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Foreword

Innovation, PBL and competences in Engineering Education

“Education is not the learning of facts, but the training of the mind to think”
— Albert Einstein

Today’s students will perform in a technology-based society and contribute to a global economy.
Technologies, like automation, Internet of Things (loT), artificial intelligence (Al), come with promise of
transforming deeply the work places and creating new business models. In addition, the sustainability crises
threatening the future of planet earth and human society. These trends posed new challenges to engineering
education and on how engineers are being educated where competencies built during academic years might
have to be continuously re-built and adapted. Addressing these challenges call for competences such as self-
directed learning, teamwork, communication, critical thinking and interdisciplinary knowledge.
Consequently, it is needed to re-think the education environments, the curricula constructions, learning
outcomes and experiences capable of preparing the future generations to change and transform the world
by acting and learning within and from it.

Having this in mind and Albert Einstein vision represented by the above quote, the 7" International Research
Symposium on PBL (IRSPBL’ 2018) theme is Innovation, PBL and competences in Engineering Education and
the International Centre for Engineering Education (ICEE), under the auspices of UNESCO, Tsinghua University
(China), hosts it. The overall goal is to reflect on how PBL can educate future generations with competences
and skills needed to address the trends and challenges posed to higher education, especially to engineering
education. The symposium is organized around several activities such as workshops, keynotes, panel sessions
and paper presentations with the aim to promote discussion and active learning in all levels of education,
particularly in engineering education. Similar to other editions, this seventh edition constitutes a meeting
place researchers, practitioners, educational managers and industrial partners contributing to the PBL
landscape.

The IRSPBL has collected 59 contributions from 23 different countries, all compiled in this book. The
contributions cover a number of relevant PBL topics such as assessment, learning outcomes, students’
engagement, management of change, curriculum and course design, PBL models, PBL application, ICT,
professional development. This book not only represents some of the newest results from research on PBL
but also best practices capable to inspire others practitioners to innovate their teaching and learning
activities.

We hope that you will find the book useful and inspirational for your further work.

Prof. WANG Sunyu, Deputy Director of ICEE, Tsinghua University

Prof. Dr. Anette KOLMOS, Director, Aalborg UNESCO Centre, Aalborg University
Dr. Aida GUERRA, Associate Professor, Aalborg UNESCO Centre, Aalborg University
QIAO Weifeng, Assistant Professor of Research, ICEE, Tsinghua University




Changed perspectives on engineering competence in the transition
from engineering education to work

Anette Kolmos®, Jette Egelund Holgaard” and Nicolaj Riise Clausen®

! Aalborg university, Denmark, ak@plan.aau.dk;
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Abstract

Employability has been on the political as well as the research agenda for a long time. International
research on engineering education has identified issues in the transition from engineering education to
work. Engineering education designers therefore have to increase the alignment between engineering
education and professional practice and be in the frontline to prepare students for future trajectories of
technological innovation. The purpose of this paper is to study the changes in perspectives on engineering
competence in the transition from engineering education to work.

In Denmark, the research project PROCEED-2-Work was established as a longitudinal study with the
purpose of identifying possible gaps in the transition from engineering education to work. The purpose of
this article is to present comparative data on the respondents’ perspectives on engineering when students
are just about to graduate and after 10 months in work. The study is limited to a Danish context and it
should also be taken into consideration that the cohort is to be considered as being in transition, as they
only have 10 months of working experience.

The key results are that the students just about to graduate feel ready in terms of their academic and
societal competences and less prepared related to career and work competences. After 10 months of
working experience, the priority of these factors are inverted, with academic and societal competences less
prioritised than career and work competences. The respondents point out that project work and
internships have been especially significant factors in preparing for and the learning of employable
competences.

However, students change perspective on engineering competences after just 10 months at work, which
guestions the alignment between current engineering curricula content and employability. The paper ends
with a discussion of the potential of problem based learning to increase the employability of engineering
students.

Keywords: Employability, transition, engineering competences, problem based learning

Type of contribution: Research paper.

1 Introduction

International professional organisations such as the Royal Academy (Lamb et al., 2010; Spinks, Silburn, &
Birchall, 2006), and the McKinsey Global Institute (Mourshed, Farell, & Barton, 2012) have identified gaps in
skills learned in education and skills needed in the work place. Politically, the European Bologna process
seeks to close the gap between education and work, and accreditation bodies like ABET and EUR-ACE have
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formulated skills relevant to the work environment (ABET, 1995, 2006; Bourgeois, 2002; Engineering
Council UK, 2004; Engineers Australia, 2006; EU Commission, 2008).

After conducting a literature review on employability, Kolmos & Holgaard (2018, forthcoming) have noted
that the conceptualisation of employability is, and maybe also should be, a contextual term dependent on
who is defining it, and that it is often interpreted as a set of specific skills such as communication, project
management, etc.

At the conceptual level, there is a trend towards more comprehensive definitions of employability. As an
example, in 2003, Knight and Yorke (2003) define employability as: “a set of achievements, understandings
and personal attributes that make individuals more likely to gain employment and be successful in their
chosen profession” (Knight & Yorke, 2003, p. 5). Later, Yorke (2004) broadens this definition to: “a set of
achievements — skills, understanding and personal attributes — that makes graduates more likely to gain
employment and be successful in their chosen occupation, which benefits themselves, the workforce, the
community and the economy” (Yorke, 2004, p. 3). Kolmos & Holgaard (2018, forthcoming) combine
academic (Mode 1), market-driven (Mode 2) and community-oriented (Mode 3) knowledge modes and
argue for a broad definition that also presents the employee as a citizen and a member of society who is
able to make a sustainable living.

Based on interviews with 50 global thought leaders in engineering education as well as case studies,
Graham (2018) corroborates that the future direction for engineering education sector moves towards
socially-relavant and outward-facing engineering curricula, and elaborates that “Such curricula emphasize
students choice, multidisciplinary learning and societal impact, coupled with a breadth of students
experiences outside the classroom, outside traditional engineering disciplies and across the world” (Graham,
2018: ii).

Although this trend towards more comprehensive definitions can be seen on the conceptual level as well as
emergent at leading engineering education institutions, it can be argued that the elements in the
curriculum that should lead to the identification and acquisition of professional knowledge could be
characterised more as ritual than actual fulfilment of the needs of the work environment (Dahlgren, Hult,
Dahlgren, af Segerstad, & Johansson, 2006).

Thus, there is a need for research on the requirements of the work environment compared to how ready
engineering graduates perceive themselves to be in meeting work related challenges. This will form a basis
for engineering education, which is co-constructed by different actors each with their own perspective on
engineering. Engineering education designers must plan for the needs of tomorrow and be able to cope
with the various demands of today.

2 Research design

In Denmark, the research project PROCEED-2-Work, was established as a longitudinal study with the
purpose of identifying possible gaps in the transition from engineering education to work life. The 2010
cohort of enrolled engineering students have been surveyed four times, most recently, in 2015, on their
expectations of work and, in 2016, on their experiences from work (Kolmos & Bylov, 2016; Kolmos &
Koretke, 2017a, 2017b).

The purpose of this paper is to present comparative data on the respondents’ readiness for work in 2015
and the respondents experience after 10 months in work, in order to investigate what changes occurred in
their perspective of key-engineering competences in the transition from engineering education to work.
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The methodology applied in the PROCEED-2-Work study is survey data. To analyse key-engineering
competences, we have included items from the Academic Pathways Studies of People Learning Engineering
Survey (APPLES), prepared by the Center for the Advancement of Engineering Education in the US (Atman
et al., 2010). The results of the survey presented in this paper are based on frequency analysis.

The study is limited to a Danish context, and it should also be taken into consideration that the cohort is to
be considered as being in transition, as they have only 10 months of working experience. These conditions
will be taken into account in the following, where an increased focus on process competence during the
transition to work and a high impact from project work on employability is argued for and discussed.

3 Work experience increases the focus on process competences

In 2015, when the cohort of engineering students was just about to finish their education, they were asked
to prioritise different types of competences by stating what they considered important for being a
successful engineer. In 2016, after about 10 month of work experience, the now graduated engineers were
asked the very same question. The results are presented in Table 1.

Table 1: Different competences prioritised according to their perceived importance for becoming a successful
engineer. The percentages signify the respondents who have answered that the items have decisive importance.
2015: N=979 and 2016: N=344-348

2015 2016

% %
Critical thinking 62.3% 1 1 53.8%
Teamwork 52.4% 4 2 52.5%
Communication 40.5% 5 3 T 52.3%
Finding new solutions 56.7% 3 4 50.7%
Self-confidence 28.4% 7 5 T 46.2%
Maths and science applied to solve real life l
problems 59.3% 2 6 41.3%
Science 34% 6 L7 19.3%
Speak to a larger audience 18.9% 10 8 17.6%
Business talent 8.9% 13 9 14.3%
Leadership 13% 12 10 13.3%
Math 27% 8 l 11 12.6%
Social responsibility 14.9 11 l 12 7.5
Environmental impact 20.7 9 l 13 7.2
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Overall, we can see a decline in the assigned importance of academic competences, as the ability to apply
math and science to solve real life problems, as well as scientific and math skills, is considerable lower
priority after entering working life. Even business talent and leadership, which were the lowest rated in
2015, are now perceived as more important than math skills. The same decline in relative importance is
characteristic for competences related to sustainability.

On the other hand, there is a stable or increased focus on process competences. Whereas the ability to
work in teams still received a high degree of attention, it seems that the importance of the ability to work
independently and make use of communicative skills have surprised the engineers when coming into the
workplace.

In the 2015 study, the engineers were further asked to assess the level of competence they have reached
within different areas. The areas and the results are presented in Table 2, together with the ratings from
the engineers in 2016 in order to compare the relative rating of the different competences.

Table 2: Perceived achievement of high level of competence (2015: N=953-958) related to the experienced
importance of the competence in work (2016: N=344-348).

2015 2015 2016
Competences Competences Importance
obtained to high obtained to assessed as
degree high degree decisive
(%) (Rating 1-13) (Rating 1-13)

Critical thinking 60% 2 1

Teamwork 68.7% 1 2

Communication 31.9% 8 > 3

Finding new solutions 57.3% 4 4

Self-confidence 30.1% 9 > 5

Maths and science applied to 49.1% 5 6

solve real life problems

Science 58.6% 3 < 7

Speak to a larger audience 33.1% 7 8

Business talent 7.7% 13 > 9

Leadership 14.8% 11 10

Math 46.1% 6 < 11

Social responsibility 12.5% 12 12

Environmental impact 21.5% 10 < 13
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The differences in rating illustrated in Table 2 show that the relative knowledge gain in terms of
communicative abilities, self-confidence and business talent is rated considerably lower than the relative
level of importance assigned to the competences in a work place environment. This supports the increased
emphasis on process competences compared to more technical skills.

Yet again, the conclusion is corroborated when the sense of preparedness of engineering students in 2015
is related to the assessment of importance of specific competences. There is a considerable discrepancy
between the readiness engineering students feel when entering work life in terms of communicative
abilities (going up) and applied science (going down).

4 Project work and internships as bridges to employability

Looking back on their education track, the engineers in work are asked to consider the extent to which
different types of educational activities have provided them with a higher understanding of the work
environment. The result is presented in figure 3.

1YY
A
7/
Y,
A

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

Project work

Basic courses/subject specific theoretical courses

Subject specific "hands-on" courses (e.g. laboratory)

Visit at companies as part of a project

Guest lectures from companies/ visit at companies as a part
of the course

ITHigh extent ®Some extent # Not at all/Lesser extent

Figure 2: 2016: Educational activities and their contribution to making engineers understand their current
work situation. N= 324-351.

About 2 out of 3 engineers suggest that project work has, to a high extent, contributed to their
understanding of real world engineering. It is remarkable that project work has a higher impact than
courses, as all engineering educational programmes have courses as a part of the curriculum, whereas not
all engineering students have necessarily experienced extensive project work.

The attention paid to company interaction is minor compared to project work — but, yet again, it is also not
common in general to have it as an extensive part of the engineering curriculum in Denmark. The 2015
study nevertheless showed that students who have been in company internships feel more prepared in
relation to more generic competencies such as communication and design, business awareness, as well as
the societal context and environmental impacts, and less prepared in relation to science, data analysis and
the conducting of experiments (Kolmos & Holgaard, 2018 forthcoming). Thereby, students who have been
on internships are more aligned with the higher focus on process competences, which have been detected
in the transition to the work environment.
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With this knowledge of the educational activities that had actually fostered abilities relevant for the current
work environment, the engineers were asked to assess which kinds of educational activities they would like
to have in order to make them even more capable of meeting the demands posed in an engineering
workplace. The engineers were asked to choose five educational activities that could have increased their
readiness among different types of educational activities. The top five when accumulating 346 answers
from engineers were:

More practical assignments and tools for practice (> 50%)
More specific cases as a part of education (> 45%)
Better possibilities for internships during education (> 40%)

More problem-based education (> 35%)

LA

More business-related education (> 30%)

Finally, it can be noted that project work was the educational activity that already had the highest impact in
relation to the work environment — more than 1 out of 5 called for an even greater amount of project work
in their education.

5 Discussion

The key findings presented above are that students before graduation feel prepared in academic and
societal competences and less prepared in career and work competences. After 10 months in work, the
priority of the factors have been inverted, so that academic and societal competences have declined in
importance compared to the career and work competences. In the following, this identified gap will be
discussed from the more traditional framework of employability and a more elaborated framework,
including the societal perspective. Furthermore, project work and internships will be discussed as means
for directing engineering education towards a higher degree of employability.

5.1 The identified gap between Mode 1 and Mode 2 knowledge

The identified gap between competences in the technical area compared to competences related to
vocation and organisation relates to the traditional analytical distinction between academic Mode 1
knowledge and market-driven Mode 2 knowledge. Furthermore, studies indicate that higher education
provokes a kind of instrumental turn in what students think matters in engineering work, and a general lack
of attention to more contextual factors, including business awareness (Kolmos & Holgaard 2017,
forthcoming). This corresponds with another Danish study, where employers expressed the wish that
graduates had a greater understanding of business models, project management and communication
(Kolmos & Holgaard, 2010).

This is, however, far from just a Danish phenomenon. Yorke (2004) reports that UK graduates across five
different subject areas (biology, business, computing, design and history) found that academic staff gave
subject knowledge the highest priority, while business awareness and practical workplace experience
scored the lowest on a long list of factors. Furthermore, Nilsson (2010) produced a study, based on
gualitative interviews with 20 recently graduated engineers, which found that they perceive engineering
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programmes to be too focused on academic disciplines and to miss out on elements of learning related to
employability.

It can be argued that universities have a responsibility to provide engineering students with academic
bildung (general education) when they are in higher education, whereas the work context will provide a
more natural environment for developing skills in the areas of vocation and organisation. It can also be
argued that the transition to work might be overwhelming in the first year, which can cause overemphasis
on skills related to vocation and organisation. Nevertheless, taking into consideration the expressed
importance of self-confidence in work practice, as well as the fact that 1 out of 4 of the Danish engineers
studied actually had project management as a primary work function during the first year and that
employers are in fact calling for more understanding of business models, project management and
communication, it can also be argued that a change is needed in engineering education to embrace more
interdisciplinary and generic competences.

5.2 The lack of focus on societal factors

In the broader conceptualisation of employability presented in this paper, engineering education moves
beyond satisfying work place requirements. Jamison and colleagues (2014) have argued for a
transformation of engineering education, which includes academic Mode 1 knowledge and market-driven
Mode 2 knowledge (Gibbons et al, 1994), with a community orientation in an integrative Mode 3. As noted,
Kolmos & Holgaard (2018, forthcoming) have furthermore proposed a comprehensive definition of
employability that combines scientific and domain specific engineering skills with process competences
(being transferable and generic in nature) and a concern for the business and societal context in which
engineering work is embedded. However, the question remains who will be responsible for this move to a
more integrative mode and which conceptual frameworks that will support this transformation of
engineering education.

One of the conceptual frameworks that have been introduced to stress students responsibility as citizens
and members of society is education for sustainability (ESD). The transformation of higher educational
institutions to ESD is however relatively slow. In 2009, half way through the United Nations Decade for ESD,
related actions had not yet influenced worldwide educational programmes in a significant way (Ferrer-Balas
et al., 2010). This seems not to have changed significantly over a five-year period as Wals (2014) concluded
that Higher Education Institutions were just at the beginning of making more systematic changes.This
indicates a need for a “push” from outside, e.g. for employers to engage in a more comprehensive view of
employability.

The response from Danish engineers during their first year of work does not, however, indicate
sustainability to be high on the agenda. There can be multiple reasons for this, which can be brought to
discussion and future research.

First of all, it will depend on the organisation of the company and the tradition of interdisciplinary work.
Secondly, it will depend on the way the company addresses sustainability. If the company works, for
example, according to a life cycle perspective and integrates sustainability in the design of their products,
there will be a greater need for interdisciplinary work, bringing together environmental specialists,
designers and engineers from other technical fields. A life cycle based environmental initiative affects all
functions and departments of an enterprise (Remmen & Miinster, 2003). If, on the other hand, the
company takes a reactive approach to environmental concerns, documenting the environmental impacts of
company processes, it might be that this function is rather isolated from the environmental department.
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Another explanation could be that engineers would like to have a more product-centered or system view,
as stressed by Shamieh (2011), of contextual factors. More than 1 out of 5 state that more inter-disciplinary
knowledge would have provided them with a better understanding of their work environment, although
the importance of sustainability seems to decline in the transition from engineering education to work. This
implies that contextual competence based on what the work environment requires is more valued than
knowledge that can be related to other engineering disciplines, e.g. environmental science. On the other
hand, this perspective might contribute to, but will not assure, sustainably sound products for the future.

5.3 The call for project work and internships

Previous results from PROCEED-2-WORK show that students who have been in company internships feel
more prepared in relation to more generic competencies such as communication and design, business
awareness, as well as to address the societal context and environmental impacts, and less prepared in
relation to science, data analysis and the conducting of experiments (Kolmos & Holgaard, 2018,
forthcoming). This indicates a move to a more process-oriented and contextual employability perspective.

However, the most mentioned educational activity when engineers are asked to consider which activities
had the greatest impact on their ability to understand their current work environment is project work. Even
though project work has a high impact as it is, 1 out of 5 ask for more activities of this kind. Stiwne &
Jungert (2010) support this by arguing that the best way to integrate employability into education is
through company projects or co-curricular activities, which are often more open and problem-oriented
compared to the traditional curriculum.

However, while this study shows a rather high focus on project work in Danish engineering education, and
even though engineering institutions in Denmark are traditionally known for a problem-oriented focus —
there is still potential for improvement based on a call for more practise related learning. There is a need
for more case-based learning (show) and more hands-on activities (experience) to supplement the lecture
based activities (listen) and analytical exercises (think). This calls for problem-based learning implies more
emphasis on problems embedded within concrete and practical situations in a real-life engineering context.

6 Concluding remarks

Conclusions from this study indicate a gap between what engineering students perceive as important in
education and in the work environment. Although a broader concept of employability, including academic
bildung, citizenship and sustainability, can be argued for, there is still the risk of an overcrowded curricula.
This study, however, questions the balance of the current curricula content from an employability
perspective. The implications of a broad and strong employability focus will according to this study demand
more emphasis on process competences, most notably communication, and agency to impact (and not just
respond to) the future workplace to foster a more sustainable development of our societies.

The study furthermore points to the need to address the fact that newly graduated engineers, only in the
very beginning of their career, are faced with the challenge of being project managers. This makes project
management, not in an instrumental sense, but in a competence development perspective, an important
area for further research. It is also striking that students are rather surprised by the importance of self-
confidence in the work environment. This is a rather interesting result, which could be followed up with
more research related to professional identity building.
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Project work is praised as the educational activity which overall has the highest impact on preparedness for
work. However, the interlinking of the work environment with concrete project situations requires more
research — in other words, a project management course and projects designed by academics might not be
enough to do the trick.
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Abstract

A new project-based model of engineering education is being developed to deliver an upper-division (final
two years of four-year bachelor degree) experience. The experience is centred on students working directly
in industry through engineering apprentice (cooperative education/internship) employment. Students will
work in industry, completing projects, for the last two years of their education while being supported in
their technical and professional development by professors, facilitators, and their peers through use of
digital communication. This new model focuses on learning being more imbedded in professional practice,
in contrast to the more traditional model of engineering, where the learning about the profession is done in
the abstract of a classroom. The learning experience is designed to open doors for greater access to
engineering education. Developed for community college graduates (entering students who have
completed first two years of engineering bachelor requirement) in the United States, the program will serve
a more ethnically and gender diverse student body. The innovative new model focuses on the development
of transversal competences, a new set of teacher roles in PBL, industry-university collaboration, curricular
design, continuous evaluation of practice, use of e-learning, and the students' learning processes. The
program pilot starts July 2019. This paper will describe the new model, the design-based research method
being used, report on the steps completed to date, introduce new sets of data on the new model, analyse
the data, evaluate its impact, and result in the next iteration of design improvement. It will primarily focus
on program development and the research approach for evaluation of the education model.

Keywords: Professional development, University-industry partnership, Practice-ready engineer, Work-
integrated, Transversal skills

Type of contribution: research paper

1 Introduction

The past few decades have seen steady and frequent calls for changing and improving engineering
education to meet the societal needs of today and the future (National Academy of Engineering, 2004;
American Society for Engineering Education, 2015; Martin, Maytham, Case, & Fraser, 2005; Almi, Rahman,
& Purusothaman, 2011; Hasse, Chen, Sheppard, Kolmos, and Mejlgaard, 2013). Emphasis is on the
development of the whole engineer with an increased emphasis on the design and professional attributes
and transversal skills, in addition to the traditional technical ability needed by engineers (Sheppard,
Macatangay, Colby, & Sullivan, 2009). The new program focuses on developing more practice ready
engineers through a student active learning experience centered on engineering practice (Lindsay &
Morgan, 2016). Similar to how human-centered design is changing engineering practice to involve
solutions based on the human perspective at all steps, the experience-centered engineering education of
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the new upper-division program will involve the student gaining engineering practice perspective at all
steps.

The new program is the lron Range Engineering “Bell Program” and is inspired by two models recently
named as emerging engineering education world leaders in a report published by the Massachusetts
Massachussets Institute of Technology (Graham, 2018). These models are the Iron Range Engineering
(Johnson, 2016) and Charles Sturt University (Lindsay & Morgan, 2016) models in the U.S. and Australia
respectively. Iron Range Engineering (IRE) is a project-based learning model that utilizes ill-structured,
complex problems directly from industry (Ulseth, 2016) and Charles Sturt University (CSU) is a model that
uses extensive cooperative education apprenticeships and on-line technical learning (Morgan & Lindsay,
2015). The Bell program draws its structure from CSU and its learning strategies from IRE. The Bell model is
separate from the IRE model but being co-located under the same Iron Range Engineering administrative
umbrella.

In October 2017, the Iron Range Engineering model was awarded the ABET Innovation award (ABET, 2018).
The ABET Innovation Award recognizes vision and commitment that challenge the status quo in technical
education. It honours individuals, organizations, or teams that are breaking new ground by developing and
implementing innovation into their ABET-accredited programs. It is from this groundbreaking, award-
winning model, that the new co-op model will be developed, being done so by the same development team.

