installation).

The evaluation of NASA Task Load Index papers was essentially the visualization of
rating scales.

3 RESULTS

The data collection resulted in 6 hours, 26 minutes and 55 seconds of screen videos
and voice records. The notes made of analysing these data take up six A4 pages.

Since the participants used their own laptops for the study, it was important to eliminate
the ascending differences. The solution for this problem is to compare the previously
defined ‘thinking’ times instead of all the times needed for each software.

90

B Inkscape 'thinking' time

N 0
o O

O Matlab 'thinking' time

Time (min)
=, N W B U1 O
o O O o o o

o

_ _ [ ] - —
1 2 3 4 5
Participants

Fig. 1. Comparing Inkscape and MatLab 'thinking' times

An important part was to evaluate the results of the NASA Task Load Index paper,
since one of the study’s most important aims was to examine the strain the process
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puts on students. The results show, how participants felt about the installation process

of each software.

It was also interesting, which of the pre-determined mistakes in the installation process,

based on our personal experiences occurred most frequently.

Mistake Frequency
Gets lost in the guilde on the website of the BME IT directorate 4
Can not log into the @hszk.bme.hu e-mail account 4
Gets distracted by the 'set location' pop up window on the website of 3
Mathworks
Gets confused about the licence assignment 3
Gets confused about the warning sign showing the end of the licence
period on the website of the BME IT directorate
Does not tick 'l agree' when signing in to the BME accadmin account 2
Does not find his e-mail address on the BME accadmin interface 2
Does not know his password to his @hszk.bme.hu e-mail account 2

Table 1. Pre-determined mistakes in the installation process
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Fig. 2. NASA Taskload Index: average values of particpants'

answers

No other mistake with the frequency of more than one occurred during the study.
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The main steps of the installation process were rated on a bar.

0[1]2]3

where:

0 means the participant could not complete the process
1 means the participant could do the task, but with a lot of help
2 means the participant could do the task, but needed a little help

3 means the participant could do the task without any help

Task Average score
Finds 'ways of installing MatLab for students' 2.6
Logs in to his accadmin account 2.2
Creates Mathworks user account 1.6
Verifies his Mathworks account 3.2
Downloads the installer from his Mathworks account 2.8
Logs in to his Mathworks account inside the installer 3

Table 2. Average scores of task bar gradings

In one case, rating the e-mail verification process (containing logging into the hszk e-
mail account), we used a longer bar (with 5 options for rating).

This chart shows that no real correlation between the subjective value we assigned to
each participant from the aspect of experience in the field of informatics and the
‘thinking’ time of each software.
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® Inkscape 'thinking' time
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Fig. 3. Correlation between experience in IT and 'thinking'
times
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4 DISCUSSION

We concluded this study because we had found it extremely difficult to install this
software on our computers and wanted to help the next generation of students by
identifying the main problems of the installation process and making suggestions to
improve it. The above discussed problems encountered by the participants which
occurred during the installation process could be derived from some well outlined
sources, mainly associated with the IT infrastructure of the university.

First, the students had to receive information about the existence of the university’s
MatLab student license. It would be considered ftrivial, whilst this information is manly
spread verbally and by some posters around the building of the Institute of
Mathematics.

After making the decision to install the software on their computer an overcomplicated
guide about every possible way of the installation process is provided on the site of the
BME IT directorate. The guide lacks the description of some non-trivial steps of the
installation and lead the participants to a set of not quite ergonomic webpages.
Furthermore, the guide is only available on the university’s local network (or via VPN),
which is quite inauspicious taking the usual 90-120 minutes length of the installation
process into consideration.

During the installation process the students have to use several accounts and login
credentials associated with different departments of the university. This caused serious
drawbacks for the participants, who confused these accounts and could not find out
what their passwords were since none of them used a password-manager. Some steps
of the process, particularly requesting access to the mail server and changing the
password associated with the webmail service require up to 2 hours (added to the
usual 90-minute installation length), or even more on weekends. This is enough time
to make the students rethink their decision about the installation or just simply forget
about starting it at all.

Finally, after all these hurdles the otherwise ergonomic website of MathWorks made it
quite difficult for the participants to find the download icon for the installer. We even
had a sixth participant who completed the whole licence acquisition process and only
applied for the research to get help finding this icon.

After downloading the installer the installation ran smoothly until the point where they
could choose between two ways to associate the university student license with the
installed software: by logging in to the software with their account or by typing in a
licence key that is provided on the website of the BME IT directorate. The first method
is totally sufficient and the presence of the second one in the installation guide only
made the participants hesitate.

These difficulties could possibly lead university students to illegal solutions, causing
financial disadvantage for the university, the software developer and their own legal
endangerment.

Whilst organizing the results and clarifying the suggested installation process an
exploit was found. The BME Matlab licence works by associating a licence based on
the email address of the registered MathWorks account. Therefore, everyone in
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possession of an email address ending with ‘ome.hu’ is eligible for a BME Matlab
licence. However, students have two of these email addresses the one from the
Student Computer Centre (Hallgatéi Szamitégép Kozpont, HSZK, @hszk.bme.hu) and
the one for the BME Microsoft Office Student licence (the @edu.bme.hu). Acquiring an
additional Matlab licence for the same student but with the @edu.bme.hu email
address was successful implying that every student of BME could have at least two.

For the future, we suggest the simplification of the credentials associated with the
students by giving students one university email address (@edu.bme.hu), which could
be used to manage every and any IT system connected to their studies. We also imply
the creation of the matlab.bme.hu website with a simplified, univocal guide for students
on the frontpage about the installation process that is accessible not just on the
university network. We would like to cast light on the problem of multiple licences. For
now, we suggest the use of the @edu.bme.hu email address for students to acquire
the licence simply and without having to use outdated, not ergonomic, confusing
websites.

This research could be used to provide methodology for other software installation
usability tests. We fulfilled our main goals with the research by confirming that the
current method of installation is not optimal, by determining the main obstacles and by
finding a more straight-forward way for the installation. Our suggestions will be sent to
the responsible personnel at the Institute of Mathematics, and hopes are that by
cooperation, the installation process can be reviewed by the start of summer 2019.

5 CONCLUSION

As a summary, we performed the planned TAP interviews, recorded and analysed
data. We found no correlation between the subjective experience of the participants in
IT and the ‘thinking’ time of each software. The ‘thinking’ time for MatLab was on
average 10 times longer than that of Inkscape and the participants subjectively found
it to be more difficult. We found that the information about the licence and the
installation process is mainly spread by student-to-student communication rather than
via emails and websites from an official source. We discovered missing steps in the
installation guide that could be considered the main reason for the long installation.
The several accounts and credentials the participants had to use during the installation
confused them. The problem of multiple licences for students was revealed during the
end phase of the research. The not suggested second acquisition process took less
steps, time and was similar to an ordinary student licence activation, like Autodesk’s.

For the future, we suggest the simplification of the credentials by managing every and
any IT system connected to the university with one email address. We propose the
creation of matlab.bme.hu to provide an optimal guide for the installation. For now, we
imply the use of the @edu.bme.hu email address for the acquisition of the university’s
MatLab licence.

The research could be continued by designing the matlab.bme.hu website and
measuring the number of its visitors and the number of MatLab licence activations.

Despite all the problems this study discussed about the installation process of MatLab,
the availability of this software is a great support from the university for students. With
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just a few changes introduced in the installation process, the rate of students using the
university’s MatLab license legally could see a substantial increase. We hope to see
these changes in the future and that our study provides help for all the involved
personnel.
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ABSTRACT

Course evaluation has become standard in higher education organizations. However,
when evaluation is not aligned to course design and development, its results are
underused and its realization is rather routine than purpose driven. In order to
improve student learning, a master course on ship vibrations at a German university
was redesigned considering the conduction of online surveys at the beginning and
end of the term. Starting point of the redesign of the here analyzed course was the
observation that in preceding semesters students didn’t perceive the course’s
practical relevance, showed poor motivation and didn’t achieve satisfying levels of
learning outcomes. Therefore, three new didactical elements were introduced:
computer assisted assignments, lecture related home study assignments and guest
lectures. Students were asked about motivation and prior knowledge in the beginning
of the course and evaluated the new course elements, the course’s professional
relevance and their achievement of learning outcomes in the end. Linking the data
via self-generated identification codes allowed us to assess intra-individual learning.
The results show that there has been considerable improvement concerning the
perceived professional relevance, but only moderate improvement regarding learning
outcomes. This offers the opportunity for further development of the course. In the
concept paper, we discuss different means of increasing professional relevance in
naval architecture courses and describe the process of design, evaluation and
redesign of this course, which can be seen as good practice for evidence-based
teaching development.
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1 INTRODUCTION

Course evaluation has become standard in higher education organizations [1].
However, when evaluation is not aligned to course design and development, its
results may be underused and its realization is rather routine than purpose driven.
This may lead to discontent with the whole process of evaluating teaching and
learning among both teachers and students. Its main purpose, to enable
improvement of teaching and learning, may fall behind [2].

In order to improve student learning, a master course on ship vibrations at a German
University of Technology has recently been redesigned. Starting point of the redesign
were the results of previous course evaluations, where students reported a perceived
lack of practical relevance of the course, and the observation that students showed
poor motivation and didn’t achieve satisfying levels of learning outcomes. Therefore,
three new didactical elements were introduced: computer assisted assignments,
lecture related home study assignments and guest lectures.

Following the idea of “system alignment” [2], the use of existing evaluation data and
the collection of further feedback data from students was integrated into the process
of the course’s redesign. In addition to existing evaluation data from previous
semesters, survey data were collected online at the beginning and end of the term.
Students were asked about their motivation and prior knowledge in the beginning of
the course. Furthermore, they evaluated the new course elements, the course’s
professional relevance and their achievement of learning outcomes in the end.
Linking the survey data via self-generated identification codes allowed assessing
intra-individual learning and change of attitudes towards the course [3]. These data
were used to evaluate whether the introduction of the three new didactical elements
had brought about the desired effects: an increase in professional relevance of the
course perceived by students, an increase in students’ motivation and a raise in
levels of achieved learning outcomes.

In this concept paper, we describe the case of the course on ship vibrations and the
point of departure for revising the course design. We discuss different means of
increasing professional relevance, motivation and learning outcomes and explain our
choice of new didactical elements. Moreover, we describe the process of design,
evaluation and redesign of this course, integrating the collection and analysis of
student feedback data. Aim of this article is to present one example of good practice
for evidence-based teaching and learning development in engineering education.

2 REDESIGNING A MASTER’S COURSE ON SHIP VIBRATIONS
2.1 Context of the course

“Ship vibrations” is a mandatory weekly course in the first semester of the master
program “Naval Architecture and Ocean Engineering” at a German university of
technology. It comprises a lecture and a recitation section and is normally attended
by 20 to 30 students. The course aims to build up students’ knowledge on the
principles of ship vibrations, on its fundamental causes and sources that lead to non-
comfort or even structural damage, on its consequences and possible mitigation
methods. Concerning professional skills, it is the course’s learning objective to
enable students to detect vibration-prone components on ships, to model the
structure by appropriate system analysis, to select and apply suitable calculation
methods and to assess the results. Referring to social competencies, students are
expected to be able to communicate and cooperate in a professional environment in
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the shipbuilding and component supply industry after the course. All learning
objectives have a clear emphasis on the professional relevance of the course.

2.2 Point of departure for redesigning the course

Originally, the course’s syllabus was split into two parts that were conducted by two
separate institutes. Due to insufficient coordination between the institutes and
frequently changing teachers in the past, there was a lack of coherence of contents.
Furthermore, previous course evaluations showed that students didn’t perceive the
course’s contents as professionally relevant, and attributed the course with low levels
of applicability for industrial processes. This clearly contradicted the course’s learning
objectives focused on professional relevance. Referring to Biggs’ approach of
constructive alignment, students did not perceive the course as meaningful for
themselves [4]. This context probably explains the observation that students didn'’t
show high motivation for the course and had unsatisfying examination results.

In the winter term of 2017 the course was handed over to one of the two institutes
which offered the opportunity for redesigning the course by clearing up the courses
syllabus and increasing coherence of contents. Moreover, there was an obvious
need to align learning objectives, teaching methods and the final examination format.
In cooperation with the university’s center for teaching and learning, the teacher
responsible for the course formulated three main goals for the redesign, referring to
the initial situation described above:

(A) to increase the practical relevance of contents and methods taught in the
course and students’ perception of it,

(B) to increase students’ motivation for the course, and

(C) to enhance learning outcomes.

Referring to Edstrom’s “desired outcomes of engineering education” [5], these goals
touch several layers of outcomes and follow the overall aim to align educational and
professional practice. Improving learning outcomes here refers to knowledge and
skills improvement, application-orientation and the production of “graduate engineers
capable of purposeful professional practice” [5]. In order to reach these goals,
several teaching methods were considered to be implemented.

2.3 Concept for the redesign

Literature suggests several factors that motivate students in higher education.
Establishing relevance, among other factors like “establishing interest” and “teaching
for understanding” [6], is seen as central, so there is a strong relationship between
students’ perceptions of relevance and motivation. Especially, linking theory and
practice and applying theory is seen as motivating for students [6]. Thus, creating
professional relevance and including exercises, that give students the opportunity to
assess their understanding, can be seen as tools increasing motivation.

Due to the digital transformation of society and industry, there’s a strong need for
engineering education to include new technologies into the curriculum [7]. Students
are demanded to develop digital competences during their studies in order to be
prepared for their future jobs. Digitalizing assignments and practicing with software
that is used in relevant industries therefore can be seen as one way of creating
professional relevance.

Another possible method of linking professional practice and theory in higher
education is the inclusion of guest lectures into the curriculum. Guest lectures of
professionals from industry or academia, who visit a course are seen as effective tool
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for courses “with a clear industry relevance” [8], because they can “bring the real
world into the classroom® [9] and illustrate the professional relevance of course
contents to students.

Based on these findings, we chose three didactical elements to be introduced to the
course (see Table 1). In order to intertwine theoretical and methodological inputs with
examples referring to professional real world problems, as a first step, in the first term
after taking over responsibility for the course, alumni, practitioners and researchers
from the field of naval architecture were invited to give guest lectures. The
introduction of guest lectures should increase the practical relevance of the course,
illustrate the applicability of contents taught in the course and thus raise the
motivation of students. In addition to the guest lectures, optional lecture related home
study assignments were offered to the students to give them the chance to self-
assess their understanding prior to the final exam. These were intentionally kept of
limited extend, in order to lower mental hurdles for the students to complete them.

In the second term after taking over responsibility for the course, obligatory computer
assisted assignments were introduced to the recitation section. Both types of
assignments should complement the calculation assignments that were conducted
manually during the recitation sections, in order to deepen the students’ learning of
contents and calculation methods and thereby better prepare them for the final exam.
Moreover, by using software for calculations with finite elements, which is applied as
a standard in marine industry, the introduction of computer assisted assignments was
one means to increase the practical relevance of methods taught in the course.

Table 1. Redesigning the course: Introduction of new didactical elements

to t4 t2

(two separate institutes are in | (one institute takes over | (one year after restructuring

charge of the course;
student cohort 0)

responsibility for the course;
student cohort 1)

responsibilities for the course;
student cohort 2)

course is based on
traditional teaching
methods (lecture section:
theoretical input phases
by teachers from two
institutes; recitation
section: students work on
calculation assignments

manually)

(1) introduction of guest
lectures to the lecture
section

(2) introduction of lecture
related home study
assignments

(maintenance of guest
lectures in the lecture
section and home study
assignments)

(3) introduction of

computer assisted
assignments in the
recitation section

3 EVALUATION OF THE REDESIGN - UTILIZING STUDENT FEEDBACK DATA

In order to find out, whether the implementation of new didactical elements led to the
desired effects, the evaluation of innovations was planned parallel to redesigning the
course. In detail, the evaluation should answer the following questions:

- Do the guest lectures, computer assisted assignments and home study
assignments lead to an increased professional relevance of the course perceived
by students?

- Does the introduction of guest lectures, computer assisted assignments and home
study assignments raise students’ motivation for the course?

- Do the computer assisted assignments and home study assignments help
students to deepen their understanding of the course contents and finally lead to
improved learning outcomes?
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3.1 Method of data collection

The standard course evaluation conducted at this university at the end of every term
offered first insights to opportunities for improvement of the course, but could only
partly give answers to the questions formulated above. So it was decided to collect
extra data. Since the three questions refer to a change in perceptions, affective and
cognitive dispositions of students, we firstly decided to collect student survey data
and secondly to collect data at several points in time, in order to address the timely
component of the questions.

We conducted online surveys with “Limesurvey” — an online tool for which our
university owns licenses — at three points in time. Survey (1) was conducted 18
months after student cohort 0 and six months after cohort 1 had finished the course.
The second and third surveys were conducted with cohort 2 at the very start and end
of the term (see Table 2).

Table 2. Evaluating the new didactical elements: Conduction of surveys
to t1 t2

(two separate institutes are in | (one institute takes over | (one year after restructuring

charge of the course;
student cohort 0)

responsibility for the course;
student cohort 1)

responsibilities for the course;
student cohort 2)

standard course
evaluation data are
collected at the end of
the term

(maintenance of standard
course evaluation)

(1) online survey with
students of cohort 0 (18
months after the end of
the course) and students
of cohort 1 (6 months after

(maintenance of standard
course evaluation)

(2) online survey with
cohort 2 in the beginning
of the term

(3) online survey with
cohort 2 at the end of the

the end of the course) term

In the two surveys conducted with the second student cohort, students were asked to
generate a personal identification code, which enabled us to compare the data from
two points in time and assess intra-individual learning and change of attitudes
towards the course, without identifying students as individual persons. We followed
the recommendations given by Direnga et al. [3] for the design of the self-generated
code, in order to enable matching a maximum of data. After having collected the
data, they were analyzed with descriptive statistical methods.

3.2 Content of the online surveys

Focus of the survey conducted with the students of cohorts 0 and 1 was a self-
assessment of the increase in knowledge on ship vibrations and programming skills
attained during the course and an overall assessment of the professional relevance
of the course. Since a successful stimulation of intrinsic interest is seen as a clear
indicator for the establishment of relevance [6], we used sustainable interest in the
topic of ship vibrations to grasp the motivational impact of the course. Students were
asked whether it had inspired them to continue looking into the topic of ship
vibrations in future. In addition, some open-ended questions gave the students the
opportunity to give feedback on what aspects of the course helped them learn, what
impeded their learning, and what suggestions for improved learning in the course
they had. In addition to that, cohort 1 was asked to evaluate the guest lectures
referring to their contribution to the professional relevance of the course and the
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home study assignments referring to their helpfulness for understanding the topics of
the course.

The first survey with the students of cohort 2 was conducted during the very first
session of the course. We collected data on the students’ self-assessment of
knowledge on ship vibrations and programming skills before the start of the course,
on their perceptions of the overall professional relevance of the course in advance,
their motivation and their expectations for the course. Focus of the second survey
with this cohort of students, conducted in a session one week before the end of the
course, was a self-assessment concerning the achievement of learning objectives,
especially the attainment of knowledge on ship vibrations and programming skills,
again an overall assessment of the professional relevance of the course and an
evaluation of the guest lectures, the home study assignments and the computer
assisted assignments referring to their impact on the professional relevance of the
course and on understanding. Again, as an indicator for motivation, students were
asked about their intentions to keep in touch with the topic of ship vibrations in future
and for their open feedback on learning conditions within the course.

4 RESULTS

The response rate of cohorts 0 and 1 was quite low (no=8, n1=3) which can be
explained by the fact that it was conducted many months after the students had
finished the course. Their interest to give feedback after such a long time is assumed
to be rather low, while others might have left the university already. Due to the high
selectivity of responders, the results of this survey have to be interpreted very
carefully. Compared to that, the response rates of cohort 2 were satisfactory due to
the conduction of the surveys during lecture time (n2start=19, nN2.end=18).
Unfortunately, only nine cases could be matched on the base of the self-generated
codes, so we could only measure intra-individual learning and change of attitudes for
nine students.

In order to answer the questions formulated above, the results of all surveys are
sorted by the three main goals of the redesign: the perceived professional relevance
by students, their motivation and their understanding of course contents.

4.1 Professional relevance perceived by students

After having finished the course, students from all cohorts were asked to rate the
relevance of the course for their professional career on an 11-point-scale from 0 (not
relevant at all) to 10 (very relevant). In addition to that, the students of cohort 2 were
asked the same question in advance (“In general, how relevant will the course be
[resp.: was the course] for your professional career in your opinion?”). Students from
cohort 0, who had neither experienced guest lectures nor computer assisted
assignments or home study assignments, attested the lowest perceived relevance
with a mean of 5.88. Students of cohort 1, who had experienced guest lectures and
home study assignments, report an average relevance of 9.0, but this average is only
based on the answers of two students. Students of cohort 2 reported an average
perceived relevance of 6.6 at the start and 7.4 at the end of the term. Interestingly,
matching the data from both surveys, shows that there has nearly been no intra-
individual change of perceived relevance. For those students whose data could be
matched, only an average individual change of -0.33 scale points is measurable. So
they even stated a slightly lower perceived relevance after having finished the
course.
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The evaluation of guest lectures concerning their professional applicability and
relevance shows quite satisfactory results for cohort 2, whereas only one person
from cohort 1 answered the relevant questions. Nearly all students from cohort 2
agree totally or partly, that the guest lectures showed applications of the topics of the
course in different fields and that they were useful to understand the relevance of the
course for their professional career (see Figure 1).

Figure 1. Evaluation of the guest lectures: Answers of cohort 2 (n=18)
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4.2 Students’ motivation

All students were asked, whether the course inspired them to continue looking into
the topic in future (see Figure 2).

Figure 2. “The course inspired me to continue looking into the topic in future.”
Answers of cohort 0 (n=8), cohort 1 (n=2) and cohort 2 (n=18)
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The answers to this question can be interpreted as an indicator for how motivating
the course was for students referring to how interesting the contents are still after
having finished the course. The results show that whereas a majority (87.5 %) of
students from cohort 0 partly or totally disagree that the course inspired them, all
students from cohort 1 and a majority of students from cohort 2 (77.8 %) agreed
partly or totally, that the course inspired them.

4.3 Students’ understanding of contents

Several questions were asked in all surveys to find out how students self-assessed
their personal knowledge and skills development during the course. Students from
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cohorts 0 and 1 were asked in retrospect whether their knowledge and skills
increased during the course from their point of view (on a 4-point agreement scale).
Students from cohort 2 were asked to self-assess their knowledge and skills levels
on an 11-point scale in the beginning of the course and at the end. By that it was
possible to calculate the difference between the two points in time.

Concerning the development of knowledge in mechanical vibrations, the first two
cohorts already show positive results — in both cohorts all students agree totally or
partly that their knowledge in mechanical vibrations increased during the course. This
result can also be found, analyzing the data from cohort 2. Asked to estimate their
level of knowledge in mechanical vibrations on a scale from 0 (no knowledge at all) to
10 (extensive knowledge on a high scientific level), students located themselves on
average at 4.6 in the beginning of the course and at 6.5 in the end. Matching the data
from both surveys shows an average rise in scale points of 2.2.

The results for the self-assessment of programming skills are quite different.
Whereas more than half of the students from cohort 0 and 1 disagree partly or totally
that their programming skills increased during the course, a slight rise in estimated
programming skills can be seen for cohort 2. On a scale from 0 (no skills at all) to 10
(extensive skills on a professional level), they located their programming skills at 3.4
in the beginning and at 4.6 in the end of the course. The average intra-individual rise
in scale points lies at 1.0.

Besides the overall self-assessment of knowledge and skills, we wanted to find out
whether there was a positive impact of the new didactical elements on the students’
understanding of course contents from their point of view. Being asked whether the
guest lectures helped understand the course contents, at least half of the students in
both cohorts 1 and 2 partly or totally agreed. A bigger majority of at least 92 % of the
students of cohorts 1 and 2 agreed partly or totally that the home study assignments
helped understand the topics of the course. However, being asked whether they
improved their programming skills because of the home study assignments, at least
half of the students in both cohorts disagreed partly or totally. The results are slightly
more positive concerning the computer assisted assignments, which were only
offered to cohort 2. 92 % of the students agreed partly or totally that the computer
assisted assignments helped them understand the topics of the course and 69.3 %
agreed partly or totally that they extended their skills-set because of the computer
assisted assignments.

Further indication for the usefulness of the assignments was given within the open
comments where students gave their feedback on the overall learning conditions of
the course. Both in cohort 1 and 2, students emphasized the helpfulness of the
exercises for their learning and advised to include even more computer assisted and
home study assignments in the course.

The positive feedback is also partly reflected in the grades of the final exam. The
exam results of all three cohorts are displayed in Figure 3. With an increase of
didactical methods (from cohort 0 to 2) the percentage of better grades increased as
well. Especially in cohort 2, a higher percentage of students passed the exam.
However, it remains to be investigated in the coming courses whether the indicated
improvement is due to the positive effect of teaching methods or due to natural
variation.
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Figure 3: Distribution of grades of the three evaluated cohorts in the final exam
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5 DISCUSSION AND OUTLOOK

The results of the surveys give a mostly positive picture concerning the evaluation of
the new didactical elements. On average, those students who experienced guest
lectures, home study and computer assisted assignments perceive the course as
more professionally relevant than those who did not. A majority of students from
cohort 2 agree that the guest lectures have beneficial effects on the professional
applicability and relevance of the course. More students stated that they were
inspired to keep up with the topic of ship vibrations, when they experienced guest
lectures, home study assignments and computer assisted assignments, compared to
students who did not. Referring to students’ understanding of course contents — both
knowledge of mechanical vibrations and programming skills rise during the course,
speaking for cohort 2 — it cannot be said without doubt that the new didactical
elements played a central role here. Moreover, both relevant knowledge and skills
remain on a fairly low level, so the course design can still be improved.

However, one lesson we learned concerning the new didactical elements is that the
guest lectures play an especially important role. Basic data analysis (see Figure 4)
and experience from the course leads us to the assumption that the guest lectures’
impact might be rather high.

Figure 4. “(...) helped me understand the topics of the course.”
Answers of cohort cohort 2 (n=18 for guest lectures; n=13 for assignments)
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Compared to the other two course elements, the highest percentage of students
(94.5 %) agrees totally or partly that the guest lectures helped them understand the
topics of the course. We consider the guest lectures to be highly effective because
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they facilitate students’ access to the course topic, especially because they were held
by guests from industry and former students of the course, they enable students to
better understand course contents, raise their motivation and activate them.

Generally speaking, a positive impact of the new didactical elements on all three
goals — perceived professional relevance, motivation and, with limited validity, deeper
understanding — can be assumed on the base of the data analyzed. However, we
find that the study methodology still needs to be adjusted to better serve our study
objectives. The longitudinal survey design we applied for cohort 2 is a first step
towards more clarity about the impact of the didactical innovations on learning
outcomes. But still, even in this case, we cannot eliminate the impact of unobserved
factors that might have had an influence on all three goals, like learning in other
courses or more personal factors of the students [10]. Moreover, out of 19
respondents from the first survey only nine could be matched with the data from the
second survey, so we only had evidence on intra-individual learning for very few
persons. Thus, since we are planning to continue analyzing learning outcomes in this
course, firstly, we will have to think about further possible factors of influence, and
secondly about an evaluation of the adequacy of the self-generated code format.

To find out more about students’ understanding and learning outcomes, as a next
step, the examination format will also have to be evaluated concerning its alignment
with learning objectives and teaching methods.

Learning outcomes, assessed by students themselves, have improved in this course,
but results also show that the didactical design of the course and its evaluation need
further development. Still, the students’ feedback we received via a number of
surveys gave us detailed information that will help us to create “a meaningful and
motivational context” [5] for students, and the methods we applied to design,
evaluate and redesign the course can be seen as one example for evidence-based
teaching development.
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ABSTRACT

This paper frames the theory behind a longitudinal study and live action research
approach, intending to be conducted with academic students and craftspeople in Bali,
Indonesia. This study will take place through a de-centralised and de-institutionalised
platform, co-created by myself and members of the West Balinese community, who
aim to iteratively construct a Learning Centre with students and craftspeople.

This collaborative construction project will establish a socially interdependent
knowledge system between students, craftspeople, and wider community- within
which, stories of culture, society and place are created through designerly discourse
and the ‘act of doing’ "I’I8], The physical architectural construction will become a
signifier of these stories- detailing method, theory and onto-epistemological meaning,
translated into legitimate sources of knowledge and data production "],

It is hoped that the Learning Centre construction will signify a ‘true’ and ‘real’ narrative
of Balinese culture, society and place. By including more voices and ‘ways of knowing’
in the construction and knowledge production process, we hope that students and
craftspeople will benefit from a diversification of onto-epistemological meanings,
practices, and ways of thinking within both academia, craft, and the wider
community!®!,

This aim is formed in response to the Eurocentric capitalist modernity that has been
assimilated into Balinese institutions, and the touristic commodification of Balinese
craft 71151,

By exemplifying the relational qualities of Affordance-Based Design (ABD),
Decolonising Design (DD), and ‘Respectful Design’ ideology, this paper aims to outline
how affordances within an architectural structure can signify stories of culture, society
and place, co-produced as new knowledge.
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1 INTRODUCING THE METHOD
1.1 Engagement with Being, Knowing, and Doing

This paper works towards an onto-ethico-epistemological research method for
application in rural West Bali, between international and local students of design,
architecture, or engineering, and situated Balinese craftspeople. A de-centralised and
de-institutionalised platform has been co-created between myself, fellow research
peers and these local communities in Bali. This platform has active partnerships with
Balinese universities and educational organisations. This platform also has active
involvement with community organisations within West Bali. It is the intent of this
platform to engage students from these universities with craftspeople from West
Balinese communities in designerly discourse and 1:1 scale construction of a Learning
Centre, through which activity the onto-ethico-epistemological research will take place.