The research of this educational innovation needs to be both formative, refining the model as it develops,
and at the same time add to the theoretical body of knowledge on engineering education. Collins, Joseph &
Bielaczyc (2004) proposed the design-based research approach of progressive refinement for developing a
new curricular model. They described progressive refinement as when the “design is constantly revised
based on experience, until all the bugs are worked out. Progressive refinement in the car industry was
pioneered by the Japanese, who unlike American car manufacturers, would update their designs frequently,
rather than waiting years for a model changeover to improve upon past designs”. This type of design-based
research (DBR) approach will provide the kind of rapid response that is needed and will include reflective
practice approaches among the students involved, faculty, and the researchers (Brown, 1992). Design-
based research (DBR) is recognized for its potential for developing an understanding of the organizational
development and enhancing the professional practice (Andriessen, 2007; Romme, 2003; Van Aken, 2005)
which are important parts of curricular development. This paper continues the study of the program
development (Johnson & Ulseth, 2018) and focuses on the first evaluation of the new proposed model as
part the DBR process. It specifically focuses on the evaluation by prospective students and a national group
of community college faculty of the proposed model with the specific purpose of design improvement for
the model in preparation for the inaugural group of juniors entering the program in 2019. Reflecting the
DBR approach, the structure for this paper is adapted from the Collins, Joseph & Bielaczyc (2004)
recommendation for reporting on design research work with a focus on the Goals and Elements of the
Design, Implementation Setting, Current Research Phase, Outcomes Found, and Lessons Learned.

2 Goals and Elements of the Design

2.1 Goals of the new model

Creation of more effective engineering graduates - industries have long been dissatisfied with graduates of
traditional engineering programs. This dissatisfaction stems from the inability of new graduates to navigate
the professional world. At Iron Range Engineering, this deficit has been addressed by allocating substantial
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student time to both the application of technical knowledge in realistic settings and the practice of
professional skills (Ulseth, 2016). The implementation of both the co-op experiences and the IRE strategies
will provide the more fully developed and effective engineering graduate sought after by industry.

Diversification of the engineering profession — Especially in the United States, women, Hispanics,
Black/African-Americans, and other minorities continue to be way underrepresented in the engineering
profession as compared to their representation in society (NSB, 2018). Community college demographics,
unlike traditional universities enrolling engineering students, are more aligned with societal representation
in the United States (American Association of Community Colleges, 2018). The Bell model is being designed
to enroll community college graduates in the upper-division (last half of bachelors) program. Thus, the goal
is to have a more diverse student body and graduate pool entering the profession.

Adaptation of effective learning strategies created in the Iron Range Engineering model - In the 9 years of
IRE operation, distinct models of learning for professional development, design, and self-directed were
developed. These strategies include: highly developed model of reflection, professional responsibility
curriculum, professional development plans, design and project management curriculum, technical
development plans, seminar series, and an extensive communication curriculum. All of these curricular
strategies are adaptable to the new model for effective engineering student development.

Very low net cost to the student - students will pay $11,000 USD per semester for five semesters (intensive
training plus two years of co-op) for a total of $55,000. The student engineer will typically earn $20/hr for
24 months of co-op for a total of ~ $80,000 gross. Students who are able to live a college student existence
during this timeframe will be able to graduate with near zero debt for the co-op portion of their education.

2.2 Elements of the design

The Bell program is the last 2.5 years of a 4.5 year bachelors of science and engineering degree. The first
two years are completed at community colleges across the United States. Upon completing the entrance
requirements into the program, the student will enroll for an on-site five-month intensive training
experience (ITE). The ITE is followed by two one-year apprenticeships referred to as co-ops.

A cognitive apprenticeship (Collins, Seely Brown, and Holum, 1991) approach will be utilized to scaffold the
individuals from their levels of competence at the entrance to the ITE to a prescribed level of competence
upon completion of the ITE. Technical learning at the beginning of the ITE will be in a face-to-face on-the-
ground mode with professors. As the ITE continues, the learning becomes more and more self-directed and
more and more online until the end of the ITE where students are managing their own learning in an online
course. Professors will facilitate technical learning throughout the 2.5 years. Learning coaches (facilitators)
will guide students in their professional and design development throughout the ITE and the entire co-op
experiences. The learning coaches will meet face-to-face via technology with the student engineers on a
regular basis throughout the coop to provide guidance and support of the students’ development.

Upon completion of the five-month intensive training experience period where they develop the high levels
of self-directedness and professional responsibility necessary for success in a co-op placement, student
engineers can either return to their home region or anywhere else in the country (or out) to complete a
one-year co-op experience. After one year, they return to the home-base for one week of rigorous
assessments, including the defence of student work, design capabilities, open-ended problem solving
capabilities, professional acumen, and technical knowledge. Upon successful defense, they go back for a
second year of co-op placement followed by another round of exams and presentations. Successful defense
at this point results in the awarding of a bachelor’s of science in engineering. Figure 1 portrays this model.

13



7t International Research Symposium on PBL (IRSPBL), Beijing, China, 19 — 21 October, 2018

_ Supported in technical learning by professors -
AS. Engineering s o CCrcap=mm==TT

oo

Entry | |

Graduation

Final ‘
* Assessment-

Intense | ..~ | Co-op | - “ Co-op
' Assessment ' [ P

training 1

Supported in professional development by
facilitators, supervisors, and peer learning groups

Figure 1. Graphic depiction of new model

This model utilizes unique strategies to integrate the development of the new engineer as a professional,
technical, and creative person (Guerra, Ulseth, & Kolmos, (2017). The demand for engineering professionals
is characterised by requirements of deep and solid interdisciplinary technical competences and
communication and management skills. Changing engineering programmes (de Graaff & Kolmos, 2007) to
meet these requirements can be addressed by different active learning approaches (Christie & de Graaff,
2017; Lima, Andersson, & Saalman, 2017). Several institutions of higher education have been addressing
these requirements with project approaches to engineering education. Problem and Project-Based Learning
approaches (Edstrom & Kolmos, 2014; Graaff & Kolmos, 2003; Helle, Tynjéld, & Olkinuora, 2006) have
proven to be effective in making interdisciplinary connections between different subject matters,
developing, in parallel, competences of project management, autonomy and communication (Lima, Dinis-
Carvalho, Flores, & Hattum-Janssen, 2007).

Co-op education is a long established practice (Selingo, 2016) where students take a semester out of
college to work as interns in engineering firms or industries. Students often find co-ops as the best part of
their education, typically earn high wages while on co-op, very often more than $20 USD/hr, empowering
students to graduate from college with less college debt. There are several engineering colleges in the
United States that employ required co-op education (e.g. Kettering University, the University of Cincinnati,
and Northeastern University).

In traditional co-ops, students receive only nominal credit (1-3) for the co-op experience and thus put off
their graduation by a semester for each semester of co-op. In 2016, Charles Sturt University (CSU) in
Bathurst, Australia began their co-op based engineering education model (Lindsay and Morgan, 2016). The
Charles Sturt model does provide substantial learning during co-op as well as full credit towards graduation.
The new model described above is an adaptation of the CSU model with influences from other co-op
models. In summer 2016, the founders of the CSU model visited IRE to identify unique PBL attributes of the
IRE model that could be adapted for CSU.

The technical, professional, and design learning that happens during the Bell Program co-ops is a departure
from all other US co-op engineering models and is centered on PBL methodology. In order to align the Bell
model with PBL, we have used the 7 elements of PBL (Du, de Graaff, and Kolmos, 2009). The objectives are
PBL centric and interdisciplinary. The problems the coops will solve are open and ill-defined and will consist
of a major part of the students’ learning. Technical, on-line, courses will support the project and there will
be external facilitation as well as formative evaluation. This learning is what enables the students to earn
full credit towards graduation for successful co-op completion as compared to other US institutions where
full credit towards graduation is not awarded. Further, it will be facilitated as projects with industry-
working team members.
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3 Settings where Implemented

The new model takes advantage of three educational experiences:

1. Community college education (anywhere in the country)

2. The Iron Range Engineering models of professional and self-directed development (ITE at IRE
campus in northern Minnesota)

3. Co-operative engineering placement (anywhere in the country)

There are approximately 300 community colleges in the United States that offer associate degrees in
engineering. The demographic of enrolled students at community colleges is considerably different than at
universities. Community college students are more diverse ethnically, more gender diverse in the STEM
fields, and are older, thus bringing more life experiences to their education. Among community college
students, 51% are non-white, the average age is 28, and 36% are first generation college students
(American Association of Community Colleges, 2018). Further, women earn 42% of the STEM degrees
awarded at community colleges (National Science Foundation, 2017) .

The Iron Range Engineering (IRE) PBL program has developed unique and powerful models for creating
professionally responsible, self-directed learners (Johnson 2016; Ulseth 2016). Over 10 published studies
demonstrate the efficacy of these strategies and the advanced skill levels of IRE graduates (Guerra, Ulseth,
& Kolmos, 2017). The strategies used at IRE serve as a cornerstone for the new program.

4  Current Research Phase

4.1 Methodology and method

When the design of the PBL program began in 2016 (Johnson & Ulseth, 2018), design-based research (DBR)
was selected as the design and research methodology to guide the curricular development work. This work
incorporates the four phases of DBR identified by Kolmos (2015): design; implementation; data collection
and analysis; and findings and conclusions. The phases were adapted and combined with Andriessen’s
(2007) dual purpose of DBR model for this work as shown in Figure 2. The focus of the program design is
progressive refinement through the problem statement; defining the design and learning objectives;
planning (project management) of the curricular design, development of the curricular ideation and
selection of a design for initial implementation; and ultimately a continuously reformed model with a
curricular model improvement process. The focus of the research design is to establish the research
guestions; identify the learning theories applicable to the research work; design of the research work that
influences the curricular implementation and improvement; and ultimately to disseminate what is learned
and add to the body of knowledge on engineering education.

The research question for this phase of the program development is: “How do prospective stakeholders
react to the prospect of the program and what input do they have to its development?” In the data
collection section below, these reactions and inputs have been collected and analyzed. Improvements have
been put in place and ideas are available to draw on for future iterations.
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Figure 2. Adapted DBR Process Cycle
4.2 Data Collection
4.2.1 Faculty workshop January 2018

In January 2018, 30 faculty members from more than 20 community colleges (from which the initial
students will likely come) were invited to workshop-based open discussion sessions about the intensive
training and curriculum design. Their ideas, opinions and concerns were collected through poster
presentations by small groups, paper feedback forms, and electronic feedback. The data was condensed
and themes emerged.

First, prior to joining Bell Program, most students will experience a more traditional classroom setting. To
ensure a smooth transition, the Bell program should provide an online orientation as a screening process to
identify their motivation in remote learning. Some participants expressed support for a one-week
orientation-type program for prospective students that would bring them to the Iron Range one year
before matriculation to give them an in-person perspective on the Bell Program and provide a one-day
project, active learning lab and online learning self-assessment. It could lessen some of the concerns about
climate, distance, culture, and help the students to understand if the Bell Program is a good fit for their
learning style and life plans after completing initial community college coursework. Outcome: On-ground
workshop and on-line orientation prior to enrolment would be of value to prospective students.

Second, during the ITE, there must be a balance of technical learning and professionalism development.
Each student will take a few competencies with a faculty to ensure a sense of community in a face-to-face
setting. In terms of professionalism, students should complete a community-driven project to embrace
inclusivity, diversity, ethics, learn from failures, as well as health and safety issues. Students will train to
master job searching, resume writing, and interview skills, which help with co-op. Similarly, samples of
student-written syllabi and best work could increase exposure, prepare students for the Bell Program, and
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more broadly help advance experiential learning as a pedagogical tool for engineering. Outcome:
Suggestions for ITE topics and strategies.

Third, the method of assessment throughout the two-year co-op experience is vital to the progressive
refinement of the program. In co-op periods, students should document their weekly learning progress via
an e-portfolio submitted to on-site faculty who should also conduct short interview with their supervisor to
confirm their performance. They are also encouraged to attend community webinars to share learning
experiences. During their on-campus visit at the end of a semester, an assessment package will be assigned,
including 8-hour open-ended problem solving exam, fundamental principles tests, and oral exams of their
competencies. This multi-angle instantaneous assessment would help overcome the lack of communication
in a traditional online education. Outcome: Suggestions for learning/assessment strategies during co-op.

Then, while reaching a consensus that the Bell Program is promising, owing to its unique PBL pedagogy, we
have received more than 300 comments and questions regarding attracting prospective students and
conveying the message to their local communities. One possible hurdle to market the program is the initial
expensive tuition. While students eventually pay off loans by doing co-op, an estimation of financial
stability should be explicit. Another common question is how to connect with local industry companies and
search of available co-op opportunities. Some professional societies such as National Society of Black
Engineers (NSBE), IEEE and Society of Women Engineers (SWE) have already established formal
partnerships. These organizations could offer Bell Program students a first step in their professional career.
Outcomes: Need to have clear financial model for prospective students to understand. Need to have plan
for connecting students to industry co-op partners.

Finally, besides the interest from faculty, motivation of students ultimately dictates the success of Bell
Program. Based on years of data on engineering students transferring to a university, community college
faculty estimated that around 90 students would be interested in joining Bell Program as pioneers,
provided they have a better understanding of the benefits of the program. Outcome: 30 participating
faculty members estimated 90 of their students per year would be interested in joining the new program.

4.2.2 Student workshop May 2018

In response to the faculty workshop outcome advising an on-ground experience for prospective students,
an on-site visit was developed and implemented. Students who wished to attend were identified through
face-to-face or online interviews, with three questions being asked: (i) Benefits of joining the Bell Program;
(i) Anticipated accomplishments upon on-site visit; (iii) Types of engineer one would like to become. These
guestions were designed to help develop the program that better fits students’ need.

More than two thirds of students’ responses (N=30) for the first question listed hands-on skills and freedom
of financial burden as the benefits. While the first benefit has been revealed with success through the sister
program of lron Range Engineering, the unique financial benefit to students could attract students,
particularly in early phases as it pilots a new pedagogical model. To justify this attractiveness, we quantify
the financial outcome for a hypothetical student. On the whole, the designated tuition for Bell Program is
$55,000 USD (5 months of intensive training plus 4 semesters). Assuming an hourly rate of $20 and 160
hours of work per months, one could earn $40,000 for a single year of co-op. It not only compensates all
the tuition cost, but also offers a net income of $25,000 upon graduation. Outcome: potential students are
attracted to the learning and financial aspects of the degree program.
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Regarding the incoming Bell Experience, most students would like to see the campus, facilities and
community. Some also suggests a possible hands-on demo class. These requests can be addressed by
existing IRE faculty. Outcome: Suggested topics for Bell Experience.

The response to the last question is rather diverse. Among 30 students, 12 are interested in
Mechanical/Structural Engineering, 5 in Electrical Engineering, 7 in Chemical Engineering, 3 in
Industrial/Aerospace Engineering and 3 are still unsure. Since the current IRE focuses mainly on ME and EE
programs, the new Bell Program will consider to hire faculty and facilitators with wider scope of expertise.
Outcome: Diverse engineering interests of potential student body.

The data from these three questions was available prior to the one-site visit held in mid-May 2018.
Developers used the knowledge to create the workshop which gave students the opportunity to experience
the unique attributes of the Iron Range Engineering model that will become part of the Bell program as well
as to meet similarly minded students from across the U.S. Upon completion of the event, all participants
(N=38) completed an on-line exit survey identifying the attributes of the model that they found most
appealing as well potential areas of concern or barriers. The data was compiled and analyzed. Following are
the top three themes from each area with direct student quotes supporting the themes.

Positive Themes:

1. Most of the students from the Bell Experience are beginning to understand the importance of the
work experience before receiving their engineering degree.

“l think this is a phenomenal and groundbreaking program in engineering schooling. So many
schools just drill you on knowledge and it can be hard to see the true application of some concepts.
Also, | think the cost is pretty reasonable for over 2 years of schooling, especially since the odds of
getting a job increases drastically when you have experience from a coop.”

2. This event gave every student an opportunity to experience what it would genuinely be like to be a
student enrolled in the Bell program. It opened the student’s eyes to some of the outcomes they
would achieve by attending this program, and it allowed them to see if it was a good fit before
making a decision to attend this program in the future.

“..I've never met a more welcoming group of people who are genuinely interested in us as
individuals AND as a group. The fact that the time was taken to break the ice and get all of us
talking to each other is such an important factor that really made this experience so much more
valuable, all while instilling strong ideas of project management, teamwork, and professional
development. Thank you for this opportunity of a lifetime.”

3. This event carried a lot of energy throughout, and many students were able to build confidence by
working through them with other students from around the country. Many connections were made
from the learning they were achieving at the Bell Experience to a working engineer.

“I feel as though | am leaving this experience with a more optimistic outlook on the program and
it's sound like it's more my style in the way that I'm not really a fan of sitting in a classroom and
learning, I'd rather be out doing things and experiencing the field.”

Outcomes: Students are attracted to model of learning. Students are attracted to content
proposed in Bell model. The idea of a scholarship is of high importance to incoming students.
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Suggestions to pay attention to:

1.

Many students look at their financial situation in a variety of different ways. There is something
about a scholarship that students hold in high regard. Even if it was built into the overall cost of the
tuition, scholarships should be offered for students who are looking to attend our program.

“I have a scholarship in my community college and | am thinking about a university that | could
apply for a new scholarship, but the Bell program has some advantages that interest me more, so |
will evaluate my choice.”

The cost of this program is interpreted in a variety of different ways. For some of the students,
there is a common positive theme of the price because they are able to see the income while
working as a large advantage. For others, the sticker shock of tuition sets a barrier that they can’t
see through. They use this, and this alone, to compare to their other university options.

“The Bell Program seems to be an amazing option, but personally, my situation makes the cost of
the program to be a great deal larger than my neighboring university.”

This program is a stretch for some students who have their eyes set on other accredited
universities in their area. Some students will need more comfort in knowing that their education
and degree is just as valuable, if not more valuable, than other disciplinary degrees.

“I feel like 1 am 90% sure | will apply to the program. The other 10% is holding be back because the
program is fairly new, and | find it difficult to convince my family and friends that this is an
accredited program. It's a leap of faith that | am still trying to warm up to.”

Outcomes: The program needs to better describe and market the financial impacts of student expenses

vs. revenues i.e. tuition vs. co-op salary. The newness and unique attributes are seen as barriers to some

prospective students.

5 Outcomes Found

The outcomes for the two data collection events (faculty and student) were bolded in the previous sections

and are listed in Figure 3 below. Analysis of these outcomes results in three emerging themes: 1) there is

substantial interest in the model by prospective students. 2) The financial sustainability aspect of having
students make money to offset tuition costs, while macroscopically attractive to students as a concept
needs to be more clearly communicated microscopically for students to prevent it from being a barrier to

enrolment. 3) Quality ideas for the ultimate design of the program in terms of processes and strategies

were collected from participants in both workshops.

30 participating faculty members estimated 90 of their students per year would be interested in joining the new

program. (student interest)

Need to have clear financial model for prospective students to understand. (financial)
Need to have plan for connecting students to industry co-op partners. (strategy/process)
Suggestions for learning and assessment strategies during co-op. (strategy/process)
On-ground workshop and on-line orientation prior to enrolment would be of value to prospective students.
(strategy/process)

Suggestions for ITE topics and strategies. (strategy/process)

Potential students are attracted to the learning and financial aspects of the degree program. (student interest)
Suggested topics for Bell Experience. (strategy/process)
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= Diverse engineering interests of potential student body. (strategy/process)

= Students are attracted to model of learning and content proposed. (student interest)

= The idea of a scholarship is of high importance to incoming students. (financial)

= The program needs to better describe and market the financial impacts of student expenses vs. revenues i.e.
tuition vs. co-op salary. (financial)

=  The newness and unique attributes are seen as barriers to some prospective students. (strategy/process)

Figure 3. Outcomes summary.

6 Lessons Learned

The data collected and analyzed provides much potential for immediate and long-term progressive
refinement of the Bell program model. The most immediate example is the outcome from the faculty
workshop suggesting that an on-ground student experience could be useful to expose potential students to
the model and give them a much better basis on which to decide to enrol. This suggestion, made in January
2018 was implemented immediately and delivered in May 2018. The prospective students then provided
much more useful data through surveys explaining their needs and impressions.

Refinements identified as needing immediate action relate to the recruiting and marketing of the potential
student body for the pilot cohort. Barriers exist and need to be addressed with regards to the explanation
of the financial model for students as well as perceptions regarding the newness/uniqueness of the model.

Longer-term knowledge was gained regarding the learning strategies and program processes for
implementation in the pilot cohort. In particular, topic suggestions for the ITE, communication with
industry partners, diverse engineering interests of potential student body, and a wide variety of suggestions
for assessments and learning strategies. All of this data will be taken into consideration in during autumn
2018 when the development team creates detailed implementation plans for the pilot cohort.

Perhaps the most telling lesson learned comes from the high levels of interest and enthusiasm from the
faculty partners and the potential student body. This evidence clearly communicates that there is an
appetite for a model of this type in engineering education in the U.S.

7 Conclusion

A new model of engineering education is being developed. A description of the model and its origin have
been provided and grounded in the literature. The developers of the new model were also the developers
of the established Iron Range Engineering model in 2009. Those experiences highlight the need for a
structured process of progressive refinement during the start-up phase of this program. Design-based
research has been adapted to serve as the structured process. A research question at this stage was posed
and data collected. The results of the DBR implementation come from two data collection events, a
workshop of faculty partners from community colleges across the U.S. and an experience for prospective
students. Those events are described and the outcomes have been identified/analyzed. The outcomes
have already resulted in a shift in the trajectory of the program development and will continue to do so into
the future. The outcomes further justify the appetite for such a model by the potential students and faculty.

Future iterations of the DBR implementation will take place during the remainder of 2018 and the first half
of 2019. Data collection events will include program analysis by an external advisory board and test
implementations of the curricular strategies with current Iron Range Engineering students and the new
enrolees in the Bell pilot.
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Abstract

Innovation and entrepreneurship education is fundamentally an educational project. It is to train
undergraduates to possess the pioneering consciousness, spirit and ability. The importance of innovation
and entrepreneurship to society has been identified and discussed. Practice base is an important support
for universities to carry out innovation and entrepreneurship education. In order to evaluate the effect of
the undergraduate’s innovation and entrepreneurship education, this paper combines the education and
constructs a three-level index system for the self-evaluation of undergraduate’s innovative ability, then
forms a questionnaire. With the survey data, it explores the current situation of self-evaluation of
undergraduate’s innovative ability, analyzes the situation and shortcoming existing in the cultivation of
undergraduate’s innovative and entrepreneurial ability. Learning from PBL model, this paper puts forward
reasonable advices and suggestions.

Keywords: Ability training, Undergraduate, Innovation and Entrepreneurship project, PBL model

Type of contribution: research paper.

1 Background

The innovation and entrepreneurship education was put forward by the United Nations Educational,
scientific and Cultural Organization in 1989 for the international seminar on education in twenty-first
Century. It is an educational model with the core of training the spirit and ability of innovation and
entrepreneurship. It is an important measure to motivate the undergraduate’s independent innovation and
Entrepreneurship ability. Since the National Undergraduates' Innovation and Entrepreneurship Training
Program has been carried out, the universities have responded positively. They broke the traditional
education concept, cooperating with the government and enterprises, actively revising the training program,
helping the students to accumulate their independent innovation and entrepreneurial ability in order to
train the innovative and entrepreneurial type of social needs. Talent is the goal. According to the plan and
local teaching resources, universities have adopted different models to cultivate undergraduate’s
innovative and entrepreneurial ability.

The first model is professional education model. It is to combine professional education with innovative
and entrepreneurial education, set up the curriculum of innovative and entrepreneurial education as a
required professional course for students, to supervise students' learning through credit setting, and to
improve their importance to innovation and entrepreneurship education so as to achieve the goal of the
education. The second model is practical education model. Innovation and entrepreneurship must be
completed in practice. It is a practical course. Many universities' talent training plan sets innovation and

23


mailto:986542053@qq.com

7t International Research Symposium on PBL (IRSPBL), Beijing, China, 19 — 21 October, 2018

entrepreneurship education in the practical education module, and combines practice education with
innovation and entrepreneurship education. This just draws lessons from PBL model. The third model is
employment education model. Employment education is an indispensable part of every university's
professional training plan. Employment guidance is particularly important in the current situation of fierce
competition and difficult employment.

The purpose of this paper is to evaluate the effect of the innovation and entrepreneurship projects of
undergraduates by the sample data and to find the problems and shortcomings.

2 Review

Innovation can be defined simply as a "new idea, device or method"(Merriam-webster.com). However,
innovation is often also viewed as the application of better solutions that meet new requirements,
unarticulated needs, or existing market needs ( Maranville, 1992). It also can be defined as something
original and more effective and, as a consequence, new, that "breaks into" the market or society (Frankelius,
2009). The definition of Innovation ability is the ability to continuously provide new ideas, new theories new
methods, and new inventions with economic value, social value, and ecological value in the fields of
technology and various practical activities (360 Encyclopedia).

A group of scholars and research institutions made great efforts to study innovation and entrepreneurship
education. Harkema & Schout (2008) introduced a learner-centred approach in innovation and
entrepreneurship education, in which student is the driver of his learning process. Du et al. (2008) suggested
the problem based learning (PBL) model should be actively explored and applied in university education.
Huang & Ding (2010) established a mode of innovation and entrepreneurship education suitable for
undergraduates in China. Yang & Alex (2014) believed that several contradictions existed in
entrepreneurship education in China. For example, the discipline position of colleges’ or universities’
innovation and entrepreneurship education is illegibility and wildly, the course content system is not perfect,
many lack professional teachers and other issues. Some scholars research the methods of innovation
entrepreneurship education. Aljohani (2015) analyzed the importance of innovation and entrepreneurship
in modern education and societies. The definition and content standards of innovation and
entrepreneurship education were presented. Some scholars argued that advanced experience in running
colleges and universities is an important way to promote the development of higher education. Chinese
Association of Higher Education convoked the symposium of the innovation and entrepreneurship to gain
a better view of innovation and entrepreneurship education in 2007. Wang (2015) proposed the systematic
framework of the “university-wide” innovation and entrepreneurship education which was divided into four
types and include: general-knowledge type, embedded type, professional type, and vocational type. Li &
Ding (2016) researched an exploratory practice linking innovative entrepreneurship education teaching goal
and methods. Cao & Shi (2016) emphasized on the update of innovation and entrepreneurship education
ideas, to construct scientific and reasonable course system, to enhance infiltration and integration of
professional education and to establish effective evaluation system of teaching quality.

Through consulting the literatures, this paper analyzes and defines the connotation of undergraduate’s
innovation and entrepreneurship ability, clarifies the evaluation dimension it, summarizes and collates
similar indicators, determines evaluation indicators, and designs a measurement framework for
undergraduate’s innovation and entrepreneurship ability. Basing the definition of innovation and
innovation ability, we think that to evaluate the innovation ability of undergraduate is a complex system. It
should evaluate their progress of innovation. So this paper defines the innovation ability by three aspects:
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project design, project implement and project cooperation. Then form a three-level indicator system. This
is the basis of the evaluation research.

Table 1: The structure of innovation ability

Field Ability
A. Ability to observe and identify problems

B. Ability to collect and locate data information
C. Ability to think and analyze problems

P(;Zi?gc:] D. Ability of construction and verification of research hypothesis
E. Ability of design or develop research programme
F. Ability of think systematically and critically
G. Ability of assess programmes and make decisions
Project A. Ability of document retrieval, reading, expression and writing
. B. Ability of implement and practice as planned
implement o )
C. Ability of innovate and explore
A. Ability of communicate and verbal express
B. Ability of collaboration with team members
Project C. Ability of organization and management

cooperation D. Ability of deal with risk and uncertainty
E. Ability of time management
F. Ability of resource management

3 Survey

3.1 Questionaire Design

With the three-level indicator system, we design a questionnaire and make an investigate research to find
the real feelings of undergraduates about their innovation and entrepreneurship education.

The questionnaire is divided into two parts: Welcome degree and benefit degree. The welcome degree part
is mainly about single choice questions, which mainly tests the respondent’s views and attitudes on the
undergraduate’s innovation and entrepreneurship training program. The benefit degree part is mainly
about scale problems, using the Likert scale, which is divided into 5 levels from low to high. The options
from 1 to 5 mean different conforming degrees: Strongly conforming=5, conforming=4, Sometimes=3,
disconforming=2, strongly disconforming=1. This part mainly measures the ability of different fields of
respondents.

3.2 Questionnaire Survey

Using the online and offline survey methods, the undergraduates across the country were investigated
through the questionnaire platform-Wen Juan Xing. The survey is mainly divided into two stages: pre-survey
and formal survey. In the pre-survey stage, we collected 30 questionnaires from Shanxi University of Finance
and Economics to test the rationality of the questionnaire. After revising, we used the new questionnaire
to a formal survey. 85% effective information was considered to be a valid questionnaire. By completing
the paper questionnaire and the electronic questionnaire, we received 242 questionnaires. Eliminated the
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qguestionnaires missing information more than 15%, or the questionnaire that was too arbitrary when the
respondents filled in, and the choice information was obviously contradictory or convergent. Eventually,
we received 198 effective questionnaires, with an effective rate of 81.82%.

3.3 Reliability and Validity Test

Validity usually refers to the validity and correctness of the questionnaire, that is, the degree to which the
guestionnaire can measure the characteristics it requires to measure. The validity of the questionnaire
reflects the degree of systematic error control of the questionnaire. The structural validity test is performed
in SPSS. KMO value is 0.957 >0.9, P<0.01, it means there are obvious structural and correlation relations
between the original variables, and it has a very good structural validity.

Reliability refers to the degree of consistency of the results obtained when repeated measurements are
made on the same thing, reflecting the stability and true degree of the characteristics to be measured.
Generally speaking, internal consistency is used to indicate the level of reliability of the test. The reliability
analysis was performed through SPSS. The results are shown in the table below. It can be seen from the
table that the Cronbach's Alpha coefficient of the total questionnaire is 0.955, which indicates that the
guestionnaire has high reliability and reliability.

4 Result and Analysis

4.1 Sample

Table 2 shows the structure of sample, including gender, university, grade and whether participating an

innovation project.

Table2: Structure of sample

Category Indicator N Percentage (%)
male 72 36.4
Gender female 126 64.6
total 198 100.0
985 project 38 19.2
. . 211 project 45 22.7
University .
neither 115 58.1
total 198 100.0
freshman 11 5.6
sophomore 50 25.3
Grade junior 97 49.0
senior 40 20.1
total 198 100.0
economic 69 34.8
management 27 13.6
Major mathematic 9 4.5
engineering 14 7.1
Total 198 100.0
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Whether participating an yes 96 48.5
innovation and no 102 51.5
entrepreneurship projects total 198 100.0

4.2 Student’s Attitude of Projects
4.2.1 Participated in Projects

In our sample, there are 96 undergraduates have participated the innovation and entrepreneurship projects.
Table 3 shows their information deeply.

Table 3: 96 Samples Structure

Category Indicator N Percentage (%)
leader 31 323
Role member 65 67.7
total 96 100.0
academic 41 42.7
entrepreneurship 41 42.7
Type : -
investigation 14 14.6
total 96 100.0
school-level 60 62.5
province-level 24 25.0
level .
national level 12 12.5
total 96 100.0
ongoing 48 50.0
closure 41 42.7
progress .
give up 7 7.3
total 96 100.0

From table 3, we can see that most of students have the experience of school-level projects. Comparing the
participation rate with each class, the participation rates of most classes are less than 30% (see figure 1). It is
not high.

above 50% 18.75%

31%-50% 14.58%
10%-30% 32.29%

Less than 10% 34.38%

0.00%  5.00% 10.00% 15.00% 20.00% 25.00% 30.00% 35.00% 40.00%

Figurel: Distribution of participation rate of classes
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According to the survey data, 68.75 % of students feel that it need to expand the coverage of the project,
23.96% of students think that it should maintain the status quo. It can be seen that the majority of students
tend to expand the coverage of the project among students.

others [ o.25%
Want to add this experience to your resume _ 38.54%
There is a strong interestin this area _ 32.29%
—

Improve your own practical ability and teamwork
awareness

Lay the foundation for future business _ 38.54%

0.00% 10.00% 20.00% 20.00% 40.00% 50.00% 60.00% 70.00% 80.00%

6h.67%

Figure 2: The effect of innovation projects distribution

According to the figure 2, 66.67% of students’ participation motivation is to improving their practical skills
and teamwork awareness and enriching their university life. 38.54% of students want to lay the foundation
for entrepreneurship and to add such experience to the curriculum vitae is the same. In addition, 32.29% of
students are for their interest. It shows that the reason of most students to participate in innovation and
entrepreneurship training programs is to improve their relevant abilities and experiences.

Survey data shows that more than half of the students are willing to try to become project leaders. Among
the students having experience of projects, 82.29% of students enjoy the experience in innovative and
entrepreneurship projects. Most students like the scientific experience of innovative entrepreneurship
training programs. The data shows that nearly 50% students think that the experience has much
improvement to their innovation ability. 46.88% of students think that the improvement is general. 3.13%
students think there is a little improvement to their innovation ability. In addition, only 17.71% of students
do not like the experience.

others [ 1351%
Lack of innovative topics _ 54.17%
Lack of leader with decision-making ability |[NNEREGGE 0o.17%
Lack cooperation capabilities _ 48.96%
There is no stage goal _ 51.04%
Team lacks project schedule [N s2.33%

0.00% 10.00% 20.00% 320.00% 40.00% 50.00% 60.00% 70.00%

Figure 3: The difficult of project experience distribution

Figure 3 shows that during the participation, many difficulties appeared, such as lack arrangement of progress,
no stage goals, poor communication among members, less innovation topic and so on. Nearly 50% of students
choose these difficulties. 29.71% of students feel that lack a decision —making team leader. All these may be
the main reason for students to enjoy or not enjoy the experience.
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Think about future employment, study abroad and postgraduate guarantee, 63.54% of students think there
is some assistance to future development. 18.75% believe that participation in the project would be of great
help to future development, and 17.71% believe that participation in the project have no impact on future
development. Most students accept the training programs.

4.2.2 Not Participated in Projects

In the sample, 102 students didn’t participate in the innovation and entrepreneur projects. The main reasons
are: It is difficult to find team members or form a team (64.14%); don’t know how to choose a topic (57.07%);
Lack of tutors (40%); Lack of expertise (40%); don’t know when to apply (25.76%).

From these reasons, we can conclude that students lack initiative and less communication with teachers may
be the most barriers for students.

Table 4: Sample distribution of students don’t participate project

No
L Total
Category participation Percentage(%)
mber
number
male 31 72 43.06
gender
female 69 126 54.76
985 project 16 38 42.11
university 211 project 18 45 40.00
neither 66 115 57.39
freshman 7 11 63.64
sophomore 25 50 50.00
grade L

junior 42 97 43.30
senior 26 40 65.00

From table 4, we can see that boys are more willing to take the initiative in scientific research than girls.
The students of the 985 project and 211 project universities are more proactive to participant projects.
Junior students have high percentage to participant projects. So gender, environment and grade affect the
willing of students to carry out innovation activities.

Sample data also shows that 65.66% of students worry about the study, time and energy. More than 50%
of students worry about the tedious of defense and long cycle of projects. Nearly 36% of students worry
about the found inspection. This shows that there is no project guidance in the early period, so students
have too much concern about how to declare the projects.

4.3 Students’ Self-evaluation of Innovation Ability

Project Design

29



7t International Research Symposium on PBL (IRSPBL), Beijing, China, 19 — 21 October, 2018

a7 |
365
25
ass
35
3.45
2.4

The sbility te  Ability to collectond Ability to think and Ability to Ability to design o Ability to Ability o assess

olbserve and identify locate data analyze problems  constructionsnd  develop rescarch  systermatically and  programmes and

problems information varification rescarch Brogramine eritically make decisions
hypothesls

Figure 5: The average score distribution of project design

According to the score, we can sort the ability with the score from high to low in figure 5. The highest score
is the ability to collect and locate data information; The lowest score is the ability to observe and identify

problems. The whole average score of project design is 3.66.
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Figure 5: The average score distribution of project implement

According to the score, the highest score is the ability of document retrieval, reading, expression and writing;
the lowest score is the ability of innovation and exploring. The whole average score of project implement is
3.70.
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Figure 6: The average score distribution of project cooperation

According to the score, the highest score is the ability of collaboration with team members; the lowest score
is the ability of deal with risk and uncertainty. The whole average score of project cooperation is 3.66.
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Comparing the above three fields, we find that the score of project implement is bigger than the project
cooperation field which equals to the project design field.

For the 96 students having the experience of projects, we can have some conclusion of different universities.
The data shows that undergraduates’ self-evaluation scores in 985 project universities are higher than others
(see table 5).

Table 5: the average score of different universities

. . Project Project Project Total
University . . :
design implement cooperation average
985 project 3.98 4.08 4.10 4.05
211 project 3.66 3.73 3.63 3.67
neither 3.55 3.57 3.49 3.54

5 Conclusion and Suggestion

5.1 conclusion

(1) The introduction and pro-training of the project can’t satisfy the need of students and this will become
the obstacle of students’ participation. Most students would like to be leader of the team; they want to
exercise themselves and realize their thoughts by projects.

(2) In the process of the project, students believe that innovation and entrepreneurship project can
effectively improve their practical ability and teamwork awareness, enrich their life, and help to
employment, go abroad, delivery to graduate student or university entrance examination and research is
more obvious. But insufficient supports of university often lead students encounter the difficulties of lack
of project schedule, milestones, communication, cooperation and innovative topics. So many students don’t
want to participate in the projects for they worry about many difficulties they can’t resolve by themselves.

(3) Most students hope that there will be no transparent and unified process and evaluation criteria,
reduce the personal preferences and preferences of the evaluation teachers, and pay more attention to the
actual content rather than the form when the project is reviewed. The process of the project should be
more clearly defined. Increase in financial support, etc.

5.2 Suggestion

The survey result shows that the innovation and entrepreneurship training activities can have a certain
impact on the innovation and entrepreneurship ability of undergraduates, and have played a positive role
in promoting the cultivation and improvement of undergraduate’s innovation and entrepreneurship ability.
But at the same time, students have many difficulties and problems in carrying out training activities. In
order to do a good job in the training activities of undergraduate’s innovation and entrepreneurship, the
following suggestions are put forward.

(1) Set up a foundation course for innovation and entrepreneurship

Universities should do a top-level design, start from the source, include innovation and entrepreneurship
courses in undergraduate teaching programs, and establish basic courses related to innovation and
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entrepreneurship in the next semester. Students should systematically studied the knowledge of innovation
and entrepreneurship, study methods, research ideas, research content and technology routes, etc.

(2) Learnfrom PBL learning model

With the PBL model, we can set up PBL courses system for students to have chance to experience the
process of innovation and entrepreneurship. Let them to expand the ability of innovative thinking,
understand the national innovation mechanism, understand the innovation from a theoretical level,
understand innovation, and have theoretical knowledge in order to better carry out innovative
entrepreneurial activities. If the universities have difficulty in setting up a compulsory course, they can
explore it from elective courses or explore that only by participating in innovative elective courses to apply
innovation and entrepreneurship training programs, or set up innovation courses for those who have
obtained innovation and entrepreneurship objects.

(3) Build a platform for innovation and entrepreneurship

In order to help students more chances to practice, universities should establish cooperation with some
social forces, such as enterprises and institutions, to build practical training bases for undergraduates and
build high-quality practice platforms. In terms of specific implementation, the universities can hire or invite
successful entrepreneurs, to come to provide students with entrepreneurial guidance; universities and
enterprises can strengthen scientific research cooperation to provide scientific research opportunities for
undergraduates for more research funding. They can set up a undergraduate’s innovation and venture
capital fund to encourage them to participate in various entrepreneurial plan competitions and innovation
contests inside and outside the university.

Acknowledgement

Teaching reform project of Shanxi University of Finance and Economics: Research on the Evaluation System
of the Ability Cultivation Effect of Undergraduates’ Innovation and Entrepreneurship Projects [2017204]

References

Aljohani, M. 2015. Innovation and Entrepreneurship Integration in Education. Ohaio State Model.
International Institute of Social and Economic Sciences, (3), 467-468.

Cao, F., & Shi, W. 2016. The Path Choice of China’s Innovation and Entrepreneurship Mode of Universities
and Colleges Based on the Enlightenment of America Babson Commercial College. Art and Inter-Cultural
Communication, 40, 163-167.

Du, Xiangyun, Zhong, Binglin, & Anette Kolmos. 2008. Concept and Enlightenment of Problem Based
Learning. Chinese Higher Education, 2, 20-24

Frankelius, P. 2009. Questioning two myths in innovation literature. Journal of High Technology
Management Research, 20(1), 40-51.

Harkema, S. J. M., & Schout, H. 2008. Incorporating Student-centred Learning in Innovation and
Entrepreneurship Education. European Journal of Education, 43(4), 513-526.

32



7t International Research Symposium on PBL (IRSPBL), Beijing, China, 19 — 21 October, 2018

Huang, L., & Ding, L. 2010. Exploration and Practice on Establishing the Mode of Innovation and
Entrepreneurship Education for Undergraduate’ss. Research in Higher Education of Engineering, 6, 158-
160.

Li, T., & Ding, X. 2016. Exploratory Practice of Innovation and Entrepreneurship Education in Mechanical
Design Course Exercise. Experimental Technology & Management, 4, 22-24.

Maranville, S (1992). "Entrepreneurship in the Business Curriculum". Journal of Education for Business. Vol.
68 No. 1, pp. 27-31.ang, Z. 2015. On the Systematic Framework and Theoretical Value of the “University-
wide” Innovation and Entrepreneurship Education. Educational Research, 5, 56-63.

Yang, M., & Alex, R. 2014. Innovation Explore of Entrepreneurship Education Based on Extenics. Procedia
Computer Science, 31, 832-841.

33



Engineering 2030: Conceptualization of Industry 4.0 and its implications
for Engineering Education

Bente Ngrgaard®and Aida Guerra?

! Aalborg University, Denmark, bente@plan.aau.dk;

2 Aalborg University, Denmark, ag@plan.aau.dk

Abstract

Industry 4.0 has the potential to significantly change the knowledge and skill-set requirements for
professional engineers. There is a need to disclose and analyse the implications of Industry 4.0 for
engineering education and how institutions will respond to it. Industry 4.0 will deeply transform the world
and have a huge influence on future engineers’ employability because they will have to perform and deal
with an increasingly globalized, automatized, virtualized/digitalized, networked and flexible world. Industry
4.0 will create new business models, products and services. Indicators show that several engineering tasks
might become transformed, less visible, and/or downright diminished as consequence of Industry 4.0. One
example is the focus shift from traditional engineering methods to data-driven functions and cyber-physical
systems. Whilst there are some prospects regarding the type of technologies, the role of training and
continuing professional education upon implementing Industry 4.0, the qualification set from specific
engineering disciplines and type of engineering education curriculum are not yet fully understood.
Consequently, there is a need for institutions to be proactive and anticipate and adapt to Industry 4.0-derived
needs for knowledge, skills and competences. Through a literature review, this paper addresses two
guestions. What kind of competences are needed for future engineers in context of Industry 4.0? What are
the implications for engineering education?

Keywords: Engineering Education, Industry 4.0, Competences

Type of contribution: Review / conceptual paper

1 Introduction

Engineering, technology and innovation have been changing society for over 300 years. The term “Industry
4.0” refers to the early stages of industrialization and the industrial revolutions that have taken place (Drath
and Horth, 2014). The concept, Industry 4.0, was first used at the Hannover Fair in 2011, where it was
introduced in connection with a project initiated by the German government (Kagermann et al., 2013). The
Industry 4.0 technologies will transform the entire structure of world economy, society and human identities

(Schwab, 2017). However, it is remarkable that Industry 4.0 has been proclaimed as the fourth industrial
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revolution before we have seen the full extent of implementation. The previous waves have only been

identified as a quantum leap in industrialization in the historical perspective.

At the end of the 18th century, the industrialization process was initiated by a propagation of steam
mechanization, which gradually replaced human-driven production, just like the steamship and railways
opened new ways of organizing logistics over large geographical distances. During the second wave of
industrialization, coal-based mechanization was replaced by electrification, which resulted in a push towards
an intensified industrialization. The third wave of industrialization, also known as the Digital Revolution,
started around the 1970s, where new advanced electronics and information technology characterized the
development and automation of production processes. There is a prevailing consensus that we are now

entering a new industrialization period, referred to as Industry 4.0 (figure 1). This fourth wave is a

continuation of the previous wave; however, Industry 4.0 has been proclaimed as the fourth industrial

revolution before we have seen the total extent of itsimplementation.

>

Complexity, Productivity

Mechanization Industrie 1.0

Industrie 4. 0
ngmaatnon Industrie 3.0
Electrification Industrie 2.0

Manual Labor

1800s 1900s 1960s Today Time

Figure 1: The four industrial revolutions according to Drath and Horch (2014).

Due to rapid technological development, engineering is an ever-evolving profession that shapes society as a
whole and also shapes its own working environment. With Industry 4.0, future engineers will have to perform
and deal with an increasingly globalized, automatized, virtualized/digitalized, networked and flexible world,
where new business models, smart products, procedures and processes are continuously created (Motyl et
al., 2017). Furthermore, indicators provided by the Boston Consulting Group (BCG) show that several

engineering tasks might become somewhat transformed, less visible, and/or downright diminished as
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consequence of Industry 4.0 (Lorenz et al., 2015). In addition, the changes are also related to financial
investments required for the acquisition and integration of new technologies in the work place and the
availability of qualified staff on all organisational levels that can cope with the complexity of production
systems (Dansk Vaekstrad [Danish Growth Council] (2016). Therefore, training and continuing professional

development will play an important role in the implementation of Industry4.0.

In summary, Industry 4.0 will have a huge impact on the engineering profession and will change how
engineering education institutions educate and prepare engineers for the future labour market. Whilst there
are some prospects regarding the type of technologies and the role of training and continuing professional
education needed when implementing Industry 4.0, the competences required from specific engineering
disciplines and type of engineering education curriculum are not yet fully understood. However, curriculum
changes in higher education involve complex processes and are typically slow, which makes engineering
education reactive in educating and preparing engineers to address social and professional needs (National
Academy of Engineering, 2005). Consequently, engineering education educators, researchers and institutions
need to take a more proactive role and start to understand, anticipate and adapt the engineering education
to Industry 4.0-derived needs for knowledge, skills and competences. In the relation to the aforementioned

points, this conceptual paper proposes to answering the following questions:

What kind of competences are needed for future engineers in the context of Industry4.0?

What are the implications for engineering education?

Through a literature review, the aim is to disclose and define the Industry 4.0 concept and further determine

the implications for engineering education, specifically regarding the competences needed.

This paper is comprised of five parts. It starts with the Introduction in Section 1. This is followed by Section
2, which discusses the conceptualization of Industry 4.0. Section 3 discusses the new industrial revolution
and new engineering qualifications. Section 4 covers the implications for an engineering education. The paper
concludes with Section 5, which provides a synthesis of curriculum enrichment items as the basis for future

research and meeting the needs of the engineering profession.