Being

Ontologically, this method recognises that we practice the design of ourselves- we
design our world, while our world acts back on us and designs us back ©I7l€], More
specifically, this study explores a non-formalised process that models an ontological
design loop- in which the student and Balinese craft communities participate in the
design of themselves ©l7]. This would be captured through the co-production of stories
related to culture, society and place, which are signified through the physical
construction of a Learning Centre.

The student community in Bali could consist of students who; may be of Balinese origin
studying within Balinese universities; or may be international students participating in
Semester Abroad or Summer School programmes conducted by a third party. The
Balinese craft community could consist of craftspeople who; may have completed
formal education or higher education; may have learnt a skill or trade through vocation;
may not be of Balinese origin; may be of all ages; may be multi-generational or 1t
generation craftspeople; and may work with traditional, contemporary, or mixed
methods. Ethically, this method sets out to perceive moral-ethical tensions within the
current designerly discourse in Bali between these two groups, and establish
intentionality to develop iterative interventions through open participation B0,

Knowing

Epistemologically, this method hopes to share designerly ‘ways of knowing’ and ‘doing’
between academic students and Balinese craftspeople, through an iterative process
of designerly discourse and 1:1 scale construction. This physical architectural artefact,
and its affordances, will signify stories of both Balinese and non-Balinese culture,
society, and place, and co-produce new knowledge related to the social, structural and
material properties of place. An affordance is the provision of something from one
system to another 23 |n this study, it is hoped that adaption of architectural
affordances will signify new knowledge production through cultural, social and place-
based reciprocity between students and craftspeople.

Doing
Practically, assessing adaption of affordances within the physical architecture could
be achieved through observing:
e If/how a newly shared methods and materiality are used within construction,
and what narratives they convey about a peoples’ culture, society and place.
« If/how the construction affords more sustainable futures, and less moral-ethical
tensions, based on the sharing of cultural, social, and place-based narratives.
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This brings into focus the relational reciprocity between students and craftspeople in
the co-production of knowledge. Within this process, students and craftspeople are
encouraged to understand and question their motivations and goals related to cultural
upbringing, societal norms, and place-based biases- which may impact their ‘ways of
knowing’ and their interpretations of the world. Research methods similar to photo-
voice, cultural probes, user-created personas, and focus groups will be used to collect
stories which, in their own right, are legitimate sources of knowledge and data.

These stories become embedded within the methods, skills, and techniques of
architectural construction, and relate to the cultural, social, or place-based provisions
of the physical form. Observing change in these provisions may suggest change in the
diversity of onto-epistemological meanings, practices, and ways of thinking within the
student and craft communities. The hypothesis rooted within this study is that a change
in diversity will lead away from the Eurocentric capitalist modernity assimilated into
Balinese institutions, and the touristic commaodification of Balinese craft.

1.2 The Marriage of Two Worlds

In addressing the above topics, | must also locate myself with an understanding of my
own motivations and goals. | am a white, anglo, male- with my own ‘ways of knowing’
associated with my cultural, social and place. As such, | approach my study in Bali
with limited understanding of the indigenous communities in the region. | hold an
undergraduate and postgraduate degree in Industrial Design, have industry
experience within graphical marketing and branding, and study doctoral research
within the field of Architecture. Therefore, my projection of certain academic ideologies
onto rural West Bali must be recognised as bias and assumptive, and my motivations
as a data collecting researcher must also be recognised. In doing this, | hope to open
respectful and reciprocal dialogue with the local West Balinese communities.

Bali is small Hindu-Buddhist society that has been continually forced to seek its own
identity within changing frames of reference ['4. The current era of capitalist modernity
and globalisation has been catalysed by unsustainable tourism in Bali. This is
changing indigenous values, traditional cultural meanings, and ways of thinking, that
have been derived over centuries alongside indigenous design ["I'%1, As the Balinese
begin to adopt western terms of economic productivity, supply and demand, and
commodification of culture, so too do they adopt Eurocentric capitalist design within
the island’s popular culture and academic institutions [958 Such a drastic
transformation is causing population resettlement in both urban and rural areas-

creating threats of economic and physical insecurity, and eroding cultural traditions
[15][17]_

However, there is a growing movement in Bali working against these symptoms,
highlighting the harmful effects of tourism in the region, and sharing the
entrepreneurial voices of rural, indigenous Bali through ‘sustainable tourism’.
Sustainable tourism gives back to rural areas through economic opportunities, support
of cultural craft, and community projects. My collaboration with this movement in Bali
aims to both; revitalise and transform rural communities in Bali through youth and
community empowerment initiatives; and, help diversify architectural education and
profession through shared experiential activities, culminating in the 1:1 scale
construction of a Learning Centre. The construction of the Learning Centre will connect
students and academic institutions, both in Bali and worldwide, with local craftspeople.
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The Learning Centre itself will provide educational classes to Balinese youth, and
economic opportunities for Balinese entrepreneurs through ‘sustainable tourism’
initiatives.

1.3 Tying the Relational Knot

By examining the relational reciprocity between students, craftspeople, and the
architectural artefact, it is possible to outline how affordances can signify stories of
culture, society and place, and describe how affordances can be used to map any
change in the onto-epistemological meanings, practices and ways of thinking. This
can be expressed by exemplifying the relational qualities of Affordance-Based Design
(ABD), Decolonising Design (DD), and ‘Respectful Design’ ideology.

Affordance-Based Design

ABD documents the relational system between Designer, Artefact, User, and other
external stakeholders, within the design process ['2l'8 Rather than focusing upon
function (input > transformation > output), ABD focuses on performance by
documenting what affordances are provided between Artefact-Artefact and Artefact-

User, and what properties are selected between User-Designer and Designer-Artefact
[12][13].

Decolonising Design

DD is a process that questions who speaks within design discourse; challenging
privileged, Euro-dominated academic institutions, and asking who produces
knowledge and who benefits from that knowledge production "6l DD focuses on the
sustainable long term relations between artefacts and what they create in the world,
rather than creating short term problem solving artefacts 51201,

‘Respectful Design’

‘Respectful Design’ is derived from Aboriginal Australian world views, and positions
design in relation to systems of the natural world and the social world [2'I22]. This is
because design relates to everyone, in any geography, through our genetic ancestry
and connection to ‘place’ 2231, ‘Respectful Design’ not only listens to human peers,
but knowledge that is shared back by our environments- whether it be forests, seas,

or corporate boardrooms 24, This is not just an indigenous spiritual belief, but science
[23][25]_

These various ideologies can help us address the relational qualities between the
different stakeholders in the design discourse and construction process in Bali, and
ponder more generally on the questions, “who designs, and why?”.

2 DESIGNER, ARTEFACT, AND-USER
2.1 Who Designs?

In short, we all design communally. Our actions are bound, more or less, in our sense
of place and our ancestry, and how they influence the ways we ‘know’ and ‘do’. Our
sense of place comes not only from our geography, but from the knowledge that our
environment shares back with us. These environments can be anything from; the
home, the tundra, the school, the mountains, the church, the woodland, the laboratory,
the workplace, the campfire etc [?4. Design can be practised by listening and
responding to these environments, and the knowledge that they share [?°l. Different
ways we can receive knowledge from these environments include:

167



Proceedings of the SEFI 47t Annual Conference - Concept Papers

JEF

168

o ‘Authority’, such as education, upbringing, or media, that are trusted based on
their source. This type of information can be bias, superficial and/ or privileged
[16][19]

o ‘Experience’, such as personal action, inferring applied information that is
discovered through time repeated experiences.

o ‘Tradition’, such as ancestral action, that is adopted based on previous
application. Traditions have both excused our own violence through a
sociological mechanism of myths, rituals, taboo and prohibitions ?], and formed
age-old, common, and beneficial practices which respect valid, rigourous,
academically sound, and useful indigenous knowledge [241[28],

« ‘Revelation’, such as a knowledge from a spiritual entity, that is believed out of
faith. This can illustrate just how different the worlds are that we live in,
depending on which revelation we accept or reject outright 21,

e ‘Logic’, such as causal effect, inferring philosophical plausibility (If A, then B).
Correlation, however, does not always mean causation (B does not always
mean A).

e ‘Science’, such as a controlled experiment, that has not been disproved. This
experiences things in a methodical, conscious ways that allows us to make
reasonable contrasts to other kinds of phenomena [?°1.

These different ‘ways of knowing’ have developed as a co-evolution between our
genetic influences and cultural environment 25301, This is categorised as gene-culture
interaction, or ‘gene-culture coevolution’ BI32, Our genes have a causal effect,
through the neurological structure of our brains, on two major influences outside of our
body:

1. They ‘select’ external properties in the environments outside of our body, that
they interpret as beneficial to longevity and wellbeing %1331, In this respect,
designing is fundamental to being human, as to design is to; interpret and
interact with the social, structural and material properties of our environment,
which prefigures our actions 6.

2. From birth, we neurologically mirror the needs, desires, and actions of others.
This means that our own ‘self'- our meanings, feelings, and thoughts- are
formed in relation to others. This occurs by interpreting and imitating their
intentions- their interactions, responses and behaviours- as a determining
factor in our own actions [?7I343%  This can be defined as a communal
reciprocity or collective unconsciousness, such as academic, societal, cultural
or religious beliefs

Therefore, many individuals can communally act together in the design of themselves
through a connection to place, environment, and the other .. In this process, ‘user
becomes synonymous with ‘designer’, as we are both the designers and users of an
environment formed through a collective unconsciousness with others. Through
relational research and design methods, the focus can become that of a conscious
interdependence between individual, collective, and environment [I36] The reciprocity
between the individual students and craftspeople in Bali, and their collective
community, attribute meaning to the architectural artefact they create- as they are all
both physically invested in its creation, and psychologically invested in its use. 371138l

2.2 And Why?

Why, and how, we design is dictated by our collective ‘ways of knowing’. The wider
Balinese community can be seen to practice the design of themselves in an ongoing
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self-creation EI7I8 that stems from their collective ‘ways of knowing’; authority
(indigenous schooling and community upbringing), tradition (caste system, non-
capitalist and cooperative ideals), revelation (Buddhist spirituality and Hindu beliefs)
and logic (causal effects of unsustainable westernised modernity in the region). The
craftspeople of West Bali may, or may not, be consciously aware of their
interdependence with the larger unconscious collective of the Balinese community.
Yet, their motivations for ‘why’ and ‘how’ they design is influenced by a collective intent
bound up in culture, society and place.

The same is true for the collaborating international and local Balinese students, whose
design motivations are influenced by collective intent bound up in their respective
culture, society and place.

Similarly, the same is true for the motivations behind my own involvement, and that of
the community led organisations | am engaged with. My own motivations as a
researcher and a designer, taken in isolation, affect my interpretations of the broader
collective work being carried out by the communities of West Bali. In reflection of the
wider motivations to revitalise communities through youth empowerment, and help
students and professionals through a change in cultural and social settings, | must
address the possibility of this project being labelled as ‘Design for Social Good’.

‘Design for Social Good’ has been critiqued as a method for privileged middle class
individuals who wish to help others through ‘quick fix’ solutions [0 implementing
‘Selfish Altruism’ or a ‘Potlatch’ style of altruistic donation. This states that, whilst we
give to others, we also exact power, esteem, and social status in return in an act of
superiority and dominance; “I can afford to make a donation to you” 2529, However,
this research project focuses upon the motivations behind the student and Balinese
craft communities’ design of itself, aiming to give research and design power to the
Balinese people, and to initiate a respectful and reciprocal sharing of knowledge.

Research methods similar to photo-voice, cultural probes, user-created personas, and
focus groups will be used to share stories between the students and craftspeople in
an attempt to understand their motivations. These methods will use a variety of playful
triggers- tangible or non-tangible objects and mediums 19 - to express the
interpretations, meanings, and motivations behind the social, structural and material
properties of the architectural form. Both the architectural form, and these
tangible/intangible objects, are signifiers of stories which interpret onto-
epistemological meanings, practices, and ways of thinking within the student and craft
communities. It is hypothesised that:

1. Interactions between students and craftspeople will diversify their ‘ways of
knowing’ through relational reciprocity of cultural, societal and place-based
stories.

2. This will elicit new interpretations and behaviours through exposure to new
environments, authorities, traditions, revelations, logics etc.

3. New interpretations will cause a change in the collective cultural, societal and
place-based stories between students and craftspeople.

4. Changes in these stories will be mapped through the affordances offered by
both the final architectural form, and the tangible/intangible objects used within
data collection.

5. It is hoped that any change in affordances will offer provision away from
Eurocentric capitalist modernity, towards more sustainable futures for Balinese
architectural education and craft.
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3 “PRACTICE MAKES PERFECT”
3.1 Knowing by Doing

As Fry Plinterprets Heidegger B, “what is known is lodged in the practical performative
act, as it is expressed by the hand as exercised skill” (p.93), and knowledge is
produced between the subjects and the architectural artefact through the act of doing
61, It is the affordances of an architectural artefact that determine the act of doing ['2,
and therefore knowledge is signified between the subject and the architectural artefact
through affordance. These affordances are dependant on the different ways that we
‘know’ and ‘do’, interpreted and imitated through the interactions, responses and
behaviours elicited between us and our world. This creates a cyclical and iterative
process of communal knowledge production through ‘doing’- where artefacts
prototype our local world, and our local world prototypes artefact back PISI7I41],

| hope to mirror this iterative prototyping process through a live action research cycle
of planning, acting, observing, and reflecting. Students and craftspeople take action
through designerly dialogue and iterative 1:1 scale construction. They may then
observe and reflect on stories of culture, society, and place signified within this
relational and reciprocal process. Through the use of research methods similar to
photo-voice, cultural probes, user-created personas, and focus groups, it is hoped that
students and craftspeople will be able to express their stories as legitimate sources of
data and knowledge, shared through the communal act of doing.

4 CONCLUSION

Ontologically, this method acknowledges the cyclical and iterative process of
communal self-design; that we practice design through our relation to place and to
each other and, in turn, we are designed by our designing and by that which we have
designed.

Ethically, this method recognises the moral-ethical tensions that currently exist within
Balinese education and craft, and questions the motivations of external design
discourse in West Bali. Through open participation in design discourse and 1:1 scale
construction, it is hoped that shared ‘ways of knowing’ will engage students and
craftspeople in an iterative cycle of thought and practice. This will hopefully establish
intentionally to develop interventions that tackle these moral-ethical tensions.

Epistemologically, this method looks at the relation between knowledge, culture,
society and place, as expressed through stories signified within the social, structural
and material properties of architectural form. The relations between these subjects
offers new opportunities for diverse knowledge production, from which we draw on
different interpretations of our world and what it affords us.

This provides a platform for the suggested onto-ethico-epistemological method that,
practically, hopes to induce a change in diversity that will lead away from the
Eurocentric capitalist modernity, towards more sustainable futures for Balinese
architectural education and craft.
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ABSTRACT

Traditional university teaching methods are grounded in the delivery of content via
passive, didactic lectures that are largely seen as an efficient but not necessarily
effective means of mass information transfer. Higher-order, deeper-thinking activities
and the application of concepts are reserved for the domain of small classes such as
tutorials.

The “flipped-classroom” approach shifts the role of the lecture away from basic
knowledge transfer to a facilitated, more participatory problem-solving environment.
Basic knowledge is transferred via creation of online learning modules utilising short,
focused videos. Moving lectures to such a mode of delivery shifts the onus of learning
basic material to students, allowing them a level of independence to take ownership
of their own learning. Teacher-student interaction in lectures is potentially increased
under such a situation and provides ample opportunities for active learning activities.

This paper presents a structured approach to transitioning a third-year engineering
subject with 150 students from a traditional lecture format to a partially-flipped
classroom, adapting research-based templates from the five phase ADDIE model -
Analysis, Design, Development, Implementation, and Evaluation. The first four phases
are described in detail as applied to the subject, including analyses of the subject and
learning environment, design and development of learning materials, and
implementation of the platform for delivery of video lectures and feedback. The final
phase refers to the experimental set up and evaluation of results, where the authors
assessed resource-effectiveness and measured students’ confidence, engagement,
satisfaction and video preferences in order to determine the efficacy of their approach.
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1 INTRODUCTION

Higher Education is currently undergoing wide-spread transformational change driven
by innovative technologies and concepts that fuse personalised, collaborative, open,
interactive, and visualised learning. The educational transformation is underscored by
overall digitalisation trends which have profoundly affected the way people interact
with, have access to and use digital information for learning. Such universal shifts have
forced changes in traditional methods of delivery of content and the educational
environment itself. Specifically, substitution of traditional, didactic lectures by online
digital videos has led to decreased lecturing time [1,2], enabling an increase in
scalability in terms of the number of students that can be accommodated and allowing
flexibility in terms of their study schedule. Video lectures can be made available for an
unlimited number of students and activities can be arranged more often and with
smaller groups of students, which increases the potential for teacher-student
interaction. In addition, teaching time can be reduced, specifically time devoted to
simple repetition of the same content from one year to another whereas repetitive
instruction in the video should be avoided [3].

The Australian education system has readily embraced the new technology and
incorporated digital resources into students’ education from an early age. The flow-on
effects of this are now being seen at the University level, with students inherently
possessing a familiarity with accessing and digesting such information, becoming so-
called “digital natives”. Despite the fact that fully online courses are not wholly
accredited in the higher education system in Australia, innovative course designs and
educational technologies range from very basic integration of digital tools to complete
transformations of the teaching approach. Although the level of implementation can
vary in different universities, the critical question teachers face is the same: are these
course design approaches effective in terms of improving students’ learning
experiences? In considering this question, teachers must also attempt to evaluate in
advance if such course design can be realistically implemented, which teaching and
technological support is needed and if it is resource-effective and scalable in the long
term.

The “flipped classroom” concept has recently emerged as a methodology that
encompasses multiple different modern education strategies [4]. The flipped, or
“‘inverted”, classroom definition ranges from basic to more advanced versions. The
originators of the approach, Bergmann and Sams, distinguish for the flipped classroom
what has been traditionally done before class, in class and after class at home [5]. The
definition that is used by the authors of this paper is that the flipped classroom refers
to preparation with digital materials before class and activities in the class [6]. The
structure of the flipped classroom is therefore in this case a combination of two
components: passive lectures and active in-class work. The passive lecture
component is typically delivered as a series of short video lectures that focus on basic
information transfer and are placed online before the class. The in-class time is then
devoted to activities that facilitate a more participatory problem-solving environment,
helping students assimilate material and better develop complex skills.

Despite evidence of learning advantages from inverting the classroom in such a
manner, teachers mention a substantial list of barriers and recommendations for
flipped classroom design improvement [7]. The primary barrier identified is the
significant investment in time and cost by the teacher to create the resources to
support the flipped classes, without a clear idea of the sorts of savings such an
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investment will provide in the longer term. Furthermore, there are no clear guidelines
or support systems that a potential implementer can adopt to measure the learning
outcomes to his/her standards, which is crucial specifically for inexperienced teachers.

In this paper, a structured flipped classroom design approach is presented in the
context of an Electrical Engineering subject for third-year Bachelor students at a large
university in Australia. The approach taken was to use an adapted ADDIE (Analysis,
Design, Development, Implementation, and Evaluation) model [8] in the flipped
classroom design, the “Flipped Classroom Design Approach” (FCDA). The FCDA
utilises a guided template for redesign which was partly filled before the start of content
development for the new version of the subject and is covered in detail in Section 2 of
this paper. A detailed resource-effectiveness analysis is performed in Section 3 using
classical investment modelling [9], which assesses the economic viability of the
designed flipped classroom. This analysis quantifies how the flipped classroom
implementation, and specifically video production, utilises existing resources.

2 FLIPPED CLASSROOM COURSE DESIGN APPROACH

In order to transition the subject to a more interactive and innovative learning
experience, the “Flipped Classroom Design Approach” (FCDA) was used, considering
the preference of the lecturer to employ a Video-based Learning (VBL) approach.
Overall, the FCDA template includes 3 stages (plus an initial “reason to flip” stage)
which reflects the ADDIE model and is shown in Fig. 1. The design approach taken
was the result of a scoping review based on 100 most cited papers on flipped
classrooms and practical experiments, available online together with an online course
[10] and implemented in a number of other courses in Lappeenranta University of
Technology (LUT) and universities of the CEPHEI consortium. VBL embedded into the
flipped classroom concept empowers potential in resource savings despite its initial
costs. Together with an appropriate design approach it can become a sustainable and
economically viable way of delivering content for a subject.

Stage 1 Analysis Stage 2 Realisation Stage 3

Context & Resources Design & Development Implementation & Evaluation

1.1 Course description (2b1 fReagzati(;n plan 3.1 Implementation plan
efore&now|

1.2 Context analysis 2.2 Course transition based

on one flipped module

1.3 Cost-effectiveness
2.3. Course description for
course with all modules

2.4 Design and technology
guidelines (Video)

Fig. 1. FCDA template stages
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2.1 Stage 0: Reasons to flip the classroom

In addition to the wide-range of published evidence of improvements in learning
outcomes from switching to a more active teaching environment utilising flipped
classrooms [4], The University of Melbourne recently made a number of
recommendations about strategic directions to pursue in the areas of curriculum
structure and development, teaching, learning and assessment approaches. In
particular, Recommendations 1-3 of the Flexible Academic Programming project
focused on the role of lectures as the dominant teaching delivery method at the
university and the need to rethink their number, format and content. With the evidence
showing a decline in students’ attendance at lectures over a typical semester, it was
clear that the current lecture environment, while being a less-than-ideal learning
environment, is also not conducive to student engagement and may further be an
inhibitor to building a sense of cohort. With this in mind, it was decided to transition a
third-year engineering subject from a traditional lecture format to a partially-flipped
classroom.

2.2 Stage 1: Analysis (Context and Resources)

The subject that underwent the flipped classroom transformation is a third-year,
Bachelor’s level subject with an enrolment of 150 students. The subject develops a
fundamental understanding of the concepts behind and tools used for the analysis and
design of analog and digital electronic systems and is administered by the Department
of Electrical and Electronic Engineering. It is also a core requirement for those
majoring in Mechatronic Systems. A traditional teaching method was previously
employed, consisting of 36 hours (3 x 1 hour lectures a week for 12 weeks) of lectures
focusing on basic knowledge transfer with some worked examples and 24 hours (1 x
2 hours a week for 12 weeks) or practical workshop classes. The expected total time
commitment for such a subject is 170 hours over the semester and is inclusive of all
contact time and private study. Students enrolled in the subject are in their third year
of study, however they have unlikely had any exposure to a flipped classroom in their
undergraduate studies to date. It was not seen as necessary to alter the intended
learning objectives for the subject.

The learning environment is a typical 200 seat lecture theatre for lectures and a
laboratory seating 32 students for the practical workshop classes. Students typically
work in groups of 2 or 3 on practical or tutorial-style problems in these classes and are
guided by two teaching assistants. Due to timetabling constraints it was not possible
to change any of the venues for the redeveloped iteration of the subject.

2.3 Stage 1: Resource-effectiveness model

The Resource-effectiveness model acknowledges economic viability of the flipped
classroom implementation. To assess its resource-effectiveness, the costs required
for its design, development and implementation are estimated together with the
possible pay off period. Economic viability was assessed via classical investment
modelling, known also as capital budgeting analysis [9]. Investment modelling
estimates future cash flows generated by an investment and uses Net Present Value
(NPV), which shows total project value, Internal Rate of Return (IRR), which describes
the discount rate at which NPV would be zero and Discounted Payback Period (DPP),
which shows a period of time after which the investment pays off [11].
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The approach was adapted from the resource-effectiveness analysis for a flipped
classroom implementation [12], which reveals a pay-off period from 3 to 6 years
depending on two different video creation cases and was taken as a basis to set the
input data for the current study. The specifications of the input data are presented in
Fig. 2. The parameter values were acquired by observations and interviews with the
lecturer of the subject.

Brolassors e Preparation + Recording (planning, discussing via meetings)+Integration in

the course
PhD Student time Preparation + Recording + Editing+ Integration
Video duration (of pure video) Duration of the resulting video material

The rate of corresponding lecturing time to the time of the

Compressibility rate video material substituting it

Repetition rate The number of times the video material is used per year
Infrastructure costs The costs of required supporting equipment and software
Professors salary Official registered salary of the participated professor
Assistant salary Official registered salary of the participated assistant

Fig 2. Specifications of input data to determine cost-effectiveness

2.4 Stage 2: Realisation (Design and Development)

The preparation for the subject redesign commenced in September 2018, with the
subject beginning in March 2019. Taking into account available resources and time
commitments, it was decided to make a partial transition of the large 150-student
classroom into a video-based flipped classroom form.

Videos were planned to be the main component of the course redesign - 20 short video
episodes were produced, reflecting 17 topics. They were recorded over one month in
the School of Engineering’s professional studio at The University of Melbourne. The
video recording space is equipped with a professional camera, lighting, green screen
and audio-support equipment. Following recording, videos were edited in software in
collaboration with a PhD student over the next 4 months using Final Cut Pro X. The
general design of the video constituted an introduction and conclusion graphic of
around 7 seconds each, shown in Fig. 3. The introduction and conclusion included the
university name, subject number and name, while the conclusion also included LUT
as a collaborator. The main body of the video had a white background (substitution for
green screen) and approximately 1-2 minutes long discrete clips smoothly merged
together, where each reflects one slide, respectively. Each video required
approximately 5 hours for its development, with editing constituting the majority of the
PhD student's time, whereas preparation, recording and integration took
approximately 20% percent of the total development time.
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Motivation: Frequency Response

vi(t) = Acos(wt + 0) e v«

. 8 . We analyse the effect of varying w on circuit voltages

Analog and Digital Electronics Concepts and currents (we will consider all possible frequencies)
Circuit response depends on:
Elm1 4 - types of elements in circuit

- how elements are connected
- impedance of the elements

Varying w alters the impedance of capacitors and inductors

Fig 3. Screenshots from the designed videos (lecturer intentionally pixelated)

According to a number of research studies, the optimal video length varies from 3 to
20 minutes, with most finding it to be in the 10-15 minute range [2,4,13]. In this case,
each recorded video approximately reproduced the information content of one
traditional 45-minute lecture and ranged in duration between 06:21 and 14:59 minutes
with the average being 9 minutes. In total, 3.5 hours of video was recorded. The
Compressibility Rate of video lectures was identified as ranging between 3—-7 and a
value of 3 was used in the cost-effectiveness analysis as the worst-case scenario.

Migrating the basic information transfer of the theory to the online videos in the flipped
classroom design allowed the lectures to be reformatted to a more interactive nature.
It was deemed that a 30% reduction in the necessary lecturing could be achieved -
from 36 hours of lectures in the traditional form to 24 interactive lectures as shown in
Fig. 4. The remaining twelve hours of traditional lecture time, which had already been
timetabled, were transformed into optional unstructured discussion sessions and
maintained the total contact time for the subject. These sessions essentially became
the consultation time for the subject that would normally be held by the lecturer at other
times. All other time commitments in the subject remained unchanged.

Before class In class After class

Lectures
Traditional 36 h independent work

class Preparation for Workshops 110 h
workshops 48 h
Videos Interactive |Unstructured
frarﬂ{_j 12 hours lectures 24 h | classes 12 h independent work
'Ppe 110 h
class Preparation for ﬁ HELE L -
workshops 48 h

Fig. 4. Comparison of the traditional and flipped class structures

2.5 Stage 3: Implementation and Evaluation

The course implementation and evaluation methods were planned in advance in a
general form. It was decided that videos would be hosted on YouTube and embedded
to the open source platform EdPuzzle, which lets instructors add questions and
comments in the videos. It was planned that the videos would be integrated and open
for the students one week before the topic so that students have time to view them
before the class. The questions in the videos were aimed to test students’
understanding of the concepts and in some videos instruments of measuring their
confidence in solving a particular problem were integrated. For example, students
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were posed an example problem at the beginning of the video, asked how confident
they are to solve it, shown the video and then asked again on their confidence to solve
it. The videos were also divided according to ones which the students were required
to watch without skipping sections and ones which they could skip. EdPuzzle data
analytics can reveal the detailed video-watching behaviour of the students, including
how they watch or do not watch each chunk of the video. In addition, it was planned
to evaluate students’ skills in the class, their overall satisfaction with and preferences
for different types of videos. There were no changes in grading for the subject.

3 RESULTS

3.1 Resource-Effectiveness

One of the indicators of resource usage for video development is the development
ratio, which is the proportion of time spent for video recording to the video duration.
The higher the development ratio, the higher the associated costs for video recording
and editing [12]. In our resource-effectiveness analysis we consider one case of video
production under two scenarios of repetition rate in future years as shown in Table 1.

Table 1. Flipped classroom viability analysis under two scenarios

Parameter Scenario 1 Scenario 2
Repetition rate 1 4
Compressibility rate 3 3
Inputs
Total video duration, hours 3.5
Professor time (recording), hours 22
PhD student time (recording and editing), hours 107
Costs
PhD student work-related costs, Euro 1834
Professor’s work-related costs, Euro 880
Total investment (excluding infrastructure costs), Euro 2714
Revenues
Saved lecture time, hours per year 10.5 42
Savings, Euro per year 420 1680
Results
Development ratio 36.85
Net present value (NPV), Euro 1684 14878
Internal rate of return (IRR) 13% 162%
Discounted payback period (DPP), years 6.6 1.6
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Scenario 1 describes the conditions where the videos will be elaborated once a year
and scenario 2 where the videos will be elaborated four times a year. Under both
scenarios, video elaboration is profitable: NPV is above zero, IRR is substantially
higher than the discount rate used (1%), and DPP is 6.6 years and 1.6 years
respectively. Principally, the flipped classroom viability analysis justifies the economic
viability of flipping lectures with video material, in addition to the obvious educational
benefits of providing a more active learning environment.

A development ratio equal to 36-minutes per minute of video corresponds well with
observed rates in practice of other universities [12] and means that employing the
videos only once a year is enough to pay off the initial costs within 7 years. With
increased experience in production of video material, and/or a reduction in the
complexity of the videos, an even more favourable development ratio could be
achieved, which would make the flipped classroom even more economically attractive.