2 Conceptualizing Industry 4.0

Industry 4.0 is based on the use of cyber-physical systems (CPS), which can be defined as “physical and
engineered systems whose operations are monitored, coordinated, controlled and integrated by a computing

and communication core”. In other words, this will transform the interactions with the physical world
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(Rajkumar et al., 2010). Zanero (2017, p. 15) refers to CPS as a “the successful marriage of digital and physical
systems to perform advanced automation and control tasks”. Cyber and physical resources are
interconnected where “embedded computers and communication networks govern physical actuators that
operate in the outside world and receive inputs from sensors, creating a smart control loop capable of
adaptation, autonomy and improved efficiency”. The Internet of Things (1oT) is another synonym for Industry

4.0 (Kortuem et al., 2010), where basically “the connection of physical things to the Internet makes it possible
to access remote sensor data and to control the physical world from a distance” (Kopetz, 2011). These are
the core concepts for Industry 4.0 and indicate the type of technologies, products, services and processes it
relies on, such as smart factories and smart products. A smart factory is capable of managing complexity, is
less influenced by external factors and is capable of producing products more efficiently (Kagermann,
Wahlster and Helbig, 2013). Figure 2 illustrates the relation between loT and some of the processes of a
smart factory, namely the exchange and integration of data from a distance through digital networked

systems in the factory’s processes and production.

Internet of Services

Internet of Things

Figure 2: Smart factory and Internet of Things (Kagermann, Wabhlster and Helbig, 2013).

In smart factories, people, machines and resources communicate with each other as naturally as in a social
network. Similar to smart products, they know the details of how they were manufactured and how they are
intended to be used. In order for smart factory to become a reality, the integration of automation technology
and IT systems is needed. Kagermann et al. (2013) distinguished between horizontal and vertical integration.
Horizontal integration refers to the integration of different IT systems used in the different stages of
production and business planning processes involving the exchange of materials and information both within
a company and between several companies. Vertical integration refers to the integration of the various IT
systems at different hierarchical levels within the company (e.g. sensor, control, production management,

manufacturing, execution and planning levels).
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Besides automation and IT systems to transform a factory into a smart factory, other types of technologies
are mentioned in the literature. For example, a report from the Boston Consulting Group (BCG) (RiBmann et
al., 2015), described the nine technology trends presented in figure 3. The authors referred to these

technologies as the building blocks of Industry 4.0.

Big Data

Additive
Manufactu
ring

Autonomo
us Robots

Cloud Advanced
Computing Simulation

Internet of
Things

Figure 3: Nine fundamental technologies of Industry 4.0 (RUBmann et al., 2015).

Several of these nine technological advances are already in use in industry. However, with Industry 4.0, they
will transform production into a fully integrated, automated and optimized production flow. They will
increase the efficiency and change the production conditions and relations between suppliers, manufacturers

and customers as well as between man and machine.

In summary, Industry 4.0 will bring deep changes into the engineering labour market. The fundamental core
technologies provide opportunities to create new business models and a continuous technological innovation
through use of IT, smart networked systems, smart products and services. Consequently, the traditional
engineering disciplinary knowledge and competences, as well as the forms of education, may not be enough
to fulfil Industry 4.0 requirements. Therefore, an understanding of the role of an engineering education and
the type of qualification profiles needed for the employability of future engineers is needed. In the next
section, the role of education, in general, for the implementation of industry 4.0 is discussed, along with an

argument for kinds of competences needed for future engineers.
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3 New industrial revolution, a new engineering qualification profile needed

According to Motyl and colleagues (2017, p. 1502), “training and continuing professional education represent
[other] fundamental key factor for achieving the Industry 4.0 objectives as they will significantly transform
job and skills profiles of the workers”. Therefore, it is of outmost importance to understand what kind of
competences are needed for Industry 4.0 not only to upskill and reskill the existing workforce, but also to

provide a suitable initial education for today’s engineering students.

The widespread expectations are that employees will increasingly focus on creative, innovative and
communicative activities. For example, routine and monotonous activities will be taken over by machines
(Pfeiffer, 2017). Similar to what was observed during the previous waves of industrialization, such
technological progress will not diminish overall employment. Overall, the number of production workers fell,
but new jobs emerged as well as the demand for new skills (Kagermann, Wahlster and Helbig, 2013).
Undoubtedly, Industry 4.0 will deeply transform the workforce, and consequently some of the existing
literature proposes frameworks (Erol et al., 2016), groups of skills (Motyl et al., 2017) and holistic models

(Hecklau et al., 2016) to formulate a catalogue of competences for human resource management.

Erol and colleagues (2016) proposed Erpenbeck’s classification based on the typical roles in production to
refer to competences needed to perform tasks required in an exemplary scenario of an assembly process on
the automation and machine control level. The authors point to four groups of competences, namely

personal competences, social competences, action competences and domain competences (Table1).

Table 1: Competences required for Industry 4.0 according to Erol et al. (2016).

Competence group Specific abilities, attitudes and skills

O Solution-oriented attitude

Personal Competences 0 Creativity

g Out-of-the-box thinking

O Teamwork ability

g Role taking, role-making ability
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O Problem analysis and structuring, solution and development
Action Competences O Data analysis and interpretation

0 Method, tool selection and use

Domain Competences O Application of, e.g. lean thinking and methods in manufacturing

Competence group Specific abilities, attitudes and skills

O Application conceptual modelling methods, e.g. data flow, material
flow and process modelling

O Application of information and communication technology (ICT) for
material tracking and worker tracking

Personal competence can be understood as a person's ability to act in a reflective and autonomous way.
Here, Erol et al. (2016) relied on a general trust in technology and personal flexibility in terms of working
time, work content and workplace as a way of thinking. This is a prerequisite for flexible production that can
respond quickly to market needs and environmental conditions. Social competences refer to the ability to
interact in a social context. Full digital integration and automation of the entire manufacturing process
(vertical and horizontal) will increase scope and complexity, which requires a mindset aimed at building and
maintaining networks of experts in order to collaborate ad hoc and find appropriate solutions for complex
problems. In this context, flexibility in problem solving and creativity are prerequisites as well. Action-related
skills refer to the ability to take individual and socially designed ideas for/in action. Future employees need
strong analytical skills and must be able to find domain-specific and practical solutions to problems without
losing the overall goal. Domain-related competencies refer to abilities to understand and use domain
knowledge for a job and/or specific task. When implementing Industry 4.0, employees must be able to assess
whether subsystems work as expected and interact with systems through various interfaces. In this context,
there is also need for digital skills at an upper level. In the case of disturbances, engineers must be able to
analyse complex systems through specialized software. For engineers, a deep understanding of the
relationships between the electrical, mechanical and computer components will be a vital ability to develop
innovative products and processes (Erol et al., 2016). The above competences groups present a landscape of
competences, from generic competences, such as personal, social and action competences, to specific

engineering knowledge and competences, such as the domain competences.

Motyl and colleagues (2017), using examples from mechanical engineering, proposed three groups of skills

that are needed to cope with Industry 4.0 needs. They are: hard, soft and digital skills (Table 2).

Table 2: Group of skills according to Motyl et al. (2017).
Skills group Examples
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O Numerical and higher mathematical knowledge

Hard Skills O Problem solving
g Creativity and design skills

O Investigative and experimental skills

g Information processing

g Computer programming

0 Knowledge of specific software tools

O Strong analytical thinking

O Communication
Soft Skills

O Teamwork

g Leadership

O Basicdigital literacy skills, such as use of digital applications and ability

to carry out basic internet searches

O Digital skills for general workforce!, such as specific use of IT

Digital Skills applications for workplace, developed by IT specialists and processing

information

Digital skills for ICT professionals?, such as skills linked to development
of new digital technologies, products andservices.

IDigital skills for general workforce includes basic digital literacy skills, while digital skills for ICT professionals includes all skills from

basic digital skills and digital skills for general workplace.

Again, there is an emphasis on generic, or soft skills, in addition to digital skills. Whilst Erol et al. (2016) hinted
at digital skills being domain specific, Motyl et al. (2017) explicitly referred to them as a third group of
relevance competences. In a digitalized world, given the nature of core technologies of Industry 4.0 and great
emphasis of ICT and use of smart networked systems, digital skills are emerging and assuming a greater
importance. For example, see DigCom, The European Digital Competence Framework (European
Commission, 2018a). This is a tool for citizens to improve their digital competences and it is a reference for
the development and strategic planning of digital competence initiatives both at European and Member State
level. DigCom 2.0 identifies the key components of digital competence in five areas, which are: information
and data literacy, communication and collaboration, digital content creation, safety and problem-solving.
Another example is the Skills for Industry (European Commission, 2018b), which states that “disruptive
technological change is changing the face of industry on a global scale. [...] Skills are at the heart of industrial
policy. Innovation comes from the creativity and skills of individuals. There is a global race for talent and our

workforce needs to acquire high-level skills and continuously improve them to boost employability and fuel

41



7™ International Research Symposium on PBL (IRSPBL), Beijing, China, 19 — 21 October, 2018

competitiveness and growth”. It claims there are increasing skills gaps and mismatches related to digitaland
high-tech key enabling technologies (KETs). It is necessary to introduce competence strategies and, for
example, organize work in ways that promote learning. This will enable workplace and work-based learning
and thus, work integrated learning. Enabling companies to retrain their workforce, education systems to
close the IT skills gap and governments to strengthen their support will be crucial in realizing the promise of

Industry 4.0 (Lorenz et al., 2015).

Hecklau and colleagues (2016) proposed a holistic competence model. The model presents four categories
of competences drawn from Industry 4.0 emerging challenges, such as economic, social, technical,

environmental and political and legal.

Category Required Competencies

O State-of-the-art knowledge
O Technical skills

Process understanding
Technical competences
Media skills

Coding skills

Understanding IT security

Creativity
Entrepreneurial thinking

Problem solving

O o o oo o ad

Conflict solving
Methodological competences
Decision making

Analytical skills
Research skills

Efficiency orientation

Intercultural skills
Language skills

Communication skills

O O o oo o o o

Networking skills
Social competences

]

Ability to work in a team
Ability to be compromising and cooperative

0 Ability to transfer knowledge
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g Leadership skills

Personal Competences O Flexibility

Category Required Competencies

Ambiguity tolerance

Motivation to learn

O
O
g Ability to work under pressure
g Sustainable mindset

O

Compliance

In summary, Industry 4.0 will deeply affect work places. There will be demands for a new qualification profile
where transferable (also referred as soft and generic) and digital skills assume important roles along with
disciplinary engineering competencies. The implementation of Industry 4.0 and the core technologies will
transform tasks and jobs. Partnerships that enable a requalification of the existing work force, adequate
preparation for future workers and provide lifelong support and continuous upskill and reskill of employees
are needed. Even though the description above provides examples and an overview of needed competences,
there is a need to further understand the competences that are used in different jobs and by different
engineering areas of expertise in context of Industry 4.0 (see for example Erol et al., 2016; Richert et al.,
2016; BenesSova and Tupa, 2017; Motyl et al., 2017). Undoubtedly, engineering educators and universities
play an important role in facilitating the implementation of Industry 4.0 by adapting to its demands and

providing suitable learning environments, programmes and training to educate future engineers.

4 Industry4.0 driven skills and competence requirements and the implications on

engineering education

This conceptual paper aims to addresses two questions. What kind of competences are needed for future

engineers in the context of Industry 4.0? What are the implications for engineeringeducation?

It started by conceptualising Industry 4.0 through a literature review then continued with a specific interest
in skills and competences in the context of Industry 4.0. The literature show that diverse skills and
competences will be needed such as personal, social, action, soft, methodogical, hard, domain and technical.
In terms of skills, they are often referred to as being ”“soft” or “hard”, which implies that engineering
professional skills are categorised as being “hard”. However, in the context of Industry 4.0, “Digital” skills are
highlighted and explicitly categorised as indispensable at all levels in organisations. This is because the core

element of Industry 4.0 is the full digitalization of production, which is only possible with an extremely skilled
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group of employees such that companies can gain the full benefits of digitalization. Therefore, companies
require sufficient access to employees with strong digital skills (Dansk Vakstrad [Danish Growth Council]
(2016). Soft skills, however, are also indispensable, and include language, communication and teamworking.
The same applies when it comes to competences. The literature identifies categories and specific
competences as being significant in relation to Industry 4.0. The competences can be divided into
"transferable” and “domain” competences. The transferable competences would include analytical,
compromising, reflecting and conceptualizing. These are competences and attitudes that employees must
process to be able to act in context of Industry 4.0. The domain competences will be related to the individual
engineer’s professional occupation or discipline. Both generic and highly specialized domain competences
will be needed depending on the specific tasks and size of the company. A small company might employ
engineers with generic competences and through consultancies they could obtain the expertise needed

(Waehrens et al., 2018).

Even though the literature emphasises hard skills, e.g. digital and domain competences, as being essential
for the realisation of Industry 4.0, the soft skills and transferable competences are put forward as being
what makes it all come together! Without such skills and competences employees, will not be able to
work efficiently in teams, communicate, analyse, interpreted and act in a flexible manner and thus

continuously adapt to context and thereby reach the full potential of Industry 4.0 (Bonilla,2018).

So a question remains, what are the implications of Industry 4.0 to engineering education? How can
engineering education institutions adapt to Industry 4.0? It is certain that traditional teaching approaches
are no longer sufficient to educate for the 215 century. Learning approaches must be able to develop
engineering disciplinary knowledge, skills and competences. These would include the aforementioned
domain competencies and hard skills and also the soft and digital skills. Undoubtedly, engineering educators
need to revise their curriculum and implement learning approaches that create conditions for
students to develop the competences needed for Industry 4.0. For example, the teams and settings
where future engineers will have to collaborate is a challenge itself. Professional engineers will have to
collaborate not only with experts from other professional fields and countries, but also with machines and

in virtual spaces (Richert et al.,2016).

The development of skills and competences, such as problem-solving, communication, creativity and

innovation, flexibility and adaptability, collaboration and learn-to-learn, calls for active, student-centred and
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interdisciplinary pedagogies like Problem-Based Project Organized Learning (PBL) and the Conceive, Design,
Implement and Operate (CDIO) initiative (Graaff and Kolmos, 2003; Crawley et al., 2011; Edstrom and Kolmos,
2014; CDIO OFFICE, 2018). Curriculum change is a complex process and involves different types of resources
and commitment. For example, institutions need to revise their vision, curriculum goals and structure,
physical infrastructures and resource allocation. They must establish partnerships, namely with industry and
other stakeholders, to create programmes for academic staff pedagogical development and role definition
in addition to the re-formulation of learning outcomes, assessment methods, etc. However, several
institutions are starting innovate their education practices and the way they look into engineering education

(see for example (Graaff and Kolmos, 2007; Graham, 2016, 2018; Guerra, Ulseth and Kolmos, 2017).

Another cornerstone for the implementation of Industry 4.0 is continuing professional education. It is not
only about how to educate the future engineers but also how to re-qualify the existing work force. Once
more, close partnerships are needed to be established between universities and companies. The continuous
requalification of employees is related to type of company and the competences required for continuous
innovation and competitiveness (Sjoer et al.,, 2016). Consequently, the type of programmes and
requalifications, and how they are delivered, might be on-demand and tailor-made to address the specific
needs of companies and employees. As institutions of teaching, universities have the capacity to create such
programmes; however, they might also require a revision of how continuing professional education is seen

in universities and call for new forms of training (Ngrgaard, 2016).

5 Conclusions and recommendations

In conclusion, engineering educators and institutions need to adapt to technological change and the
changing needs for engineers and engineering education in order to educate and train tomorrow’s
engineers with sustainable qualification profiles. With the emerging concept of Industry 4.0, academia has a
new paradigm that calls for new curriculum, content and learning approaches in order to foster the needed
conditions to develop the competences required. Besides a revision of how tomorrow’s engineers are
educated, the role of continuing professional education is present in the implementation of Industry 4.0.
Universities might assume a role in developing programmes in collaboration with companies that aim to
better meet and match the requalification needs of the existing work force. This, however, opens new
guestions. From the above, it is clear that soft skills and transferable competences will be indispensable. In
order to define specific hard skills and domain competences needed in context of Industry 4.0, a close and

thorough collaboration between higher education and industry will berequired.
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Abstract

The goal of training undergraduates and postgraduates in engineering education is to enable them to become
outstanding engineers, but achieving this goal is not easy. The competence of engineering innovation should
be trained as soon as students enter university, which conflicts with the fact that the traditional higher
engineering education focuses on learning knowledge of each sole course, seldom involves the
comprehensive use of various types of knowledge to solve practical engineering problems. For instance, the
core courses in mechanical engineering include mechanical drawing, mechanism and machine theory, and
basics of mechanical design. And these courses generally introduce the knowledge of drafting and commonly
used mechanisms and parts, which hardly refer to the complex engineering design problems. In order to
overcome the shortages of traditional learning methods to develop the competence of engineering
innovation for undergraduates and postgraduates, the three dimensional model and the transition approach
of learning methods are presented. The proposed approach consists of three transitions of learning modes,
namely the transition from passive learning to active learning, the transition from subject learning to project
learning, and the transition from definitive learning to tentative learning. Among them, the transition of the
first two learning methods should be mastered by undergraduates, which will enable the undergraduates to
become qualified engineers and outstanding engineers. And the third transition should be mastered by
postgraduates and some undergraduates who are seeking excellence, which will enable them to become
outstanding engineers. The teaching practice shows that, using the proposed transition approach, the
students are competent to acquire excellent performance in innovation competitions of mechanical
engineering. Many of these students achieve excellent results in the subsequent undergraduate study, and
many students enter the postgraduate study.

Keywords: learning approach, engineering innovation, active learning, project learning, tentative learning

Type of contribution: research paper

1 Introduction

The competence of engineering innovation should be trained as soon as students enter university, which
conflicts with the fact that the traditional higher engineering education focuses on learning knowledge of
each sole course, seldom involves the comprehensive use of various types of knowledge to solve practical
engineering problems. Hence, in the 1960s, a handful of education research institutions in the world
proposed a novel learning concept, namely problem-based learning (PBL). After nearly 50 years of
development, under the learning concept of PBL, various learning methods have been derived, such as
project-based learning, team-based learning, self-directed learning, and contextual learning (Guerra et al.,
2017; Kek & Huijser, 2017; O'Grady et al. 2012). In order to achieve PBL in the curriculum, the researchers
proposed three strategies for curriculum setting. The first strategy is an add-on curriculum, which adds active
learning and engineering cases into the classroom teaching (Shinde & Kolmos, 2011). The second is the
integration strategy, which combines multiple courses to achieve project-based learning (Crawley et al.,
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2014; Edstrom & Kolmos, 2014; Dutson et al., 1997; Todd et al., 1995). The third is the rebuild strategy, which
resets the curriculum system adapted to social development (Jamison et al., 2014; Kolmos et al., 2016).
Based on the learning concept of PBL, this paper presents a novel three dimensional model of learning
methods and the corresponding eight styles of student training. In order to overcome the shortages of
traditional learning methods to develop the competence of engineering innovation for undergraduates and
postgraduates, the transition approach of learning methods is presented. The proposed approach consists
of three transitions of learning modes, namely the transition from passive learning to active learning, the
transition from subject learning to project learning, and the transition from definitive learning to tentative
learning. According to the characteristics of the course content in different stages for undergraduates and
postgraduates, the digital design, prototype design, and innovative design are used as tools to construct
three approaches to transit the learning methods.

2 Learning Methods and Training Styles

The goal of training undergraduates and postgraduates in engineering education is to enable them to become
outstanding engineers, but achieving this goal is not easy. This paper presents a novel model of learning
methods and the corresponding eight styles of student training based on the three dimensions of passive
learning and active learning, subject learning and project learning, and definitive learning and tentative
learning, shown in Figure 1.
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Figure 1: A three dimensional model of learning methods

It can be seen from Figure 1 that, achieving the goal of outstanding engineers in engineering education
requires students to adopt active learning, project learning, and tentative learning methods. In contrast, if
passive learning and subject learning methods are used, only unqualified undergraduates or postgraduates
will be fostered. The three dimensions of learning methods and eight styles of student training are discussed
in detail below.
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2.1 Passive Learning and Active Learning

Passive learning means that students are guided step by step by the teacher, and the subjective initiative of
students is poor, as shown in Figure 2. For undergraduates with definitive learning, if they only passively
learn the classroom knowledge of each course, they will not eventually become a qualified engineer; if they
can combine classroom knowledge of each subject to complete the project, they will become a qualified
engineer. For postgraduates adopting tentative learning method, if they only passively study graduate
courses, they will not become qualified postgraduates; if they can complete research projects under the
supervision of their advisors, they can become ordinary but not excellent postgraduates.
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Active learning means that students are not only satisfied with the teacher's classroom teaching but also
actively read the materials and hands-on practice, and students' subjective initiative is very strong, as shown
in Figure 3. For undergraduates with definitive learning, if they are proactive in learning each course, they
will be able to pass the course; if they can combine the knowledge of each subject to complete the project,
they will become good engineers. For postgraduates adopting tentative learning method, if they actively
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study postgraduate courses, they will have excellent grades; if they can actively and scientifically complete
research projects, they can be trained to become outstanding engineers.

For the transition of the learning methods, the transition from passive learning to active learning is the most
basic change in learning methods for training to become an outstanding engineer.

2.2 Subject Learning and Project Learning

Subject learning means that students follow the curriculum and learn each course to obtain credits, as shown
in Figure 4. For undergraduates with definitive learning, if they only passively learn the classroom knowledge
of each course, they will not eventually become a qualified engineer; if they actively study each course, they
can pass each single course. For postgraduates adopting tentative learning, if they only passively learn the
classroom knowledge, they will not become qualified postgraduates; if they actively study postgraduate
courses, they will have excellent grades.
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Figure 4: Subject learning projection from the 3D model of learning methods

Project learning refers to students' comprehensive application of various course knowledge and completion
of engineering projects or research projects, as shown in Figure 5. For undergraduates with definitive
learning, if they can complete the project under the supervision of the teacher, they can become qualified
engineers; if they can actively and autonomously combine the knowledge of various courses to complete the
project, they can become good engineers. For postgraduates adopting tentative learning, if they can
complete research projects under the supervision of their mentors, they can become ordinary but not
excellent postgraduates; if they can actively and scientifically complete research projects, they can be trained
as outstanding engineers.

For the transition of the learning methods, the transition from subject learning to project learning is the most
important change in learning methods for training to become an outstanding engineer.
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Figure 5: Project learning projection from the 3D model of learning methods

2.3 Definitive Learning and Tentative Learning

Definitive learning refers to students, especially undergraduates, learning books or the knowledge taught by
teachers, as shown in Figure 6. For undergraduates who adopt passive learning methods, if they only learn
the classroom knowledge of each course in isolation, they will not become qualified undergraduates; if they
can complete the project under the supervision of teachers, they can become qualified engineers. For
undergraduates who adopt active learning methods, if they actively study each course, they can pass each
single course; if they can actively and autonomously combine the knowledge of various courses to complete
the project, they can become good engineers.

A

amm . JPCLLLTN
. .
. .

.

£ Good %

. . N

%, Engineers .
.. ’,'

.*
.

-~

A
¢ Qualified
. Engineers

.

Project
Learning

~
-
tanmm®

=
"_- R PEEEERI
. . 4 A

o oof . Y R . S

== B Unqualifi- | r Passing %

—_— . .

5 5".‘ ed Under- } '.‘ Single r

) . !

—| %, graduates "] *, Subject ,.*
te ..’ ’"~. e’ )

Passive Learning Active Learning

Definitive Learning Mode

Figure 6: Definitive learning projection from the 3D model of learning methods

Tentative learning means that students, especially postgraduates, learn about knowledge beyond the
classroom knowledge through exploratory experiments, as shown in Figure 7. For postgraduates who adopt
passive learning methods, if they only learn the classroom knowledge of each course in isolation, they will
not become qualified postgraduates; if they can complete the research project under the supervision of the
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tutor, they can become ordinary but not excellent graduate students. For postgraduates who adopt active
learning methods, if they can proactively study postgraduate courses, they will have excellent grades; if they
can actively and scientifically complete research projects, they can be trained to become outstanding
engineers.
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Figure 7: Tentative learning projection from the 3D model of learning methods

For the transition of the learning methods, the transition from definitive learning to tentative learning is the
most difficult change in learning methods for training to become an outstanding engineer.

3 Approach to Transit Learning Methods

In order to cultivate outstanding engineers with creativity, the learning methods of both undergraduates and
postgraduates need to be transited from passive learning, subject learning, and definitive learning to active
learning, project learning, and tentative learning. According to the characteristics of the course content in
different stages of learning, digital design, prototype design, and innovative design are used as tools to
construct three approaches to transit the learning methods.

3.1 Digital Design as a Tool in Undergraduate Junior Grades

Digital design refers to the use of digital two dimensional software (such as AutoCAD and the engineering
graphics module in three dimensional software), three dimensional software (such as SolidWorks, Inventor,
Creo, NX, CATIA), and four dimensional software (such as the motion simulation module in three dimensional
software, and the professional animation software CINEMA 4D) for 2D drawing, 3D modelling, and motion
simulation of mechanical devices in the computer. The features of digital design include:

(1) Intuitive expression. In particular, the three dimensional model and the four dimensional motion
simulation animation are very vivid and can stimulate the interest of undergraduates in the junior
grades.

(2) Easy to modify. The digital design with the computer can be easily modified. It does not need to be
redrawn or reprocessed like paper drawings, and is suitable for beginners in engineering education.
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(3) Low cost. It only requires the use of software, no manufacturing costs, and is suitable for
undergraduate junior students who lack financial support.

Therefore, digital design is very suitable for undergraduates in junior grades to transit from passive learning
to active learning. If combined with the digital design competition for the relevant mechanical devices in the
undergraduate stage, the learning method can be transited from subject learning to project learning. Some
excellent undergraduates in junior grades can even achieve the transition from definitive learning to
tentative learning. This is reflected in the outstanding achievements obtained by the lower grade
undergraduates in the digital design competition for the mechanical devices. As shown in Figure 8, the Mars
rover designed by freshman students to cross the obstacles won the first prize in the digital design
competition in 2017. Obviously, the design of the Mars rover will not be involved in the first-year college
books, so this belongs to the tentative learning method.

Figure 8: A Mars rover designed by freshman students to overcome obstacles

3.2 Prototype Design as a Tool in Undergraduate Senior Grades

The prototype design refers to the final production of the mechanical design process, including the scheme
design, structural design, construction design, manufacturing, assembly, and commissioning stages. The
features of prototype design include:

(1) Accumulated experience. Prototype design requires designers to have rich design experience and
need to integrate the knowledge in multiple courses. In the design stage, the manufacturability, assembly,
and controllability of mechanical devices must be taken into account. The requirement of design experience
means that the prototype design is more suitable for undergraduate senior students than under-experienced
junior students.

(2) Longer period. The prototype design cycle includes not only the design phase but also the
manufacturing and assembly commissioning phases. Once problems are discovered during assembly or
commissioning, it is likely that the prototype will need to be redesigned, so the entire prototype design cycle
will be longer.

(3) Higher cost. The total cost involves the cost of parts and components, processing and manufacturing
costs, and personnel costs for assembly and commissioning. Moreover, once the prototype needs to be
modified, the cost becomes higher. Prototype design needs economic support.

Therefore, prototype design is very suitable for undergraduates in senior grades to transit from subject
learning to project learning. If combined with the relevant mechanical device design competition in the
undergraduate senior stage, this learning method will have a better effect. Some excellent senior
undergraduates can even achieve the transition from definitive learning to tentative learning. This is reflected
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in the outstanding achievements obtained by senior undergraduates in the mechanical device design
competition. As shown in Figure 9, it is a portable fruit picking device designed by undergraduates in senior
grades to collect fruit on multiple branches at a time, which won the first prize in the mechanical device
design competition in 2017. The design of the fruit picking device will not be involved in university textbooks,
and this belongs to the tentative learning method.

Figure 9: Portable fruit picking device designed by undergraduates in senior grades

3.3 Innovative Design as a Tool for Postgraduates

Innovative design refers to a practical activity in which the scientific, creative, novel, and practical
achievement is designed based on the full use of the designer's creativity, and the use of human existing
scientific and technological achievements. The features of innovative design include:

(1) Novel concept. Innovative design requires designers to use creative ideas to analyse problems and be
good at discovering new ways to solve complex problems that are difficult to solve with empirical
knowledge.

(2) Unique technology. In order to meet requirements, the unique technology is applied to implement
novel solutions in innovative designs. The uniqueness of technology can be expressed as advanced
technology, or as adopting existing technology to dexterously solve practical problems.

(3) Practicality. Innovative design starts with demand analysis and aims at solving practical problems with
design thinking. Innovative design is not only a novel scheme but also very practical.

Figure 10: Movable cabins with a cross connection device between them for the human lunar base
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Therefore, innovative design is very suitable for postgraduates to transit from definitive learning to tentative
learning. If combined with the tutor's research project, the transition of the learning methods is better. As
shown in Figure 10, the movable cabins with a cross connection device between them are designed by a
postgraduate for the human lunar base. At present, no country has yet established a lunar base, so this
belongs to the tentative learning method.

4 Conclusions

The goal of training undergraduates and postgraduates in engineering education is to enable them to become
outstanding engineers, but achieving this goal is not easy. Based on the learning concept of PBL, this paper
presents a novel three dimensional model of learning methods and the corresponding eight styles of student
training. In order to overcome the shortages of traditional learning methods to develop the competence of
engineering innovation for undergraduates and postgraduates, the transition approach of learning methods
is presented. The proposed approach consists of three transitions of learning modes, namely the transition
from passive learning to active learning, the transition from subject learning to project learning, and the
transition from definitive learning to tentative learning. According to the characteristics of the course content
in different stages for undergraduates and postgraduates, the digital design, prototype design, and
innovative design are used as tools to construct three approaches to transit the learning methods. The
teaching practice shows that, using the proposed transition approach, the students are competent to acquire
excellent performance in innovation competitions of mechanical engineering. Many of these students
achieve excellent results in the subsequent undergraduate study, and many students enter the postgraduate
study.
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Abstract

In challenge-based learning (CBL), innovation ability is the capacity that undergraduates use relevant
knowledge, methods, and means to solve the challenging problems under the direction of their teachers,
specifically including innovative consciousness, innovative quality, innovative thinking and innovative skills.
On the basis of the overview of the background and current situation of CBL in Tsinghua University, this
paper takes challenging tasks as its main line. From the three aspects of challenging task design, teaching
organization for challenging tasks, and learning as well as practice to accomplish challenging tasks, this
paper analyses the promoting effect of CBL on innovative ability. In the end, the researchers will evaluate
and propose some opinions to perfect the current CBL in Tsinghua University.

Keywords: Challenge-based learning, Innovative ability cultivation, Challenging tasks

Type of contribution: Best practice paper

1 Introduction

1.1 The background of Challenge-based learning (CBL)

The emergence of CBL has special time condition and social background. It is not the product imagined by
educational researchers or policymakers, but is caused by the interaction between the external demand of
society and the change of the development of higher education itself. 21st Century is the century of
innovation. The needs of society guide the development of education, especially higher education.
Therefore, we should pay attention to the cultivation of students' innovative ability. On the one hand, the
macro environment has put forward higher and higher requirements for college students' innovative ability.
On the other hand, the enrolment expansion of Chinese universities has led to a relative decline in the
overall level of Chinese university graduates. The increasing demand for society and the relative decline of
the students’ average level in higher education have narrowed the distance between each other, which
forced the education researchers to find a good way to solve the problem. Under this background, in order
to cultivate students' innovative ability and comprehensive ability, CBL teaching mode has arisen. According
to problem-based or project-based learning (PBL), CBL is a kind of learning style which emphasizes the
difficulty of problem and regards the cultivation of students' innovation ability as its main goal. The first CBL
demonstration course of Tsinghua University was opened in 2012. Up to now, more than 80 related courses
have been opened, and a pattern of multi department and multi professional coverage has been
established. The CBL demonstration course of Tsinghua University has achieved certain teaching results and
has been recognized by most of the students. The vigorous development of CBL requires managers to give
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better guidance. At the present stage, it is necessary to sum up experience from practice and to provide a
reference for the future development of CBL from the perspective of academic research.

1.2 Research Method

Taking the course of CBL in Tsinghua University as the research object, this paper uses literature research,
observation, interview and questionnaire survey. The four methods cooperate with each other, and
guestionnaire survey provides data support for this paper. The questionnaire takes the form of answering
the questions on the network. 189 copies were collected, including 13 courses and 28 departments.

2 Arelated discussion of Challenge-based learning (CBL)

2.1 Concept definition
2.1.1 Challenge-based learning (CBL)

The challenge of CBL is mainly for students, that is, curriculum content, curriculum tasks and curriculum
process are challenging. CBL’s keynote purpose is to enable students to fully stimulate their potential in the
process of "pain and happiness" and enjoy themselves in the joy of success after overcoming difficulties [,
CBL is the extension of PBL, and challenging tasks are its outstanding characteristics. The enhancement of
College Students' innovative ability is CBL’'s important effect and ultimate goal. This article defines the
concept of CBL as follows:

CBL is an innovative teaching mode with students as its learning agent. Under the guidance of curriculum
objectives and teachers, CBL is based on the challenging tasks which in the "zone of proximal development".
Through the design of challenging tasks, the teaching organization for challenging tasks, and the learning as
well as practice of challenging tasks, CBL can enable students to experience the joy of tackling difficulties
and ultimately achieve the goal of improving the comprehensive and innovative qualities of the students.

2.1.2 Innovative ability

Since Burns and Storck put forward the concept of "innovation ability”, which has the significance of
economic management in 1961, this word has been widely used in many fields of discipline research. This
paper chooses professor Jian Lin's definition of innovation ability:

Innovation ability refers to the ability of people to find new ideas or ways to solve problems on the basis of
rich knowledge and open field of vision, and to produce new products, new technologies or new methods
through creative practical activities. In particular, innovation ability should at least include the ability to
discover new problems or new things, the ability to propose ideas or plans for a new problem, the ability to

put ideas or plans into practice and achieve innovative results 2

2.2 A comparison between CBL and PBL

PBL is the process that under the guidance of teachers, undergraduates will proactively identify, analyse
and solve problems through a variety of research methods. It can help undergraduates to achieve their
learning goals in knowledge learning, ability training and quality formation Bl CBL is based on PBL. They
have many similarities in concept definition and specific curriculum organization. It is helpful for us to
further study CBL by analysing and comparing them.

Fundamentally, there is no essential difference between CBL and PBL. They are both encouraging
undergraduates to explore scientific research tasks or problems in collaboration with each other. From the
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theoretical point of view, constructivism and Dewey's "learning by doing" thought are their theoretical
sources. From the perspective of knowledge acquisition, CBL and PBL emphasize undergraduates in the
form of group. Through the exploration and solution of the tasks from the real society, undergraduates can
realize the understanding and reconstruction of the knowledge they have learned. From the perspective of
curriculum core, scientific research tasks play a very important part in the course, and they are the core and
backbone of the curriculum. From the students' point of view, CBL and PBL advocate that the
undergraduates should be the centre, and how to achieve the goal of the course should be chosen by the
students themselves. From the teacher's point of view, the two teaching models are opposed to
monotonous lecture-style teaching, and teachers play a guiding role in the course.

Although there are many similarities between CBL and PBL, there are still some differences between them.
The main difference is that the difficulty of curriculum task or problem is different. The tasks of PBL are to
promote the undergraduates' understanding or application of the knowledge through the exploration, and
there are no hard and fast demands on task difficulty. Instead of overemphasizing the difficulty of
completing tasks, PBL focuses on stimulating students' interest in learning and exploring various aspects of
their abilities. Compared with the PBL, CBL curriculum pays more attention to the challenges of the tasks,
which must be difficult to implement or even teachers have never dabbled in solutions. The task of CBL
courses are extremely difficult to accomplish by individual force, so they require cooperation between
team members. Under the guidance of the teacher, students can break the mind-set and finally achieve the
goal of the mission. From this point of view, CBL can be said to be an extension of PBL.

In addition, the application fields of CBL and PBL are different. According to the available data, PBL has a
wide range of application, and many colleges or universities have accumulated a great deal of valuable
experience for it. It is not only suitable for the teaching of specific subject areas, but also for
interdisciplinary learning. CBL demonstration courses need to be screened in existing courses, and some
courses that provide difficult tasks or many ways to solve professional frontier problems can play a
prominent role in CBL. Therefore, it is the priority among priorities to clearly define how to select CBL
courses and how to measure the challenges of the course.

3 Analysis of the factors of challenge-based learning (CBL)

CBL is a systematic educational model. In the study of the basic elements of teaching, Chinese academia
has a variety of research results, mainly including three elements, four elements, five elements and so on.
Based on the research results of Chinese academia and the related investigations of CBL courses, the
researchers believe that challenging learning consists of four elements: teachers, students, challenging
tasks and teaching resources., but the specific requirements of some elements are different.

3.1 Teachers

Teachers with rich theoretical knowledge as well as practical experience are the basis for the
effective development of CBL, and the ability of teachers affect the realization of the teaching
effect of CBL Demonstration Courses. Academic achievements have shown that teachers have a close
influence on the creativity of the students. If the teacher has a great potential for innovation, the

] CBL teachers need to have two abilities,

talented students can easily achieve excellent results
that is, basic ability and curriculum ability. Basic ability is the basis for CBL, which includes a lofty sense
of responsibility and great enthusiasm, extensive professional knowledge and profound academic
foundation, excellent innovation ability and good communication ability between teachers and

students. Curriculum ability helps to make full use of CBL effects, including outstanding classroom

60



th

7" International Research Symposium on PBL (IRSPBL), Beijing, China, 19 — 21 October, 2018

organization and teaching ability, rich challenging task experience, and adequate teaching resources.

Teachers in CBL courses need not only the theoretical knowledge of solid principles, technology, and
related disciplines in the field but also the latest developments and future trends of the major. In addition,
teachers should have the experience of solving practical problems and sharp judgment, mastering the
progress of the students' task and providing the direction for the students to solve the task problem in time.

3.2 Students

No matter what type of CBL demonstration course, students are the main body of learning. Although there
may be differences between the different demonstration courses, CBL has some consistency requirements
for students. First of all, students need to have a strong desire for knowledge and a strong interest in
exploring the unknown world. Secondly, a certain degree of independent innovation ability is one of the
essential abilities of students who take part in CBL courses. Finally, students need to have independent
learning and teamwork consciousness. In order to ensure the implementation of CBL and the realization of
the teaching effect, students should have certain qualities, and prepare the four aspects of time, cognition,
ability and knowledge.

Time preparation. It takes a lot of after-school time to complete every learning link of CBL. It is difficult to
make progress in the various learning tasks of CBL without making full preparation on the time schedule.
The "challenge" of CBL requires students to take time, to learn to spend time, and to improve their
efficiency of time utilization. Therefore, the difficulties will be overcome and students can enjoy the joy of
the success.

Cognitive preparation. Students who choose CBL courses need to make the following two preparations
from cognition. First of all, students should have a clear understanding of the difficulties that will arise in
the learning process. Students will encounter difficulties from many aspects in their learning process.
Without expectation, it will be easy for them to generate fear and retreat psychology, so as to give up
halfway. Secondly, students need to be enthusiastic about curriculum content and identify interest points.
This interest can be an interest in the form of a CBL course, in a challenging task or from other aspects.

Ability preparation. CBL plays a positive role in promoting students' innovation ability, and their
participation in CBL also needs to have some related consciousness or basic abilities. The first point is that
students need to have a certain ability of self-learning and exploration, that is, autonomous learning. In CBL,
students are free to grasp any knowledge and methods. The second point is that students need to have
certain practical application ability. Challenging tasks come from the real society. CBL emphasizes the
practical application of theoretical knowledge, which is also the inevitable requirement for the cultivation
of innovative skills. The third point is that students need to have comprehensive abilities, including
teamwork, communication, coordination, and oral expression. Not only should students be prepared to
respond to a number of challenges in the team, but also should have the minimum capabilities required for
the whole process of challenging projects, which are important components of innovation ability.

Knowledge preparation. The threshold requirements for professional knowledge are not exactly the same
in different kinds of CBL courses. Students with interdisciplinary and diverse knowledge systems are more
likely to play a greater role in CBL. First of all, students should consolidate the relevant knowledge of the
major and master the methods of research. When a team meets theoretical problems, students should be
able to provide solutions from a professional perspective. Secondly, students should be good at absorbing
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other professional knowledge, quickly find the corresponding points of relevant disciplines, and promote
the reconstruction of their own knowledge system.

3.3 Challenging tasks

The challenging task is the core of CBL, distinguishing it from PBL evidently. First, the task of CBL is needed
to be explored. As teaching model, CBL must be firmly based on the promotion of the subject of students'
scientific research ability, relying on challenging tasks and allowing students to exercise scientific
exploration ability in practice. Secondly, the task of CBL is extended. The challenging task is not to simply
complete a single or static task, but to run through the course, and integrate the various elements such as
scenario presupposition, knowledge acquisition, practical exploration, self-reflection, and future
development as a whole. With the improvement of ability, challenging tasks are tackled step by step, and
eventually, students finish seemingly impossible tasks at the end of the semester. Finally, the task of CBL is
centred around core goals. Challenging tasks are the ways or means to achieve goals. They are not
separated from other curriculum elements but should be carried out closely around learning objectives.
The task is from simple to complex, from easy to difficult, and learning objectives are realized in the
continuous completion of tasks.

3.4 Teaching resources

Teaching resources are the important support for the successful development of CBL. According to its
characteristics, CBL resources can be divided into three categories: site resources, teacher resources, and
information resources.

The first is the site resources. Teaching resources that meet the requirements are the guarantee of CBL.
Generally, the CBL teaching sites can be divided into two parts: the ordinary classroom and the laboratory.
The common classroom is the place where teachers teach daily lessons. According to the objectives and
requirements of the course, special classrooms can be designed for CBL, such as mobile Desk chairs, perfect
multimedia facilities, and more humanized classroom environment designed to stimulate the desire of
students to discuss with each other. The laboratory is the place for students to fulfil their tasks. CBL needs
to provide students with a certain amount of experimental equipment. The related laboratory is not
necessarily reorganized, but it can make full use of the existing experimental conditions in the Department.
How to maximize the function of the laboratory is an important problem to be solved by the teachers.

The second is teacher resources. Challenging learning often involves interdisciplinary knowledge. If the
guestions raised by the students are unfamiliar areas of the teacher, the teacher should be able to provide
them with a timely method of contact with the experts who can help solve the problem. On the other hand,
teachers can arrange different professional students as teaching assistants to meet the need for answering
questions in the process of completing challenging tasks.

The third is information resources. The promotion of challenging tasks needs to be based on existing
research and achievements. Searching and integrating information is a key skill for students to focus on
training. CBL should provide a convenient way for students to find all kinds of information, including paper
and electronic materials, involving various types of theoretical knowledge, operation process, and
application practice etc.
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4 The impact of challenging tasks on the promotion of innovation ability

As the core of CBL, the realization of many goals and abilities of CBL courses cannot be separated from
challenging tasks. There is a question in the questionnaire of this study, which allows students to sort the
factors of innovation ability from the point of importance. Average comprehensive score = (2 frequency x
weight) / number of people. The higher the score, the higher the ranking for this option is. According to the
results, 189 students who participated in the survey believed that the most important factor in the
cultivation of innovative ability is challenging tasks.

Table 1 Importance ranking of factors for cultivating undergraduates' innovative ability

Options Average comprehensive score
Design and implementation of challenging tasks 5.05
Autonomous Learning of the task team 4.14
The teacher's words and deeds 3.23
Study and discussion of innovative cases 3.1
Curriculum evaluation system with innovative and incentive 2.95
A relaxed and enjoyable course atmosphere 1.97

This paper will take challenging tasks as the main line, starting with the three stages of challenging task
design, teaching organization for challenging tasks, learning as well as practice to accomplish challenging
tasks, and analysing the role of challenging tasks in the process of innovation ability training.

4.1 Design of challenging task

Interest is the foundation and source of innovation. An interest in what we do will motivate individuals to
strive for better results. Innovation is often born in the process of continuous pursuit of excellence. The key
factor to create actively is arousing students’ interest in learning, and challenging tasks will bear this
important mission. In CBL, part of the task is not completely copied because there are no ready-made
samples. In order to achieve the desired goal, students must get rid of their dependence. Another part of
the task may have related results, but the requirements for challenging tasks are not simple replicas of
existing one. If students want to obtain excellent curriculum evaluation, new results must be made better
than existing results. Instead of copying the idea of the existing research results, this requires students to
create a new approach, and to design the exploration activities independently. In the initial stage of the
task design, the students will unknowingly accept the standard training of innovation ability.

In CBL, teachers should prepare challenging tasks and design relevant frameworks to achieve a balance of
challenge, goal and interest. The challenging task design method can be divided into three types: teacher
design leading, student design leading as well as teacher and student design together.

Table 2 Comparison of three design types for challenging tasks

Type Example Evaluation
It can better grasp the difficulty of challenging
Teacher design The teachers arrange the tasks and the combination of challenging tasks
leading subject directly. and curriculum goals, but it has a certain impact

on students' characteristics and their autonomy.

. The students choose projects It can better combine the characteristics of
Student design . -
leadi independently and the teams and students, but it is easy to make the
eadin
& teachers check them difficulty of challenging tasks differently.
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Continued Table 2 Comparison of three design types for challenging tasks

Type Example Evaluation
Teacher and The teachers provide the scope A good combination of the two
student design of the topic, and the students characteristics and advantages of teacher
together choose it independently design leading and student design leading.

On the one hand, the design of challenging tasks should not be decided completely by the teachers. The
way which teachers assign challenging tasks directly will have a negative impact on the students' sense of
classroom input. On the other hand, teachers should not be completely out of touch with the design of
challenging tasks. Moderate control helps them to ensure consistency of difficulty and scientificity of
design. Challenging tasks should not be static, and they should be constantly adjusted and optimized,
so as to maintain novelty, advancement, scientificity, as well as foresight. At the beginning of the
semester, teachers should communicate with the students in the proper way to master their ability,
learning level as well as interest in time, which can give teachers the suggestions to change the teaching
mode, the form of the course and the arrangement of the tasks. At the end of the semester,
teachers can find out the shortcoming of curriculum from feedback from students, and further,
optimize the design of challenging tasks. In addition, teachers should also pay attention to the
development of this major, make challenging tasks in the forefront of the field, further stimulate
students' desire for innovation, and prepare for the effective development of innovative practice.

4.2 Teaching organization for challenging tasks

If the design of challenging tasks provides a source for the cultivation of innovative consciousness, then the
teaching organization of challenging tasks provides an important channel for the improvement of
innovation quality and the training of innovative thinking. On the one hand, the teaching organization of
CBL can help students acquire knowledge as well as create knowledge, and promote the development of
challenging tasks. On the other hand, the teaching organization of CBL will help create a good atmosphere
for innovation as well as development and lay the foundation for the cultivation of students' innovative
ability. The group cooperative learning can effectively mobilize the students' enthusiasm as well as
initiative, which can help them get rid of the excessive dependence on teachers, surpass the
authoritative thinking set, meanwhile, can also pay more attention to the individual, meet the students'
interest in learning, give full play to their individual advantages and implement effective individualized
learning. In CBL, the teaching organization of the curriculum is carried out around challenging tasks. The
content of the teaching is to serve the students in the mastery of learning methods. The form of teaching
is conducive to the training of students' innovative ability. To carry out teaching organizations around
challenging tasks, we should pay special attention to the following questions.