4 DISCUSSION

A number of observations were made from the video development component of the
flipped classroom

e Video editing specifically is a very time-consuming approach and the type of
video being produced should be selected wisely. The initial time estimations of
producing the videos can increase by 1.2-2 times during the process,
depending on the complexity of editing required.

¢ Video integration in the chosen online platform requires specifically designated
time and good planning.

e Errors in the videos can attract special attention and could be more damaging
to student learning than mistakes in the class, which can be easily corrected.

e The timing of the release of online videos is crucial to ensure students are
prepared for the in-class sessions.

Due to constraints and long lead-times in the university subject approval process, it
was not possible to alter the assessment components of the subject. It is planned to
introduce an assessment component to encourage more student engagement in the
lectures and reward the prior watching of the online videos. Also, teaching venues
could be selected in the future to be more conducive to the new format of the active-
learning lectures.

The evaluation component of the flipped classroom implementation, in terms of
student surveys, feedback and academic results is only partially available at the time
of writing and will be the subject of a follow-up publication. Preliminary results indicate
that despite some initial issues with understanding the flipped classroom format and
timed release of the video lectures, the students have readily engaged with the
concept and have had improved confidence when tackling problems.

5 CONCLUSION

Adopting the structured “Flipped Classroom Design Approach”, based on the ADDIE
model, to a third-year undergraduate engineering subject produced a flipped
classroom that supported an increase in the number and breadth of in class active-
learning opportunities. In addition to the known pedagogical benefits of moving to a
flipped classroom model, this study used a profitability analysis to put to rest one of
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the major concerns of teachers when it comes to migrating to a flipped classroom
model by justifying the economic viability of flipping the lectures with video material. If
the videos produced are utilised more often, the economic viability of the approach is
even more pronounced and demonstrates its tolerance to influential factors suggesting
notable flexibility in video elaboration.

Given that it was an initial deployment of the flipped classroom, the lessons learned
employing the structured FCDA under the ADDIE model could speed up the process
for transforming other subjects in the future. The remaining part of the evaluation,
using student survey data and measuring the effects on the flipped classroom on
student engagement and academic results will be disseminated when they become
available.
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ABSTRACT

Engineering programs can be very demanding, particularly in the first years where
students often encounter challenging coursework. Dropout from engineering studies
has been linked to ‘fixed mindset’ beliefs that make students more likely to give up
when facing new challenges. Extensive research evidenced that students with a ‘fixed
mindset’ believe that intelligence is an innate and fixed trait. In contrast, students with
a ‘growth mindset’ believe that intelligence can be improved with effort and drive, and
are then less likely to disengage when confronting difficult tasks. Interventions to
develop ‘growth mindsets’ have been successfully implemented at primary and
secondary schools. However, there seems to be a paucity of interventions with
university students studying engineering. In this work-in-progress paper, we will
present findings from a systematic literature review of engineering, education and
psychology databases to answer the question, ‘What interventions to develop growth
mindsets have been implemented with engineering students, and what measures have
been used to assess the effectiveness of the interventions?’ Preliminary findings
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suggest that the number of interventions aimed at strengthening growth mindsets in
engineering students is still small. We present a categorization of interventions
together with the measures used to assess the effectiveness of the interventions. The
findings will be useful for engineering educators who want to encourage students to
have the benefits associated with a growth mindset, such as greater resilience after
setbacks and willingness to take on challenges and stick with them when difficulties
arise, and support their academic success.

INTRODUCTION

To meet stakeholder expectations, engineering educators are expected to produce
graduates with a broader range of skills and attributes than in the past. The extra
demands on students in a rapidly changing learning environment, and increased
diversity within engineering programmes, makes it more likely that some engineering
students will encounter setbacks in their studies. Students with fixed mindsets believe
that intelligence is a fixed trait [1] and may feel that they are not the ‘type’ for
engineering if success does not come easily. Growth mindsets defend against
disengagement from studies when encountering challenges, such as failed
assignments, because success is believed to be a result of improving intelligence and
ability through applying appropriate effort.

Since failure is part of the creative process, and growth mindsets promote learning
from mistakes, developing growth mindsets in engineering students should be an
aim of a modern university that wants to graduate engineering students capable of
using creativity in their future careers. While many interventions to develop growth
mindsets in schools have been reported [2, 3], there seems to be few interventions
with university students studying engineering. In addition, while growth mindset
beliefs in engineering students were found to be associated with active learning
strategies [4], growth mindsets were not predictive of course marks, unlike studies
involving school-aged students [5]. This systematic literature review addresses the
research question: What interventions to develop growth mindsets have been
implemented with engineering students, and what measures have been used to
assess the effectiveness of the interventions? The results will help engineering
educators plan growth mindsets interventions based on previous research that is
specific to engineering students.

METHOD

We followed the procedures for a systematic literature review involving engineering
education research outlined in [6]. A comprehensive literature search of the following
electronic databases was carried out before 2 April 2019. This work-in-progress
paper reports on the findings from journal papers and conference papers.

Search terms were created to find studies that met the following conditions:

1. The research design involved an intervention aimed at developing growth
mindsets.
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2. The interpretation of ‘growth mindset’ aligned with Carol Dweck’s theory of
mindsets.
3. The intervention involved engineering students in tertiary studies (college or
university).

The exact search terms used are presented in Table 1.

Table 1. Search Terms Used in Databases.

("growth mindset" OR "incremental
mindset" OR "malleable intelligence"
OR "implicit theories of intelligence")

AND (“engineering
student™ OR
“engineering class”)

AND (intervention*
OR experiment*
OR compar®)

NOT “middle
school”

Note: a suffix of * allows for multiple endings, e.g. comparison, compare.

The inclusion and exclusion criteria, with rationales, are presented in Table 2.

Table 2. Inclusion and exclusion criteria

Category Inclusion criteria Exclusion criteria Rationale

Publication Peer-reviewed journal | Not peer-reviewed. Quality assurance of the

type and conference research; more credible results.
articles.

Publication Publications in any Article not able to be The number of translations

language language found from translated into English, or | required were small; including
database searches translation quality weak. more studies increases the value
with English search of the review.
terms.

Participants Engineering students Not involving engineering | The research question targets
and students sharing students as the group engineering students.
classes with targeted for the
engineering students. | intervention.

Purpose of The intervention aims | The intervention does not | The research question focuses

intervention to develop growth aim to develop growth on developing growth mindsets.
mindsets, or changes | mindsets, or there is no
in mindset are assessment of students’
reported. mindsets.

Theory used Dweck’s theory of A use of the term The research question focuses
growth/incremental ‘mindset’ different from on Dweck’s theory of mindsets.
and fixed/entity Dweck’s theory.
mindsets.

Outcome An assessment of the | No assessment of the The research question asks for

measures effectiveness of the intervention is made. measures for assessing the
intervention is made. effectiveness of the intervention.

Date Published before 2 Published after 2 April Data collection stopped once
April 2019 and after 31 | 2019 and before 1 analysis of results began.
December 1982. January 1983. Dweck’s work on growth

mindsets was not available
before 1983.

Duplicate studies, either within a search or between databases, were removed.
When it could not be determined from the abstract if a record met the inclusion
criteria, full texts were scanned. A spreadsheet with details of each study was

compiled.
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RESULTS AND DISCUSSION

The number of included and excluded records (non-duplicates) based on the criteria
in Table 2 are presented in Table 3. This work-in-progress paper reports only on
results from journal articles and conference proceedings. The full project will include
results from all sources found in the databases.

Table 3. Number of duplicated, included and excluded records

Database Total records | Duplicates Excluded | Included
Engineering Village 16 9
Scopus 63 53
PsycARTICLES 30 29
ERIC 1 0
Education Database
ScienceDirect

PsycINFO

Wiley Online Library

Academic Search Premier
Directory of Open Access Journals
ECO Papersfirst

ECO Proceedings

JSTOR

Proceedings (OCLC)

Total

—
N
—
w

2O |0|0|0O0|0|~|O|0|~ oo

5
2
1
1
0
0
0
0
0
0
0
0
0
0
9

2| O|0|I0|O(= [N~ lO;
=l (===l P F )]

37 2 16

A total of 137 journal and conference proceedings records were returned from
searching 14 databases. Twelve duplicate records were excluded, leaving 125
records. In total, 116 records were excluded, many for multiple reasons. The first-
noted exclusion reasons were: no intervention (62), not involving engineering
students (24), not involving growth mindsets (24), no assessment of mindset (2), and
no full text for a paper that couldn’t be included based on the abstract alone (1).
Table 4 summarises the details of the nine included records [9 — 17]. The two oldest
included records [14, 15] involved universities and authors from the United Kingdom.
The other seven records all had American authors and were based in universities in
the United States. The only abstract in language other than English was translated
using Google Translate and then excluded. Restricting the search terms to English
may have limited the findings.

The dominant intervention pattern was sharing mindset ideas with students (through
readings [9, 10, 12, 13], videos [10, 11] or lectures [14, 15]) followed by discussion or
reflective writing, including students writing advice for other students. This pattern
was evident in seven of the included studies [9 — 15]. One of those studies [15] also
used two other interventions: a ‘crib sheet’ of alternative strategies when a computer
programme fails (to counter the fixed mindset approach of re-trying the same
strategy or giving up when stuck), and feedback of assignments stating that students
who put in time and effort usually succeed. The remaining two studies [16, 17] used
open-ended projects or assignments as a means of encouraging growth mindsets by
valuing alternative strategies rather than a single correct answer.
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Table 4. Summary of Included Records

Paper Research Details of intervention Findings

design

[9] Qualitative. Reading group with two authors and | Students reconsidered past
Five-part eight students met five times in a interpretations of experiences and
intervention. | semester to discuss their reading of | projected forward on possible
Reading and | Dweck's book Mindset. changes towards a growth mindset.
discussion. Students understood that growth

mindset "was not an all or nothing
switch to be flipped."

[10] Mixed. Four- | In week 1, students watched Carol Students already had growth
part Dweck explaining growth mindsets mindsets to begin with. Greater
intervention. | on TedTalk and Khan Academy shifts to growth mindsets were
Videos with videos, followed by class noticed in (non-traditional) students
discussion, discussion. In weeks 4, 9 and 13 10+ years out of high school.
reading with | students read an article on growth
written mindsets and wrote answers to
answers to questions.
questions.

[11] Mixed. A first-day collaborative activity to Work-in-progress. Students rated
Three-part establish classroom norms; a how the growth mindset intervention
intervention midquarter activity on growth (amongst other course components)
for mindset and metacognition; and a influenced their sense of belonging.
belonging, one-to-one instructor/student Sense of belonging was measured
part 2 on meeting. For mindset intervention, by survey responses. "Researchers
mindsets. students watched the Ted Talk anticipate that the three
Work in video by Eduardo Bricefio, then interventions will improve student
progress. discussed in groups “What kind of sense of belonging and will look to
Video and situations trigger your fixed use the survey response data to
discussion. mindset.” Students shared evaluate the relative effectiveness of

strategies they believed would the interventions as perceived by
develop growth mindsets and the the students."

class worked together to identify

what classroom situations might

trigger fixed mindsets and how

classmates, teaching assistants,

and/or instructors can work together

to encourage growth mindsets.

[12] Quantitative. | Online, students read a short Latino/a students who received the
Reading and | scientific article explaining that the growth mindset intervention had
reflective brain, "similar to other muscles", significantly higher first-semester
writing. gets stronger with regular practice, grade point averages (GPAs) than

then answered reflective questions,
including giving examples of the use
of growth mindsets in their lives, and
giving advice to future first year
students.

In the social belonging intervention,
students read stories about
adjusting to university from the
perspectives of senior students at
the university, and answered
reflective questions. The stories
were based on focus group
interviews with senior students. The
first story was selected to be from a
student that matched the reader's
race and gender.

did their peers in the control group
(3.13 vs 2.73) but African American
students in the growth mindset
intervention did not achieve higher
GPAs than their peers in the control
group. The growth mindset
intervention may be less effective
for (1) students with higher high
school GPAs (2) students with
higher ACT scores and (3) students
with higher baseline growth mindset
beliefs.
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[13] Quantitative. | Students were assigned to a control, | Before the interventions, under-
Single growth mindset or belonging group. | represented minorities (URMs) had
intervention. | The growth mindset group read an higher growth mindset scores than
Work in article comparing the brain to a non-URMs and women had higher
progress. muscle that gets stronger with feelings of belonging than men.
Reading and | regular practice and wrote a After 1 year in this 6 year project,
reflective reflective essay; the belonging among women, the growth mindset
writing. group read excerpts from fictional intervention resulted in lower course

seniors of various ethnicities and performance compared to the

genders describing their integration | control and belongingness groups.

into the university and wrote a Among men, the belongingness

reflective essay in one of thirteen intervention resulted in higher

course assignments. course performance than in the
growth and control. The
interventions did not differentially
affect course performance among
URMs. Among non-URMs, the
belongingness intervention led to
improved course performance
compared to the growth mindset
and control conditions.

[14] Mixed, two- Lecture on growth mindset mid-way | Few statistically significant
part through computer science course. differences both from pre-survey to
intervention One week later, students were given | post-survey and between control
in weeks 1 one page reminder of lecture and and intervention groups. Statistically
and 2. asked to write advice for new significant changes were evident
Lecture, students, describing a time when across institutions, some increasing
students they learnt something new other growth mindset, some decreasing.
write advice | than programming, being specific In a follow up course, students did
to other about the kinds of mistakes they recall the intervention but didn't think
students. made and how they overcame them, | it changed their mindsets.

and giving advice to a beginning
programmer, emphasizing how they
can grow their programming
intelligence through dealing with
programming challenges.

[15] Quantitative, | (1) Four 10-15 minute tutor talks In the first week, 19 (21%) of the
three-part about an aspect of growth mindsets | students displayed a fixed mindset
intervention and then taking students through a and 38 (43%) a growth mindset. The
over one reflective exercise focusing on their | crib-sheet intervention did not affect
semester. own learning experience and mindset and test scores. Teaching
Lecture and | relating it to mindsets. (2) Crib-sheet | about mindsets shifted students
reflection; of 35 things to try if your programme | towards growth mindsets but did not
crib-sheet; fails, to encourage using different impact class test scores. The
feedback strategies rather than the fixed students' mindset showed a two-
sheet. mindset trait of repeatedly trying the | way interaction between the time

same inappropriate strategy. Half a interval from weeks 1 and 7 and the
lecture spent explaining the purpose | mindset training intervention. There
of the sheet. (3) Adding this text to were two-way interactions with
feedback sheet on fortnightly mindset training and rubric
assignments, "Remember, learning | interventions on both the first class
to program can take a surprising test and final exam.

amount of time & effort — students

may get there at different rates, but

almost all students who put in the

time & effort get there eventually.

Making good use of the feedback on

this sheet is an essential part of this

process."
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[16] Quantitative, | Open-ended design project in an Students had a very slight drift
single Introduction to Engineering course. toward fixed mindset and away from
intervention growth mindset over the course of
over one their first year. Results were not
semester. statistically significant but did show
Open-ended a small effect size (fixed: p=0.265,
design |d|=0.135: growth: p=0.282,
project. [d]=0.113). In the semester after the

intervention students had a shift
toward growth mindsets.

[17] Mixed, four- | Four open-ended creative Fixed mindset was negatively
part assignments given to students in an | related to performance on the real-
intervention engineering statistics course, e.g. world probability assignment, and
over one make your own exam questions. positively related to performance in
semester. the statistical independence
Open-ended assignment. Creative self-efficacy
creative was negatively related to

assignments. performance on Assignment 3,
which was designed to test
students’ motivation and ability to
search for different solutions to a
well- posed problem. Results should
be interpreted with caution, as they
were examined in only half of the
sample, and there was sizable
uncertainty in the posterior
regression coefficient distribution.
There were modest relationships
between perceived creativity and
actual creativity.

The dominant methodology was quantitative or mixed methods, using existing
mindset and belongingness scales, analysis of reflective answers, and focus group
discussions to assess students’ mindsets. The only qualitative study [9] used
thematic analysis of students’ written responses to reading group discussions of
Dweck’s book Mindset: The new psychology of success. It could be argued that this
study should be excluded since it didn’t use a scale to assess students’ mindsets.
However, it was included because the themes that resulted from analysis of the
reading group sessions suggested that students had developed growth mindsets due
to the intervention. This was the only included record with a qualitative assessment
of mindset.

The results from these nine studies do not provide strong evidence of shifts towards
growth mindsets as a result of the interventions aimed at engineering students.
Where mindsets were compared to course marks, there was no correlation between
growth mindsets and higher academic performance, which agrees with [4]. The
thematic analysis in [9] concluded that the growth mindset framework was useful for
students’ reflections on past experiences and allowed them to project possible
changes they would make to strengthen their growth mindsets.

We offer some reasons for why the growth mindset interventions with engineering
students did not produce big changes towards growth mindsets. Firstly, engineering
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students may already start with growth mindsets, as was the case in [10]. A second
reason is that shifting beliefs is often a slow process and most of the included
studies reported on results gathered over a semester or a year. Follow-up studies,
as planned in [13], may show that growth mindset interventions are effective over
longer time spans than a year. A third reason is that there may be a trend for
engineering students to develop a fixed mindset in their first year, as observed in [7],
particularly in students taking computer science. Interventions may be off-setting the
trend towards stronger fixed mindsets.

Finally, interventions that increase growth mindsets have been shown to be most
beneficial for students from lower socio-economic backgrounds and minority
students [8]. If the trend of increasing diversity in engineering courses continues,
growth mindsets interventions may show stronger results from a more diverse
population.

SUMMARY AND ACKNOWLEDGMENTS

Developing growth mindsets appears to help in the development of creativity in
students even if this does not result in a short-term increase in academic performance.
This systematic literature review of growth mindset interventions for engineering
students points to a research field that is still developing. Further research, including
studies on the same students over more than one year, can help us to understand the
complexities of how to develop and assess growth mindsets in engineering students,
particularly for engineering classes with a high level of diversity among students. The
range of interventions used in the reported studies provide inspiration for new
interventions suited to engineering students.
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ABSTRACT

In the last years, the number of engineering vocations has been reduced. In Spain,
according to the competent Ministry, the variation rate in the last 10 years is -28.7%.
This decrease is even greater in the case of women. In Engineering and Architecture
studies, only the 25.6% are women.

Since 2016, in the EPS Polytechnic School of the Carlos Ill University of Madrid we
have been working on several initiatives to reduce this problem, which have been
unified in 2018 under the global project STEM4GirlsUC3M. The target audience is
high-school girls between 12 and 18 years old. The action lines are (1) mentoring
programs; (2) scenic arts to raise awareness about the problem; (3) technological
workshops and experiences, named Tech-Fridays, given by university teachers and
researchers, (4) technological contests and, finally (5) sessions with relatives.

Regarding mentoring programs, we have selected the Technovation Challenge
international program from lIridescent (non-profit organization) and the
STEMTalentGirl program from ASTI Talent and Technology Foundation.
Furthermore, we also developed our own technological workshops and experiences,
in which the high-school girls can experiment with technology and improve their
knowledge about it.

The global project will be evaluated through surveys and interviews to the
participants.
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1 INTRODUCTION

In 2010, the UNESCO published the “Engineering: Issues, Challenges, and
opportunities for Development” report [1] produced in conjunction with the World
Federation of Engineering Organizations (WFEO), the International Council of
Academies of Engineering and Technological Sciences (CAETS), and the
International Federation of Consulting Engineers (FIDIC). This report shows the
value of engineering to transform the world we live in, and to improve our quality of
life. Only in sub-Saharan Africa, it is estimated that 2.5 million new engineers and
technicians will be needed, to be able to guarantee the access to drinking water and
sanitation of infrastructures. The report warns that despite this, in many regions of
the world there was a reduction in the interest of young people, especially young
women, in engineering, science and technology studies. Without engineers, there is
no engineering; without engineering, the sustainable development of our planet will
stop. Therefore, it is fundamental to break this trend and get more young people
want to be engineers. For this, it is necessary to transform the education, both in the
curriculum and in the methodologies. We must also address the important gender
gap that clearly is one reason that aggravates the problem.

Despite the many initiatives that have been developed in recent years, they have not
been able to reduce this lack of vocations in most countries and the gender gap in
STEM (Science, Technology, Engineering and Mathematics) studies has been
aggravating. In 2017, the UNESCO once again published the report “Cracking the
code: Girls' and women's education in science, technology, engineering and
mathematics (STEM)” [2] with the aim of trying to understand the reasons that lead
to this situation and, above all, to give recommendations on what should be done.
The report emphasizes that the “research on biological factors, including brain
structure and development, genetics, neuroscience and hormones, shows that the
gender gap in STEM is not the result of sex differences in these factors or in innate
ability’. Studies [3] suggest that girls, although they seem to freely choose not to
study these subjects, do so more because of self-selection biases that result from
the explicit and implicit stereotypes that have been instilled into them since
childhood. Many times even in their closest family environment. The representation
of women made by the media and the state of society in terms of gender equality
also exert a very important influence.

There is clear evidence [4] that working with girls at an early age, these tendencies
can be reversed so that this selection is truly vocational and not conditioned by
biases. Among the lines of action that are recommended, one is to work with girls by
doing practical activities in laboratories, relating what is done in these practices with
their real application and with the social impact that they entail. Another one is to
involve girls in mentoring programs, because they encourage their confidence,
motivation and improve their understanding of STEM careers. Several works in
recent years also speak about the importance of visualizing female referents in
STEM areas, to be “role models” for them. Some studies [5][6] also suggest that
women, in general, prefer to develop their professional job in areas with a strong
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content of social commitment, hence their predilection for studies in the fields of
Health and Education. However, as we have said, if there is anything that has
changed the world for the better in recent years, it is the advances in the STEM
disciplines. In fact, the 2030 Sustainable Development Agenda considers that STEM
fields will have a fundamental role in the transformation that will allow compliance
with this Agenda.

In 2018, SEFI published a Position Paper [7] in which it states that “diversity, equality
and inclusiveness are essential to enriching engineering education experiences and
generating innovations that can drive the development of creative solutions to
address the world's challenges”. It encourages the institutions to work on improving
the educational environment to allow, achieve and consolidate this diversity. While
this task is fundamental, in the case of gender diversity, it is also necessary to carry
out specific actions that facilitate the number of women who access our higher
engineering education institutions increase. Only in this way, we can achieve gender
diversity in our own classrooms. In addition, our institutions, as generators of
engineering knowledge, are the best places to carry them out.

In the EPS Polytechnic School of the UC3M we studied how this problem affects us.
We also wanted to provide solutions, working with high-school girls of our
environment. In 2016, we started with some activities, but in this course 2018/19 we
have grouped and expanded them into a global project called STEM4GirlsUC3M
which has five lines of action: (1) mentoring programs, (2) scenic arts and
technology, (3) workshops and technological experiences, (4) contests and (5)
sessions with relatives.

The paper is organized as follows. In section 2, we will contextualize this problem in
our country (Spain) and in our university (UC3M). In section 3, we will talk about
some of the most important programs that try to solve this problem. In section 4, we
will describe the project that we have implemented. In section 5, we will provide
some preliminary data on the impact of the actions already carried out. We will finish
with the conclusions and future work in section 6.

2 SITUATION IN OUR NEAR ENVIRONMENT

According to the CRUE (Conference of Rectors of Spanish Universities), in the latest
report, “The Spanish University in Figures 2016/2017” [8], the number of
undergraduate female students represents 54% of all undergraduate university
students. However, in recent years, it has been observed that its distribution in the
different fields of knowledge is very unequal. The women students concentrate their
preferences in Health and Welfare and in Education, and are reluctant to study
Engineering and Architecture and, above all, Information and Communication
Technologies. In the period 2008-2016 there has been a decrease in enrollment in
the number of women in engineering education by 36.5%, which has led to a
reduction of 2.7 points in their relative presence in the total of these teachings



Proceedings of the SEFI 47 th Annual Conference - Concept Papers f EF"

(28.3% to 25.6%). This behavior is not something unique in our educational system,
but it is a clear trend in many educational systems worldwide.

In the EPS of the UC3M, several degrees are offered in various engineering
specialties, specifically, bioengineering, aerospace, industrial, telecommunications,
computer science, and computer science and business administration. Only since
the 2014/15 academic year, we have data disaggregated by gender that can be seen
in Fig. 1.
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Fig. 1. Distribution of women enrolled per specialties at EPS UC3M

As you can see, the specialty in Biomedical Engineering is the one that attracts the
greatest number of women (around 60%), while Computer Science has the lowest
percentage (around 14%). This degree experiments a slight, continuous decline in
the last academic years. The global values at EPS-UC3M are below 23%, a figure
that is far from the parity objective of 40%.

3 PROGRAMS TO PROMOTE STEM VOCATIONS IN GIRLS

In recent years, there have been numerous programs that try to stop the gender gap
in STEM vocations and understand it better. Of course, they do it by working directly
with girls. These initiatives have been promoted and funded by both public and
private entities. Due to the limited extension of this article, it is not possible to review
all of them in detail; we highlight those that have been implemented in Spain.

HypatiaProject (http://www.expecteverything.eu/hypatia/) is a project funded by the
European Union whose main objective is that a large number of girls, between 13
and 18 years old, choose to study STEM disciplines. The project works in two lines.
The first one is to bring these disciplines closer to the girls, so that they know them in
the first person and see their many applications. The second one is to promote the
participation of educational centers, museums, research institutions and industry in
the promotion of the STEM model from a gender perspective. The project, completed
in 2018, has developed a digital collection of modules with different types of
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practices, scientific content workshops, informal discussions and meetings with
professionals from the STEM disciplines aimed at adolescents, and which is ready to
be used by teachers and schools. Finally, more than 69,000 teachers and 110,000
teenagers from Europe and Israel participated in the project.

InspiringGirls (https://www.inspiring-girls.es/) is an initiative created in the United
Kingdom and deployed in Spain since 2017. Its strategy is to connect women's
professions with girls, between 11 and 16 years old, through different formats: talks
in their own schools; events called “speed networking” in which they offer 80-100
girls to meet 8-10 volunteers through short 10-minute meetings; finally sectoral
thematic events so that they know the uniqueness of some STEM disciplines.

For Women in Science, L’Oreal-UNESCO (http://bit.ly/2cKwOuG), in addition to the
well-known prizes to young women scientists and to support them in their trajectories
so to be considered “role models”, this program also has an initiative for girls based
on meetings called “Science Dating” that connects researchers and/or professionals
with young girls between 13 and 16 years old.

STEMTalentGirl (https://talent-girl.com/en/) is a program of the Spanish Foundation
ASTI that focuses on the talent and promotion of STEM vocations in girls through
several initiatives. It offers “masterclasses” of relevant women of the STEM world
and organizes “shadowing” sessions for girls of 14 and 15 years old. In these
sessions, the girls accompany the women scientists and professionals in their place
of work for two hours, so they can live with them how their job is.

Technovation Challenge (https://technovationchallenge.org/) is an annual
entrepreneurship and technology competition that aims to inspire girls and young
women, between 10 and 18 years old, to become leaders and innovators. This
program started in 2009 in the US from the NGO Iridescent and since then, more
than 15,000 girls from 100 countries have been part of it. The girls work in teams of
up to 5 members, for 12 weeks (usually between January and April), to propose an
entrepreneurial solution that addresses a nearby, social problem (health, education,
peace, poverty, equality, environment ...). This solution is based on the development
of a mobile app and a business model. The teams work supported by one or two
mentors who help them throughout the process.

Women and Engineering of the Spanish Royal Academy of Engineers
(http://www.raing.es/es/content/acciones-mujer-e-ingenier) is a project that aims to
address the gender gap, both for young women engineers, through a mentoring
program, as the problem of lack of vocations in girls. In this second line, it stands up
its competition for teams of boys and girls between 12 and 16 years old, called
TECHMI, where teams must build an engineering solution using a robotic kit. Girls
must be at least half of the team and must led it. This year is the second edition.

In brief, all these programs have two main lines of action. The first one is to connect
women scientists and STEM professionals with girls, to act as “role models”. This
contact allows girls to better understand the work that these women do and to break
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with acquired gender stereotypes. The second line is to encourage girls to work on
STEM projects that solve social problems. This idea allows to understand what
STEM fields are and what consist of, and to know the important social value that
they have.

4 STEMA4GIRLSUC3M PROJECT DESCRIPTION

Our project includes five actions that aim to provide high-school girls with the
necessary information to choose, without gender stereotypes, their studies in the
medium and long term. The participating girls are recruited advertising the project
among high-schools in the region at Madrid. The following sections describe the
different actions that are carried out.

4.1 Mentoring programs

In this action we have decided to integrate into some existing mentoring programs. In
the first place, we have selected the international initiative Technovation Challenge.
We train a team of mentors, made up of students from different disciplines, mostly
women. The fact that mentors have an age close to the girls, leads to very valuable
relationships and in many cases, they transcend much beyond the program itself.
Our mentors also have the support of teachers who accompany them in their work,
establishing mentoring relationships on two levels, university professor with
university students, and university students with girls. In this program we participate
since 2018.

Secondly, we have selected the STEMTalentGirl program, in which our women
researchers carry out shadowing sessions at UC3M. Groups of girls accompany a
woman researcher one afternoon, for two hours, to see her in her daily work
environment and share their concerns with her. This activity has begun this year.

4.2 Scenic arts and technology

This action proposes the representation of a performance to raise, through the
scenic arts, awareness among high school students about the problem of lack of
STEM vocations in girls. It also wants to do a reflection about how the conscious and
unconscious stereotypes may be influencing this problem.

Working jointly with the theater company “The Cross Border Project’, we have
created a theater play entitled “The girl who dreamed of Maxwell's equations” which
was represented on February 11, 2019 (International Day of Women and Girls in
Science). After the play, several works of female researchers of the UC3M were
presented in order to visualize their research activity. Unlike other actions, this one is
aimed at girls and boys, so all together can reflect on the importance of women in
science and technology, and contribute to the normalization of women's participation
in these branches of knowledge.