The first point is to deal with the relationship between challenging tasks and basic theoretical learning. CBL
is a kind of teaching mode, which uses "challenge" to drive "learning", and learning is one of its goals. CBL is
inseparable from the links of basic theoretical learning, and the completion of challenging tasks is also
inseparable from the foundation laid down by the theoretical study. There are two misunderstandings to
be avoided in challenging learning. The first mistake is that the teacher completely arranges the class time
to teach the content of courses, so there is no essential difference between CBL and traditional courses.
Another mistake is that the teacher completely arranges the class time for students to complete
challenging tasks. As we all know, one of the challenges of CBL is that a large amount of complicated
curriculum tasks, requiring a great deal of knowledge, will pose a challenge to undergraduates'
psychological endurance. The profound knowledge contained in some challenging tasks requires teachers
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to give an analysis to help students understand and digest them. Otherwise, the lack of this basic
knowledge will make the challenging tasks unable to advance, reduce the students' enthusiasm for learning,
and eventually hinder the use of innovative thinking and the output of innovative results. In the course of
CBL, it is necessary to complete challenging tasks as well as learn basic theories, and dynamic adjustment is
made according to students' learning progress. In the early stage, teachers should focus on basic theoretical
study, lay a solid foundation for students and enhance students' self-confidence. In the later stage, the
course is inclined to the practice of challenging tasks, giving students the opportunity to demonstrate, oral
expression, and to put forward critical views on the results of other teams. Finally, the students' creative
and innovative skills are fully exercised.

The second point is to deal with the relationship between teachers and students in theoretical teaching. In
order to improve the ability of innovation, we must first change the state of the students' passive
acceptance in the course. In maintaining the equality of the teacher-student relationship in CBL, the role of
the teaching organization is more important. In consciousness, teachers should change their authoritative
thinking and inspire, support, guide as well as encourage students' learning activities while communicating
with them on an equal basis. In the atmosphere, teachers should provide students with a democratic,
relaxed and free atmosphere, so that students can always maintain a positive psychological state of
exploration and stimulate their interest in learning. In the teaching style, teachers should be flexible and
diverse, so that the classroom will be more unique, artistic and novelty, which will have a positive impact
on students' learning effect.

4.3 Learning as well as practice to accomplish challenging tasks

CBL emphasizes the combination of theory and practice, which in favour of producing new ideas or results
in the process of integration. Whether the design of the challenging task or the teaching organization lays
the foundation for the innovative achievements, and the transformation of innovative thinking into
innovative results cannot be separated from practical activities.

Learning as well as practice is first reflected in team learning for the completion of challenging tasks.
Students have full autonomy to form learning groups and communicate their queries in the course of
learning. The study group can not only answer questions, check vacancy or holes, improve the overall
knowledge level of the team members, and make some puzzling questions of the individual be dealt with
effectively, but also can make the students create new ideas after collision and distillation.

Learning as well as practice can also be reflected in practical activities to accomplish challenging tasks.
Innovative skills need to be learned in practice, and only by continuous use and practice can we improve
their familiarity with it. In addition, innovative skills have the characteristics of stability, that is, once they
are cultured, they can be maintained for a long time, and they will be further upgraded and optimized in
the future practice.

One of the main objectives of CBL is to help students master innovative skills, which requires specific
practical training. In view of the challenging tasks, teachers provide students with innovative practice
platform such as scientific research laboratory, software database, and innovation practice base, so that
students can use knowledge to solve problems and improve their innovation ability.
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5 The future development of CBL in Tsinghua University

5.1 General situation of the CBL demonstration course in Tsinghua University

Since the first CBL demonstration course was launched in 2012, the construction of relevant courses in
Tsinghua University has been steadily advancing. In addition to the professional compulsory courses that
have to be selected, many non-mandatory selective CBL demonstration courses also provide students with
free choice space. Many students choose CBL demonstration courses mainly because they are interested in
the form of the curriculum or believe that the curriculum can exercise their ability. Taking interest as the
key element of selecting courses is more suitable for CBL theory, reflecting the advantages of this kind of
teaching mode. After several years of development, the CBL demonstration course of Tsinghua University
has achieved certain positive results. It has achieved the expected effect of the school administrators, and
there are three points from the overall level.

The first point is to change the traditional lecturing teaching mode and promote the combination of theory
and practice. In the exploration of the cultivation of innovative talents, the CBL demonstration course of
Tsinghua University first enriches the course link, and transforms the single teacher's teaching into a richer
form, including ordinary teaching, classroom discussion, completion of challenging tasks and reports. The
integration of challenging tasks, in particular, enriches the content of the curriculum, inspires the students'
potential and the desire to overcome the difficulties, and gives them the opportunity to apply the
knowledge they have learned to the actual problems. Innovation comes not only from thought but also
from practice. Their interaction promotes innovation capability.

The second point is to activate the curriculum atmosphere and break the thinking set in free discussion.
Limiting creative thinking is stereotyped thinking pattern. In order to create innovative ability, we first need
to learn to think independently and form our own judgments as well as opinions. There are two ways to
break the thinking set in CBL. The first method is the challenging task that students need to explore
independently. Students are not subject to stereotyped constraints without existing templates. Another
method is active curriculum atmosphere and classroom discussion. CBL not only encourages students to
speak freely but also requires them to fully express their distinctive opinions. The presentation of ideas or
guestions is not only in the daily teaching of teachers but also in the on-site report of students' challenging
tasks.

The third point is to cultivate students' interests and attract their all-around participation. One of the
directions for the reform of the CBL in Tsinghua University is to set up a student's main position in the
course. While imparting the basic knowledge, it allows the students to choose the challenging task that is
consistent with their interests. On the premise of making up the research group according to the
individual's will, the students are free to choose the theory, method, and way of solving the problem, so
long as they can achieve the training goals of the challenging task, all the links are held by themselves. The
autonomy of curriculum not only increases students' sense of responsibility and self-management but also
creates favourable conditions for their interest and hobbies development.

5.2 Suggestions for promoting the development of CBL

According to the existing achievements, the next stage of the work of Tsinghua University should focus on
updating concepts and building systems. In order to better regulate the development of CBL, school
administrators can set up a special steering group to guide the construction and promotion of relevant
courses. First of all, the school administrators should formulate a sustainable financial support policy, set
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up a multiparty channel to raise funds, and provide students with a more diverse choice of tasks under the
premise of the actual course of the curriculum. Secondly, the school administrators should formulate a
scientific CBL system, follow up the latest situation of all kinds of Demonstration Courses, and put forward
the optimization opinions on the course that the difficulty of challenging tasks is not up to the standard or
the reform does not meet the requirements. Thirdly, the school administrators should give more support to
CBL teachers. School administrators can provide more learning opportunities for teachers to enhance their
CBL teaching skills, and jointly develop courses to better serve students. Fourth, the school administrators
should optimize existing professional training programs. They should organize the teachers of various
departments to study the feasibility of adjusting the students' training program, and bring the CBL into the
courses that the students need to choose. Students can choose the corresponding CBL courses according to
their interests. Considering that students need to devote a lot of time and energy to challenging tasks, the
number of students' elective courses and curriculum credits are also required to be dynamically adjusted in
the optimization of training programs. In addition, schools may consider setting up some CBL lectures or
other transitional courses to enable students to understand the norms as well as requirements of the CBL
teaching mode and reduce the conflict of these kinds of courses.

6 A summary of the full paper

The CBL demonstration course is put forward by the school teaching affairs office in the context of the
party and the state vigorously advocating the training of innovative talents and combining with the actual
situation of Tsinghua University. CBL is based on PBL and includes four elements: teachers, students,
challenging tasks and teaching resources. The challenging task is the core of CBL. It promotes the
cultivation of students' innovative ability through three aspects of challenging task design, teaching
organization for challenging tasks, and learning as well as practice to accomplish challenging tasks. The
development of CBL in Tsinghua University has achieved certain achievements. In the future, we need to
pay attention to the construction of concepts and systems and promote the joint participation of teachers
as well as students in the practice of CBL.
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Abstract

In the 21st century, innovation was regarded as the core of the sustainable development of China.
Cultivation of top-notch talents for technological innovation is not only the famous “Tsien Hsuesen’s
Question”, but also a critical issue of China in the new century. Mechanics, as the foundation of engineering
science, should play a key role in exploration the answer to Tsien’s Question. In accordance with this mission,
the Tsien Excellence in Engineering Program (TEEP) was set up by Tsinghua University in 2009, aiming at
cultivating talented students in engineering. TEEP is also part of the Tsinghua Xuetang Program and the
National Top-notch Talent Development Program. As the principal professor of TEEP, we first demonstrated
three basic points of view: Mechanics has the "gene" of both quantification and technological innovation;
the former has been developed well in the past, while the latter has been relatively poorly developed; the
imbalance in the developments may have been the reason responsible for the difficulties that mechanics
has encountered in the past 30 years and have significantly limited engineering innovation. Then, based on
a brief introduction of the curriculum of TEEP and the cases of its implementation, we show how such a
“Learning Through Research” curriculum can significantly reduce the total learning time cost, strengthen
the fundamental knowledge of science, and foster the students’ strong interests in academic research and
technological innovation. The TEEP curriculum has been warmly welcomed by students and teachers alike
from many disciplines.

Keywords: engineering foundation, mechanics gene, learning through research, curriculum

Type of Contribution: Best practice paper

1 Introduction

The background of this paper is the pain of the country as coined by “Tsien Hsuesen’s Question”: “China is
not fully developed yet. One important reason is that no university develops proper education model for
cultivating talents for scientific research or technological inventions. This is a big problem.”

Since the new Millennium, emerging technologies such as the Internet and artificial intelligence have
accelerated the process of bringing human beings closer to a "singularity" that has never been confronted:
Human intelligence has been surpassed by Non-human beings. A dramatic change in education, i.e., from
knowledge transfer to creative ability cultivation, is expected and the speed and the scope of this transition
are far more than expected. Therefore, to find the answer of Tsien’s question quickly becomes one of the
most urgent national strategic challenges.

The structure of this paper is as follows: Section | describes the core characteristics of mechanics; section Il

1 This article is a concise version of Ref. [1] and is translated by L.P. Xu and C.Q. Chen.
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presents the new curriculum of mechanics for innovative engineering, with a discussion of the history of its
past, present and future development; in Section lll we introduces the innovative educational concept,
curriculum, practical cases of Tsien Excellence in Engineering (TEEP) program, and the thoughts on howto
construct a future-oriented technological innovation curriculum under the background of engineering;
perspectives and discussions on the development of future technological innovation and mechanics are
given in Section IV.

2 The "genes" of mechanics

What are the essential characteristics and "genes" of mechanics? Newton's "Mathematical Principles of
Natural Philosophy," published in 1687, marked that mechanics has become the first quantitative science.
From then on, the study of the relationship between the motion, the force, etc., and the quantification of
materials has become a basic feature of mechanics. In the following two centuries, mechanics and its
scientific methodologies and mathematical methods dominated the development of science. Lagrange-
Hamilton mechanics, electrodynamics, thermodynamics, relativity, quantum mechanics, etc., have laid
down the basis of today's entire physicalscience.

Newton is the founder of modern science and the inventor of calculus. The quantitative characteristics of
mechanics have made it inseparable and complementary to mathematics for a long time. This phenomenon
continued until the middle of the 20th century. For example, Cauchy was one of the greatest
mathematicians of the nineteenth century and one of the founders of applied mechanics. Another example
was the Department of Mathematics and Mechanics of Peking University established in 1952 and the
Department of Mathematics and Engineering Mechanics of Tsinghua University established in 1958, where
Mechanics and Mathematics did not separate until the “Cultural Revolution”. Along the quantification
direction, mechanics has also promoted the development of many branches of mathematics.

The industrial revolution in the 18th century has decisively promoted engineering and technology from
qualitative to quantitative. The basic equations of elasticity and fluid mechanics established in the first half
of the 19th century by Navy, Cauchy, Poisson, Stokes, among others made it possible to model the
deformation and flow of solids and fluids. Since then, mechanics has evolved into the current applied
mechanics system, the basis of engineering sciences.

The aforementioned history of mechanics shows that it is the foundation of engineering science and has the
characteristics of science, mathematics, and engineering. Due to this characteristic, mechanics plays a
unique quantification role in engineering (or technical science). The mathematical attribute brings the
guantitative "gene" of mechanics, and the scientific attribute endows the innovation "Gene". In the past
century, one of the representative developments of the quantitative gene is the finite element method,
while the representative of technology innovation gene is the aerospace technology and industry.

3  Curriculum of mechanics in engineering schools

In the major engineering schools at Tsinghua University (i.e., School of Civil Engineering, School of
Architecture, School of Mechanical Engineering, School of Aerospace Engineering, School of Environment
and School of Materials Science), theoretical mechanics, mechanics of materials (or a combination of the
two as engineering mechanics) and fluid mechanics are deemed as compulsory courses. Compulsory
mechanics courses in most engineering schools of Chinese universities are similar. Although not listed as the
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core courses, mechanics in information science and engineering, biomedical engineering, etc., are also very
important.

The questions are what the factors that prompted the engineering schools to choose the above-mentioned
mechanics courses are and how these factors are different today and what the fundamental changes are
that may occur in the coming decades.

3.1 Historical factors

Before the advance in computers in the 1950s and the development of computational mechanics methods
such as the finite-element method in the 1960s, there were very few problems in elasticity or fluid mechanics
could be solved. Pioneers like Prandtl and von Karman developed boundary layer theory and singular
perturbation theory which were adopted to solve a large class of problems in fluid mechanics and many
most critical problems in aerospace engineering at that time. von Karman was widely recognized as one of
the most important aerospace scientist and engineer of the twentieth century and is the first winner of the
U.S. National Medal of Science (1962). In response to the large number of engineers' needs, Timoshenko has
published a number of textbooks on mechanics of materials, structural mechanics, theory of elasticity, elastic
stability theory, vibration in plates and shells since the 1930s. These textbooks have been translated into
multiple languages and published in various countries around the world, and have become the mainstream
framework of the curriculum of engineering mechanics in China and has continued to serve the role in the
near future.

Mechanics of materials is usually limited to "one-dimensional" solids such as beam and bar. The advantages
are: (1) Such systems are very popular in civil engineering and mechanical engineering; (2) Usually,
analytical solutions to the obtained differential equations can be obtained; (3) The analytical solutions,
once available, are very powerful for the design of "one-dimensional" systems, not only at macroscopic
scales, but also at small scales even down to 10 nanometers. For example, the atomic force microscope,
based on the working mechanism of the deformation of beam, can have a sub-nanometer (10-10 m) spatial
resolution and the force resolution of pico-newton (10- 12N). Another example is that the beam resonance
theory is the core of many sensors having wide applications in Internet of things, automatic driving, and
micro- electromechanical systems, etc. The aforementioned advantages of mechanics of materials make it
still being an essential course in engineering programs.

In order to investigate the mechanics problems of two-dimensional or three- dimensional bodies in various
applications such as aerospace engineering, ship- building, civil engineering, chemical engineering, one has
to resort to theory of elasticity. In order to tract these problems, one needs mathematical methods in the
physical sciences, theory of partial differential equations, asymptotic methods (perturbation theory,
variational methods, etc.), and even functional analysis. That means, students need to spend many more
hours learning various mathematical tools other than just calculus. Furthermore, the problems in elasticity
that can be analytically solved are extremely limited. Such a low input-output ratio is unacceptable to most
engineering students and engineers.

With the above reasons, it is not difficult to understand the following phenomena: (1) most engineering
departments arrange a concise course on elasticity; (2) experts in mechanics often become applied
mathematicians; (3) a considerable proportion of top researchers in engineering are also experts in
mechanics.

In addition to the quantification gene, mechanics should have had the gene of technological innovation.
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Although it is common there were some top researchers in applied mechanics who turned to be the founder
of new engineering disciplines. Among them, the outstanding representatives are von Karman and Tsien
Hsuesen in the aerospace field, and Fung Yuan-Cheng in the field of biomechanics. In addition, Tsien
Hsuesen made significant contributions to physical mechanics and theory of systems engineering.

3.2 Today's factors and the difficulties of mechanics

The most influential changes in modern applied mechanics were the rapid development of computers in the
1950s, and the emergence of various computational methods for mechanics (e.g., the finite element
method and computational fluid dynamics). With the advances in the numerical methods, it became
increasingly feasible to track complex mechanics problems. Moreover, a number of powerful and user-
friendly commercial software have been developed to implement the numerical methods. As a result, have
enablenon-mechanics experts to apply these methods conveniently, traditional mechanics training seems
to be no longer necessary. This led directly to the aforementioned close down of the mechanics
departments in Chinese and American universities.

3.3 Trends in the coming decades

Most engineering departments correspond to a specific industrial field. This correspondence on the one
hand determines the current practicality of an engineering discipline, and on the other it also determines
its relative transitory nature. In contrast, without a single industry background, the core mission of applied
mechanics is to quantitatively study the movement of matter, the relationship between motion and force,
implying that mechanics will inevitably continue to play a fundamental role in engineering in the
foreseeable future. Therefore, it is expected to continue to play a crucial role in the birth (innovation) and
maturity (quantification) of new engineering disciplines. In this sense, mechanics researchers are both
unfortunate - difficult to play a major role in mature industries - and lucky -with relatively long-term vitality.

In the 21st century, the exponential growth of human knowledge has become even more obvious. The impact
of the information, biotechnology, and nanotechnology has become ubiquitous. The development of
technology such as internet, big data, artificial intelligence, robotics, etc., has brought unprecedented
opportunities and challenges to our society, economy, and education. Where will mechanics go in this new
context? Can we keep its momentum of development by strengthening our role as the foundation of
engineering sciences? Or will it disappear quickly or be assimilated in different specific engineering
subjects? How should engineering mechanics and the mechanics curriculum be reconstructed to meet the
increasingly urgent needs of China and the world for the cultivation of technological innovation and
innovative talents?

4 TEEP, a pilot program for Innovative Engineering education
Tsinghua University initiated the Tsien Excellence in Engineering Program (TEEP) in 2009, aiming at

answering, at least partially, the above-mentioned questions.

4.1 Vision and Mission of TEEP

TEEP is positioned as the foundation of engineering. Its core mission is to explore how to cultivate innovative
talents who are interested in changing the world through technology and try to answer Tsien’s Question.
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Headed by Prof. Quanshui Zheng, the principal scientists of the TEEP program, a team of dozens of
researchers and staffs from eight engineering schools and departments of Tsinghua University, works
together to build an open and interdisciplinary system to help students develop technical innovation
capability and leadership.

From a practical point of view, survey of the graduates in the past 5 years shows that that TEEP, as an elite
engineering program, has already been widely recognized. For example, the most graduates continued
their higher degree study ,with roughly one- third in mechanics, the others in other specific engineering
disciplines such as aerospace engineering, mechanical engineering, civil engineering, materials science and
engineering, information technology, biomedical engineering etc.

v«

4.2 TEEP's curriculum and students' “T-shape” knowledge system

The total credit requirement of TEEP (2016 edition) is 148, which is divided into three categories: the
challenging honor courses (70 credits), basic structural courses (no less than 50 credits), and general
courses (sports, English, etc., a total of 28 credits). In the curriculum, the 18 challenging courses are divided
into 6 sub-categories: mathematics, natural sciences, engineering foundation, professional and research,
humanities, integrated learning, respectively. These 18 courses are all highly challenging and well arranged
in the first three years of study. To guarantee their learning effect, students can take no more than three of
these challenging courses every semester. This curriculum, enforced since 2016 at TEEP, was chosen as the
only pilot undergraduate honor degree program at Tsinghua University.

The basic philosophy of TEEP is student-centered. In this program, we encourage students to choose their
possible career based on their interests and expertise, and to strengthen either the quantification gene or
the innovation gene, or both. If one prefers the former, he or she will be recommended to take more
applied mathematics, computational mathematics, and computational mechanics, otherwise he or she will
be encouraged to further study quantum mechanics, solid physics, cell biology, etc. They are encouraged to
dive deep into knowledge, build up their own passion, ability and self-confidence in creating new
knowledge, and eventually find their own development path for future learning and innovation.

At present, the curriculum of mechanics and most other engineering majors in China offer very limited
courses of chemistry and biology, and the physics courses are also relatively weak. In contrast, TEEP not
only increase the ratio of these basic sciences, but also increases the request and challenging level. The
purpose is to strengthen their capability on scientific thinking and original innovation invention.

Compared with the requests of more than 170 credits in most engineering majors at Tsinghua University,
TEEP significantly reduce the total study hours and emphasizes on the quality and challenging level for the
core courses. The question is, given TEEP students have more diverse professional development paths, one
may worry that the decreasing the number of credits and shrinking the curriculum will undermine the
chance for students to construct a comprehensive knowledge and skill structure. Our brief reply is that TEEP
is not trying to provide one plan containing all courses to serve the students with diverse needs. In fact, the
curriculum is highly modulated and personalized, so that different students can take different courses to
build their unique "T-shape" knowledge and skill system.

4.3 Reform of TEEP's Core Mechanics Courses

Four courses, i.e., Introduction of Dynamics and Control System, Fundamentals of Solid Mechanics, Fluid
Mechanics, and Thermodynamics and Statistical Physics, are taken as the essential core courses for most
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engineering schools at Tsinghua University. At TEEP, however, the courses are largely reformed.

The first question is: why do we choose these four courses? Classic Newtonian-Lagrangian-Hamiltonian
mechanics focuses on the laws of force and motion of a rigid bodies. The feature of elastic mechanics, or
solid mechanics in a more general sense, is deformable solids, which is caused by the interactions between
solid atoms/molecules that are dominated by chemical bonds. The interaction between atoms or molecules
of object (gas or liquid) fluid mechanics is dominated by van der Waals forces, and its essential feature is
large deformation. For the students to move from the understanding at university physics level to the level
of complex material systems (such as concrete and mudslides) or complex behaviors (such as turbulence
and tornadoes) that must be faced in engineering science, it is necessary to develop the concepts of
deformation and their mathematical descriptions.

4.4 Learning through research and Personalized Professional Courses

To improve the personalized learning, TEEP cooperates with various engineering schools at Tsinghua
University. In the first two years, after taking essential courses and doing basic research training (student
research training, SRT), most TEEP students can determine their own interest and development path and
identify their mentor when they put forward their ORIC (Open Research for Innovation Challenge) research
program. Mentors can help students design personalized learning path and choose core professional
courses accordingly.

Let's take Hu jiliang, a student of TEEP graduated in 2017, as an example. His summary of the 4 years of
“Learning Through Research” process is as following:

* Freshman: Extensive understanding of solid mechanics, nanotechnology, and bioengineering,
among many others. (Methods: Classes, visits to the laboratory, participation in the group
meetings, and discussion withteachers).

* Sophomore: Deep dived into biophysics with a lot of time to hands-on research (2000 hours) and
learned a lot of knowledge of biology and biological experimental techniques.

* Junior Years: Independently raised original research proposals and contacted several laboratories
for research and discussion (Department of Mechanics, Department of Biomechanics, Center for
Micro and Nano Mechanics, and Biosciences of Tsinghua University; Peking University; MIT) Led
and Participated Multiple research projects, published many papers.

¢ Senior vyear: In-depth study of complex systems science, development and evolution.
Communicated with researchers in different fields and help younger students solve problems in
their study and share experiences with them.

Hu lJiliang is a example on personalized learning through research path in TEEP. In terms of research, he
published 5 papers, one of which he is the first author published on PNAS.

5 Perspectives and Discussions

At present, the curriculum of mechanics of engineering schools in China did not have any essential reform
from the system of half a century ago when computer and computer-based calculation methods started to
appear. The essential mission and powerful vitality of applied mechanics lies in continuous creating of new
engineering disciplines (such as what von Karman, Tsien Hsuesen, and Fung Yuan-Cheng have done), or
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helping the development of new engineering disciplines by improving their quantitative level, or helping
solve complex and critical engineering and technical problems. These are the original advantages of applied
mechanics as the unique and long-lasting foundation of engineering science.
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Abstract

Students increasingly bring informal digital tools and practices into formal educational arenas. For
collaboration and organisation of the problem-based project work at Aalborg University (AAU), students
equivalently use tools that they know from everyday life and previous education, e.g. Facebook and Google
Docs. These might be easy to use, but not necessarily the best tools to support the learning process and
experience. The university currently does not provide a feasible alternative solution for digital support for
project work. The primary virtual learning environment of the university is a learning management system
mainly used for delivering course descriptions and resources, leaving the students on their own with respect
to collaboration tools. This gap is remarkable, especially given the fact that AAU considers the Problem Based
Learning (PBL) to be the core of the learning activities.

Dassault Systemes’ ILICE platform is a project management platform made for PBL engineering education.
This paper reports and discusses results from a pilot study of a student group using the ILICE framework to
support their PBL work, for a large project corresponding to 50 % of the students’ workload during the
semester. ILICE is an acronym for Inspire, Learn, Create and Evaluate, which reflect macro-processes in
industrial work, and the platform contains applications supporting these processes. In this work, we study
the ILICE platform as a professional alternative to the students’ current tools by analysing the students’ use
and experience of using the platform. On basis of the results, we define factors characterising the context,
project and student group, and discuss how these influence whether using the platform is beneficial for the
students or not. We discuss the potential of the ILICE platform and the demands and challenges of
implementing an industrial framework in a PBL context, including how a PBL-project differ from an industrial
project.

Keywords: Problem-based learning, ILICE, project management platform

Type of contribution: research paper

1 Introduction

More and more communication and exchange of information are happening online. The educational sector
is no exception: Universities are making both administration, information and educational materials available
online, and the students are used to search and access materials from a large amount of online resources,
including not only traditional scientific literature, but also increasingly courses such as those offered as
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Massive Open Online Courses - along with the many other formats of teaching materials available freely or
for purchase. For universities, their main communication channel for educational resources is often Learning
Management Systems (LMS) such as Moodle, Blackboard and Canvas, with market shares of 65%/12%/1% in
Europe (e-Literate, 2016) and 19%/33%/20% in the US (Edutechnica, 2017).

However, these platforms are all focusing on supporting a classical university setting, where the students
take a number of courses, which are again subdivided into a number of lectures. While there is some support
for interaction between students with courses, for example in terms of workshops with peer feedback, chat
functions, and discussion forums, there is little support for communication between student groups working
in Problem Based Learning settings. Additional platforms focusing on peer assessments and peer gradings,
such as Peergrade (https://www.peergrade.io/) and Teammates (http://teammatesv4.appspot.com) have
some functionality but do not really support the project work in terms of e.g. project planning, project
management, document sharing and version control, information sharing etc. As such, the students are
often left on their own, and either end up using tools that they know from everyday life such as Google
Docs/Drive, Facebook and Messenger (Rongbutsri, Khalid and Ryberg, 2011; Guerra, 2015; Sgrensen, 2018)
or tools that only do part of the job such as Github for sharing of code and code documentation.

In this study, we offered the students to use a professional collaboration platform widely used in industry,
which facilitates all parts of the project work and at the same time contains a number of programs/tools
used by engineering students e.g. for modelling and simulation. While the platform is developed for use in
professional settings rather than for academic use, it provides an interesting setting for doing research on
how the students use the platform, and how this again impacts their project work. In this study, we follow a
group of six undergraduate students (3rd year), which are using the platform throughout the semester, and
where the use is evaluated by conducting qualitative interviews during the semester. The use of the platform
was supported by training and support, and we encouraged the students to test out as much functionality
as possible. However, to get a realistic picture of the usage, the students were always free to also use other
tools and methods as they would see fit their projects.

The main objective of the study was to determine if a platform as ILICE can support groups of students
working in a PBL setting, and to determine which factors influence the use and usefulness of the platform.
This also helps us to identify a number of points where the platform in the current setting does not really
match the needs of the students.

The rest of the paper is organised as follows. Section 2 elaborates on the background for the study,
specifically focusing on how PBL is conducted at Aalborg University and trends within European education as
outlined in the Agenda for the Modernisation of Higher Education promoted by the European Commission,
followed by Section 3, which introduces the ILICE framework. Section 4 presents the research methodology
followed by the analysis in Section 5, and finally, Section 6 presents the conclusions and discussions.

2 Background

AAUs educational model is based on problem-based and project-oriented learning. It was developed and
deployed across the entire university since the inauguration in 1974 (Kolmos, Fink and Krogh, 2004; Holgaard
et al., 2014). The students work with PBL every semester (3-4 months), typically in groups of 4-6 students,
with an authentic and self-selected problem. The problem provides a framework for the students to
formulate, analyse and solve their problem, and they work together to manage the project and write a joint
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report, which reflects the process from the problem formulation to the solution. The students go through
different types of inquiry: Problem identification, problem formulation, theoretical and methodological
inquiry, data collection, analysis and discussion. Every group is assigned a supervisor, which functions both
as facilitator and professional support. In parallel with the project work, the students have project-supporting
courses with relevant theories and methods. The students have a joint responsibility to plan and manage the
work process including which supporting technologies to use. With this background in mind, AAU is currently
investigating how digital tools can be used to support the students, especially with the PBL approach in mind,
and how to find the optimal combination of virtual and physical learning spaces. This is in line with the
challenges outlined in the EU Agenda on Education (European Commission, 2011), which mentions the need
for improving the quality and relevance of higher education through e.g.:

e Exploiting the transformational benefits of ICTs and other new technologies to enrich teaching,
improve learning experiences, and facilitate access through distance learning and virtual mobility.

e Stimulating the development of entrepreneurial, creative and innovation skills and promote
innovation in higher education through more interactive learning environments.

e Increased mobility and cross-border cooperation.

All these points can be supported through the combination of PBL with relevant digital collaboration tools,
especially if used in international and interdisciplinary settings.

This pilot study took place in the autumn semester 2017. We offered a project group from the study
programme Electronics and IT to use Dassault Systemés ILICE framework for their project work. The group
formation took place early September and the group had to hand-in their project report ultimo December.
The group obtained access to the platform at the beginning of the project period and was introduced to the
platform through a two-day workshop conducted by Dassault Systemé. After this workshop, the students
had the possibility to ask for support, but it was still their own responsibility to plan and manage their project
work and how or whether the platform could be a part of it.

3 The ILICE Framework

The platform, we have chosen to offer the students are Dassault Systemes’ ILICE platform for PBL, which is
part of the 3DEXPERIENCE platform (Dassault Systeme, 2018; Fouger, 2018). It is a virtual workplace
consisting of five sections: INSPIRE, LEARN, INNOVATE, CREATE and EVALUATE. ILICE is an industrial
framework, where the INSPIRE, INNOVATE and CREATE sections are three broad categories reflecting macro-
processes in the industry, while the LEARN and EVALUATE sections are educational add-ons:

The INSPIRE section consists of a dashboard, where the students can collect different kinds of resources,
including hyperlinks, videos, and RSS-feeds. INSPIRE intends to contextualise the problem, and help the
student to determine and analyse their problem.

The LEARN section is for the collection of formal and informal learning resources.

In the CREATE section, the students can find an industry driven toolset. The tools reflect traditional activities
for product and process engineering and include, among others, tools for 3D modelling.
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The INNOVATE section is for communication, which enables collaboration, production of ideas and
negotiation among a common solution of the problem.

The EVALUATE section intends to help educators and students to individually and collectively monitor their
learning activities and performance indicators.

4 Method

This pilot study is based on three qualitative semi-structured group interviews and observations of the
activities on the 3D experience platform during the project period. The interviews were distributed evenly
over the period from the introductory workshop to the project hand-in, spanning approximately one month.
All six members of the project group took part in the interviews, except for the first interview where one of
the students was unable to attend. The duration was one hour for each interview.

Between the interviews, we observed the students’ use of the platform. In this way, we followed the
progression in the group’s use of the platform and the rationale behind their use through different project
phases. We were neither active or invisible participants on the 3D experience platform. We planned the time
and location for the interview in the INNOVATE section and liked a few messages.

We used a semi-structured approach to the interview i.e. the scripting of the interview was structured by
themes, but at the same time flexible and open to exploring interesting themes emerging in the interview
situation (Kvale and Brinkmann, 2009). The creation of interview scripts was shaped by observations on the
platform as well as previous interviews. After each interview, we transcribed the interview and did a
qualitative coding to analysis the interview and identify relevant themes for the coming interviews.

5 Analysis - the ILICE framework from a student perspective

The intention of this project was to give students the possibility to use ILICE to support their project work
and to evaluate their use and experience with this. As described in the following sections, the students have
not fully utilised all features of the platform, and so their descriptions of the platform may be characterised
as impressions rather than experiences. Their experience shows the complexity of the introduction of a new
collaboration platform and the student rationales for choosing technology. It also shows how close the
collaboration tools and collaboration practice are intertwined. After summarising the student use of each
section of the platform, we look further into the student rationale behind their use or/and deselection of the
platform, and the students’ perspective on the potential of the ILICE platform.

5.1 The student use of the ILICE framework

In this section, we describe the student use of the ILICE framework, section by section, based on our
observations and the three interviews.

INSPIRE: The project group did not use the INSPIRE section actively. Shortly after the workshop, the group
shared a few videos and set up RSS-feeds with news from the company by which they collaborated. They saw
this section as the most useful tool in the beginning of the project where they needed to figure out the scope
of the project. When the group was introduced to ILICE, they already settled in on what they wanted to do
with their project, which according to the students is why they did not find this section useful.
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LEARN: In the LEARN section, the group had the lecture schedule from Moodle and the learn tab contained
a collection of links to 3D experience tutorials. The group did not check the schedule in LEARN, though.
Instead, they went directly to the Moodle platform for content descriptions and resources for the courses.

INNOVATE: The students have only used the communication thread in INNOVATE to a limited extent: They
used it to share a few pictures of the testing process, besides the coordination of dates and choice of location
for the interviews.

EVALUATE: Shortly after the introductory workshop, the group embarked on the construction of a time
schedule; they divided the project period into phases and defined tasks with a deadline for each phase. The
EVALUATE section contains a different view of the project planning: a time schedule, a Gantt diagram, and
phase gate diagram. During the first half of the project period, the project group updated their time schedule
about two times a week; they marked finished tasks and synthesised the time schedule with the blackboard.
The time schedule worked as a reference point in relation to how far the group was in their process. At the
first interview, the students explain that the time schedule contributed with a good overview and forced
them to reflect on how different tasks are connected and to make more specific task descriptions of more
specific deadlines than they have done in the previous project. One of the students describes that the time
schedule brings ‘a bit more perspective’:

| think it forces us a bit more perspective because you have to know is this a subtask to something else or
where in this project do this belong. So it forces us to sometime put it into like the bigger picture, like why are
we doing exactly this, this because it is a part of this which is a part of this phase (Student 1 — first interview)

The group did register when a task was done, but did not add new tasks during the project period. As the
project work intensified, the intervals between the students checking the time schedule became longer, and
in the last period of the project, the students do not update the time schedule at all.

5.2 Competition from easy-to-use tools already familiar to the students

In many ways, the group had a well-working practice and already used many other digital tools with at least
seemingly similar functionalities. Their rationale for deselection of some functions and gradually dropping
other functions of the ILICE-platform relates to their established working practices and habits including the
use of such other tools. In the following, we look further into the student work practice and their rationale
for choosing technology to support their project work and for the limited use of the ILICE platform.

On a usual workday, the group members meet from 8 am to 4 pm to work on their project, only interrupted
by lectures. The project group has a dedicated group room with their own key and “inhabited” with e.g. a
coffee maker. The project group use the blackboard in the group room for planning by writing the ongoing
tasks and the responsible group members on the blackboard. The groups often work in peers/subgroups with
specific tasks listed on the blackboard. When a subgroup has finished their task, they either help the other
subgroups or they begin a new task after coordination with the rest of the group. To digitally support the
project work, the project group writes their project in Sharelatex, and store and share resources with
Microsoft Onedrive. When the group has to communicate and they are not together, it happens through a
common Facebook thread, mostly used for short informative messages, e.g. ‘l am late’ and for sharing links.
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The limited use of the ILICE platform and the students’ rationale behind the use relate to the established
digital infrastructure as well as the physical study environment. According to the students, the main reason
for the limited use of the LEARN and INNOVATE sections was that they had already tools for the purposes of
resource sharing and communication. The students emphasize that Facebook is both the easiest and the
quickest way to communicate when they are not together; everyone already uses Facebook and is notified
on their phone if there are any updates. In a similar way, the students explain the use of Microsoft Onedrive
(sharing and storage solution) and Moodle (LMS), which are both offered by the university, as the main
reason for not using LEARN. In this way, in our particular setting, the ILICE compete with tools, with which
the students already have an established practice and which they find easier and to use as well.

At the interviews, the students describe, that the group did not experience a strong need for the INNOVATE
section and for communicating through the platform in general, because they were together in the same
location throughout the main part of their study time. The students emphasize more than once, that if they
were geographically distributed, they would have found the ILICE-platform more useful:

As people are working together without sitting together, it can be really helpful to get an overview. Because
when we sit together, we don't really need that overview because it is easy to maintain because we are sitting
together and can talk together. But if we couldn't do that then the platform would be a lot more useful
(Student 3, first interview).

It is always easier to share it in person. So if it is not an option, then this could be used. If you are working in
a group in separate rooms then maybe it could be kind of used maybe to summarise, but | think you'll need
to be there face to face, because it is so much easier - especially if you can draw on a blackboard it makes it
so much easier to communicate what you are talking about. Especially when you not always quite know what
you are saying yourself, cause you don't quite understand it. (Student 1 about the INSPIRE section, third
interview)

The students describe it as both more convenient, quicker and easier to communicate face-to-face than using
ILICE or another digital tool. The blackboard work as a springboard for discussions and is also the group’s
primary tool for planning. Likewise, the students praise the blackboard for being quick and easy to use for
planning, and for being suitable for both bigger tasks and smaller reminders. “You just have to cast an eye
over the laptop to the blackboard to get a quick overview”, Student 1 says.

Furthermore, the students find that the platform has a steep learning curve and points out more than once
during the interviews that if the platform should be an integrated part of the project, the students have to
know it beforehand. Finding the learning curve steep is also an essential part of the explanation of the limited
use, and indicates that more support and facilitation is needed from the beginning.

Despite positive experiences by using the EVALUATE session for the time schedule, the project group
gradually dropped to update or just to check the schedule. At the interview, the students give two main
reasons for this: That they have to work on the project, and that they forgot:

It (the 3D experience platform) is in the back of your head right now. We have something we need to work
on our project right now. It is the most important thing, | guess. (Student 1, second interview).

I think in the beginning we were open to try this new thing and try and implement it. And then as we got more
and more stressed and had more work to do we kind of fall our old time schedule and way of doing things as
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we were used to and then we kind of forgot to update the 3D-management platform (Student 1, third
interview)

By saying they need to work on the project, Student 1 indicates the use of the platform is taking time away
from the project. By this indication and the student emphasizing what is quick and easy, the students’ choice
of technology seems like a cost-benefit analysis with the project report in mind, where the advantages of
using a specific tool are compared with the resources and time needed to acquire the tool. Sgrensen (2018)
finds similar rationales among other AAU students and characterise the choice of technology as an outcome-
focused and pragmatic approach. The students have the project report in focus, it is a question of ‘what
works’, and time is an essential factor. This again relates to the learning objectives of the students, which
describes what is eventually measured at the final exam.

5.3 Ad-hoc vs. structural approach to planning

The students describe that they find that the ILICE platform does not fit their way of working. This relates to
the fact that there are specific features that they do not experience a need for (or only a minimal need) such
as 3D modelling and the digital communication thread, and also to the work practices the ILICE platform
promotes. The students describe that the ILICE platform promotes a structural approach with regular
updating and more detailed long-term planning. Student 3 describes detailed planning as difficult, because
of all the new things they have to learn through the project. He says:

| think, if we knew - when we started the project - exactly what we were going to do during the project when
it would be easier to use the platform. It would be easier to schedule tasks and assign them [...] When | was
coming this morning, | was not exactly sure what direction to take on what | am doing [...] And | think, project
work for each semester it supposed to be something new, so we do not do what we learned last semester,
but we use it to learn something new. And it forces us into a situation where we need to learn from each other
[...] The direction is due to change | think. (Student 3, second interview)

Student 3’s description indicates an ad-hoc approach to planning. This appears a part of their learning
strategy, a way to handle a project where the exact ending point is not known and where tools, theories and
methods are new to them. This ad-hoc approach to planning manifests in the blackboard with the list of
ongoing tasks. At the wall across the blackboard, the project group has a pinboard with sheets of paper
divided into days, as a calendar for the primary deadlines, interview dates and supervisor meetings. The
pinboard symbolizes the long-term planning in the group consisting of only a few deadlines.

5.4 ILICE potentials from a student perspective

The potential of the platform in other contexts was an essential part of each interview. As described in the
section above, the students find that the platform (especially the INNOVATE section) will be very useful in a
case, where the group is working remotely and has to collaborate on the distance. In general, the students
suggest that the platform will be more relevant for larger groups, larger and more complex projects,
multidisciplinary projects and collaboration across project groups. For each section of the ILICE platform, the
students see many potentials in different contexts:

For the INSPIRE tab, the students suggest that it could be used for documentation for bigger groups and long-
termed projects of what has been done and why. In continuation hereof, the students explain that they do
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not find that a lot of documentation is needed, partly because the evaluation of the process is not a
prescribed part of the project (which was the case, at earlier semesters).

Even if the project group did not use the LEARN section, they see a potential for sharing and collecting
resources across project groups and courses. However, this will require that more groups have to use both
the platform and the 3D platform. They also see this section as useful within a group, as a hub for resources
sorted by chapters. This could give an easier access to resources and be useful for the exam. They became
aware of this potential in the third interview, but it requires a systematic approach from the beginning.

As previously written, the students find the INNOVATE useful for distributed collaboration and CREATE useful
for working with 3D modelling. For the EVALUATE section, the students suggest that in addition to an
overview for the students, it could give the supervisors a better view into the process of the group, adding
that supervisor presence will motivate for use. In the ILICE framework, the EVALUATE section is supposed to
be a tool for the supervisor to evaluate the project groups, but in this case, it was not possible to involve the
supervisors. According to the students, the supervisor should not use it for evaluation, but for focusing the
supervision. This demonstrates that the platform use also depends on the role of the supervisor.

5.5 Summary

The platform never became an integrated part of students’ collaboration and project management. Student
2 describes the platform as a non-critical ‘side-thing’. The platform-use has been an addition to their usual
practice and way of working, instead of a part of a changing practice. The motives and rationales behind the
limited use of the platform can shortly be summarised as a combination of not feeling the need for the
specific functionalities and having other well-known tools to support them.

Recurring for the three interviews are the tension between the limited use of the platform in the project
group and the many potentials the students point out the platform could have had in their project work or
in other kinds of project work. The students' experience is that the platform did not fit their way of doing
project work. It manifests in the gap between the structured approach and regular updates the 3D experience
platform affords, on one hand, and the student ad-hoc approach to planning on the other.

Table 1 summarises different factors, which from a student perspective make the ILICE framework more or
less useful. It is based on a combination of the student’s conception of the settings in which the use of the
platform will be most useful and relevant, and the observations by the authors of this paper. While the
observations are interesting and useful, it is important to be aware that this is a pilot study in a single setting:
The results might not generalise, and a larger and systematic study would be needed to verify each of the
factors pointed out. Especially, it would be interesting to try out the platform in a setting where the
integrated 3D tools would be used by the students. The study illustrates the complexity of introducing a new
platform to support project work, how it interferes with existing practices, and how physical and other
contextual factors influence its use. If we intend to change the practice of the students and make them learn
an industrial framework, scaffolding and supervisor presence seems to be important factors. New ways of
collaboration, which make the use of the platform ‘more critical’, new settings and requirements (e.g. a
greater focus on the process in the project evaluation) could be beneficially incorporated.

Table 1: Factors which makes the ILICE framework more or less useful from a student perspective

More useful Less useful

Group size Big Small
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Project size Big Small

Project complexity High Low

Multidisciplinarity Multidisciplinary Monodisciplinary

Geography Geographically Same location
dispersed

Supervisor using the Yes No

platform

Other tools No Yes

Process part of Yes No

learning objectives

Scaffolding Strong Weak

Use of specific tools Significant use Little/no use

offered by platform

6 Concluding discussion

According to Table 1, the 3D experience platform supports complex projects, large groups and collaboration
across disciplines, place and time. This reflects the expectations and requirements existing at present and, in
particular, on the students’ future work on projects in the industry. Such projects are often characterised by
openness, simultaneous projects running in parallel, temporary constellations of collaboration and
collaboration across time, space and organisational boundaries. This is contrary to AAU PBL groups, who work
on one project at the same location and is characterised by being a one-disciplinary and strong-tied group
with a high degree of autonomy. The explanation for the tension between the student experience, that the
platform did not fit their way of doing project work and all potentials of the platform, which the students

point out, may be found in this gap.

To close the gap between the students’ way of working and what the platform affords, we find two directions
to go: Change the setting or change the platform. The platform calls for new settings, which may better
reflect the industry with weak-tied multidisciplinary groups collaborating across boundaries. We would,
therefore, encourage more experiments with new forms of PBL collaboration inspired by the above
characteristics. At the same time, we find it important to maintain the strong-tied one-disciplinary groups in
the same location and the learning environment it brings, and to study how we can best support this digitally.
We suggest to move in both directions, so the students experience both strong-tied and weak-tied
collaboration. This also leads to a reflection about the way PBL is conducted in our university, where students
develop a “good practice” of collaboration and project management, which is refined throughout the study
but not really challenged or disrupted: A stronger focus on trying out different tools and methods for
collaboration during the studies, e.g. through explicit PBL learning goals, might add to their transversal
competences. This is actually being explored in the project (https://www.pblfuture.aau.dk).

On a final note, the project has led us to realise how close collaboration methods and collaboration platforms
are tied to each other: While the idea of offering the students a single platform to handle all aspects of their
collaboration, this might very well dictate most aspects of how they work together: From how time plans are
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made and followed-up upon to how brainstorms are conducted. In an educational setting, where we
encourage the students to experiment with different ways of collaboration throughout the studies, further
research should be conducted on how to support this in the best possible way. This could also address how
we motivate students to try out new methods and tools, even if the additional effort does not immediately
pay off in terms of the projects/products to be handed in - for example by assessing also the competences
related to the collaboration and project management processes.
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Abstract

Nowadays, industries demand more process competencies to work online in virtual teams. The study focus
on 3DEXPERIENCE™ platform and digital workspace to support project work in a PBL course of Automation
of Manufacture Process. As long as online collaboration and projects management are facilitated, the
students acquire process competencies. In the platform, students perform all the project group activities,
including communication, ideation, scheduling and documentation, while using real engineering tools to
finish the project. The course of the undergraduate curriculum of Mechatronic Engineering has six teachers
and 22 students from the last semesters. The curriculum is blended in lectures and projects. Each group of
five or six students has to develop a project taken from an industry real manufacturing process. This study
shows the first implementation experience and lessons learned. The data were collected from open-ended
guestions and by tracking the group process into the online platform. The effectiveness of this strategy was
assessed by using text analyses and achievements were compared with previous courses.