4.3 Tech-Fridays: technological workshops and experiences

In this action, workshops are taught by professors and researchers from the EPS-
UC3M, mostly women. Girls can choose between workshops on 3D bio-printing,
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materials technology, aircraft construction, micro-robotics, cybersecurity, smart cities
design, chatbots development, web accessibility, mobile communication networks,
and internet of things. These activities are planned, as the previous one, within the
celebration on February 11.

In the technological experiences, some relevant woman researchers, committed to
equality in the STEM field, give talks to discover girls, in an entertaining way adapted
to their age, what their research consists of and what practical applications it has.
After these talks, the girls participate in various workshops organized by companies
collaborating in our project.

4.4 Technovation Challenge regional contest

The Technovation Challenge program encourages to do regional contests in areas of
the world where there are more than 10 teams competing. The EPS-UC3M has
hosted the regional final at Madrid in 2018 and will also do it in 2019, on May 18. The
final has a welcome session, then the teams of girls present their projects to a group
of judges, while in parallel a technological fair is held, in which the teams can present
their idea of entrepreneurship to the rest of the attendees. The event ends with an
awards ceremony, in which the award-winning teams present their work to all the
attendees.

4.5 Sessions for relatives

In most previous actions, welcome sessions and guided tours of the EPS’ labs also
take place. In this case, the target audience is mainly the relatives who accompany
the girls to the activities. In this way, we also involve families in solving the problem
and we can also answer their doubts and concerns, which are often shared and
transmitted to their daughters.

5 FIRST RESULTS AND IMPACT OF THE PROGRAM

Although the program exists since this 2018/19 academic course, all the previous
actions have been developed at least once. We believe that the success achieved
with all of them, measured in terms of participation, have been very high.

In the mentoring program, Technovation Challenge, 3 coordinating teachers, 20
mentors and 30 mentees, who are girls from various high-schools, have participated.
All our teams have delivered their projects. In the STEMTalentGirl program, 4
researchers participate, who have carried out shadowing sessions with 20 girls (5
girls each of them).

In the representation of the play performed on February 11, 2019, a total of 6 high-
school centers participated, with 313 students.

Regarding technological workshops, in this academic course, 74 girls attended to a
total of 7 workshops (the next course will be increased to 10 workshops). In the
surveys we carried out, they valued the activity with 4.43 out of 5, highlighting as the
most important the practical application of them, and as an improvement they asked
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us to carry out more workshops. Their families have also highlighted the value of
guidance that these workshops bring to the participants.

Regarding technological experiences, this course they involved 45 girls. At the date
of delivery of this article, we still do not have results of surveys because the activity
took place on April 5. The researchers who accompanied us on this occasion were
Professor Karin Verspoor of the University of Melbourne in Australia and Professor
Patricia Arias of the University of Mannheim in Germany.

Regarding the Technovation Challenge regional contest, in 2018 almost 400 girls
participated in 94 teams. This year it will be held on May 18 and this time we have
almost 600 girls confirmed to participate in it.

5.1 Activities just for girls

Most of our activities are just for girls. This condition raised us a lot of doubts when
we launched the project. Several studies indicate that at early ages, girls have less
leadership capacity than boys, due to their insecurities, so they do not work under
equal conditions, and this makes that in teamwork they acquire a secondary role.
Encouraged by these studies we have done it this way, having in mind to assess this
point with our own studies.

The technological workshops, which we have offered just for girls, have been also
offered for boys and girls during the rest of the academic year. A maximum of 15
people can attend the workshops and the selection criterion is the registration order.
In Fig. 2 we can see the percentage of girls and boys who participated in these
mixed workshops by specialty. Some specialties seem very little demanded by girls.

Biomedical

Industrial

Aerospace
Telecommunications

Computer Science

0,0% 20,0% 40,0% 60,0% 80,0% 100,0%

Fig. 2. Percentage of women in gender-mixed Tech-Friday

However, when we offered workshops for girls, we saw how some of them, at the
beginning, did not seem to have a demand, but as the date of their completion
approached they were filling up. And finally all of them were complete. Many of the
girls told us in the workshops that they finally signed up because their parents
encouraged them to do so and thinking that they had nothing better to do. However,
most of them finished the workshops saying that they had learned a lot and that they
did not imagine that these disciplines were so useful and fun. In Fig. 3 we see how
the workshop records evolved by specialty during the registration period.
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Fig. 3. Progress of registrations in Tech-Friday for girls

6 CONCLUSIONS AND FUTURE WORK

The lack of vocations in engineering in general, and in particular in women, seems to
be a trend that has been consolidated in recent years. This is a very serious problem
for society in general, due to the importance of engineering and STEM disciplines in
the sustainable development of the world. The higher education institutions that
teach STEM studies must get involved in this problem, working with girls from an
early age, otherwise these students will not reach our classrooms.

In this paper we describe the initiative that we are carrying out to alleviate the lack of
STEM vocations in girls. We have created a program in which we involve our
academic staff and our own students to help us. The program is being very
supported within our university and very well received by the girls who participate in
it.

We are aware that the real impact measure of these programs should include a
monitoring, up to the university stage, of the girls who participate in them. This task
is always complicated and difficult to automate without the direct cooperation of
public education managers. However, our intention is to conduct surveys from time
to time to participating girls to try to know the academic trajectory they are following
and how the participation in our program has influenced them. It is a follow-up task
that requires several years.
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ABSTRACT

The studies carried out so far on how digital native students learn and think make
researchers reevaluate the importance of the development of interdisciplinarity in
higher education. In the case of engineering programs, the issue of strengthening
interdisciplinarity is often hampered by the modality of logical-scientific thinking that
predominates in all its courses and disciplines. The present work was based on the
importance of the development of the narrative-artistic modality of thinking and the way
to enhance creative experiences in the educational field. The cognitive tools of
storytelling were adapted for the design of non-engineering, co-curricular activities
related to fine arts and literature and were included in different programs of
engineering. The methodology used was quantitative-experimental with a Solomon 4-
group design and involved 183 engineering students. The measurement of results was
carried out using different VALUE rubrics to evaluate the development of
interdisciplinary skills and competencies of students, including critical thinking, creative
thinking, and intercultural knowledge. The results showed that the selected cognitive
tools of storytelling were highly useful for the development of interdisciplinary skills in
engineering students.

' Corresponding Author
P. Caratozzolo
pcaratozzolo@tec.mx



Proceedings of the SEFI 47 th Annual Conference - Concept Papers fEF”

1 INTRODUCTION

The report, Towards a Reskilling Revolution, was released in January 2019 by the
World Economic Forum, and it introduced a comparison of today’s skills with those
demanded of future professionals to face the challenges of the so-called “Fourth
Industrial Revolution.” Table 1 shows the skills expected to be trending or declining by
2022. Soft skills such as creativity, originality, and critical thinking are on the rise.

TABLE 1. World Economic Forum Report
Comparing skills demand

Today, 2018 Increasing, 2022
1 Analytical thinking and innovation Analytical thinking and innovation
2 Complex problem-solving Active learning and learning strategies
3 Critical thinking and analysis Creativity, originality, and initiative
4 Active learning and learning strategies Technology design and programming
5 | Creativity, originality, and initiative Critical thinking and analysis
6 Attention to detail, trustworthiness Complex problem-solving
7 Emotional intelligence Leadership and social influence
8  Reasoning, problem-solving and ideation Emotional intelligence
9 Leadership and social influence Reasoning, problem-solving and ideation
10 Coordination and time management System analysis and evaluation

Source: Towards the Reskilling Revolution report

The Occupational Information Network (O * NET) defines critical thinking as the ability
to use logic or reasoning to identify the strengths and weaknesses of alternative
solutions, conclusions, or approaches to problems. Likewise, creative thinking is
defined as the metacognitive process that allows not only complex problem solving but
also promotes a high degree of innovation. In this sense, it is essential to strengthen
these two soft skills in the training of future engineers, with the objective of enabling
them to perform disruptive tasks successfully and to confront problems for which they
have not learned solutions.

The importance of soft skills in engineering, especially critical thinking and creativity,
has been studied for many years by academic researchers. However, it has not been
until very recently (since today’s freshmen, the digital natives, belong almost 100% to
Generation Z) that the need has been seen to introduce innovative, effective ways to
develop critical thinking and creativity among the Generation Z students, considering
their particular characteristics. The year 2015 was the watershed for reports on the
necessity to include new cognitive and metacognitive tools for full development of soft
skills that would be needed by Generation Z students, due to two fundamental causes:
first, the strong consolidation of social networks meant an unanticipated difference in
the way recent graduates see the world, think about private and public matters, and
become aware of themselves; and second, the exponential development of
technological platforms became accessible to them [1].

Some exciting studies referring to the use of Storytelling as a cognitive tool for
enhancing soft skills while fostering student engagement can be highlighted:

Hiromi Nishioka proposed in 2016 the use of digital storytelling as a collaborative tool
to develop the construction of knowledge through the exercise of coherent discourses
and lexical enhancing. The strength of this study was the clear and in-depth formulation
of the cognitive theories that underpin collaborative learning based on storytelling [2].
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Artur Lugmayr introduced in 2017 the term, “Serious-Storytelling,” as a powerful
coherent speech construction tool in the current era of media digitization. The strength
of this study was the depth in the categorization of the components of storytelling, the
definition of a solid framework for it, and the foundation with respect to theories of
cognitive processes [3].

Amreen Mistry proposed in 2017 the storytelling technique to acquire conceptual
information in an effective way, perform critical analyses of texts, and impact the
emotional commitment of students. The strength of this study was the establishment
of relationships between the didactic technique and the affective domain of learning
along with the capacity for student commitment that it can generate [4].

Helmut Hlavacs proposed in 2018 the technique of storytelling to insert learning
content in narrative discourses and counteract the tendency of Generation Z students
to be distracted by technology. The strength of this study was that it presented a
complete state of the art on the technique and based its methodology on different
instruments such as observations, questionnaires, and interviews with students [5].

The weaknesses of some of the previous studies were that in some cases, there were
no data collection or evaluation of results, and in other cases, there was a lack of
evaluation instruments to measure the impact of content retention and emotional
commitment.

Our project consisted of an interdisciplinary approach that incorporated those
storytelling tools that effectively trigger the cognitive and metacognitive processes of
learning in a mixed infusion/immersion environment [6] and had the objective of
developing, in future engineers, the soft skills required by employers. This study also
proposed the solution to the various pending problems mentioned above; it had the
following characteristics: (i) the work was carried out using a methodology and
instruments previously tested in different authors’ works [7]; (ii) the instruction was
applied to a large sample of students in a quantitative experimental research design;
and (iii) the impact and findings were evaluated with tools specially designed for the
educational field [8].

2 GENERATION Z AND HIGHER EDUCATION

Although Generation Z differs in many ways from Generation Y, especially in regard to
learning styles, it is currently considered that the methods associated with the
strengthening of skills and competencies related to critical and creative thinking can
be designed by taking advantage of the numerous studies and works carried out in the
past twenty years [9]. Furthermore, Generation Z students arrive at college, having
varying levels of cognitive development and abilities in creativity and criticism. In our
work, we have especially considered the level of cognitive development of the students
and have adapted the procedure design to the unique characteristics of Generation Z.

Texting is a prominent mode of communication that is widely popular among
Generation Z. One in three digital native students reports sending over one hundred
messages a day [1]. This fact presents new challenges in the sense that students have
almost created their own language in texting. Shortening words and using
abbreviations have been at the core of texting from the beginning. Emoji, or emotion
icons, add another layer to the text messaging language in which students are fluent.
They can, in fact, carry on an entire conversation with these tiny pictures alone.
However, this “language” cannot be considered a real narrative of Serious-Storytelling.
One way to enrich the lexical experience has always been the practice of reading and
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writing. However, today's digital natives do their academic work by copying and pasting
documents, relying on automatic word processors to correct spelling and even
grammar, and using digital social platforms such as YouTube, Instagram, and
Snapchat to "tell" stories. All these narrative habits weaken the force of their
argumentations, hinder their vocabulary acquisition, and fail to contribute to the
development of their critical and creative skills.

3 COGNITIVE THEORIES AND CONCEPTUAL FRAMEWORK

The present work, with a methodology and instruments specially adapted for
engineering students of Generation Z, was based on two long-established cognitive
theories. First, Jerome Bruner's theory of cognitive functioning was revised to
strengthen the students’ skills in criticism through the narrative-artistic modality. This
theory deals with the ability of students to find meaning in works of art and to develop
new technological products by converting imaginative concepts into a believable
reality. Secondly, John Dewey’s theory of the development of the mind was revisited
to achieve a higher degree of commitment of the students by increasing their creative
thinking skills. This theory deals with the need to create active learning experiences in
all academic courses through the exercise of aesthetic activities and their
assessments.

Jerome Bruner points out that there are two modalities of cognitive functioning of
thought, and each of them offers characteristic ways of constructing reality and
ordering experience: The logical-scientific modality tries to fulfill the ideal of a
mathematical, formal system of description and explanation. It uses categorization or
conceptualization and the operations by which the categories are established,
represented, idealized, and related to each other in order to build a system. The
narrative-artistic modality, on the other hand, looks for connections between two
events and uses procedures to establish the likelihood, not the truth. This thinking
modality is concerned with how we perceive meaning for experience and deals with
human intentions and actions, the vicissitudes and consequences that mark its course,
and the events of experience in time and space.

Until now, educational theories have tried to avoid incorporating the narrative-artistic
modality in engineering programs so as not to lose the rigor of the search for empirical
truth. However, during our research, we have found that attempts to ignore one of the
modalities at the expense of the other inevitably lose the possibility of developing
flexible critical thinking and creativity. Critical thinking and creativity do not occur
automatically but are processes that depend not only on the cognitive effort but also
on the metacognitive processing, which in turn depends on the developmental stage
of the student. Because in the same classroom, students with different levels of
cognitive development coexist, we considered two fundamental concepts derived from
Vygotsky's work, Scaffolding and Zone of Proximal Development (ZPD). The
“scaffolding” refers to the observed fact that when a teacher interacts with students
with the intention of teaching, they tend to adapt the degree of help to the level of
competence they perceive in themselves. The ZPD is the gap between the real
development level of the students and the level of potential development that could
occur with the teacher's guidance or the support of the classmates.

4 SERIOUS-STORYTELLING

Serious-Storytelling conveys a perspective in serious application contexts and uses
the narratives with a purpose beyond the entertainment. Given that stories are a
fundamental component of human memory and the basis for the most fundamental
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cognitive events, it is understandable that emotions and reflection are two of the
fundamental aspects of storytelling. The addition of storytelling activities to the learning
process creates a personal relationship between the instructor and the audience and
is also a powerful tool to engage students and form emotional connections to the topics
under study.

Storytelling is also an ideal cognitive tool to include in Vygotsky's approach because it
is based on active and collaborative learning and is produced through the knowledge
and previous experience of students. The process of storytelling can be considered
mimesis -artistic imitation- or visualization of real-world happenings, in a way that an
engaged audience interacts with the narrative flow of a story and perceives the
narrative as an emotional experience, in Dewey's theory style. The essential
components of storytelling can be divided into four elements:

e Perspective. It is a subjective point of view and includes story features such as
cognition and emotion.

e Narrative. It is the actual content of the story and includes features such as
mimesis and digenesis.

e Interactivity. It is the essential interaction between the speaker and the audience
and includes features such as engagement and decision.

e Medium. It is the message and includes features such as content and forms.

With respect to the academic framework, it is essential to understand that serious
stories can be entertaining and fun, but their primary purpose is knowledge and value
creation for a serious context matter [10]. In the case of Serious-Storytelling, the four
components must be understood in such a way that the following features are
achieved:

Provision of real-world understanding.

Self-reflective and introspective context.

Intrinsic motivation.

Relation to a matter of importance, experience, knowledge, and understanding.
Self-empowerment and personal advancement.

In storytelling systems for entertainment, the notion of story progression entails a
progression of events in time and space. Clear examples of this are films based on
mythology, very trendy today. In Serious-Storytelling systems, which are intended to
be used as cognitive tools in the academic field, the notion of progression of a story is
much more complex, and it can be said that it is an abstract artifact that makes the
story progress, instead of the characters, events, or a cause-effect relationship.

5 METHODOLOGY

Participants. The participants were 183 undergraduate students in engineering
programs. They joined the study voluntarily, and 116 of them underwent metacognitive
instruction for five semesters (the experimental group), while 67 students remained
untrained (the control group).

Instruments. Two different types of instruments were used in this study. The first type
had vocabulary tests, with multiple-choice and true or false questions designed to
establish the approximate lexicon of each student, compared to the Corpus of
Contemporary American English (COCA). Second, to assess how well students
performed each outcome and considering that assessing the evidence for
competencies like critical thinking and creativity typically involves subjective judgments
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concerning products or behaviors, we also used a second type of instrument, which
we adapted from an already-existing rubric, the VALUE Rubrics, which had been
developed for the Essential Learning Outcomes of the Association of American
Colleges and Universities (AAC&U) [8].

The instruments for the data collection and the group criteria were the following:

PreTest: Vocabulary tests regarding COCA.

Treatment. Dialogue seminars and online discussion boards.

PostTest: Vocabulary test regarding COCA and Value Rubrics by AAC&U.
EG-PreT-T: Experimental Group with PreTest and Treatment (60 students)
EG-T: Experimental Group without PreTest, only Treatment (56 students)
CG-PreT: Control Group with PreTest (33 students)

CG: Control Group without PreTest (34 students)

Procedure. The research methodology of the study was quantitative-experimental to
establish a correlation between groups of variables. The independent variable was our
experimental variable or treatment, and the dependent variable was our result or
criterion, with which we achieved the effects observed in the study. The research
hypothesis was that interdisciplinary incorporation of Serious-Storytelling-based
activities for the development of critical thinking and creativity leads to the
enhancement of the engineering students' intellectual engagement and intercultural
knowledge. The methodological design is schematically illustrated in Figure 1.

Pre-test -»  Treatment -> Post-test
¥ ¥ |
measures activities measures
¥ ¥

Storytelling

Narrative  Perspective
Interactivity Medium

Previous tasks
Vocabulary tests

AAC&U Value Rubrics
Vocabulary tests

1L

———p| Statistical comparison

Figure 1. Procedure design.

6 AN EXAMPLE OF STORYTELLING ACTIVITY

Title of the Series of Activities: Narratives with and without words: from a photograph
to the story and vice versa.

The fifteen different storytelling activities carried out during our study were designed
relying on existing scholarship in the field around the world, including experiences from
North America, Latin America, Europe, and Asia. The activities were based on the
successful initiative that the MuseWeb Foundation, Be Here: Main Street, carries out
together with the Smithsonian Institution, which consists of traveling exhibitions that
are taken to small towns in the United States. The program bases their project on the
conviction that everyone has a story that is worth sharing. These rarely heard
narratives capture a “story” of the small towns of the United States based on
experience, knowledge, and memory instead of historical data and dates. In this way,
the stories published offer people a personal and authentic vision of the traditions and
culture of a community.
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For the proper development of the activities in the Serious-Storytelling framework, the
Text-Photography Binomials were selected in a way that allows observing whether
students effectively develop creative thinking through the verification of compliance
with four performance criteria that were included in the VALUE Rubric of Table 3;
namely, a) Attentiveness towards different situations; b) Competencies acquisition
(reflect, create, adapt or model); c) Perspective-taking and, d) Knowledge of cultural
worldview frameworks.

Example of activity: Mexican Binomial

Learning Objectives. The activity allowed the students to know the work of Mexican
writer Juan Rulfo and to write their own stories and anecdotes of their childhood and
home cities using Rulfo's style.

Background of the work. Juan Rulfo was one of the great literary innovators of the
twentieth century. His 1953 work, The Plain in Flames, is considered one of the
foundational classics of magical realism. Lesser known are his poignant photographs
of Mexico, which exhibit remarkable parallels to his prose; his photo book, Juan Rulfo’s
Mexico, contains 175 pictures mainly taken between 1945 and 1955. Rulfo extracts
uniqgue moments through his photographs; his images of desolate, abandoned
buildings and landscapes are expressions of the loneliness and anguish experienced
by the artists of his time.

Preliminary Activity (infusion-immersion approach). Students were asked to read the
stories that are part of The Plain in Flames; also, a brief virtual tour was provided so
that they would know more about the artistic and social concerns of the time and the
country in which the author lived.

Divergent Thinking Activity. Students were asked to search the internet for information
about the author and his photographic work. The photo book, Juan Rulfo’'s Mexico,
was introduced to the students. A discussion session was held where the students
established a personal relationship with some of the stories and some of the
photographs. The group was divided into teams of 4 participants, and there was a role-
play activity in which each member of the team was characterized as a friend or
colleague of the author. The students recorded with their cell phones short interviews
of the type that would be included in a documentary program about Rulfo and his
photographic work.

Convergent Thinking Activity. Each student chose a landscape photograph that he/she
would have taken in the hometown and then wrote a short story (using Rulfo's style)
based on the picture. The students told these in a final session where each storyteller
shared his/her life while projecting the chosen picture.

The Mexican Binomial was selected because the stories told present a vision of
Mexican society - at that time, mostly rural - after two significant social conflicts, the
Mexican Revolution and the Guerra Cristera.

Another activity was the American Binomial, comprised of the book, The Grapes of
Wrath (1939), by John Steinbeck and the photographs of An American Exodus: A
Record of Human Erosion (1939) by Dorothea Lange and Paul Taylor, where the
stories presented the rural poverty of a country and the Depression-era exodus that
brought thousands of migrants to California in search of farm work.
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Observations. Evidence was taken in the classroom to analyze the interactions and
processes between the speaker and the audience. The four components of the
narrative technique (perspective, narrative, interactivity, and medium) along with the
Serious-Storytelling features already discussed in previous sections were verified in
each session to encode / decode contextual knowledge and the way in which the
narrative could be a vehicle to trigger emotional and cognitive responses in the
audience.

7 RESULTS AND DISCUSSIONS

In order to verify that the students of the experimental group and the control group had
similar initial conditions of the lexicon, the results of the vocabulary PreTest in both
groups were compared. The initial comparison between 183 students (116 students of
the EG-PreT-T and 67 of the CG-PreT) where the PreTests were applied revealed no
significant differences in their vocabulary background. However, the PostTest
comparison of the vocabulary scores revealed that the EG-PreT-T group showed
significantly higher improvement than the CG-PreT.

The PostTests on critical thinking, creative thinking and Intercultural Knowledge using
AAC&U rubrics showed that the experimental group attained 66% improvement in
comparison with the students of the control group in the upper “Capstone” level and a
25% decrement in the number of students who remained at the lowest “Benchmark”
level of the rubric. These results are shown in Table 2. Additionally, an example of a
rubric adapted from the AAC&U VALUE Rubrics is shown in Table 3.

TABLE 2. AAC&U Rubrics distribution for EG and CG

Value Rubrics
Groups | Capstone Milestones Benchmark
4 3 2 1
EG 30 % 35 % 23 % 12 %
CG 18 % 31 % 35 % 16 %
+66% | +13% -34% -25%

Findings. The convergent stage of the activity present in the technique of Serious-
Storytelling is the one that allows the assessment of the different performance criteria
of the rubric; they were chosen based on the employers' requirements. It is noteworthy
that it would not have been possible to apply a VALUE Rubric or obtain a correlation
between the results of the PreTest and the PostTest if the activity had been limited
only to entertainment storytelling.

Discussion on the creative thinking assessment: The rubrics were used with the
intention of evaluating and discussing learning related to the students' interdisciplinary
skills, not the grading. These rubrics allowed positioning the learning within a basic
framework of expectations [10].

Discussion on the inclusion of Serious-Storytelling in engineering courses: The
incorporation of artistic activities, such as those presented in this study, to develop soft
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skills in engineering courses is a proposal of educational innovation in response to
compliance with the requirements of employers and accreditation agencies. This
concept responds to the growing need to achieve integrated thinking in engineers. It is
suggested that the incorporation of storytelling activities into the curricular courses be
carried out by trained instructors and follow a sequential taxonomy of the type: creating,
inventing, innovating, engineering, and controlling [11]. It is precisely in the first two
stages of the process (creating and inventing) where the development of artistic
activities could help to free the modality of narrative-artistic thinking explained in

previous sections.

TABLE 3. Example of the Rubric used as PostTest. (This rubric was created using the

Association of American Colleges and Universities (AAC&U) VALUE Rubrics) [8].

perspectives to
complex subjects
within natural and
human systems in

as cultural,
disciplinary, and
ethical) when
investigating

perspectives
(such as cultural,
disciplinary, and
ethical) when

Capstone Milestones Benchmark
4 3 2 1

Attentiveness Interprets Recognizes Identifies Views the
towards intercultural intellectual and components of experience of
different experience from emotional other cultural others but does
situations the perspectives of | dimensions of perspectives but so through their

self and more than | more than one responds in all own cultural

one worldview and | worldview and situations with worldview.

demonstrates the sometimes uses own worldview.

ability to actin a more than one

supportive manner | worldview in

that recognizes the | interactions.

feelings of another

cultural group.
Acquiring Reflect: Evaluates | Create: Creates an | Adapt: Model:
competencies | creative process entirely new object, | Successfully Successfully

and product using | solution or idea adapts an reproduces an

domain- that is appropriate | appropriate appropriate

appropriate to the exemplar to exemplar.

criteria. domain. his/her own

specifications.

Perspective- Evaluates and Synthesizes other | Identifies and Identifies multiple
taking applies diverse perspectives (such | explains multiple perspectives

while maintaining
a value
preference for
their own cultural

complexity of
elements
important to
members of
another culture in
relation to its
history, values, or
beliefs.

complexity of
elements
important to
members of
another culture in
relation to

its history, values,
or beliefs.

complexity of
elements
important to
members of
another culture in
relation to

its history, values,
or beliefs.

the face of multiple | subjects within exploring subjects | positioning.

and even natural and human | within natural and

conflicting cultural | systems. human systems.

positions.
Knowledge of | Demonstrates Demonstrates Demonstrates Demonstrates
cultural sophisticated adequate partial surface
worldview understanding of understanding of understanding of | understanding of
frameworks the the the the

complexity of
elements
important to
members of
another culture in
relation to

its history,
values, or beliefs.
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8. Conclusions

The 21st-century engineers must be creative and critical enough to build values and
judgments and even solve ill-defined problems to understand and remember
conceptual information. The results of our study showed that Serious-Storytelling could
be an effective cognitive tool to enhance specific dispositions of particular soft skills,
such as perspective-taking (critical thinking) and acquiring competencies (creative
thinking), that foster the abilities and dispositions of temperament that are required by
employers. Additionally, we could verify that our method propitiated the development
of specific personal attitudes necessary for the future engineers of Generation Z:
attentiveness towards different situations (empathy) and knowledge of global cultural
frameworks (intercultural competence).
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ABSTRACT

Grades are intended to communicate achievement associated with a learning
experience. Engineering educators in higher education often default to a particular
grading approach without considering how the approach impacts student
achievement. This work proposes a model for comparing and classifying commonly
used grading systems in engineering higher education. Examples from the
engineering education literature revealed five general categories of grading: 1)
normative, score-based grading, 2) summative grading, 3) standards-based grading,
4) mastery-based grading, and 5) adaptive grading. (Note: variations in naming
conventions were observed.)

Each grading system was examined to determine key characteristics of the system
and how student performance was ultimately assessed. A continuum of grading
approaches was created after discovering that each system ranged in its intention to
select and/or develop talent. The most widely adopted approaches to grading in
engineering higher education, norm-based grading, were classified using purely
selective processes (e.g., letter grades). Alternative, learning outcomes-based
grading approaches differentiate themselves by the level in which they attempt to
develop talent. This was determined by examining differences in how the grading
system impacted sequencing of content, course pace, number of attempts to
demonstrate achievement, scale and weight of performance, feedback provided, and
basis for a final grade. The resulting continuum provides a tool for engineering
educators to compare and discuss grading approaches in order to select an
appropriate system for their course or program. Informed decisions on grading can
have a critical impact in student retention and program improvement.

1 INTRODUCTION

Assessment of student achievement using a grading system is a major task
asked of educators since the late 1700s (Postman, 1992). Engineering instructors
are faced with the constant challenge of selecting appropriate assessment
measures and grading systems for the courses they teach. Take for example Dr.
Smith.

Dr. Smith is an engineering instructor with a clear idea of and confidence in
her ability to teach the course’s topics. Her approach to assessing her
students is the same way she used to be assessed as a student herself. This
involves summing scores on a variety of assignments - homework, quizzes,
projects, and exams - and calculating a final grade. The process, grading
scale, and learning outcomes associated with the course are outlined on her
syllabus. Dr. Smith’s reflection on her grade distributions at the end of the
course cause her to question whether the assignments and grading system
accurately represent how well the students have learned the course material.
She is interested in making some changes, but is unaware of who to ask or
where to go to learn about alternatives beyond what is familiar.
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This paper provides engineering instructors like Dr. Smith and engineering programs
with the information needed to make an informed decision about how student
learning will be assessed in their classrooms.

Grades are intended to communicate how well students have achieved the learning
outcomes established for a course of study by: 1) communicating achievement to
other interested parties, 2) selecting, identifying, or grouping students for certain
educational pathways or programs, 3) providing information to students for self-
evaluation/assessment, 4) providing incentives for students to learn, and 5)
documenting student performance for the purpose of evaluating the effectiveness of
instructional programs (Guskey & Pollio, 2012; Munoz & Guskey, 2015). The wide
variation in motivations for and uses of grades leads to confusion over their primary
purpose in higher education. Should grades be used for selecting talent by
differentiating student performance for outside parties or internal programs or for
developing talent by improving performance through instructor feedback and
student self-assessment?

This paper compares and classifies the variety of grading approaches used in
engineering education to provide a continuum for engineering educators and
programs to differentiate systems and make an informed decision on what approach
to use in their course(s).

2 BROAD CATEGORIES OF GRADING SYSTEMS
2.1 Norm-based Grading

The most widely used systems in higher education are normative, score-based
approaches (norm-based) that aim to differentiate and select talent (Freeman &
Lewis, 1998; Walvoord & Anderson, 1998; Huba & Freed, 2000; Morgan, Dunn,
Parry, & O'Reilly, 2004; Munoz & Guskey, 2015; Stevens & Levi, 2004; Suskie,
2004). Such grading systems efficiently maximize differences between student
achievement by measuring student performance on a number of discrete and
disparate tasks throughout the semester. This approach makes it difficult for
students to clearly understand what constitutes success. Conflicting evidence about
student achievement and progress is often lost in the process of weighting or
combining grades on separate assignments (Cross & Frary, 1999). The resulting
end-of-semester grade ultimately communicates a student’'s performance on
separate tasks relative to other students rather than individual achievement
referenced directly to the stated course learning outcomes (Mufioz & Guskey, 2015,
Angelo & Cross, 1993; Broad, 2000; Sadler, 1987, 2005 & 2009; Shay, 2005). The
learning outcomes referred to are defined as explicit statements of what students
should be able to do if they have learned what their instructor has attempted to teach
them (Diamond, 2008; Felder & Brent, 2016). This selection approach fosters
negative competition among students and a belief by instructors that not all students
should achieve mastery (Krumboltz & Yeh, 1996).

Little variation exists among norm-based grading approaches. All systems use a
summation of scores or summative approach. Some include a norming process that
allows for direct comparison and “curving” of grades based on the class performance
as a whole.
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2.2 Learning Outcomes-based Grading

Outcomes-based, objectives-based, or criterion-referenced approaches (heretofore
referred to as learning outcomes-based) are alternatives that shift the goal of
assessment more toward student talent development. This is accomplished through
direct measures of student proficiency on well-defined course learning outcomes
(Heywood, 2014; Mclintyre-Hite, 2016; Sadler, 2005). The focus is on the detailed
descriptions of what a student must be able to do at the conclusion of a course,
which is different from course goals - broad definitions of student competence - and
course learning objectives - content an instructor will cover in a course (Diamond,
2008).

These learning outcomes-based (LO-based) approaches, developed in the 1970’s
(Burke, 1989; Heywood, 2016; Spady, 1977), allow instructors to support students’
mastery of clearly articulated course learning outcomes by aligning course activities
and assessments (Heywood, 2014; Sadler, 2005). The outcomes are supplemented
by specific and targeted feedback. Feedback is a critical mechanism used to
increase transparency of the criteria for success and to guide students in their efforts
to succeed (Butler, 1988; Guskey, 1997; Wiggins & Tighe, 1998; Post, 2014).
Multiple assessment opportunities of learning outcomes offer students the ability to
improve their learning. Alignment of assessment with the identified course learning
outcomes increases the overall validity, reliability, transparency, and fairness of the
grading process (Mufioz & Guskey, 2015; Wiggins & McTighe, 1998).

Numerous variations of LO-based grading have been found in the literature and are
used in practice, including standards-based, mastery-based, competency-based,
and adaptive grading. Each of these are distinguished by implementation features
including point scale, pace, and opportunities to demonstrate mastery. The variation
in LO-based approaches seen in the literature demonstrates an instructor’s ability to
select the structure that best fits their course content, teaching style, and students.

3 THE NEED FOR A TOOL TO CLASSIFY GRADING SYSTEMS

Norm-based grading systems are still highly used in engineering higher education,
but the use of LO-based grading systems is on the rise as demonstrated by many
examples discussed in the recent engineering education literature. For example,
Henri et al. (2017) conducted a review of competency-based learning tools
assessments and recommendations. Additionally, the authors of this paper have
extensively examined the use and implementation of standards-based grading in
various contexts (Atwood et al., 2014; Carberry et al, 2012; Sinawski et al., 2012;
Hylton & Diefes-Dux, 2016) to reveal best practices (Lee et al., 2018) and student
use of feedback (Diefes-Dux, 2018).

There is little confusion as to what classifies as norm-based grading. The same
cannot be said for LO-based grading efforts, which have been quite scattered and
bogged down by inconsistencies in nomenclature. For example, Post (2014 & 2017)
highlights the use of what he refers to as standards-based grading in fluid mechanics
(2014) and thermodynamics (2017) courses. The use of standards-based grading in
these examples highlights an approach that leverages a two-point, pass/fail scale for
nine and eleven course objectives, respectively. This binary approach to grading and
multiple opportunities to achieve a score of ‘pass’ is inconsistent with our use of
standards-based grading.
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Bekki, Dalrymple & Butler (2012) also use a two-point, pass/fail scale as described in
their implementation of mastery-based grading in an undergraduate engineering
curriculum. Students are provided with two chances to demonstrate mastery of well-
defined learning objectives, which roughly aligns with Post’s description of
standards-based grading. Another example labelled as mastery or competency-
based grading is provided by DeGoede (2018) within an engineering dynamics
course. Students must demonstrate mastery on eleven skills, but are assessed using
a 5-point scale. Each skill is assessed individually using a test question and students
are provided with multiple opportunities to display such mastery. This approach
appears to overlap or mix with what was previously described as standards-based
and mastery-based.

These examples do not introduce forms of computer assistance, but instructors are
beginning to add such technology either in class or online (e.g.,Padhye &
Blumenstein, 2017). This added level of complexity further muddies the water in
terms of being able to compare and classify these emerging grading systems in
engineering education. The continual emergence of learning outcomes-based
grading system variations suggests a clear need to examine what has/is being done
to help engineering instructors and programs navigate the growing grading
landscape.

4 USING PRINCIPLES TO DIFFERENTIATE GRADING SYSTEMS

All grading systems are designed to assess student performance within a learning
environment. A set of principles, suggested by Heywood (2016), can be used as a
first level of filtration to differentiating grading systems used in engineering
education. Fig. 1 presents these principles mapped directly to norm and learning
outcomes-based systems introduced in the previous sections. A clear dividing line
can be made separating principles and grading systems that focus on selecting and
developing talent.

5. Learning is best when in small units undertaken regularly

6. Learning is a sequential series of logical steps requiring
completion of prerequisite steps before attempting the next

1. Variations in the amount and quality of instruction can bring Traditional
every student to a mastery level of performance given that (Normative or
aptitude is normally distributed Summative)
Selecting
2. Anyone learns best when they know what is expected of them ¢ ~  ---—ccoooo___
Developing
3. People learn best when procedures can be applied to new Standards-
material and relate to previous knowledge based
4. Feedback should be prompt and at each step of learning Competency-
based

Mastery-based

Adaptive

Fig. 1. Mapping of criterion-referenced principles (from Heywood, 2016) and

assessment methods found in the literature.

220



Proceedings of the SEFI 47 th Annual Conference - Concept Papers

5 A GRADING SYSTEM CONTINUUM

The defining principles of grading systems can be further expounded upon to better
understand the degree in which each system attends to these principles and
differentiates itself from other grading systems. Fig. 2 places each grading system on
a continuum from developing to selecting talent by examining differences in how the
grading system impacts sequencing of content, course pace, number of attempts to
demonstrate achievement, scale and weight of performance, types of feedback
provided, and basis for a final grade.

There is little need to further elaborate on traditional, norm-based grading
approaches. The continuum captures the previous discussion, including the primary
action of adding up a number of discrete and disparate tasks throughout the
semester to determine a student’s performance using a 100-point scale or letter
grade. LO-based grading approaches have clearly demonstrated variation that has
led to subsequent confusion and inconsistent labelling of these systems across
instructors and programs. The presented continuum defines each grading system in
an effort to alleviate confusions that have emerged due to a lack of a tool to help
guide the use and description of these systems.

Selecting Talent

Developing Talent

Learning Outcomes-Based Grading Norm-Based Grading

Adaptive Mastery-based Standards-based Summative Grading  Normative Grading
- Mastery-based - Based on explicit Learning - Based on explicit Learning - Based on explicit - Summative
+ Outcome (LOs) Outcomes (LOs) and rubrics assignments Grading
- Entirely self-paced - Binary performance - Continuum of performance - Continuum of performance +
- Unlimited - Self- or semi-self paced (coarse) (fine) - Student
attempts - Multiple attempts on - Structured pace - Structured pace performance
- Entirely sequential each assessment - Single attempt on each task - Single attempt on each directly
- Computer-assisted - Mostly sequential - Criterion repeated assessed task compared to
- Electronically - 1LO assessed at a time on increasingly complex - Not sequential - moves on determine
adapts for - Yes/no prompt feedback tasks - Many LOs assessed grade (i.e.,
individual - Course grade based on - Multiple LOs assessed together grading on a
- Immediate how many/which together - Points achieved are curve)
feedback outcomes are passed - Detailed rubric feedback feedback
(best/last attempt) - Course grade determined by - Course grade determined
performance on outcome by performance on
(may be weighted and assignments (usually
averaged) weighted and averaged)
100% correct for ~ Typically 80-90% correct Performance scale Typically 100% scale of Letter grade
mastery is “mastery” (typically 3-5 point scale) performance performance

Fig. 2. Continuum of various assessment methods used in engineering higher

education.

6 GRADING SYSTEM REFORM

The primary intent of the grading system continuum is to clarify what has become a
confusing landscape of grading systems. A secondary goal is to drive grading
system reform as a necessity for the future (R.A. Voorhees, 2001). It was estimated
in 2015 that over 600 colleges have or are attempting to implement some form of
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LO-based grading (Fain, 2015), but it's unclear what has been the basis for such
change and how efforts are being benchmarked. An example of a large systematic
attempt at grading system reform that can be referenced occurred in primary and
secondary education within the United states (US) back in the 1990s. The effort was
in response to increasing legislative involvement to set content and performance
standards in public education to improve and increase accountability toward
monitoring student learning (Marzano, 2011; Reeves, 2002). The primary challenge
associated with such a movement is the difficulty overcoming the pervasive mindset
that the primary function of grading is differentiating between students rather than
assessing a particular student’s achievement or competency (Kendall & Marzano,
1996; Guskey, 2011); yet calls for alternative grading approaches in K-12 have risen
again with recent concern for accountability in the public education system and
online learning (Spencer, 2017).

Adopting a similar approach in higher education should consider the challenges
faced in US K-12 education; however, Marzano (2011) and Kendall & Marzano
(1996) note that one size does not fit all and that tailoring approaches is difficult to
balance against the broadly sweeping standardized criteria set by a state or national
panel. These considerations are noted within the context that K-12 and higher
education have inherently different structures. Much of the pushback at the K-12
level has arisen from standards that are too exhaustive and do not allow for
individual instructors to determine how best to teach the material. Such angst may
be inherently ameliorated in higher education because equivalent course-level
standards across institutions do not exist. Instructors maintain much more autonomy
over their classroom structure and assessment even when designing a course to fit
within accreditation standards or institutional goals (Eaton, 2016). This presents an
interesting opportunity for courses designed to be “tailor-made to individual schools”
(p- 13), which is described as a must for successful implementation (Kendall &
Marzano, 1996).

The challenge associated with changing a grading system in such a fashion is that
course changes are rarely accompanied by institutional changes, i.e., grades still
need to be converted. Additional challenges include a lack of consensus on how to
structure courses, what assessment techniques are best, and what actually
constitutes a full conversion to an LO-based grading system (Witt et al, 2006).
Establishing a consensus and differentiating the variations used by engineering
educators will help provide guidelines for those wishing to convert and a standard
upon which to compare different systems (JEE).

7 SUMMARY

Higher education engineering instructors have a variety of grading systems to
choose from when assessing their students. Traditional, norm-based approaches are
still widely used, but alternative LO-based approaches are starting to see greater use
in engineering classrooms. The initial overhead to change current practices can be
seen as quite large, but the benefits in the long run are worthwhile for students,
instructors, and programs (Lee et al., 2018). The presented continuum is a tool that
instructors and programs can use to understand the options and help make an
informed decision for an individual course or curriculum. It is our role as researchers
to help educate our colleagues about grading options using tools like the continuum
presented in this paper in order to address greater institutional accountability (A.B.
Voorhees, 2001).
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ABSTRACT

The authors make use of methodological criticism to criticise the methods used in
empirical studies of professional skills and the treatment of skills as objectively real
and discreetly measurable. Accordingly, a systematic review of the literature
pertaining to engineering professional skills was undertaken to identify positivist
papers. After appliying the screening criteria, 36 papers remained and were included
in the review. The main findings include: issues with definition of the skills under
examinations, issues with the interpetation of Likert scale data and issues with the
abuse of parametric statistics. Finally the authors make recommendations for a more
interpetive approach to the study of engineering professional skills with the aim of
moving the field away from the use of particular methods and practices in this
research area.

1. Introduction

When one looks to the study of engineering professional skills there is a great deal of
activity at both an European and at an international level, with the European
Commission publishing numerous reports on professional skills and the importance
of their development for the labour market [1]. Skills are generally defined as the ability
to perform a task and can be nuanced depending on the type of task to be completed,
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engineering professional skills can be defined as those skills which are valued by an
employer [2]. Engineering professional skills are generally studied quantitatively in
one of two ways. The first type of study are those regarding the level of these skills
among students, usually before and after an intervention. The second type are those
who wish to know to what degree each of a list of skills are important to various
stakeholders, for particular engineering disciplines. In this paper, the authors highlight
concerns about the methodological approaches to empirical studies in this field and
call for a reconceptualization of how one approaches engineering professional skills
research; in the hope that this research area can be delineated.

2. Methodology

We assert that these skills are measureable as behaviours that are developed through
social interaction. These skills are multidimensional constructs that cannot be
understood outside of a particular socio-cultural context [3]. The authors reject
deterministic views of social reality that do not consider the effects of social, political,
educational and economic processes on the development of professional skills and
take into consideration the living processes in which the various stakeholders
including industry experts, HR professionals, educators and engineering students
themselves are situated, these contextual specificities interfere with a researchers’
ability to generalise about what skills are important without consideration for who,
when and where they may play a role. Skills do not exist independently and can be
understood in multiple contexts. There is never a definitive or final comprehension of
a skill. The authors acknowledge that individuals can attach different meaning to the
same word and in doing so acknowledge the complexity of the research conducted in
this area [4]

The authors make use of methodological criticism to highlight concerns over the
methods used in empirical studies of professional skills and the treatment of skills as
objectively real and discreetly measurable. Methodological criticism is most often
attributed to the works of Karl Popper, one of the most prolific philosophers of the 20t
century, in particular this paper relies on his work on the nature of scientific inquiry
and the falsifiability of scientific methods [5]. The authors would like to make clear that
this is not an anti-positivist position paper. Instead, it presents a case for an
interpretive approach and highlights the limitations of the quantitative methods
currently employed in the literature. Positivism certainly has its’ place in education
research, however it is the authors’ view that the current over emphasis on
quantitative data collection has resulted in stagnation of the research conducted on
engineering professional skills. A flurry of literature published by the European
Commission in this area in the past decade is evidence that the study of engineering
professional skills is an integral part of being successful in the labour market [6]. With
this vested interest in professional skills comes the responsibility of being rigorous in
the approach to studies which seek to investigate these skills.

3. Methods

A systematic literature review was carried out in order to identify articles relating to
engineering professional skills. The databases of Wiley, Taylor & Francis, SEFI, IEEE
Xplore and ASEE peer were searched with the terms “engineering skills” and
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‘engineering competence” anywhere in the text, this lead to 162,814 papers being
identified in the Wiley library alone. The search terms were again implemented to
search the article titles. This lead to the identification 1064 journal, conference or
magazine publications across the 5 databases. The search criteria were then

narrowed to the terms “engineering professional skills”, “engineering professional
competence”, "engineering soft skills”, “engineering graduate skills” & “engineering
graduate competence” in the title, leading to the identification of 187 papers with

overlap.

Search term Wiley [Taylor & Francis ASEE |EEE [SEFI
Engineering professional skills 6 12 36 31 0
Engineering professional competence

1 3 9 11 1
Engineering soft skills 1 1 7 28 1
Engineering graduate competences 0 0 2 2 0
Engineering graduate skills 3 0 21 11 0

Table 1. Results of systematic literature review

When overlapping papers were removed 27 journals & 151 conference articles
remained. Magazine articles were excluded due to lack of a peer review process.
Papers reporting on interpretive studies were excluded. Papers were categorised
based on the type of study carried out, whether definitions for competences were
provided and contextualised and the type of statistical analysis that was carried out.
Papers published before 2000 were also excluded. This resulted in 48 papers being
screened for this study. Following screening, 37 papers were analysed; 21 regarding
assessment of professional skills [7—28] and 16 regarding their importance to a variety
of stakeholders [12,23,37—-41,29-36]. The main drawback of this review method was
the volume of literature that was initially identified on the topic which falls outside the
scope of the search criteria, resulting in seminal research in the area being excluded
from the screening process.

4. Results

4.1 Issues with definition

One of the issues with the approach of a great many studies into engineering skills is
the use of strict definitions of skills which are seldom contextualised for the purpose
of the investigation. Participants attach meaning to these skills based on their own
lived experience, the definitions provided are therefore subjective and result in a
multiplicity of meanings being attached to each definition. In some instances
researchers do not provide any such definition. The issue in both instances is that
when a participant is asked to indicate how important or how much they have
mastered a particular skill, they are attributing that to experiences which are
qualitatively different from those of another participant. It is the authors’ view that the
best skills definitions, if they are to be defined at all, are those which can be defined
in terms of demonstrable behaviour. In this way, they may be studied in a scientific
fashion. Of the 37 papers analysed, 19 did not define the competences they listed. Of
the remaining papers, 2 papers defined and contextualised the definitions for the
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purposes of the study. This lack of definition and of contextualizing the definitions for
the purposes of the study raises two issues. If one paper says “Teamwork” is the most
important professional skill for an engineer to have and another paper finds the same
thing they do not necessarily mean the same thing, as the definition of Teamwork is
highly contextual and conceptually dense. Teamwork could be stratified into more
nuanced skills, such as an ability to negotiate effectively, possessing a positive critical
attitude and having the capacity to empathize and listen effectively, for example.
These substrata can be further nuanced when one considers the actors which are
engaged in these processes. For example, are you negotiating with a client, a
teammate or a supervisor? These are the subtleties which are lacking from the body
of literature examined in this paper that we would argue makes it difficult to aggregate
data collected about skills that are not sufficiently nuanced.

4.2  Issues with statistical analysis

Another observation about the literature which is currently in circulation is the use of
parametric statistics on ordinal data. In theory this practice is acceptable, provided
the data can be shown to be normally distributed by Shapiro-Wilk or another
equivalent test of normality [42]. Little evidence that this has taken place is presented
in the current body of literature. Of 18 papers which utilised statistics, 16 utilised
parametric statistics, O papers reported a test of normality. It is also important that
authors making use of parametric statistics acknowledge the theoretical assumptions
of such a decision. The biggest assumption being that a Likert scale is an equal
measures scale (the distance between a 1 and a 2 is the same as the distance
between a 3 and 4, etc) and that the numbers being collected and interpreted are
objectively real. It is rare that Likert scale data can follow a normal distribution and
those which do usually have skewness values outside of an acceptable range [43].
Two papers utilised a non-parametric approach to the analysis of post intervention
self-assessments, which highlights a broader issue around what exactly it means to
have statistically significant differences in self-reported “measures” of skKill.

5. Discussion

It is clear that a more interpretive approach to these studies is required. The authors
believe that one starting point for a study of this nature is to define skills in terms of
measurable behaviours. This opens the door to scientific measurement through
behavioural psychology. Such measurements can be made in a behavioral
assessment such as a Situational Judgement Test (SJT) [44]. Situational judgement
testing can be attributed to the work of Motowidlo, Dunnette & Carter [45] who
discussed the use of what they called a low fidelity simulation of behaviours for
predicting job success. The authors used the critical incident technique to collect lived
experiences from managers in 7 companies around the topics of problem solving,
interpersonal and communication skills resulting in the development of a 58 situation
and a 30 situation test. Then, they met with 150 managers and asked them to write a
few short sentences about how they would react to those situations, these formed the
4 possible responses to each item. Forty-two managers were then asked to select the
relative appropriateness of each response before the pilot study took place. The
authors found poor correlation between test scores and the Grade Point Average
(GPA) of participants but relatively strong correlation with interpersonal sKills,
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negotiation and communication skills which were evaluated in interviews with test
participants. We believe that this methodology is consistent with the authors view that
skills are multidimensional constructs which are developed through social interaction.
There are of course limitations to this method in that a single test item is construct
heterogeneous and repeated observations would be required to build a complete
picture of a skill and its’ interrelated factors. Responses to such tests can be mediated
by culture and experience and can therefore be extremely useful instruments in
candidate selection. The second potential means of making a measurement of skill is
to use the high fidelity scenario, which is observation of behaviour in a group setting.
Such research comes with the limitation that observing group behavior may change
alter the groups’ frue behaviour. The benefit is a direct measurement of professional
skills. Both methods have proven popular in Human Resources for candidate
selection, with both methods providing a greater sense of an individual’s skill level
than a self-assessment.

6. Conclusions

There is a flagrant abuse of statistics occurring in research in this area. The level of
abstraction from a self-assessment as measuring skill to interpreting that data as being
composed of real numbers is far too great an assumption and so the use of statistics
in such studies - should at minimum - come with a section which acknowledges the
rather large assumptions made to carry out the analysis and the appropriate statistical
tests and their outcomes published to verify that the data are in fact normally
distributable and suitable for a parametric approach. More fundamentally the treatment
of skills as objectively real and discretely measurable has resulted in the aggregation
of rating scale data without due regard for the contextual nature of the definitions of
these skills, this pursuit of certainly in the field has resulted in a loss of a sense of
meaning in the papers which report such data, what does it mean that Problem solving,
for example, is rated 1 point higher than teamwork by a stakeholder? And what does
it mean that students’ self-assess their skills after an intervention with higher or lower
ratings following an intervention? We believe that there are certainly more interesting
questions to be answered in professional skills research that address the context in
which these skills are important to a variety of stakeholders that present fresh avenues
of inquiry for the engineering education research community to explore.
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research programme, which aims at better understanding how multi-purpose 3-D
modelling software is used by learners at different levels of schooling. Spatial ability
may be measured thanks to paper tests and predicts choices and success in science,
technology, engineering, and mathematics education and professions. It is often
described as an ability composed of two factors, namely spatial orientation and spatial
visualisation. The latter can be further developed into mental rotation and mental
transformation. In order to evaluate the spatial visualisation skills of first-year students
in a French engineering school specialised in mechanics, the Revised Purdue Spatial
Visualization Tests: Visualization of Rotations, the Mental Rotation Test, which both
aim at measuring mental rotation, and the Mental Cutting Test, which aims at
measuring mental transformation, were administered to 137 engineering freshmen in
September 2018. This data collection was completed with a selection of demographics
and academic assessment scores. The purpose of this article is to explore, by carrying
out an analysis of variance, how these students’ spatial visualisation skills can be
related to individual characteristics and how they contribute to academic performance.
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1 INTRODUCTION

Spatial visualisation is a component of spatial ability, which predicts success in
engineering courses and professions [1]. Although, numerous studies addressing this
issue have been carried out in engineering education around the world [2, 3], no similar
research has been led in France to our knowledge. In 2016, the French government
decided to investigate the impact of the current transformations education is
experiencing through the increasing role played by digital tools, by sponsoring
research programmes addressing this issue 2. EXAPP_3D, an e-FRAN projects, aims
at better understanding how multi-purpose 3-D modelling software is used by learners
at different levels of schooling. This project provides the opportunity to investigate
spatial visualisation and its possible inferences as a necessary ability in French
engineering education. More specifically, this work aims at studying whether spatial
visualisation, as measured by pen-and-paper tests, can predict academic success for
first-year students in an engineering school specialised in mechanics. A secondary
objective is to explore whether pre-engineering school specialisations and gender are
linked to spatial visualisation scores.

2 RESEARCH CONTEXT

Science, Technology, Engineering and Mathematics (STEM) require students to
visualise, manipulate and understand two-dimensional (2-D) and three-dimensional (3-
D) shapes. Chemistry students analyse the spatial structure of molecules, medicine
students learn anatomy, and engineering students model 3-D objects from 2-D
representations and analyse mechanisms from 2-D and 3-D representations. Wai,
Lubinski and Benbow’s longitudinal study highlighted how high school students’ spatial
ability predicts choices and success in STEM education and careers [1]. The authors
studied the evolution of 306,665 subjects from Project Talent [4], who were assessed
on their verbal, mathematical and spatial skills while in high school in 1960. The
analysis of the eleven-year follow-up after high school graduation established that the
likelihood of obtaining an advanced qualification in STEM disciplines, i.e. a master’s
degree or a doctorate, increased with the spatial ability demonstrated in high-school.
It also showed that the individuals who held positions in STEM domains had obtained
higher spatial ability scores while in high school.

2.1  Spatial ability

Often described as a set of skills, spatial ability is rarely defined as a single concept
[5]. Its most frequently quoted components are spatial visualisation and spatial
orientation [6, 7, 8]. This study focuses on spatial visualisation, therefore, spatial
orientation will not be detailed.

2.2 Spatial visualisation

Spatial visualisation, as defined by McGee, implies “the ability to mentally rotate,
manipulate, and twist two- and three-dimensional stimulus objects” [7, p. 896]. This
skill is characterised by the mental manipulation of objects. Kersh and Cook [9, cited
by 8] further decompose this skill in two sub-skills, namely mental rotation and mental
transformation, as illustrated in Figure 1. The authors justify this distinction by the size
of the transformation: mental rotation concerns the total transformation of an object,
whereas mental transformation concerns the partial transformation of an object.

2 Espace de formation, de recherche et d’animation numérique (e-FRAN) projects are supported by the Ministére
de I’enseignement supérieur, de la recherche et de I’innovation.
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Fig. 1. Spatial skills classification [Adapted from 8, Figure 3.1]

Spatial ability
Spatial visualisation Spatial orientation
Mental Mental
rotation transformation

2.2.1 Mental rotation

Mental rotation “describes the mental movement of an entire object to a different
position” [8, p. 30]. This term was coined by Shepard and Metzler in 1971, after carrying
out an experiment requiring eight subjects to decide whether two perspective drawings
of 3-D objects, presented before and following a rotation, were similar [10]. The authors
noticed the response time rose with the increase of the angular discrepancy between
the two representations of the object.

2.2.2 Mental transformation

This capacity implies “different operations on separate parts of the mental image” |9,
p. 8, cited by 8, p. 31]. Tartre distinguishes four categories:

e the transformation of a 2-D representation to a 2-D representation, as in mental
tangrams;

e the transformation of a 2-D representation to a 3-D representation, as when one
mentally folds a pattern to form an object;

¢ the transformation of a 3-D representation to a 3-D representation, as when one
mentally builds a complex object from simple objects;

e the transformation of a 3-D representation to a 2-D representation, as when one
mentally unfolds an object.

2.3 Measuring spatial visualisation

Numerous pen-and-paper tests exist to assess spatial ability. The most frequently
quoted tests are the Mental Rotation Test [11], the Special Aptitude - Spatial Relations,
better known as the Mental Cutting Test [12], and the Purdue Spatial Visualization
Test: Visualization of Rotations [13].

2.3.1 Pen-and-taper tests measuring mental rotation

The Mental Rotation Test (MRT) is a pen-and-paper test designed by Vandenberg and
Kuse consisting of twenty questions [11]. For each question, a shape is presented and
must be identified, once rotated, among four choices. The rotations are carried out
according to a central symmetry. Each stimulus corresponds to the isometric drawing
of a 3-D object. Half the questions present distractors in the shape of rotated mirror
images of the stimulus, and the other half present distractors in the shape of rotated
images of one or two of the answer choices. Respondents need to select the two
correct answers to score a point. This marking scheme aims at preventing guessing.
There are two parts to the test, which are separated by a pause. The time limit for the
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questions and the pause depend on the test battery and the respondents’ experience
(A.R. Kuse, personal communication, 25 June, 2018). Albaret and Aubert provide a
French version of the test [14].

Fig. 2. Sample question from the MRT
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The Purdue Spatial Visualization Test: Visualization of Rotations (PSVT:R) is a 20-
minute multiple-choice pen-and-paper test consisting of thirty questions. Each
presents a 3-D object represented in two positions. The respondent needs to identity
the sequence of rotations required to move the object from the first position to the
second, and apply it to a second object, to find the corresponding position it has
reached out of four possible answers. The rotations are in 90° multiples, and follow the
directions of the object using the right-hand rule. The test displays objects with plane,
curved and inclined surfaces. It is designed to restrict analytical processing and “to

measure a specific type of spatial visualizing ability that requires imagining movement
according to explicit directions” [15, p. 9].

Fig. 3. Stimulus from the PSVT:R presented in a 3-D Cartesian coordinate system
y

z X

The Revised Purdue Spatial Visualization Tests: Visualization of Rotations (R PSVT:R)
[17] results from Yoon’s revision work, with Guay’s permission. In this version of the
test, a single problem is displayed per page and the questions are presented in an
increasing order of difficulty. There is no time limit to this test.

Fig. 4. Sample question from the R PSVT:R
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2.3.2 Pen-and-taper test measuring mental transformation

The Special Aptitude test in Spatial Relations, better known as the Mental Cutting Test
(MCT), is a 20-minute pen-and-paper multiple-choice questions which contains twenty-
five questions [12]. Each problem presents a 3-D object cut by a plane. The respondent
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must choose the correct resulting cross section out of five possible answers. Some of
the questions can be solved by selecting the shape of the cross section, and some
further require to take the measure of the sides and of the angles into consideration
[16]. Steinhauer [3] studied the correlation between students’ performance on the MCT
and their 3-D modelling ability. She concluded that a significant relationship existed
between the two abilities. She suggested that the efficient use of 3-D modellers and
the solving of the MCT problems both require “the ability to discern the correct 2-D
profiles associated with a solid model’ (p. 48).

Fig. 5. Sample question from the MCT
ﬁ B c D E

24 Research question

Spatial ability predicts student choices and success in engineering [1]. It is linked to
the ability to use 3-D modellers [3] and gender [2, 6, 7, 14, 18], and can be measured
thanks to pen-and-paper tests. One of spatial ability components, spatial visualisation,
enables the total or partial manipulation of 2-D and 3-D objects. This study is aimed at
determining whether spatial visualisation, as measured by the MCT, the MRT and the
R PSVT:R, can predict engineering students’ performance in academic assessments.
A secondary objective is to explore whether performance on spatial visualisation tests
can be linked to undergrad specialisation and gender. Previous studies [2, 3] allow us
to the formulate the hypothesis that spatial scores will predict student performance in
assessments which require the mental manipulation of 2-D and 3-D representations,
and that male students will outperform female students on the spatial tests. We also

predict that students who received training in complex system analysis and modelling
will outperform students who did not benefit from such experience.

3 RESEARCH DESIGN
3.1 Participants

Students join Supméca, a French engineering school specialised in mechanics, upon
successful qualification through several recruiting processes : they need to pass
competitive entry exams, after completing intensive preparatory courses, the first two
years of a university degree or obtaining a vocational qualification (DUT). Students
coming from intensive preparatory courses are specialised in Mathematics and
Physics (MP), Physics and Chemistry (PC), Physics and Engineering (PE), Physics
and Technology (PT), or Technology and Industrial Science (TIS). PT, PE and TIS
students are taught about complex systems form 4 to 8.5 hours a week, whereas this
course is optional for MP students and not part of the PC students’ curriculum.

Table 1. Hourly volumes of subjects in the MP, PC, PE, PT and TIS courses

Mathematics Physics Chemistry Industrial science
MP 12 7 2 (2)
PC 9 9 5.5 -
PE 10 7.5 25 4
PT 9 6 2 8.5
TIS 10 6 2 7
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Note: Industrial science courses cover complex mechanism analysis and modelling.
() indicates these lessons are optional.

The students were aged between 18 and 23, mean 20.35. 137 students (NF = 37
[27%] women and NH = 100 [73%] men) took the MCT and the MRT. 131 students
(NF = 36 [27.48%] women and NH = 95 [69.34%] men) took the R PSVT:R.

3.2 Instruments and procedure
3.3.1 Spatial tests

In September 2018, 137 freshmen took the MRT and the MCT and 131 freshmen took
the R PSVT:R:

e MRT: the students were given three minutes to complete the first part and three
minutes to complete the second part of the test. They benefited from a two-
minute break. Such timing was deemed appropriate for our sample by one of
the authors (A.R. Kuse, personal communication, 25 June, 2018). We used the
French version of the test [14].

e MCT: the students were given twenty minutes to complete the test, as
prescribed on the test paper. We used our own translation.

e R PSVT:R: the students were given a time limit of one hour, for timetabling
reasons and based on the author’s indication that most students complete the
test in thirty minutes (S.Y. Yoon, personal communication, 16 May 2018). We
used our own translation, which was approved by the author (S.Y. Yoon,
personal communication, 18 October 2018).

We decided to translate the tests for which a French translation was not available so
that English ability would not affect student performance. We used the pen-and-paper
versions of the tests. The students answered directly on separate answers sheets for
the MCT and the R PSVT:R, but answered on the question papers and reported their
answers on the answer sheets during the break and after the test for the MRT. The
students were instructed to not guess the answers. The order of the tests was chosen
depending on the time slots. Some groups took the MRT and the MCT during the same
session, and the R PSVT:R at a different time on the same day. Other groups took the
MRT and the MCT during the same session, and the R PSVT:R on a different day.

3.3.2 Academic assessment

Individual assessment scores and assessment descriptions for the first term were
collected from the student office and teachers. They were part of the following courses:
Applied Mathematics (APMA), Mechanism Analysis (MEAN), and Algorithmic and
Programming (ALPR). All the data were anonymised.

APMA addresses distributions of real variables and the Laplace transform. The
assessment focused on distributions, convolutions, the Laplace transform and the
Fourier transform.

MEAN aims at teaching students how to analyse an industrial mechanism to sketch its
kinematics schematic representation, identify the necessary technological conditions
for its efficient operation, check its performances using calculations, and propose a
manufacturing method for some of its components. The assessment included 2-D
representations of a 3-D object from different perspectives, horizontal and vertical
cross sections (Figure 6), and an exploded view. Students had access to a digital

241



Proceedings of the SEFI 47t Annual Conference - Concept Papers

JEFI

242

model in CATIA [19], with which they could generate different representations of the
system they were analysing, as illustrated in Figure 7.

Fig. 6. Examples of perspectives and cross sections presented in the MEAN
assessment
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Fig. 7. Example of a perspective representation of a cross section generated in
CATIA

ALPR deals with the acquisition of basics in algorithmic, fundamental data structures,
and C programming language. Assessment ALPR1 focused on the understanding of
code and the writing of simple functions. ALPR2 focused on algorithmic and C
programming language.

3.3.3 Data analysis

An analysis of variance (ANOVA) was performed to explore the link between student
performance on spatial tests and academic assessments, using SPSS. For each

analysis, the spatial test score was used as the independent variable and the academic
result was used as the dependent variable.
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Means and standard deviations for each group, i.e. males, females, undergrad
specialisations, were calculated to compare performance on the spatial tests.

4 RESULTS

Students’ spatial scores are presented in Table 2 and results for APMA, MEAN, and
ALPR in Table 3 respectively.

Table 2. Spatial scores

Spatial test Highest score Mean Standard N
possible deviation
MCT 25 15.14 5.60 137
R PSVT:R 30 24.12 4.25 131
MRT 20 12.24 4.23 137
Table 3. Academic results
Course Highest score Mean Standard N
possible deviation
APMA 20 11.40 3.68 140
MEAN 20 13.02 2.53 138
ALPR1 20 15.12 3.23 138
ALPR2 20 12.65 4.35 134
The significant results following the ANOVA are presented in Table 4.
Table 4. Analysis of variance
Dependent Predictor P-value Coefficient Constant
variable
ALPR1 MCT 0.007 ** 0.139 13.050
ALPR1 R PSVT:R 0.041* 0.140 11.847
ALPR1 MRT 0.012* 0.171 13.060
ALPR2 MCT 0.036 * 0.145 10.420
APMA MCT 0.038 * -0.116 13.127
APMA R PSVT:R 0.049 * - 0.145 15.024
MEAN MCT 0.001 ** 0.241 9.394
MEAN MRT 0.016 * 0.240 10.277

Note: ** p<0.01

*0.01<p=<0.05

The ANOVA revealed a low significant prediction capacity of the R PSVT:R (p =0.041)
and the MRT (p = 0.012) for performance on ALPR1, and of the MCT (p = 0.036) for
performance on ALPR2. It also showed a highly significant prediction capacity (p =
0.007) of the MCT for performance on ALPR1. It indicated a low significant prediction
capacity of the MCT (0.038) and the R PSVT:R (0 = 0.49) for performance on APMA.
Finally, this analysis brought to light a highly significant prediction capacity (p = 0.001)
of the MCT and a low significant prediction capacity (p = 0.016) of the MRT for
performance on MEAN.

The mean scores for undergrad specialisations are presented in Table 5. Those for
men and women are presented in Table 6.
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Table 5. Spatial scores according to undergrad specialisation

MCT R PSVT:R MRT
DUT Mean 17.4 Mean 26 Mean 13.2
(SD=5.16, N=5) (SD=2.19, N=5) (SD=4.87, N=5)
Mean % 69.6 Mean % 86.66 Mean % 66
MP Mean 13.5 Mean 24.35 Mean 11.47
(SD= 5.46, N= 44) (SD= 3.93, N=44) (SD=4.42, N= 44)
Mean % 54 Mean % 81.19 Mean % 57.38
PC Mean 14.10 Mean 24.36 Mean 12.31
(SD=5.39, N=19) (SD=4.45, N=19) (SD= 3.74, N=19)
Mean % 56.41 Mean % 81.22 Mean % 61.57
PE Mean 15.91 Mean 23.64 Mean 12.33
(SD= 4.88, N= 45) (SD=4.01, N=42) (SD=4.09, N= 45)
Mean % 63.64 Mean % 78.80 Mean % 61.66
PT Mean 20.45 Mean 25.5 Mean 15.72
(SD=4.05, N=11) (SD= 3.44, N=10) (SD=3.13, N=11)
Mean % 81,81 Mean % 85 Mean % 78.63
TIS Mean 22 Mean 28.33 Mean 14.33
(SD= 2.16, N=3) (SD=1.69, N=3) (SD= 2.62, N=3)
Mean % 88 Mean % 94.44 Mean % 71.66
Table 6. Spatial scores for men and women
MCT R PSVT:R MRT
Men Mean 14.86 Mean 24.26 Mean 12.19
(SD=5.42, N=100) (SD= 3.75, N=95) (SD=4.16, N=100)
Mean % 65.12 Mean % 82.94 Mean % 66.10
Women Mean 12.08 Mean 22,11 Mean 9.62
(SD=4.81, N=37) (SD=4.75, N= 36) (SD= 3.06, N= 37)
Mean % 48.32 Mean % 70.70 Mean % 48.10

Men outperformed women in all tests. Students with technical backgrounds, i.e. DUT,
PT, PE and TIS, outperformed students with other backgrounds, i.e. PC and MP, in
the MCT and MRT, although the limited size of the samples of students with technical
backgrounds does not enable us to draw conclusive comparisons.

5 DISCUSSION

The ANOVA showed there is a weak to strong significant relationship between the
spatial tests used in this study and the academic assessments for ALPR. Although
these did not contain spatial elements, correlations between spatial ability and
computer science have been established: Wai et al.’s study showed that Project
Talent’s subjects who gained masters or doctorates and held positions in computer
science demonstrated higher spatial ability in high school [1].

The analysis revealed a weak significance of the capacity of the MCT and the
R PSVT:R to predict performance in APMA. This assessment did not contain visual
elements, but the negative correlation indicates that high scores on the spatial tests
predict failure in this subject, whereas low scores predict success. According to the
assessment’s author, solving the problems presented in this assessment requires
abstraction (S. Dugowson, personal communication, 3 April 2019). Does this mean
that individuals with high spatial skills lack this ability? Inversely, does this mean that
individuals who possess it are characterised with low spatial skills? There is a notable
difference between the ANOVA results for the MRT and the R PSVT:R, which both
claim to measure mental rotation, but whose administration procedures are different.
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The MRT is time-limited, as time restriction discourages analytical processing [6].
Analytical processing, which allows subjects to decompose objects in smaller elements
to enable comparison, does not make use of mental rotation [6], which involves the
mental manipulation of visual objects. Post-test consultation of respondents’ solving
strategies shows that the MRT allows for a variety of strategies [14, 15]. On the
contrary, the R PSVT:R is not limited in time to avoid female underperformance, as
women tend to get lower scores when they take time-limited tests [18]. As far as we
know, no study has described the use of analytical processing in solving the R PSVT:R
items. The difference in the ANOVA results for the MRT and the R PSVT:R could be
explained by the fact that the R PSVT:R is a more reliable instrument to measure
mental rotaion.

Using visual information presented in perspectives and cross sections implies the
ability to understand and interpret different means of representation of the same
information. The significant correlations between the MCT and the MRT scores and
the MEAN results can lead to several interpretations: the spatially weak students could
not interpret and use the visual information provided in the assessment, use the 3-D
modeller successfully [3], nor benefit from the information available in the modeller
because their weak internal representations did not allow them to access external
representations [20]. The absence of a correlation between the R PSVT:R and the
MEAN results, whereas there is one with the MRT, could be explained by the fact that
the MEAN assessment does not make use of mental rotation.

The well-documented lower performance of women on spatial tests [2, 6, 7, 14, 18] is
confirmed in our study, which also highlights a difference in performance according to
the undergrad specialisation. Students with more technical backgrounds, i.e. DUT, PT,
PE and TIS, outperformed other students in the MCT and the MRT, although this
conclusion must take into consideration the small size of the samples of students with
TIS, PT and DUT backgrounds. Interestingly, the PT, PE and IST students are taught
about complex systems form 4 to 8.5 hours a week, whereas it is optional MP students
and absent from PC students’ curriculum. The very close scores of PE and PC students
on the MRT and the R PSVT:R seem to indicate that this course has a greater impact
on performance on the MCT.

4.4 Limits and perspectives

The students were not asked which strategies they adopted while taking the spatial
tests. It is therefore difficult to assert which spatial skill, if any, was made use of during
the tests. Further experiments including the collection and the encoding of these data
are necessary to clarify this variable.

The MEAN assessment allowed students to access CATIA, where they could create
richer isometric views — the views are in colours and shadows represent depth - and
2-D representations: e.g., possibility to hide and reveal parts and to choose a point of
view or a cross section. The students’ activity on the software was not recorded. A
complementary study is necessary to explore how student use, or lack of use, of the
software is related to their spatial skills and performance on the assessment.

6 CONCLUSIONS

The spatial visualisation skills of French first-year engineering students, who joined the
school after a two-year undergrad course, were measured with the MCT, which aims
at measuring mental transformation, the MRT and the R PSVT:R, which aim at
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measuring mental rotation. The students took the tests at the beginning of the
academic year. An analysis of variance of these scores and their performance on
assessments focusing on applied mathematics, system analysis, algorithmic and C
language programming revealed a highly significant capacity of the MCT to predict
performance on mechanism analysis and C language understanding and
programming. It also highlighted a low significant capacity of spatial visualisation skills
to predict performance on the ability to understand codes and write simple functions in
C language, as well as a low significant capacity of the MRT to predict performance on
mechanism analysis. Finally, it brought out a fairly significant negative correlation
between spatial visualisation and the ability to solve problems focusing on distributions,
convolutions, the Laplace transform and the Fourier transform. Our hypothesis that
spatial visualisation and performance in assessments including 2-D and 3-D
representations has been validated. Our study revealed a link between spatial
visualisation and the ability to understand codes and write simple functions in C
language, confirming previous research that spatial ability and performance in
computer science are related [1]. A negative correlation was also found between
spatial visualisation and performance in applied mathematics. The well-documented
underperformance of female students, compared to male students, was confirmed in
our study and a better performance for students coming from undergrad technical
backgrounds was observed. The capacity of spatial tests to predict performance in
engineering courses [1] and the malleability of spatial skills have been established [5].
These findings open the possibility to design and implement remedial courses, prior to
the beginning of the academic year, to support French engineering student learning
and performance [2], and give students access to a larger choice of specialisations in
their academic career.
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ABSTRACT

Based on the vocational model - which made Switzerland one of the best places for
young people to start working - DTI Startup Garage’s mission is to go further in
developing individual skills, such as entrepreneurial attitude. At the end of October
students are called to register their own business ideas. These will then be
processed through an innovative web application (PingelApp), used to match
proposal ideas with the most suited teacher and researcher, who have initially
accepted to be Standby Mentor. Once associated with the student (/dea Owner),
Standby Mentors assess the idea and, together with a larger evaluation committee,
choose which student can be called Idea Startupper. Standby Mentors can voluntarily
endorse the students’ idea to be actively further supported. At the end of every
academic year, Idea Startuppers who want to remain in the Startup Garage must
pass through a tailor-made training program. The Startupper is responsible to
develop her/his roadmap of technical and entrepreneurial knowledge. Room 177, aka
Startup Garage, is organized exclusively to let students work at their ideas in a free
area, now generally considered an enjoyable and creative place to be in.

1 INTRODUCTION

Based on the dual education system - which made Switzerland leader in Innovation
(Table 1) and an outstanding country enhancing “Human capital” (see World
Economic Forum: https://www.weforum.org/reports/the-global-human-capital-report-
2017, consulted 2019/06/25) - DTI Startup Garage’s mission is to go further in
developing individual skills, such as entrepreneurial attitude, as the basis for students
to possibly become entrepreneurs. To that effect, a method was developed to scout
entrepreneurial ideas among all students who attend academic courses in different
branches of the Department of Innovative Technologies (DTI) of the University of
Applied Sciences and Arts of Southern Switzerland.

In order to contribute to keeping up the Swiss innovation ecosystem, a new concept
has been developed in a Swiss university where experience is leitmotiv of the
educational framework. “Startup Garage Concept” must be thought as a method-
based search for applying knowledge aiming at discovering practical solutions.
Problems are identified by students and, thanks to their creativity, bound to be solved
in some way. In so doing, principles for promoting innovation are experienced by
students attending courses at our university.

Startup Garage offers all students opportunities to turn knowledge into promising
business ideas. Along those lines our motto is “The way to apply knowledge”. The
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way leading to Startup Garage is easier to engineering students, who are typically
provided with natural talent useful to develop entrepreneurial skills. This kind of
students have ideas and can turn them into action developing entrepreneurial spirit at
the same time. In a way to discover ideas the team of Startup Garage carries out a
horizontal approach and cross curricular scouting throughout all engineering
bachelors.

Table 1. Bloomberg Innovation index, 2018 (from
https://www.bloomberg.com/news/articles/2019-01-22/germany-nearly-catches-korea-as-
innovation-champ-u-s-rebounds, consulted 2019/04/16)

2018 2017 Yo Total R&D  Manufacturing High-tech Tertiary ~ Researcher Patent
rank rank change Economy score intensity value-added Productivity density  efficiency concentration activity
1 1 0 S, Korea 89.28 2 2 21 4 3 4 1
2 2 L8] Sweden 84.70 4 11 5] [ 18 4] 8
3 6 +32 Singapore 83.05 15 2] 12 21 1 i 12

4 3 -1 Germany 82.53 a 4 17 3 28 149
Is 4 .1 Swizerland 8234 7 7 8 g 11 17 17 |
6 T +1 Japan 81.91 3 G 24 8 34 10 3
[) 5 2 Finland 81.46 a8 16 10 13 19 ] 4
8 E:) L8] Denmark 81.28 5] 15 i1 15 26 2 10
9 11 +2 France 80.75 12 35 14 2 10 21 =]
10 10 L8] |srael 80.64 1 27 9 5 41 1 19
11 9 -2 s, 8042 10 23 5] 1 42 20 2
12 12 L8] Austria 79.12 5 & 15 26 12 12 5
13 16 +3 Ireland 7.8y 22 1 1 18 20 14 33
14 13 -1 Belgium 12 11 22 13 10 37 13 21
15 14 -1 Morvay 76,76 19 37 19 11 23 8 14

A dynamic environment enables innovation to be promoted. Space and support to
succeed are provided to innovative projects. A new kind of teaching method can
identify good ideas among students with outstanding pioneering potential.

The main goal is to transfer knowledge gained by students at school and apply it by
working at their own entrepreneurial ideas. The expectation is that the chances to set
up and develop science-based companies will increase and science-based
innovation will be encouraged. In promoting science-based entrepreneurial initiatives,
connections between higher education institutions, the private sector, and society will
be strengthened, and accelerated also through the use of digital tools [1].

2 GENERAL DESCRIPTION OF THE DTI STARTUP GARAGE
The main details of how it is working are:

e Students attend courses for a variety of bachelor studies, thus enabling useful
cross-fertilization

e Active Standby Mentors are available to help students to develop their Startup
ideas

e A webapp, PingelApp, associates the idea with the competent Standby Mentors

e Idea Startuppers can ask for financial support to develop their MVP (Minimum
Viable Product) and obtain refunds for costs incurred in developing business ideas

e The Startup Garage Team is always available whenever students ask for
assistance
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e Lunch Seminars are organized to achieve milestones which mark progress in
developing Startup ldeas and, if achieved, enable students to remain in the
Startup Garage

e Business Cake Events with teachers and students are enjoyable moments to
deepen discussions

e Assignment of vocational credits from courses teaching entrepreneurial soft skills,
in order to integrate part of the courses taught by Standby Mentors

e Students can prepare their work in order to participate in competitions for the most
prestigious startup accelerator

e Students promote their entrepreneurial ideas among secondary school pupils in
order to foster innovation and creativity

e The Startup Garage offers entrepreneurship-related courses to students on an on-
going basis

3 STARTUP GARAGE: A THREEFOLD CONCEPT
3.1 Startup Garage: the space where ideas can be worked on

Like an “island of freedom” (the name of the app comes from a Micronesia island:
Pingelap) Room 177 at SUPSI, is a physical location of the DT/ Startup Garage.
Here, students can put classical theoretical-scientific instruments and knowledge,
which they gradually obtain during their curricula, at work into a stimulating practical
adventure. In fact, students are enabled to develop their own entrepreneurial ideas
without taking the risks of real entrepreneurs, but growing into dynamic people
enabled to become real entrepreneurs at the end of their academic path.

Startup Garage is an enjoyable and creative place set up recently inside a
Department (DTI) that is focusing on the applied engineering sciences, in general
within the industrial sector, and with technology and information services for both
training and research.

In developing the “Startup Garage Concept’, a physical area had to be laid out, in
order to make an impacting space useful to reach the main goals of the course. In
the traditional conceptual framework, academic rooms are still thought as an orderly
learning space where students can develop their ideas [2]. However, in Room 177, a
new space has been created in which rules of freedom and openness help ideas to
become useful products or services.

Only enrolled and motivated students, with good entrepreneurial ideas, obtain
exclusive access to the Startup Garage and to its benefits. In the Garage students
can put classical theoretical-scientific instruments and knowledge, which they
gradually obtain during their curricula, into a stimulating practical adventure. But no
credits are awarded yet, no award-winning contest is directly promoted, nevertheless
Idea Startuppers are helped to take part in national and international related
competition. Startup Garage is a methodological way to back vocational education
and training as developed in Switzerland, in order to be much oriented towards
entrepreneurship and self-consciousness of own business ideas.

3.2 An entrepreneurial approach to teaching: Teachers and Technology as
supporters and facilitators

In a responsible way, engineering students, as motor and genius, are able to switch
on a renewable digital economy boosted by freedom and creativity (Fig. 7). Leonardo
Da Vinci, genius but “omo senza lettere”, put the Man at the centre of the earth and
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universe. Accordingly, we should nowadays find next generation innovators, who put
their good ideas at mankind'’s disposal.

Academic education, as delivery of learning, surely contributes to form and reshape
breeding ideas, but it fails to promote entrepreneurial attitude, especially at the very
beginning of the academic curricula.

Interactions Academic education

e & e\
;" =i -

Developing ideas , ‘ Expressing ideas

Fig. 1. Student-centered approach - Personal elaboration

Beyond formal learning objectives, the management team of the Startup Garage is
helping students to develop entrepreneurial ideas and go further into business
aspects. Inside the Garage, students can find an openness and free access to
functional knowledge to be tapped into in order to spread the entrepreneurial spirit
among students.

This approach fosters collaborative creativity, sustainable adaptive learning, new
credentialing, peer learning, and the understanding of assessing business
opportunities on a continuous basis.

Management mission

The Startup Garage Team is made up of persons with different backgrounds but
united by the same goal: helping students to succeed in their entrepreneurial
initiatives as a good way to keep on studying in a stimulated academic environment.

In developing a particular entrepreneurial teaching approach (see “on a renewed EU
agenda for higher education” https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX%3A52017DC0247), the Team believes in human
relationship as well as human capability to learn by doing, which has shown to be
very useful to motivated students.

PingelApp

At Startup Garage, in order to support the entrepreneurial teaching aims, a
collaboration started with ICT colleagues to exploit digital technologies for developing
student business ideas and facilitating the management process. The initial approach
was to develop a web application, PingelApp, that provided on one hand the capture,
collection, and management of young students' ideas in a rationale and
homogeneous way, and, on the other hand, it allowed a gathering of skills of potential
teachers and researchers who could act as Standby Mentors. In this way students’
idea needs and mentors’ expertise are collected. A further step in this innovative
platform for the management of ideas and of the ideation process was completed by
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an algorithm that associates an idea with a potential mentor, based on the needs
expressed in the idea description and the competences declared by the mentors.

The PingelApp project was developed in two phases: in the first phase, as a result of
a semester project of the SUPSI Bachelor course in Computer Engineering [3], a first
robust platform was created for the collection of ideas and skills, with a basic
automatic matching mechanism mentor-idea; in a second phase, through a diploma
thesis [4], the system was improved focusing on the graphical and algorithmic
aspects of the application, in order to further facilitate the process of collecting and
managing ideas thanks to a more usable and attractive layout, and at the same time,
to find a better matching between mentors and ideas.

The heart of the webapp, i.e. the matching algorithm, was also enhanced thanks to
the semantic relatedness similarity [5] between words of the WS4J library [6] based
on WordNet [7]. Using the Wu/Palmer [8], Lin [9] and Lesk [10] algorithms, and the
WordNet lexical database, the application currently calculates the correlation
between ideas and Standby Mentor.

The development of this web application is still in progress both for what concerns
the introduction of new functionalities and for the code cleaning and refactoring.

PingelApp Roles and Actors

The main features of the PingelApp can be summarized by describing the roles of the
main actors involved.

Unauthenticated users can access all the published public information about ideas
and calls on the web application. In addition, there are four main authenticated roles
of users within the webapp: the student, the standby-mentor, the manager, and the
admin.

Users with manager role can create, open and manage new calls for ideas, mainly by
setting a title, a start and an end date. The manager can also define some visibility
criteria to let other users access the presentation of ideas.

Standby-mentors can enter the system and, after having filled in their list of core-
competencies to describe their expertise, find any associated idea, which matches
the offered competences.

Users with student role act as idea owners, they can insert a new idea related to an
open call for ideas, edit or view her/his inserted ideas, where the associated mentors
are also displayed when available.

An admin user is also present in order to manage PingelApp, i.e. the creation,
updating and deletion of all its elements.

Ideas are inserted according to a precise structure defined also on the basis of
previous work carried out at SUPSI about a web application for managing the
breeding of ideas [11].

The idea structure is a core concept at the base of PingelApp and is exploited to
capture the essence of an idea through a number of fields: a title, a description, a
representative image, an optional short video (such as a pitch), a story about the
birth of the idea, differentiation, motivation, application fields, and required
competencies.

An example (Fig. 2) in which an idea (left column) called SMARS — Screwless
Modular Robotic System — has been associated by the PingelApp to a Standby
Mentor who wanted to be active (self-candidates, right column), although the
matching system recognized other possible Standby Mentors (suitable mentors
proposed by the matching algorithm, central column).

Independently from the automatic PingelApp matching suggestion, Idea Startuppers
do choose their favourite “Active Standby Mentor”. Throughout the entire matching
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process the Startup Garage Management acts as supervisor and checks the
consistency between the business idea and the Standby Mentor selected.

SMARS-Screwless Modular Consoli Angelo . Banfi Michele

Robotic System

Furia Giovanni

Active Standby Mentor: Michele Banfi

Possible Standby Mentor: Andrea Galli

Fig. 2. WebApp' s partial view of the matching between Ideas and Standby Mentors.

Idea Featuring

Business ideas are classified according to typical industry sector definitions as
appeared in “Industry Classification Benchmark” published by the FTSE
(https://lwww.ftserussell.com/data/industry-classification-benchmark-icb) and their
Supersector, Sector and Subsector, where possible.

Assessment Process

Members of the Startup Garage Management, and Standby Mentors build-up the
“Evaluation Committee” in charge of assessing entrepreneurial ideas to be eventually
elected as Startup Ideas. Quantitative results are generated automatically in order to
make this important task easier. Each Standby Mentor associated by the PingelApp
to a particular idea receives the following “Assessment Sheet” (Fig. 3) to be filled out
on the idea associated with him or her.

Name of the Startup Idea: @ Coffee
Evaluation criteria for admission to the DTI Startup Garage

Meaning of numerical evaluation:

1 = No Relevance

2 = Unforeseen Evaluation

3 = Some Chances If

4 = Good Opportunities

5 = Brilliant Future Applications

Put your numeral evaluation as defined above for each criteria listed in the table below

Innovation items Technology Potential Points
Feasibility/Implementation Breakthroughs

Name of the Standby Mentors assessing the Startup Idea:

NB: Admission is not granted if the results is below 6 points

Fig. 3. Idea's Assessment Sheet.

Once the presumably best ideas have been selected, “ldea Owners” will become
“Idea Startuppers”. They get a Startuppers kit, made up of a T-shirt, a badge for 24h
free access to the Startup Garage space and the opportunity to be assisted by an
“Active Standby Mentor” who endorses the idea he or she has reviewed and
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considered viable. As a result, Active Standby Mentors are ready to assist Idea
Startuppers in progressing with their business ideas during their academic and
vocational path, well beyond a particular semester period.

At the end of the academic year, the “Evaluation Committee”, based on an add-on
endorsement by the Active Standby Mentor, decides if the project deserves to be
further supported and if the team can maintain their status as Idea Startuppers.

3.3 Vocational Training Education

Entrepreneurship education is underpinned by the model depicted in Fig. 4. In order
to carry out updating assessments, three milestones have been set to enable the
evaluation progress on a regular basis. According to the contents of the milestones
shown below, Idea Startuppers are invited to show what they have done in the
previous 3 months and to explain the current status of their Startup Idea, inside an
entrepreneurship education framework and training opportunities.

e Finalizing Business Model
via iterative cycles and
testing with potential

® Planning for proof-of-concept of Bl

product / innovative service e Creation of Business Plan
e Customer Value Proposition Canvas ® Preparation of Pitch Deck
e Creation of business model jcargeted to potential
(Business Model Canvas) investors
- e Prototype realization (Minimum
unlguengss of the Viable Product - MVP)
business idea e Verification of potential for

?
*Istherea m?rket. acceptance and of market
e Key competitors? acceptance

* Preliminary technical and ¢ ypdate of Business Model Canvas
scientific feasibility study

Discovering Business Checking Opportunities Assessment and Reporting

e Understanding the
usefulness and

Fig. 4. Business ldea Management.
Functional Events

The Startup Garage Team organizes training units on general interest topics for
entrepreneurial, personal and managerial skills with guest speaker or case studies.
Business cake events are organized every first Thursday of each month, special
courses (often as lunch seminars) are offered to the Idea Staruppers comprising
subjects such as “Teamwork”, “Business model, Business plan, Accounting and
Financial sheets”, “Private funds from banks and business angels”, “Marketing”,
“Intellectual property “, “Reports and presentations”, "Crowdfunding" bringing into
focus Pitching tailored to enable the Startupppers to participate at important Swiss
startup competitions.

Whilst the topics related to the technical, scientific and productive aspects linked to
the idea are developed with the support of the Standby Mentors and with experts and

entrepreneurs.
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Soft Skills

The Startup Garage Team takes care of the application of soft skills [12] that allow
Idea Startuppers to improve their own personal skills. The Startup Garage Team
supports and motivates Idea Startuppers to overcome difficult times and situations
with the aim of giving the skills so that the Idea Startuppers learn to support each
other. In this sense, a focal point is the “Cross functionality”. Functional team
members serve not only as the team’s conscience in their particular area of
expertise, but also as enthusiastic ambassadors.”

4 STARTUPGARAGE, A USEFUL TOOL TO BUSINESS COMMUNITY

Startup Garage Team wants to foster willingness among students to put themselves
into the foreground [13], to give some chances to their entrepreneurial ideas, and trim
them to possibly go further in developing a real startup. We want to nourish
Accelerators in a way to limit failures — not the right team, wrong business model,
product not a hit, no market need, ... [14] and to increase the chances for achieving
success. Most of the startups growing inside the academic environment have more
chance to survive three years after being set up [15]. That is why we want to make
the “culture of failure”, as promoted in the Silicon Valley, less traumatic than the
virtue of becoming an entrepreneur.

We want to transform weaknesses into strengths in terms of spreading the word,
continuing to look for students with good ideas so our “base” of entrepreneurial
students becomes bigger. This will obviously increase the odds of having a real
working company in the future.

5 FACT AND FIGURES

The balance of the first two years (Table 2) is certainly positive, all numbers are
growing.

Table 2. Results 2018 and 2019

1% Edition 2" Edition Increase
2017-2018 2018-2019
Ideas presented 11 17 +55%
Ideas accepted 7 13 + 54%
Idea Startuppers 13 20 +77%
Standby Mentors 13 39 +300%

The Idea Startuppers transmit their positive experience to schoolmates; this “cross-
fertilization” does not only involve young people, but also extends to teachers and
researchers, companies, partners and experts.

6 FUTURE DEVELOPMENT

e Starting in 2021, the new Campus opens to all SUPSI Departments and to USI
(one of the 12 certified public universities in Switzerland: https://www.usi.ch/en).
The Startup Garage will then be transferred to the new Campus.

e Create and improve contacts with other Universities in Switzerland, in Europe and
in China.

e Offer internships to Idea Startuppers in Departments that could offer added value
to the development of the "working" business idea.
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e Establish contacts with local companies that relate to the ideas of Idea Startuppers
to offer summer work experience.

e Allow students of each Department for the possibility of being part of an Idea
Startuppers Team by offering their scientific and technical knowledge.

e Provide ECTS credits for the skills acquired in the implementation phases
expected to go further in developing Startup ideas.

e Let Idea Startuppers who finished their vocational experience in the Garage to
become acquainted to the newly established Association “Friends of Startup
Garage”.

e Making PingelApp available to other communities and improving the quality of the
code for an open-source release.

7 CONCLUSION

The Startup Garage Concept it to be understood as a means to connect students to
the entrepreneurship reality, despite the fact that they should remain on the path to
their main goal: graduation.

A new educational space focused on the interaction between students, teachers and
researchers who together create a multidisciplinary and tailor-made training
laboratory to develop entrepreneurial ideas aimed at growing the local economy.
Startup Garage Method seeks to motivate students to look for a better future.
Standby Mentors are involved in understanding entrepreneurship by helping Idea
Startuppers and stimulated on finding new inspiring teaching and, why not,
developing their own entrepreneurship attitude thank to dynamic students.
Entrepreneurial student education therefore fits into a broader engineering curriculum
and helps to manage the students career path, possibly the best way to match
today’s needs of the job market.

In doing things real, a particular importance is given to partnerships with the business
community, which is sharing their experience with students enabling them to put
good ideas and entrepreneurial skills into practice.

Globalization speeds up the race to a common market in which a greater inclusion of
diversity has to be ruled by a creative thinking and idea scouting, which in turn are
sustained and strengthened by cross fertilization. Inter- and multidisciplinary is
promoted by applying the “Startup Garage Concept” hence making room for an
entrepreneurial approach to teaching.

Connecting the dots... to ensure that step by step
Idea Startuppers develop entrepreneurial and personal skills.

257



Proceedings of the SEFI 47t Annual Conference - Concept Papers _f EF"

REFERENCES
[1] European Commission Communication ENTREPRENEURSHIP 2020 ACTION PLAN
Reigniting the entrepreneurial spirit in Europe, https://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2012:0795:FIN:EN:PDF,
consulted 2019704/16.

[2] Ponti S., | nuovi spazi dell'apprendimento (2017, Febbraio) — Architettura e spazi
educativi, Anno XLVI — Scuola ticinese, Serie IV.

[3] Pustaj D., Mellace S. (2018), Startup Idea Selection&MAtching Tool — SISEMAT, Semester
Project, SUPSI-DTI Computer Engineering Bachelor.

[4] Pustaj D., StartupGarage Idea Manager Tool (2018), Diploma Thesis, SUPSI-DTI
Computer Engineering Bachelor.

[5] Semantic similarity:  https://en.wikipedia.org/wiki/Semantic_similarity,  consulted
2019/04/16.

[6] WS4J: Sciss ws4j https://github.com/Sciss/ws4j, consulted 2019/04/16; Github
https://github.com/DonatoMeoli/WS4J, consulted 2019/04/16.

[7] Princeton University WordNet, https://wordnet.princeton.edu/, consulted 2019/04/16.

[8] Wu, Z. and Palmer, M. 1994. Verbs semantics and lexical selection. In Proceedings of the
32nd annual meeting on Association for Computational Linguistics (ACL '94).
Association for Computational Linguistics, Stroudsburg, PA, USA, 133-138. DOI:
https://doi.org/10.3115/981732.981751, consulted 2019/04/16.

[9] Lin, D. (1998, July). An information-theoretic definition of similarity. In lcml (Vol. 98, No.
1998) pp. 296-304.

[10] Lesk Algorithm Wikipedia, https://en.wikipedia.org/wiki/Lesk algorithm, consulted
2019/04/16.

[11] Migliazza S., Breeding an Idea towards a Project (2008), Diploma Thesis C01250,
SUPSI-DTI Computer Engineering Bachelor.

[12] World Economic Forum, https://www.weforum.org/reports/the-future-of-jobs-report-2018,
consulted 2019/04/16.

[13] Hattie, J. (2012). Visible Learning for Teachers: Maximizing Impact on Learning. Routledge.
[14] Getautopsy, http://www.getautopsy.com, consulted 2019/04/16.

[151 1l Sole240re, https://www.infodata.ilsole24ore.com/2017/09/15/le-startup-degli-
incubatori-universitari-rendono-piu-delle/, consulted 2017/09/20.

258



Proceedings of the SEFI 47 th Annual Conference - Concept Papers fEF”

Integrating industry seminars into a professional practice module
to prepare students for future engineering challenges

Graham Collins
Senior Teaching Fellow
University College London
London, United Kingdom
E-mail: g.collins@ucl.ac.uk

Conference Key Areas: 4™ Industrial Revolution

Keywords: Industry 4.0, professional practice, responsible research and innovation,
professional networking

ABSTRACT

The postgraduate professional practice module at University College London (UCL)
has been designed with a range of guest speakers to equip research students for the
challenges of the 4" industrial revolution (“Industry 4.0”). This module supports the
teaching of software engineering research students within the Department of
Computer Science.

The focus of the academic lectures are project management skills; providing an
understanding of teamwork and leadership, and an appreciation of the importance of
ethics, inclusion and diversity. The teaching is aligned with the aims of Responsible
Research and Innovation (RRI) to foster inclusion and sustainability.

The industry guest speakers cover a range of topics including: IoT, cloud computing,
microservice architecture, security, and cognitive computing. The module currently
integrates guest talks from Fujitsu and HSBC covering quantum technologies;
microservice architecture and cloud-native development, HPC cloud provision,
GDPR, and sustainability from RedHat, Form3, NGINX, and Verne Global. Detailed
coverage of: distributed ledger technologies (DLTs) from Digital Asset; team
organisation from ThoughtWorks; and cognitive computing, data architectures, and
engineering trends from Instana, NetApp, and IBM.

It was a considerable challenge to integrate these guest speaker talks with academic
lectures, so that the module was delivered in a logical sequence. Without student-
generated material and surveys to gauge the extent of understanding before each
topic is covered, it would have been far more difficult to deliver this short module.
Student feedback indicates that guest lectures help prepare them for their research
projects and discussions following talks provide a valuable opportunity for
professional-instrumental networking.
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1 INTRODUCTION

The accelerating technological change brought on by the 4% industrial revolution is
having a major impact on the labour market, and creating an “annual shortfall of
59,000 engineering graduates and technicians to fill core engineering roles” in the
UK [1]. The CIO 2018 survey [2] highlights that particular skills shortages are in
areas such as data analytics, Al, technical and enterprise architecture, and project
management. In these areas, many organisations have difficulty hiring; the concern
is exemplified by Coindesk in their coverage of difficulty in attracting developers for
blockchain technologies [3].

It is also recognised that there is a shortage of engineers across Europe. Metz has
outlined that as organisations adopt new technologies, they are finding it harder to
recruit qualified engineers and researchers [4]. Telukdarie & Sishi [5] describe the 4t
industrial revolution of smart industrial environments as, “systems, smart devices,
and products communicate and share information in real-time”; a framework of
integrated layers creating a value chain for industry. They outline that, data analytics,
loT, cloud, and Cyber-Physical Systems (CPS) are enablers for Industry 4.0. Xu et
al. [6] go further in encompassing in their discussion of Industry 4.0, enabling
technologies such as blockchain and emergent technologies which will integrate
industrial manufacturing systems and change the world of work. Klaus Swab, the
executive chairman of the World Economic Forum in his book, the 4" Industrial
Revolution [7], considers that all disciplines, economies, industries will be affected.

The Royal Academy of Engineering (RAEng) recommend there should be a “radical
increase in the involvement of industry in university education”, including in the
design of university engineering courses [8]. The RAENg also cite examples of good
practice where business school staff are involved in the teaching of engineering
courses to widen their understanding, and students are involved in addressing real-
world challenges [9]. The RAEng consider that guest lectures by industry leaders
should be incorporated into engineering modules. Additionally, this provides real-
world contexts for the application of theory, and allows students to appreciate
alternative perspectives, both of which potentially increase student engagement.

Fung argues that there should not be a conflict between the needs of industry and
research in universities [10]. Both need the skills of critical thinking, and the analysis
of new technologies and their impact on society. The Humboltian philosophy, that
teaching and research should be inexorably linked, and that students learn more
effectively via research-based teaching forms the basis of the Connected Curriculum
at UCL [11]. The core principle of this curriculum initiative is that students learn
through research and enquiry. One of the six dimensions of this curriculum is that
students connect academic learning with workplace skills, which can partly be
addressed by industry guest lectures.

2 BACKGROUND

This paper outlines the ongoing development of an MSc professional practice
module within the faculty of Engineering Sciences at UCL. It covers the opportunities
and challenges in combining a series of industry talks with academic lectures. Two
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cohorts of students take this module; one class majoring in Financial Software
Engineering and the other majoring in Software Systems Engineering. The guest
speaker talks, which take up 20 hours, are closely aligned to 10 hours of project
management teaching, which includes application development and enterprise
delivery.

This module is designed to widen students’ knowledge of engineering, alongside
their specialism of software engineering. In effect, it is helping to create, what some
call “T-shaped engineers” [12]. The module includes topics that all genders have
declared an interest in, creating a more inclusive environment [13].

The module aims are to also provide industry perspectives alongside project
management theory, and to help students prepare for their research projects with
industry partners, and their professional careers. There has also been a shift in focus
for this module, from primarily academic report writing to increase the coverage of
business reports and presentations emphasising the economic and humanitarian
value of student research.

At the core of this postgraduate module is the Engineering and Physical Research
Council’'s (EPRSC’s) approach to Responsible Research and Innovation (RRI) [14].
RRI is also embedded in the European Commission’s Horizon 2020 programme
which aims to “foster the design of inclusive and sustainable research and
innovation” [15]. The module teaching includes the EPRSC’s Anticipate, Reflect,
Engage and Act (AREA) framework [16], to ensure that students continuously
evaluate their projects. The analysis of this framework is in the form of process,
product, purpose, and people [17], so that all facets are considered ethically and
responsibly for the benefit of society.

3 DESIGN AND DELIVERY OF THE MODULE

Examples from previous student research projects are outlined at the start of this
module. These are currently based on machine learning research, to provide
pedestrians and cyclists lower air pollution routes in cities [18]. These are included to
show how previous students have structured their work and the impact their research
has made. These examples provide relevant material, and show a clear relationship
to both the EPSRC’s Responsible Research and Innovation framework and the UN’s
sustainability goals [19]. This creates an atmosphere of shared endeavour to
research-led teaching and solving humanitarian problems. This also provides an
opportunity to highlight engineering topics such as health and sustainability, which
female students, in particular, have indicated they would like in to study [13]. It is
also a useful mechanism to show the different approaches student teams have taken
for their research projects; highlighting the value of considering other stakeholders’
perspectives.

The theme of acknowledging the value of everyone’s contribution and inclusion also
runs throughout the course. This is emphasised in the lecture focusing on teamwork,
inclusion and diversity, and that optimal solutions come from a diverse team with a
range of experiences. Encouraging different perspectives and understanding of bias
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also helps support the concept of neurodiversity: that differences in communication,
such as with autism, should be supported and appreciated [20].

How likely are you to document architecture decisions?

Answered: 42 Skipped: O

1. Although
there may be...
2. With
further help...

3. I'm aware
of Decision...

0%  10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

ANSWER CHOICES ¥ RESPONSES ¥

v 1. Although there may be some industry approaches regarding architecture decisions | would not necessarily look at 35.71% 15
these, but would at least document the problem, a solution and an alternative.

w 2. With further help or working as a team | feel confident | could adapt an appropriate method, document a solution, 5714% 24
outline an alternative and describe why our chosen solution was adopted.

~ 3.1'm aware of Decision Centric Architecture Reviews (DCAR) or an alternative method and may reference this and 714% 3
adapt this method so that the time involved in using this is not an overhead to the project. As well as the solution and
alternative | may also include forces in favour of our solution as well as those against.

TOTAL 42

Fig. 1. Choices provided by students attending the Professional Practice module
academic year 2017-18. Several students from the School of Management also
attend selected lectures. N=42.

Providing feedback is essential to improve learning, however, some students may
take constructive comments on their work personally. Goldsmith [21] suggests that if
the lecturer discusses with the class something that will be taught, it avoids any
potential criticism of students and creates a more positive learning atmosphere.
Feedback requires the student to have some knowledge of the topic, whereas
“feedforward just requires considering the question and having innovative ideas to
solve the task or think about it in different ways” [21]. In addition, the answers they
provide will be naturally aligned to their way of thinking. Discussing the results of an
anonymous questionnaire in class and considering suggestions is one way to inspire
ideas and connect concepts.

Prior to topics being covered students are asked about their level of understanding
via electronic surveys using the open-source web application SurveyMonkey. Fig.1
illustrates an example of the answers, to questions asked before the software
architecture topic. In this question, students are asked how they would approach
their research projects and their awareness of software architecture frameworks. The
answers provided, as in Fig.1 are not meant to be right or wrong, but give different
views for discussion. This gives both valuable insights for the lecturer and the
industry guest speaker, to better plan the content for their forthcoming talks. This
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information is further enhanced by discussions within Moodle, the electronic module
forum for the class.

4 CHALLENGES

Guest speakers often find the syllabus outlines are insufficient to gain an
understanding of the students’ background knowledge. In planning talks, industry
speakers typically ask the lecturer about the students’ awareness of programming
languages and patterns, industry and project experience, as well as concepts and
frameworks. The planning problem for this module is complicated by there being two
cohorts of students. A carefully designed set questions for the class, via an
electronic survey, to be completed before talks, helps ensure all students are
considered when deciding the content. This has shown to help both the lecturer and
industry practitioner in understanding the knowledge and experience the students
are likely to have. This ensures that talks are pitched at an appropriate level, and
topics that are well understood by students are not subject to extensive explanations.

It is also a challenge meeting the aspirations of both cohorts of students in the class
and balancing the range of leading-edge engineering topics. As the first academic
lecture was based on the project management and technology used for a
humanitarian project the first guest talk covered a technology project in the financial
markets. The lecturer and guest speaker co-planned a topic covering HPC quantum
and Adjoint Algorithmic Differentiation (ADD). This talk included the necessity of
Basel IV compliance and risk modelling, how sensitivities of financial instruments can
be effectively modelled using ADD using coding examples, and how quantum
annealer technologies provide an advantage. Since only two hours were allocated
for this talk, it was important to ensure appropriate background coverage within the
project management theory classes and that the programming languages were
already covered within the software engineering modules. This material was
designed to be further supported by discussions, addressing what a project manager
needs to be aware of when resourcing such projects. This topic was also linked to
the content of the talks covering quantum technologies from the guest speaker from
Fujitsu, and HPC and sustainability from the speaker at Verne Global.

The greatest challenge is sourcing relevant and inspiring speakers. As with the
findings of other academics in this area, one of the key challenges is the additional
time this involves [22]. Allocating adequate time for this is activity is important, as
students appreciate talks covering leading-edge technologies that are related to their
research projects:

‘[The lecturer] managed to secure talks from incredible industry speakers who
shared up-to-date, relevant knowledge on current topics.” Professional practice
student academic year 2017-18

Planning the talks so they create a coherent module structure, and designing the
talks with guest speakers, also takes time. This includes ensuring that guest
speakers are aware of the generic module feedback, which typically shows an
appreciation for real-world scenarios and live coding. One particular lecture, with
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student input, included a live demonstration of how the NGINX product protected a
website from a denial-of-service (DoS) attack. A volunteer student in the class acted
as the “hacker”, showing real-time how a website, specifically created for the talk,
was protected from multiple attacks. Some students have commented that they
particularly appreciate talks covering software they use within their project work:

“I especially appreciated the talks from Nginx and Chef, which are two companies
with whose products | am intimately familiar with.” Professional practice student
academic year 2017-18

Not only do the students have a better understanding of these technologies, there is
also a benefit from more engaging teaching.

As guest speakers are typically invited during the autumn semester, after the
examination questions have been set, students are not specifically examined on the
content external speakers deliver. However, some students have indicated that they
would like to write a report or dissertation on these leading technologies:

“l think having the lecturers from industry was both very interesting and really useful.
Some of those lecturers have been the highlights of my time at UCL. Maybe have an
assignment that allows students to select 3 of the visiting talks then write a short
report on each say 500 words critically analysing the benefits and possible
complications around the topic. That way you wouldn't need a 100% exam.”
Professional practice student academic year 2017-18

Engineers need to adapt to an ever-changing environment. Johnstone argues that
engineers need to take on a wider range of skills including project management, and
that they need to keep learning [23]. This is also emphasised by the use of term
‘learning animals” [24], used by several technology organisations, and by Eric
Schmidt, the executive chairman for Alphabet, the holding company for Google.

Guest speakers are selected for their technical excellence, their wish to help our
students and the potential for student research projects. Managing guest speakers,
requires timely communications via email and phone, to address their questions and
provide background information. Talks are typically planned with guest speakers
during the autumn term and the content reviewed ideally at least a month before
delivery. Ensuring that their slides are ready at least a week beforehand so that
students can review these if they wish sometimes requires tactful reminders, as
guest speakers often have numerous priorities within their organisations.

Before guest talks, students are provided with details of the forthcoming speakers,
their biography, technical papers and discussion blogs they have written. This
enables students to develop a better understanding of the topics and also
encourages them to exchange ideas. To facilitate this further, guest speakers are
encouraged to leave at least 20 minutes available after their talks for further
questions, and discussions. Guest speakers ensure they have their contact details
within their slides, which are made available to students via the course Moodle site.
Many guest speakers invite students to contact them if they wish to discuss
technologies or arrange an industry visit. Although students often engage in social
media this is not always the case for professional networking. These invitations
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provide a less daunting way in which students feel they can approach speakers and
students often continue discussions and networking after their talks.

5 CONCLUSIONS AND FURTHER WORK

Providing technical discussion papers within the course and guest speakers
providing an invitation for further discussions helps create a foundation for
networking with the speakers and organisations they represent. This extends
opportunities for students to develop their instrumental networks: social ties to
support their professional goals. Instrumental networks are important for cooperation
at work [25]; they also allow individuals to create connections to further their careers.
However, Gaughan et al. have found that women’s professional networks which
favour advice networks, are less likely to support academic activity [26]. These
findings provide support to the idea that females should be encouraged to develop
instrumental networks.

Previous research by the author indicates that female students are keen to explore
external industry contacts within their studies [13]. This was particularly true within
areas of their interest, such as research with positive environmental and
humanitarian impact. Ensuring speakers cover these areas during the module is
therefore important. Integrating guest speakers within the module, may increase the
students’ instrumental networks, especially as guest speakers often extend
invitations for industry visits or continued professional connections. This may create
beneficial career effects for all students. Hopefully, this will also help address the
imbalance in types of networks females are reported to have, and therefore be a
positive move, in supporting female research students’ careers:

“My favourite course on the degree, it had leading companies come in and talk
through their process and how these processes got implemented, very insightful and
super useful.” Professional practice student academic year 2017-18

Even though numerous reports cite the benefit of industry involvement for students
[8], in terms of both research and employment prospects, there is, however, currently
limited research that covers how industry guest speakers should be effectively
integrated within a programme. In addition, there is limited research particularly in
the way engineering courses, covering recent advances associated with Industry 4.0,
have industry speakers integrated. This is partly due to the rapid developments
within the associated areas such as: cloud, loT and edge, HPC and quantum
technologies, and cognitive computing.

May-Newman and Cornwall [27] outline problems in engineering where the industry
speaker may not have the pedagogic experience, or where the academic may not
have specific practical experience in the topic. Providing industry experts in each of
the different fields of industry can ensure that the topic is always delivered by an
expert and a range of real-world research projects are included.

Research has shown sourcing speakers is time-consuming and is often left to key
individuals [22]. Fung [10] points out this role should be properly resourced, and the
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RAENg [8] indicate this should be more of a joint venture, between industry and
universities, particularly in curriculum design and delivery of content. Research is
also needed on how an optimal balance is achieved in resourcing guest speakers;
between individuals versus a central resource. In leaving individuals to invite
speakers, there are the risks associated with the sole point of contact. Often guest
speakers deliver talks for altruistic reasons, including to give “something back” and to
help future generations. However, it needs to be also recognised that guest speakers
will often help simply because of the valued professional relationship they have built
up with the person who has invited them.

It is important to integrate external speakers, not only for the technology insights they
provide but also to help students consider different perspectives. To do this
effectively, research has shown [28] that having a feedforward approach to ascertain
how comfortable or what experience students have of a topic is a useful approach.
Sharing this knowledge with guest speakers has not only shown that the speakers
are valuable members of the teaching community but has also enabled more
effective module development and alignment with the ethos of UCL’s connected
curriculum initiative. Co-planning with this feedforward information has also created a
logical course structure, a valuable illustration to students of industry-academic
collaboration.

Research has shown that organisations need to create opportunities for instrumental
networking, as the least likely to engage in this activity are the individuals that need
this the most [29]. Guest speakers inviting further questions and opportunities for
visits after their talks is one approach to breaking barriers down and increasing
networking opportunities. These invitations may also help create an atmosphere of
spontaneous networking, making it more likely that students will feel comfortable in
continuing discussions with the speakers. Casciaro et al. [29] discuss that facilitating
such networking contexts where the expectations are clear may not induce the
feeling of being morally compromised which can be associated with instrumental
networking. Further research is needed to verify this. However, these networking
opportunities following guest speaker talks are one approach to help students
develop their professional networks.

There need not be a conflict between preparing students for the world of work and
the needs of research. Both require an openness for dialogue, and an ability to
critically appraise ideas and values. Both require being able to see others’
perspectives and the ability to articulate concepts and ideas and progress society for
the greater good.

If we are to expect students to engage in research that benefits industry and society,
we need reciprocal arrangements from industry. With an increasingly interconnected
world brought about by the advances of Industry 4.0, it is more important than ever,
that students have an opportunity to learn first-hand from industry leaders driving
these technologies. Integrating guest speaker talks within university research-led
teaching programmes is one way to provide real-world examples, and enhance
students’ critical thinking and knowledge of new technologies. Students with this
industry and university research-led experience will be better able to solve
humanitarian problems and create a more sustainable future.
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ABSTRACT

A key outcome of Engineering Education is computing skills for industry 4.0. The
curriculum must address an increasing reliance on model-based design, simulation,
and algorithmic data processing. Python is a popular, in-demand language; exhaustive
online resources and tutorials exist, challenging educators to make assessment robust
to online plagiarism, and to make instruction contextually relevant to engineering. How
do engineering educators develop, measure, and evaluate engineering students
programming skills, accelerate their learning, and improve instruction effectiveness?
A Concept Inventory (Cl) is a powerful standardised assessment instrument to answer
this question and its development and validation is an active research topic. We
present a Python for Engineers Cl (PECI) which assesses concepts, and errors
observed in learners through 250 Multiple Choice Questions (MCQs). It is evaluated
by embedding it into an introductory undergraduate module, whose pedagogy includes
contextualised learning and auto-graded interactive computing laboratory notebooks.
Using a mixed-methods approach on learning data from a student cohort (n=68), we
validate PECI through student learning gains, reliability analysis and qualitative
feedback. Items are shown to differentiate high and low performing students, and each
item contributes to assessment reliability. The work is of value to engineering
educators wishing to develop standardised assessment instruments for computing
skills.

1 INTRODUCTION

How can engineering students’ ability and performance in programming be measured
accurately and reliably, and what pedagogical practices can enhance their
performance? A key part of Engineering Education is the development of computing
skills. These are used for design and analytical work; electrical and computer
engineers traditionally have the highest need, require design skills for programming
software for desktop applications, and firmware for hardware devices using procedural
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languages such as C. Other engineering disciplines such as chemical, mechanical and
civil engineering have lesser need, but still make extensive use of analytical software
for data and simulation that frequently requires interactive computing tools

e.g. Matlab & Simulink. There is an increasing move in Engineering towards Industry
4.0 which promises a model-based design approach in all disciplines as engineering
products and solutions undergo detailed simulation before production, with increasing
reliance on algorithmic data processing, machine learning and automation. These
trends create the requirement to increase programming in engineering curricula.
According to the IEEE, Python is now the most popular and in-demand of all
programming languages?.

Online access to learning python programming skills is ubiquitous; exhaustive online
resources and tutorials not specific to engineering exist of varying quality. This means
that teaching programming in engineering programme is straightforward, if not
particularly redundant or efficient — a programming module can be compiled from
existing online materials, texts and exercises. However, this simplicity and easy-
ofentry carries risks for the engineering educator: the challenge of making any
programming assessments robust to online search, adding enough value to what
already exists, and making the learning context entirely relevant to engineering.
Furthermore, a key issue in teaching programming is assessing student output —
programming is an open-ended, creative endeavour; a variety of solutions with very
different coding styles and structures can produce the same result. How can
assessment of this creative skill be standardised while simultaneously giving students
the freedom to code how they want?

In this work we answer these questions by presenting the Python for Engineers
Concept Inventory (PECI), which standardises assessment, provides engineering
contextualisation, and affords analytics to measure and improve an engineer’s
programming skills. This article proceeds as follows. In Section 2, we describe
programming pedagogies and Cls. In section 3 we describe PECI's embedding into
an undergraduate module. In section 4, PECI is evaluated in terms of measured
learning gain, assessment reliability, and qualitative feedback. In section 5 we discuss
our findings and future work.

2 TEACHING ENGINEERING PROGRAMMING SKILLS
2.1 Pedagogical Interventions

What pedagogical practices can enhance programming skill? Programming is widely
reported to be a complex cognitive skill which is difficult to master, resulting in low
student engagement and drop-outs. The maijority of education studies in teaching
programming report case studies that investigate novice computer science cohorts.
Given similar entry requirements to Higher Education degree programmes, it is
reasonable to assume that CS cohorts share many similarities with early-year

2 https://spectrum.ieee.org/at-work/innovation/the-2018-top-programming-languages
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engineering cohorts and consequently their findings can be considered as valid in
engineering contexts. Interventions to improve effectiveness reported include
collaboration, peer support and group work, content change, preliminary courses,
gamification, grade-weightings, and contextualisation [1]. The most popular foci in
student-oriented education research studies is on content and measuring student
ability, for teaching-oriented studies it is the tools and activities, and for
assessmentoriented studies it is the theories and models [2]. Our work focuses on all
three aspects, with a primary focus on measuring student ability through assessment.

2.2 Concept Inventories as a standardised assessment model.

How can engineering students’ ability and performance in programming be measured
accurately and reliably? To reliably measure student ability, a concept inventory (Cl)
is a standardised assessment tool that defines a set of key constructs and
accompanying assessments used to assess a student’s conceptual understanding of
a subject. Identifying which concepts are key is the subject of much debate in the
literature; the optimal set that minimises the volume of teaching materials while
maximising student learning are known as threshold concepts. These concepts
possess one more specific characteristics: they transform subject understanding
irreversibly, reveal connections and relationships, define the disciplinary boundaries,
and are troublesome for students [3].

One of the earliest Cls is the physics Force Concept Inventory (FCI) [4], which was
demonstrated to show a reliable assessment of student understanding. Since then,
Engineering Education has proposed a variety of Cls [5]. Identifying the threshold
concepts within these Cls is considered important for efficiency yet difficult; much
identification is done through the teacher’s subject understanding with student
performances highlighting the troublesome concepts. However, it is noted that
troublesome concepts may be due to lack of student motivation rather than difficulty
[6].

In the framework proposed by [7], a Cl should be validated to ensure it measures
students overall and specific understandings and propensity for misconceptions and
errors. This is achieved using several techniques including classical test theory (CTT),
Iltem Response theory (IRT), factor analyses, and hybrid approaches. CTT enables
the difficulty, discriminability, reliability and coherence of the Cl to be determined. IRT
enables each concept item’s difficulty to be evaluated against student proficiency,
while factor analyses help to identify underlying hidden factors that relate elements in
the CI.

2.3 Misconceptions as common programming errors

For an engineering programming CIl, how are its items determined? There is a
distinction between programming concept items and programming error items. Errors
arise from misunderstandings of the programming concepts or misuse/understanding
of programming language syntax. A good source of misconceptions comes from
observing novice programmers in practice. Early work in [8] observing programmers
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identified three common errors relating to students: 1) parallelism, where line-by-line
sequential interpretation is usurped and previous statements are incorrectly identified
as active; 2) Intentionality, where sequential interpretation is mediated by goals that
are inferred by the program due to other statements; 3) Egocentrism, where it is
assumed the computer does and knows more than that made explicit within the code.
Decades of subsequent studies have yielded comprehensive lists of misconceptions
spawned from these three errors and amalgamated from all languages e.g. 162
misconceptions [9]. However, these larger lists are unwieldy and not all items can be
reasonably tested or are relevant to specific languages. Specific to python, work in
[10] and [11] identifies a more manageable 26 and 25 programming errors items
respectively.

3 PECISTRUCTURE AND MODULE EMBEDDING
3.1 PECI Structure

The PECI structure is given in Table 1. It has 15 concept items taken from the
glossaries of a standard reference python text book with each chapter constituting a
specific concept item (column 1) [12]. There are 24 programming error items observed
in previous work (column 2) [10][11]. 250 Multiple Choice Questions (MCQs) are
devised from these items to test student’s ability to understand concepts or error
relating to python code written for a specific Engineering context (column 3). An
example MCQ from the Cl is shown in Fig 1.

What is wrong with this code fragment?

Indentation of second print statement should be the same as if statement

break statement should be after print statement.

Fig. 1. Example PECI MCQ
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Table 1. PECI structure. Each question in the inventory is derived from a combination of Concepts,

Errors, and the Engineering context.

Programming Concepts [12]

Programming Errors [10][11]

Engineering
Contextualisation

C1: The Program
C2: Variables
C3: Expressions
C4: Statements
C5: Functions
C6: Conditionals
C7: Recursion
C8: Fruitful functions
C9: lteration
C10: Strings
C11: Lists

C12: Dictionaries
C13: Tuples
C14: Files

C15: Classes

A: Invalid names

B: Left-to-right assignments

C: Assignments in expressions

D: Expressions as parameters

E: Literal values instead of variables
F: Extra or missing spaces

G: Invalid else-statements

H: Missing or extra quotation marks
I: Division and modulo

J: Invalid use of the and-operator.
K: Wrong or extra keyword.

L: Incorrect structure.

M: Unbalanced parentheses and brackets
N: Misspelled names or keywords.
O: Using keywords as names

Mathematics

Fluid dynamics
Digital Electronics
/Analogue Electronics
Structural Analysis
Mechanical Design
Materials.

P: Using assignment instead of comparison.
Q: Misspelled operators.

R: Unterminated string literal.

S: Missing colon, comma or operator.

T: Invalid Indentation.

U: Code after a break statement.

\V: Call without parentheses.

\W: Useless computations.

X: Useless comparison.

3.2 Module Embedding

PECI is designed to be independent of the teaching and learning activities. In this case-
study, PECI is validated in a 10-credit module designed for 1t and 2™ year
undergraduate engineering students that assumes little or no prior programming
experience. Fig. 2 shows how PECI is embedded into the module. PECI tests are
administered throughout the module — an identical pre- and post-learning test, practice
tests, and a final summative class test. The student performance data from pre- and
post- learning test results enables learning gain to be measured for each student.
Analysis and Practice improvement is afforded from this measured learning.

|
Lab Jupyter Notebook N N I'—m
[ Pedagogy with NBGrader ‘ 250 Question Quiz Bank PECI
! |
1

Engineering Subjects ‘ Contextualisation

Feedback

[‘In-labTeaching [ Autograded | MCQ feedback |~ Student } ~

[ [cIReliability | [ Pre/Post test Learning Gain | [ Student Feedback Meas“’_“’"}
learning

Fig. 2. Embedding PECI into the case-study Module
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3.3 Lab Pedagogy

In our case study, python is learned through contextualised laboratory exercises before
(pre-lab) and after (post-lab). The exercises use interactive programming notebooks?
and automatic marking of programming code using the NB Grader plugin®. This means
that rather than learning to program by writing source code files, students learn to code
by writing snippets inline to solve problems which are automatically checked for errors
by using a plugin for the notebook that can check code for correct output. The problem-
solving aspects include designing digital logic schemes, signal processing and
machine learning exercises. Notably, the learning materials are independent of PECI
i.e. they are not directly teaching students to answer one of its MCQs.

4 EVALUATION
4.1 Student Learning Gain

Student learning gain is measured by comparing the pre-learning and post-learning
student performance against PECI. 50 MCQs are pre-selected from the 250 MCQs in
PECI to ensure a broad coverage of concepts and programming errors. The test is
administered to the student cohort at the start and the end of the learning in timed
examination conditions and is formative. For the student cohort in this study (N=68),
the pre-learning PECI scores range from 12% to 53% with an average of 29% and
standard deviation of 5.09. The post-learning PECI scores range from 42% to 93%
with an average of 73% and standard deviation of 8.62. This demonstrates that PECI
measures knowledge improvement from students undertaking learning activities
where students are expected to show learning gains, with the potential for different
learning gains to be compared across different cohorts and teaching methods.

To better understand the learning gain, item difficulty is calculated by dividing the mean
score by the maximum possible, producing a value between 0 and 1 for each item,
with 1 indicating high scores. Item discrimination is calculated by point-biserial
correlation, which compares individual scores against those for the overall test,
producing a value for each CI item between -1.0 and +1.0. Negative values are
undesirable and indicate that high scorers are wrong. Positive values are desirable
and indicate that high-scorers are scoring right, and that low scorers are scoring
wrong.

Fig. 3 shows the comparison between pre- and post- learning difficulty vs
discrimination. As expected, for the pre-learning test the majority of the PECI items
(diamonds) prove to be difficult; no item has a discriminability greater than 0.6. There
are also several concepts with negative discriminability which suggest gaps in student
knowledge regardless of ability.

The post-learning test results show a vast improvement. Most items have higher
difficulty scores indicating better cohort performance, and this is positively correlated

3 https://www.jupyter.org
4 https://nbgrader.readthedocs.io/en/stable/#
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with item discriminability indicating good separation between high and low achievers.
Comparison of the pre-learning negative linear trend lines and post-learning positive
linear trend line highlight this desired improvement.

1

B post ¢ pre Linear (pre)

Linear (post)

08
06
0.4
0.2
[ |
m e ¢ @
0
. 4 &
0 0.1 08 03 0.4 o5e 06 0.7 08 0.9 1
@
-0.2

Fig. 3. Comparing Difficulty vs Discriminability of PECI between pre- and postlearning
demonstrating cohort improvement.

4.2 PECI Reliability

PECI is evaluated by adopting the first stage of the framework proposed in [7] -
employing Classical Test theory (CTT) to measure reliability. Test scores are analysed
using SPSS software. Reliability is reported separately for PECI concept items and
errors items

4.2.1 Error items

For the 24 programming errors types, Cronbach’s alpha showed the test comfortably
met the criteria for acceptable reliability (>0.7) at a = 0.82. There were mostly low
correlations (r<0.3) between error types (Fig. 4), which suggests that each item is less
likely to represent the same underlying concept and thus be potentially redundant.

Alpha remains high regardless of the item deleted, ranging from 0.80 to 0.82. Analysis
of the mean and standard deviations for each item revealed certain errors are easily
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detected and corrected by students e.g. B, while others e.g. E, are not. However, all
but one item results in a decrease in the alpha if deleted. The one exception - error X
- would increase the alpha to a = 0.83 if not included. However, this difference is
negligible.

Further evidence of the value of all programming error items in the ClI comes from the
inter-item correlation matrix (Fig. 4), which have low correlations (r<0.3) between error
items. This suggests that there is no underlying single programming “error” concept
could make individual items in the Cl potentially redundant.
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Fig. 4 Inter-item correlation matrix for PECI error items A-X. For item descriptions, see Table 1.

4.2.2 Concept items

For the 15 programming concept items in the CI, 11 are assessed via 26 questions
with some concepts assessed multiple times due to their greater depth. Cronbach’s
alpha shows the test fall marginally short of acceptable reliability (>0.7) at a = 0.68.
Removing items from the test produces a range of alphas between 0.64, 0.72.
However, test reliability is easily made acceptable (>0.7) by removing one of two
MCQs from either item 1 or 4.

4.3 Qualitative Student Feedback.

Students are questioned on the methods used to teaching programming in the module.
Overall there is a tacit approval to using the Cl MCQ to assess skills alongside
developing skills using laboratory exercises. Notably, most of the comments focus on
the teaching e.g. lab exercises rather than the PECI tests. A selection of the responses
is shown in Table 2. Notably, comments validate the underlying ethos of the module,
that programming is an open-ended concept learned by doing.

Table 2. Selection of qualitative feedback given by students
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Question Response

Helped to develop my programming skills, The way it was structured.
Provides a very linear, easy to understand representation of how much
you understand; Good for basic concepts.

The thing | found
most helpful.

The most useful [There is no unique answer to any program / solution; I feel like I could
thing/skill | learnedattempt my own work in the Python language now; Debugging ability.

The thing that Learning through doing rather than listening.
most changed the |The incremental difficulty helped me break-down problems into smaller
way | learned problems; The interactive nature of the notebook material.

Building up the difficulty. | wouldn’t have understood the content nearly
What madeas

learning
most effective for |well if we were thrown in the deep end right away.
me Being able to work through the notebooks in small stages over time.

Fault-finding the basic stuff in coding.

5 SUMMARY AND AVAILABILITY

Python for Engineering Concept Inventory (PECI) comprises 250 MCQ questions for
standardised assessment. It is validated in a best-practice undergraduate module
which utilises interactive notebooks to teach python in the context of solving
engineering problems. Evaluation results suggest that all PECI items are reliable, and
that the instrument correctly quantitatively measures the improvement in student
programming skills before and after an effective learning experience.

While identifying threshold concepts i.e. those that truly transform a student
understanding, is an active research topic, the work here highlights that, in practice,
this worthy goal can be overstated; a manageable CI of tens of items derived from
main subject concepts and observed student errors may often suffice, given an
adequate validation via measuring learning gains at the item level and conducting a
reliability analysis.

Future work includes further reliability analysis and employing the PECI as a pre/post
learning test in other modules, cohorts, and teaching contexts. Further PECI details
and sample MCQs are available to Engineering Educators via contacting the primary
author.
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ABSTRACT

An engineering graduate in the 4" industrial revolution must learn how to learn and
unlearn, to keep up to date with rapidly changing technology and apply entrepreneurial
competence to solve complex problems [1].

A pilot module facilitated action research with a methodology that combined Gold
Standard Project Based Learning (GSPBL) [2] and EntreComp [3] as part of strategic
curriculum development. The authentic industry-linked module began with an
interactive launch that provided students with access to Light Detection and Ranging
(LIDAR) and Virtual Reality (VR) equipment and lectures on Building Information
Modelling (BIM) and entrepreneurship. Initial student feedback was positive and
included ‘you can already sense that the group projects are really going to help us
collaborate and also learn about LIDAR’ and ‘the transferrable skills are really useful
for future projects and employment'.

The driving question was ‘How can you apply LIDAR scanning technology to create a
new product, service or process?’. PBL teams were encouraged to investigate LIDAR
scanning technology to uncover and assess business opportunities using the Business
Model Canvas (BMC) [4]. Students were incredibly creative, engaged and highly
motivated during the mid-way storyboard checkpoint with cross-disciplinary academic
and peer critique and revision. Student voice and choice is a major aspect of GSPBL
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and students thrive on the independence and flexibility of the GSPBL structure that
culminates in a public product short video pitch summative assessment.

The combination of GSPBL and EntreComp form a valuable methodology to develop
the competence required for success as a professional and entrepreneurial engineer
during the 4 industrial revolution.

1 INTRODUCTION

This paper describes the development of a pilot module, Entrepreneurship 1, in the 13t
year of all engineering degree programmes at the University of Exeter. The pilot
module tested the proposed methodology on a small scale with 1 module completed
in 2018/2019 before a second module, Entrepreneurship 2, is introduced in 2019/2020.
These new modules will not only test the proposed methodology but also start to build
a new culture of teaching and learning with both staff and students. The authors are
currently updating all engineering degree programmes with a focus on GSPBL and
entrepreneurship. The lessons learned from introducing the new methodology as part
of the pilot module will influence the design and delivery of the new engineering degree
programmes in 2020/2021.

The integrated strategy advised by QAA in 2012 ‘to help students develop and
demonstrate entrepreneurial effectiveness’ [5, pg. 24] includes a move towards
teaching, learning and assessment that covers emerging situations, innovation, active
learning, subjective experience, multimedia communication, authentic activities,
learning from failure, self-reliance and resilience [5].

More recent higher education guidelines (2018) for enterprise and entrepreneurship
education are summarised below in Table 1 [6].

Table 1. Selected points of focus from QAA delivery methods and assessment [6].

Delivery Methods

Assessment

Contextualised approach

Reflection on entrepreneurial activities

Identify and solve problems

Teamwork and peer review

Enhance entrepreneurial capabilities

Realisation of failure through reflection can
inform positive assessment

Action based practical activities

Assessment with pitches and business modelling
are effective

Cross-disciplinary approaches

External experts are useful for inspiration

High engagement activities such as simulations
for experiential learning

Portfolio style of collated work to demonstrate
progression

Guest specialists and entrepreneurs

Reflection to consolidate learning points and plan
for future action

lllustrate impact on employability as well as
entrepreneurship

There are a growing number of innovative educational establishments moving towards
experiential, active learning methodologies [7, 8]. The future focus of Universities
should be on complex challenges, peer-to-peer learning and lecturers as facilitators
[9].
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GSPBL has been developed over the last 20 years by the Buck Institute for Education
(BIE) [10]. BIE have recently rebranded as PBL Works and projects are designed with
7 essential elements [2] and 215t century skills are developed during GSPBL projects
including communication, collaboration, adaptability, critical thinking, problem solving,
technological literacy, creative thinking and self-management [11]. PBL Works are a
non-profit educational organisation with a well-established and trusted track record in
GSPBL. They are part of the steering committee committed to High Quality PBL [12]
with partners that include Google and High-Tech High Graduate School. They provide
a range of training courses from introduction to coaching and hold an annual
international PBL Works conference.

EntreComp was developed by the European Commission to create a standard
framework for entrepreneurship as a competence [3]. It ‘identifies the competences
that make someone entrepreneurial. These can then be used to support
entrepreneurial learning in different settings ..." [3, pg. 13]. EntreComp complements
GSPBL as the progression model [3, pg. 20] can be used to guide entrepreneurial
competences from the 1%t year module (foundation) to the 2" year module
(intermediate).

The authors suggest that the combination of GSPBL [2] and EntreComp [3] create a
methodology that could effectively plan, deliver and assess appropriate modules within
the new engineering programme.

This style of learning and teaching requires not just a change in degree programmes
but also a change in students’ mindset away from individual study towards the building
of a learning community that encourages collaboration. Academics also have to adjust
to new teaching styles to fully build the culture. Singapore University of Technology
and Design (SUTD) is a ‘recently-established engineering and architecture specialist
university that offers a design-centred, multidisciplinary and project-based curriculum
... Students and faculty members comment that there is a feeling of camaraderie and
community spirit with ‘a flat hierarchy and a start-up atmosphere’.

Changes towards a project-based curriculum can be met with initial resistance from
students and staff who may find the transition from the current traditional teaching and
learning challenging [7]. Thus, the rationale for this study was to utilise a new module,
Entrepreneurship 1, as a pilot for the proposed teaching and learning methodology.

2 METHODOLOGY
2.1 Essential Project Based Elements

The design of GSPBL projects is an iterative process and requires regular
collaboration, reflection and flexibility between the teaching team to ensure the highest
quality projects are designed. Whilst undergoing the project design process, the
authors continuously referred to the 7 essential project design elements [2] to ensure
the project adhered to the required HQ PBL [12]. The 7 essential project design
elements are shown in Fig. 1 as these are interconnected throughout the project design
steps described in section 2.2.
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Students engage ina
rigorous, extended | 51 Standard PBL
process of posing
questions, finding
resources, and
applying information.

Seven Essential Project
Design Elements The project involves
real-world context,
tasks and tools,
quality standards, or
impact, or the project
speaks to personal
concerns, interests,
and issues in the
students’ lives.

The project is
framed by a
meaningful problem
to be solved or a
question to answer,
at the appropriate
level of challenge.

LEARNING GOALS

= Key Knowladge
* Undarstanding
* Succass Skills

Students make
some decisions
about the project,

Students make
their project work

public by including how
explaining, . they work and
displaying andfor Critique Reflection what they create.
presenting it to & Revision

audiences beyond

the classroom. Students and teachers

reflect on the learning,
the effectiveness of
their inquiry and project
activities, the quality of
student work, and
obstacles that arise and
strategies for
overcoming them.

Students give,
receive, and apply
feedback to
improve their
process and
products.

Fig. 1. Gold Standard PBL — Seven Essential Project Design Elements [2].

2.2 Designing the project

The methodology for designing this pilot module followed the ‘5 steps for designing a
project’ [13] for GSPBL.

2.2.1 Develop and idea and connect it to standards and other learning goals

Project ideas can be developed alongside competitions created by professional
associations, through co-created briefs with students, community projects or global
issues. The aim for this project was to create an open-ended challenging problem or
question (Fig. 1) to facilitate the exploration of technology related to the 4t industrial
revolution. The authors had previous industry experience and links in Light Detection
and Ranging (LIDAR) and a new Virtual Reality (VR) suite had recently been
commissioned within the engineering department.

The driving question was:
‘How can you apply LiDAR scanning technology to create a new product, service
or process?’

The driving question prompted students to find an application for the technology inside
the LiDAR scanner, which widened the scope for discovery and exploration. This aligns
with the foundation level in the EntreComp progression model [3].

The authors aligned the project with the requirements for the Accreditation of Higher
Education Programmes (AHEP) in engineering [14] and the EntreComp framework [3]
to ensure both technical and entrepreneurship learning objectives were met. The
EntreComp wheel (Fig. 2) illustrates 3 competence areas and 15 competences and
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‘can be used as a guide when designing a new activity and/or a model for you to use
or adapt for learning and assessment’ [3, pg. 13].

Fig. 2. The EntreComp wheel: 3 competence areas and 15 competences [3, pg. 14].

2.2.2 Decide what major products or performances students will create and how
they will be made public

This step of the project design process included many parts of the 7 essential project
design elements (Fig. 7). A formative assessment for critique & revision, allowed
students time for reflection and provided two opportunities for the team to present their
public product. Student voice & choice was facilitated as part of both major products
and they provided opportunity for student to work towards many of the 5 competences
of the EntreComp wheel under the ideas & opportunities competence area.

The first major product was a storyboard to plan out each team'’s final video pitch using
established storyboarding techniques. This was made public through students
presenting their work to Lectures in Engineering and Entrepreneurship, academic
colleagues from the Business School and colleagues from Business Support. The
cross-discipline formative feedback session created an exciting atmosphere with
authenticity where students were discussing their business ideas directly with staff who
had both technical and entrepreneurship experience. Feedback was provided verbally
and via a highlighted formative assessment sheet to provide teams with clear critique
for revision before the final summative assessment. Peer feedback was facilitated
through a gallery walk where post it notes were attached to the storyboards with
constructive comments related to the categories detailed in the formative assessment
sheet.

The second major product was a 2.5-minute video pitch for the team’s final product,
service or process and facilitated the requirement to work towards many of the
EntreComp competences. This was made public through students introducing their
video, playing the video and justifying their work through a Q&A with a panel of judges.
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Other teams in the allocated sessions viewed at least 8 other team presentations in
their session thus expanding their knowledge of LiDAR technology and potential
applications through formal peer learning.

2.2.3 Map out the steps in the project and create a timeline

This step of the project design included sustained inquiry and student voice and choice
parts of the essential project design elements (Fig. 7).

Students were provided with an introductory lecture and deadlines for the two major
products. Guidance was given to help teams to plan, agree and manage tasks using
project plans, project logs and individual work packages. Teams were encouraged to
follow the Stage Gate Innovation Process [15] and during Stage 2 ‘Build a Business
Case’ they made use of the business model canvas [4]. Further guidance was
provided via videos, examples and templates on a VLE to facilitate blended learning.

This method follows the guidelines for HQ PBL suggesting that students need to think
about what is required to complete a project and take ‘an active role in planning and
carrying out project activities’ [12, pg. 8] and be given the ‘opportunity to learn the tools
and methods of project management’ [12, pg. 8].

Three weeks after the completion of the second major project, teams were asked to
download and complete a reflective report template to facilitate reflection on their
technical skills and entrepreneurial competences, challenges faced, attempts to
overcome challenges and appreciation of peer learning. Teams were also prompted to
consider the impact this module had on their future ability to spot opportunities and
create value for their company either as an entrepreneur or an intrapreneur. Finally,
students set themselves targets for the 2" year Entrepreneurship 2 module.

2.2.4 Plan activities and workshops and gather resources

Innovation workshops were provided by alumni entrepreneurs to inspire and motivate
students by offering practical advice on how students could learn from their innovation
journeys. A range of alumni attended to provide best practice examples of innovation
during start-up, in a micro enterprise, in a social enterprise and within an established
company.

Other practical activities included Technical Skills Workshops (TSWSs) in 3D modelling,
3D printing, machine tools and electronics to equip students with specialised
knowledge and skills for direct application to the main project. For example, the 3D
modelling task was to model a LIDAR scanner head and during the machine tools
workshop students created a plumb bob used to set up LIiDAR scanners over fixed
marker points. The practical electronics TSWs demonstrated aspects of the technology
inside LiDAR equipment using a mini LiDAR scanner to demonstrate the control of key
actions within the LiDAR scanner.

2.2.5 Plan an engaging launch for the project

This step of the project design process aimed to introduce the challenging problem or
question and fulfil the authenticity part of the essential project design elements (Fig.
1).

The project was launched with presentations from a LiDAR scanning operator, an
entrepreneur with several technology focussed companies (Teradata UK Ltd, BIM
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Surveys Ltd, Snow-Forecast.com Ltd) and a Partner leading Building Information
Modelling (BIM) in an engineering consultancy (Hoare Lea LLP). The LiDAR scanning
operator explained the technical details of the technology inside LiDAR scanners and
how short-range and long-range LiDAR scanners functioned. This created a foundation
of knowledge to introduce the driving question defined in 2.2.1. The entrepreneur
enthused students with his personal entrepreneurship journey and provided further
details on BIM. The Partner at Hoare Lea presented BIM case studies from
international projects and highlighted the importance of digital engineering to facilitate
global collaboration.

The engagement with industry experts continued with LiDAR scanning demonstrations
where students were able to navigate through live scan data taken on-site at the
University. This connection with their local environment allowed them to inspect the
data in an area familiar to them and this really helped to bring the ‘real-world’
connection to the project launch.

To complement the data capture aspect of LIDAR scanning demonstrations, students
also had the opportunity to use HTC Vive Pro VR headsets to fly through Google Earth
VR. During this demonstration students were awestruck with the level of detail and how
real it felt to fly over the earth. This also allowed them to see the full technology process
from LiDAR data capture to Google Earth VR output that was created using satellite
imagery, LIDAR scans and photogrammetry.

3 FINDINGS AND CONCLUSIONS

The planning and implementation of this pilot module was both exciting and
challenging. One of the core values at the University is that ‘we relish challenge and
reach for the previously unachievable’ [16]. Designing and implementing new teaching
and learning methodologies isn’t straight forward and it requires disruptive thinking,
innovation and resilience.

3.1 Module planning

Challenges encountered during design and planning included timetabling over 200
students into small group activities, finding suitable learning spaces for project-based
activities, a lack of trained GSPBL facilitators and a requirement for different methods
of multimedia assessment.

The authors are fortunate that the support networks at the University of Exeter are
incredibly willing and able to overcome issues and have already developed some
solutions. Examples include best practice timetabling strategies from previous
experience with the School of Medicine, a list of all learning spaces suitable for PBL
with a 360 online view, refurbishment of engineering learning spaces to facilitate
project-based activities, GSPBL training for current and new staff and the development
of high-quality assessment criteria for multimedia assessments.

3.2 Module delivery

3.2.1 Project Launch

There is no doubt that students were fully engaged during the project launch. It was a
brilliant way to start a module and the energy generated on the day with so many
industry colleagues on-site with exciting equipment. Watching students interact with
the equipment and ask the experts many questions was a testament to this aspect of
GSPBL and EntreComp. The key observation was that students were happy, smiling
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and laughing and enjoying trying out equipment with their peers and chatting with
colleagues from industry in a relaxing, small group experience. Some students were
interviewed following the project launch and made the following comments:

‘Project Based Learning helps communication with other people from different sections
of engineering such as civil, mechanical [and] electrical and so on ... Although it’s the
first 3 weeks of the course, you can already sense that the group projects are really
going to help us collaborate and also learn about LIiDAR".

‘By doing stuff like this it really brings it to life, whereas we're in the classroom and in
lectures learning about it but when you get to put on the goggles and the VR stuff it
like, really opens your eyes to what you can use it for and just, | don't know, it kind of
blows your mind a little bit for the potential of what you can do with it, so yeah for me
it was amazing'’.

‘Hands on experience is that link between the theory and the actual application of what
you have learnt, so the two combined allows you to have the necessary skills to enter
the workforce’.

VR can be used] for architecture and design for architects to produce designs and
projects and plans and actually be able to communicate those with others’.

‘Not only do you get to learn about what other ... engineers do, but you also get to
apply what you do in the entrepreneurship, skills and development course and
understand what you can potentially do later on.’

‘What's so great about the course and the hands-on experience is the fact you get to
learn transferrable skills, | think it’s very beneficial for like future projects and future
employment’.

1 think it’s just kind of opened my mind a lot more and kind of made me realise the
opportunities and the fact that technology is moving so incredibly quickly and | would
quite like to be involved with that because it's very exciting’.

These comments illustrate that the methodology applied to this module helps students
to appreciate the benefit of collaboration and building a learning community,
authenticity, linking theory with practice, linking entrepreneurship competences with
employability and it also inspires students to keep up to date with rapidly advancing
technology.

3.2.2 Challenges with building the GSPBL culture

The delivery of this module generated challenges which were documented through
accelerate feedback and during a feedback lecture with students. Some students found
it challenging to adjust to this new type of teaching and learning after very different
national and international experiences at school level. A minority of students found it
difficult to form team bonds, were too shy to post on the VLE forum, struggled with the
open-ended driving question, blended learning and didn’t appreciate the worth of
entrepreneurship and multimedia assessment. Some international students found it
difficult to manage language and cultural differences in team situations.

Most of these challenges were expected and can largely be solved by putting more
emphasis on building the GSPBL culture over time. The module will be modified to
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provide more detail in the introductory lecture to convey the challenges they will face
during the 4" industrial revolution. The new methodology combining GSPBL and
EntreComp will be explained so students understand that the module is structured to
facilitate the acquisition of the required entrepreneurial competences, technical skills
and multimedia experience. Outdoor team building activities are planned to overcome
individual barriers and build team rapport, trust and create stronger team bonds. More
small group project support sessions will be timetabled to build confidence and build
the GSPBL culture. A stronger link will be created between the formative and
summative assessment to develop a portfolio style of collated work to demonstrate
progression (Table 1).

3.2.3 Achievements

Although challenges were identified in accelerate feedback, the positive comments
suggest that students were engaged by new methodology.

Tlove ... [that] ... the students [had] free reign on how to approach and go forward
with our idea ... the course felt structured such that we had a clear objective in sight ...
unstructured in the sense that our path to the objective was our decision.’

‘LiDAR [scanners] are really fascinating and can't wait to pursue a career in them.’

‘I can’t think of anything negative about this course, you could say that | had the time
of my lifel’

Reflection is one of the GSPBL seven essential project design elements [2] and student
teams submitted a reflective report after their final summative assessment. In the
EntreComp part of the questionnaire, student teams were asked to ‘list the
entrepreneurial skills (as shown on the EntreComp wheel) you think you have most
improved as a team during this module?’ The following pie chart (Fig. 3) shows the
percentage of each competence selected. These are grouped into the 3 EntreComp
areas:

¢ |deas & Opportunities (Blue);

e Resources (Orange);

¢ Into Action (Green).

These initial results from the team reflective reports and observations by academic
members of staff during the module suggest that students progressed further than the
expected Foundation Level 1 (Discover) and Level 2 (Explore) [3, pg. 20] and the
majority (56%) of the self-assessed and observed competences were in the action area
associated with Level 3 (Experiment) and Level 4 (Dare). EntreComp state that ‘Level
3 focuses on critical thinking and on experimenting with creating value, for instance
through practical experiential experiences’ ... ‘Lev