Keywords: Project-based learning, PBL, 3DEXPERIENCE, project management, e-learning, CSCL

Type of contribution: Research paper.

1 Introduction

The industry 4G demands expert engineers with skills to perform efficiently and competitively. There are
professional organizations listing a number of skills to work (World Economic Forum, 2016). Industry has
been changing in the ways of work, integrating online collaboration and cooperation to increase performance.
The competencies needed include problems solving skills, collaboration, cooperation, innovation,
communication and project management. The nature of industry 4G is to work collaboratively but
independently, that is, an online work, using on cloud drives and apps remotely (Schwab, 2016), which foster
interdisciplinary work.

Studies of Computer-supported Collaborative learning (CSCL) have found that online collaboration online is
hard to achieve (Clarke et al., 2013; Lin & Tsai, 2016). Factors include lack of social interaction, believing it
will happen automatically (Kreijns, Kirschner, & Jochems, 2003), lack of group strategies awareness (Miller
& Hadwin, 2015), and poor socioemotional interactions (Rogat & Adams-Wiggins, 2015). Therefore, students
transform traditional ways to manage projects into online approaches, adapting or acquire new skills (Jarvela
& Hadwin, 2015), and enhancing face-to-face process competencies.

This study regarding PBL online collaboration aims to enhance process competencies in 3DEXPERIENCE™
platform or 3DS (Dassault Systémes, 2018a). The 3DS was selected to meet two purposes: to support the
project work enhancing collaboration while students use a real workplace engineering platform, and to have
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engineering apps to perform projects. Then, when students learn to use efficiently and with efficacy the 3DS,
they are enhancing their process competences.

2 Process competencies

Process competencies refer to individual capabilities associated to project management that require
communication, collaboration, cooperation and technical knowledge to perform subject areas. Process
competencies are part of the subject area competencies linked to emotion and motivation, hence, involving
behavioural changes, self-management, and self-evaluation (Kolmos & Kofoed, 2002, 2003).

Reflection in the experience is a way to acquire process competencies that students have to learn by doing.
In PBL, students are required to reflect about the project process through a portfolio, while they develop
process competencies (Kolmos & Kofoed, 2003). The facilitation support during the group-work, often done
by face-to-face meetings, even when the role of the facilitator is supervision (Savin-Baden, 2003)

However, online educational resources demand alternative ways to facilitate students. First, group
communication tends to be online, by social networks; secondly, the impersonal contact between students
break real feeling, emotions and perceptions, and finally, the engineering has been varying to a more
interdisciplinary and collaborative online work, providing advanced tools for project management.

Students use communication and the internet to develop project tasks. Social networks systems have been
growing around the world: in 2017, more than 3 billion people used social media each month, with 90%
connected in mobile devices, and proliferation of 11 new users per second (Kemp, 2018). As social individuals,
it is expected that networking communication also increases in the project-work, and, in consequence,
meetings face-to-face would be reduced.

The impersonal communication has a negative effect on learning. One of the core principles of PBL is based
in Carls Rogers’ idea of self-direct learning (SDL) (Kolmos & de Graaff, 2015). The idea of SDL strives for
transformative learning involving personal aspects such a self-perception, self-awareness, self-consciousness,
self-direction and self-reflection (llleris, 2014). Those aspects need a positive relationship environment
between the group members (Rogers, 1965). Lacking personal contact causes deficiencies in the group
members personal perceptions, since online communication have effect in relationships and in the well-being
(Kraut & Burke, 2015; Kreijns et al., 2003; Walther, 1992).

3 3DEXPERIENCE™ for PBL

Implementing 3DS demands support to facilitate project management. Since 3DS is a collaborative online
platform, it has both social collaborative tools and engineering specific application software to work
interdisciplinary projects and product development. It is technically called a PLM (Product Lifecycle
Management) software. To simulate PBL, the 3DS uses a stage template called ILICE, acronym of Inspire,
Learn, Innovate, Create and Evaluate (Dassault Systémes, 2018b). Thus, the teacher setup courses and
students access to learn and share ideas by using social collaboration. They also use engineering tools to
share ideas into a community, questions, news, wikis, videos, requirements, designs and simulation.

Then, in the automatization course with ILICE, there were three static dashboards to students, Inspire, Learn
and Evaluate, while two dynamics, Innovate and Create. For the first group, the teacher upload relevant
information with documents, news and videos regarding the course to inform to the students. In Innovate
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there is a community, the course, where the students, teachers and anyone who is invited there can share
ideas. Meanwhile in Create, students will use 3DS engineering apps for the project.

In a more structured application of the project work, 3DS uses and embedded software called ENOVIA. It is
a complete application for the whole product lifecycle. Include tools for roles, resources, ideas evaluation,
task assignation and evaluation. Ideas from ILICE can be promoted directly to ENOVIA, as project task
assignation.

4 Methodology

The study is based on the students’ experience with 3DS platform. The students were enrolled in a PBL course
of Automation of Manufacture Process (AMP). The course belongs to in the Mechatronic Engineering
program at Universidad Nacional de Colombia in the last semester, so the students are almost engineers. The
course had 22 students, and all of them were enrolled in the platform to do a project in teams.

Since the AMP gathers knowledge and skills from the whole curriculum, it has six teacher from various
subjects, i.e. robotics, control, automation, manufacture, programming, and design. The learning outcomes
for the course include applying all those subjects in the project. In turn, just four teachers were team
facilitators, but all of them were active course participants, including access to the 3DS platform, with some
lectures or consulting to the students.

The students were grouped in four teams of 5-6 students to do four different projects linked to an automatic
process in a real industry: painted coffins, broom manufacturing, filter packaging and plastic conversion. To
run the project, students were requested to use the platform. To introduce 3DS, they were trained only two
hours. It was planned that students learn more by doing activities on the platform, assisted by the Dassault
learning material. Students spent 15 weeks to do the project.

During the project, just 15 students used the platform with some project activities. After project completion,
a seven open question online survey was sent to participants in the platform (Table 1), and 13 surveys were
collected. The aim of the questions is to collect students’ reflections to facilitate future platform interventions.

Table 1 Open questions for the experiment

Open question

Do you think platform could be useful to manage academic projects? Explain
Do you think platform could help with collaboration for the project task?
Do you think platform fosters ideas generation and evaluation?
Did you find useful comments and ideas in the automation community at the platform?
Do you think platform is useful to communicate with your teammates for the project?

Do you think platform could be useful to learn directly from your peers?
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5 Findings

5.1 3DEXPERIENCE usage

Figure 1 shows student participation in the community during the project. Participation was mainly by media
(40,6%), questions (22,2%), ideas (11,6%), posts (8,9%), and questions (8,9%). Media included documents
54,8%, pictures (51,1%), drawings (2,7%) and 3D Models (1,4%) indicating high participation by sharing
information. Drawings and models of specific project tasks are developed within the platform apps.
Questions were about the use of the platform. Ideas were about the project main topic and issues during
project progress. Posts comprise new question and themes.

The first part of the project-work included the project problem definition, team roles by task assignation and
methodology. The second part is closer to problem solving by engineering procedures. It is coherent with the
students participation in the platform at the beginning and middle, as shown in Figure 1. It also showed low
participation at the end, because by that time, students do not use apps of the platform such as DELMIA and
CATIA.

Number of contents Number of unique visitors Number of contents per day
12.5 25
Wikis
Surveys Answers 10 20
Questions
Posts 5 15
5 10
T~ Ideas
/ 2.5 5
Media
0 0
M Answers Ideas Media -2.5 5
Posts M Questions M Surveys Mar '18 Apr'18 May 18 Jun'18 Mar 18 Apr 18 May "18 Jun'18
M wikis

Figure 1 Statistics from the 3DExperience platform (3DS). Take from 3dSwym analytics in the platform environment

The participation in 3DS showed active working during the semester. Although students were active in the
community, there are not previous studies or courses indicating rates to compare. However, participation
was enough to notice low levels of procrastination during the project work, and to support students’
comments in the study.

At the end of the project, students were stressed. In consequence, they preferred to use traditional software
to resolve the project. Moreover, they used older DELMIA versions, other than available in the platform,
because the apps’ environment and menus looked different.

5.2 3DEXPERIENCE prospective to enhance process competences

The study considers a group of students working in a project in 3DS. From ILICE they were stimulated to idea
generation, course content, training videos, sharing information. They also begin to use ENOVIA for project
management.
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Students were concerned about lack of platform training to become users. It was a general issue because
they just had two hours of training. Although they learned platform utilities by themselves, it was not
sufficient.

Project management

Regarding project management students used ENOVIA along with the Innovate dashboard from the ILICE
framework. It was expected that the whole project process have more realistic meaning for the students.
The process started with a project formulation by sharing ideas in the community, followed of idea
selection, and finally promoting it to an ENOVIA task. However, the researcher realised that the students
had never used tools for project management. Consequently, they did not have fundamental concepts
to work in this way. Hence, an additional training of ENOVIA was made. This was also confirmed with
the students’ perceptions about 3DS advantages to project management and their requests for more
training before use. Some perceptions were:

“It is a tool with a lot of potential to manage a project, but really we need a better
teaching to face this platform” (Student 07, original in Spanish).

“It allows to advance in projects, being aware of the progress of the tasks assigned to my
colleagues” (Student 08, original in Spanish).

In the platform, some students were also aware that 3DS has potential to increase performance in the project
work. It implicates changing its traditional way to do projects:

“When having the ability to use the platform, it is possible to do a lot of things in one place,
and | have the that it can work faster, which invites me to work in the platform (Student
10, original in Spanish).

After showing them ENOVIA, they were afraid about the many tools to learn, thus they preferred to use other
well-known tools. According to the following comment, it was true but to a certain extent due to the lack of
good attitude to learn.

“The platform worked to create project schedule, however itslarge number of
functions makes its use something complicated that discourages the desire to
continue working on this platform to organize the project, since there are other
programs that can be downloaded to the cell phone, the computer and be
synchronized in several devices...” (Student 09, original in Spanish)

Online collaboration

There was online collaboration at the beginning and middle of the project, but it decreased at the end.
Students were encourage to online participation by upload there a short presentation in the ILICE Innovate
framework. It was satisfactory because students had the opportunity to share ideas and received peer
comments. According to the Figure 1, there was also active participation in these two stages. However,
students prefer to use their traditional ways to do it, with well-known tools, perceived as efficient by them.

“..Although the platform is for that, since it is not a tool used in the past, nobody wants
to learn a new tool, and it is preferred to continue with those that are known and worked.
Although aspects such as the percentages of contribution in the project can be used to
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evaluate the commitment of each one within the team”. (Student 13, original in Spanish)

Fostering idea generation and usefulness

Idea generation need to be fostered by the facilitator participation. Since the students tend to follow
instructions, they look for facilitator’'s comments more than from their partners.

“Through forums and questions with the facilitator, more specific concepts, can be
stablished and then develop better ideas in the process” (Student 11, original in Spanish).

Students prefer traditional face-to-face meetings for sharing ideas. Despite the students often communicate
by social networks, they are not comfortable when doing it in a more structured way online. For example:

It could be, but it is something virtual more for remote work of a project. Instead when
you see the groupmates continuously, it is easier to do it personally, but you end up using
other more intuitive tools. (Student 12, original in Spanish).

Communication

Since the 3DS has many tools that are slow to load due to internet connection, students prefer to use
traditional social media to communicate and collaborate. Most of its communications were by text messages
as observed directly in the course. Additionally, to share documents, they preferred traditional on-cloud
drives. This also happened because some team members refused to use 3DS.

“If the whole collaboration of whole group members were achieved on the platform,
perhaps it would help in the collaborative activities. First, teachers must learn how to use
it to teach us, and show that it's worth it, but you could tell that they did not completely
understand it. Because if there's something extra to learn, it's hard to use, and it can be
done with other better known tools, so you will not find the sense to learn it. However, if
reality is shown, its uses beyond a kind of Facebook wall, WhatsApp group, even, Google
Drive, surely, students will find meaning” (Student 09, original in Spanish).

The student above found benefits in the 3DS, but a lack of meaning to learn it. He considers the partners had
not any incentive to use it, pushing them to use two popular social networks and an on-cloud drive. Even the
lack of participation of the facilitators was a factor in collaboration through the platform.

The study also found, that the more is the peer’s participation, the more is the social pressure to participate
in the platform. For example;

“As it is a platform where progress is shared, you undergo a social pressure (also
personal), since it is not expected to generate a bad perception of the work that you have
done, when not delivering it on time or complete” (Student 13, original in Spanish).

In the platform, there were consensuses about the internet speed to load 3DS over other social media. Some
students want to use it in smart phones, but the internet network was too slow, so that they prefer to use
other slender media.

Peer learning

Students consider they could learn from the platform if there is a continuous teacher’s participation. It seems
to stimulate students to upload information and sharing ideas about difficulties to use it.
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“Yes, you can learn by using it, keeping your continuous review and continuous publication
of all. But, in a certain way the professors do not even publish there, it was just something
that after forgetting and forgetting, | clearly associate it with a very heavy platform, full
of so many options on all sides...” (Student 07, original in Spanish)

According to the students’ content in the community on 3DS, they share videos, documents and templates
regarding the project work process. The study did not ask students about it, but the quantity and quality of
the information available on the 3DS, shows that. Students have even uploaded technical information to use
the 3DS after the course completion.

Summing out, students found advantages in 3DS for project management, collaboration, ideas sharing,
communication and peer learning. They believe it could improve group performance, but they also claim lack
of training to use it and meaning for the project. They also consider that it is complex to learn, since the 3DS
have lots of functionalities for the project. Finally, they demand more facilitation and teacher’s participation
on the platform.

6 Discussion

During the study, the research found 3DS useful for the project-work since it integrates collaboration,
management and engineering tools. Although there were difficulties to implement it for the first time,
students agree in its potential for the project work. AL thought, teams currently have a consultant facilitator,
they claim more guidance from them. In turn, students need incentives to use it. According to the PBL
learning principles for the project work (Kolmos & de Graaff, 2015), the study put forward a facilitation
strategy for 3DS.

6.1 Introducing 3DEXPERIENCE

The 3DS platform has many tools for engineering. Despite ILICE only has five dashboards, when students
logged in, their first impression is having many things to learn, feeling threats to previous knowledge. In
consequence, some students decline to work there or feel unmotivated. Learning new things is easier than
changing them, that is, students from last semesters have been working projects with their own procedures,
and they need to transform their traditional practices. It is a kind of transformative learning. According to
Rogers (1958), people feeling threats to their previous acquire knowledge, do not want to learn anything else
(Rogers, 1965). In addition, many resources in the platform cause uncertainty without previous training. The
3DS should be introduced gradually while the student finds its meaning, but responsibility for the learning
should rely on them. In PBL, students learn by themselves, thus they should discover and incorporated the
tools of the 3DS, in the own process.

6.2 Facilitating course relationships

Students collaborate more when they feel an appropriate climate for work, based on interpersonal
relationships. In the platform, students miss face-to-face contact, which could affect the interpersonal
relationship (Mathisen, Einarsen, Jgrstad, & Brgnnick, 2004; Nisula & Kianto, 2016). In consequence, students
feel less commitment and trust than when they have personal relationships (Heller, Laurito, & Johnson, 2010).
In ILICE, the Innovate dashboard is focused on collaboration in a community. That community could setup
according to the PBL course. For example, in this study, the community consisted of 22 students and six
teacher working in four teams.
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Building relationships increases the chances to collaborate and learn. When people feel respected, important
and looked after by their partners, they tend to collaborate more. Hence, for an effective collaboration
community relationships should be encouraged in the course. It is harder to work online than face-to face.

The interpersonal relationships could be encouraged immediately, at the beginning of the course, previous
to the platform training, by face-to-face meetings focused on friendship, trust, commitment, respect, and
confidence (Pauleen & Yoong, 2001).

Additionally, the creation of a e-leader is another option to foster relationships, but it is time consuming, and
demands high level of commitment (Jawadi, Daassi, Favier, & Kalika, 2013).

6.3 Facilitating collaboration

The 3DS displays students’ participations during the project work, includes statistics of usage and activities
performed by each student. The visualization of the students’ participation have positive effects on the
collaboration (Janssen, Erkens, Kanselaar, & Jaspers, 2007). Participation indicator encourages messages,
and helps to engage team members in a process.

6.4 Teacher and facilitator participation

Students need to be facilitated through the teacher and facilitator participation. Teachers have to upload
fresh course material, but comments about the project process during the whole course cannot be left aside.

7 Conclusions

The study analysed the student’s perceptions of the contribution of the 3DS platform to the project-work.
The 3DS found potential was referred to project management and collaboration. Since students have been
using other social media to communicate, they found less advantages for communication and idea sharing.
The main difficulties to use 3DS were caused by the lack of training and previous immersion in 3DS.

Students who participate in 3DS have to develop other process competencies. Process competencies were
defined as skills to project management, collaboration, communication and sharing ideas. However, doing it
online is not attractive for them because they have to integrate its habits with new tools in the 3DS. Thus,
they prefer face-to-face meetings blended with popular social media communication. But it is also explained
by the fact that some students found uncomfortable collaborating and sharing tasks online for project
management, since for them is too much work to do. Its dynamic is slow, and they seem to not have used
any other project management software before.

Consequently, fostering participation in the platform is fostering process competencies. This study discuss
an strategy to facilitate process competencies in the field of CSSL. Further research could focus on the
strategies to facilitate learning in online process competencies. In addition, the whole participation of each
member involved in the 3DS platform, is needed to be effective.
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Abstract

As many universities of the world, in the engineering programs offered by the Universidad
Nacional de Colombia, Statics is one of the first core courses, and is also a prerequisite for
other important courses such as Dynamics, Strength of Materials, and Design. The
fundamental concepts learnt in Statics are necessary for the good performance of the students
and professionals of engineering. Despite its importance, high number of students have
difficulties to understand and apply the statics key concepts and as consequence they fail or
withdraw the course. In one course of a Civil and Agricultural Engineering programs, a Flipped
Learning intervention was planned, applied and studied in order to analyse the possible effect
of the implementation in the achievements levels of the students and in the conceptual
change at the beginning and at the end of the semester. It was found that there was no
significant statistical difference between final grades average in the intervened and the non-
intervened group, neither in the results of the concept inventories. However, two aspects are
remarkable: the similar results in both groups, although Flipped Learning is based on the
students' prior preparation of the content by their own and the perception of students of the
intervened group regarding the improvement of their skills and competencies.

Keywords: Flipped Learning approach, Statics, students’ achievement level in Statics, students’

conceptual change in Statics

Type of contribution: research paper

1 Introduction

In the engineering programs offered by the Universidad Nacional de Colombia, the
professional or core component goes after the fundamental component. The fundamental
component is related with sciences courses and it is expected that after learning these subjects
the students are enabled to “use the mathematical language of the methods of analysis to
quantify the responses of structures and systems” and “construct their conceptualizations,
models and theories for the complete understanding of the phenomena” (Universidad Nacional,
2017).

In the core courses, it is supposed that the students learn “the applications on which
knowledge of materials is based, and the prediction of their behaviour as an integral part of a
civil construction, when are subjected to the forces produced by the loads to which they will be
exposed” (Universidad Nacional, 2017). Among the core courses, Statics is one of the first ones;
but the percentage of failures and dropouts in this course is high and is one of the causes of
desertion in engineering programs (Zapata et al., 2013; Kim, 2015; Haron & Shaharoun, 2018).
In the Universidad Nacional de Colombia, the average failures of the Statics course reached 31%
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and the dropouts were up to 9%, from the first semester of 2013 to the second semester of
2016. As consequence, the Statics poor performance not only discouraged some students to
finish their career, but also caused a longer permanence since it is a pre-requisite for others
courses.

Besides, Statics is a very important subject, because the fundamental concepts learnt in this
course are necessary for the good performance of the engineering students in posterior
courses related with their specific career (for example hydraulic structures, structural analysis
and design, and geotechnics for civil engineers; or structural analysis and design of rural
construction for agricultural engineers and design of machine elements for mechanical
engineers). Additionally, good bases of Statics are fundamental for an adequate design and
construction of damps, bridges and buildings; for rural constructions as silos, grain storages
and greenhouses; and the design and manufacture of tools and machines.

However, the students have difficulties to understand the statics key concepts (Maneeratana
et al., 2012; Litzinger et al., 2010; Venters et al., 2014, Dwight & Carew, 2005) and also have
misunderstandings (Steif & Dantzler, 2005). As consequence, they “fail to see the connection
between solving a problem mathematically and real-world engineering application”
(Mariappan, 2004) and “emerge from statics unable to effectively use its ideas and methods to
solve engineering problems” (Steif & Dollar, 2005).

The high percentage of failure and dropouts was the motivation to initiate a change towards
active learning and Project Based Learning PBL, because as Kolmos (2010, p.3) says, change
could be based on “management and funding issues such as the possibility that PBL might
decrease drop-out rates and improve the percentage of students who finish their study on time”
and on the “improvement of quality of learning for students”.

To plan the change strategy in Statics courses, the specificities of the organizational culture
and the institutional norms that could impact the intervention were considered (Guzman et al.
2018).

Among the aspects related to organizational culture, the following should be mentioned:

- The Universidad Nacional de Colombia is the biggest public university of Colombia and
according to its mission, university students represent all the richness of Colombian
diversity.

- Some teachers misunderstood the academic liberty principle. For this reason, it is not easy
to establish guidelines, regarding the teaching practices and learning methodologies to be
applied or developed.

- For an institution with 150 years of tradition and customs inherited by generations of
teachers and students, there will be strong resistance to change some specific aspects,
such as lectures or outcomes assessment through the solution of end-of-chapter exercises.

- During the first years, engineering students receive courses in fundamental subjects from
teachers of the Faculty of Sciences. As part of their Faculty, these teachers have defined
their own methodologies, practices and, to a certain extent, the contents of the subjects,
exercising some degree of independence with respect to the guidelines and suggestions
from the Faculty of Engineering. Therefore, it could be difficult to count with their
participation when applying a longitudinal or transverse project.
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Among the aspects related to institutional norms, the aspects considered were:

- The structure of curriculum plans established in the academic reform of 2009 promotes
the flexibility. The prerequisites among subjects were minimized and the free election
component was created. As a consequence, each semester, the students can decide the
courses to take and, consequently, the number of academic credits to attend, thus it is not
possible to guarantee that two students, who are attending a course in a given academic
semester, coincide in other courses.

- The regulation states that “students could cancel courses freely, without any requirement,
before completing the fifty percent (50%) of the academic period” (Universidad Nacional de
Colombia, 2008). This means that, in the first half of an academic semester, students can
withdraw from a course, if they want it. The consequences of this institutional policy are
huge. For instance, in the Faculty of Engineering, students cancelled 2236 inscriptions
between the first and the eighth week of the second academic period of 2016.

The analysis of those aspects and their impact defined the fundamental guidelines of the
active learning mode selected. It was concluded that a pioneering experiment with modes of
active learning was not pertinent if it implies coordination between teachers of different
subjects, participation of students simultaneously enrolled in the same courses and inclusion
of all the courses of the semester of the curriculum plan. Considering this analysis, the
implementation of the intervention should be done gradually and without an abrupt break
with the university context mentioned. Flipped Learning approach was selected as intervention
because it promotes the active participation of the students (Willey & Gardner, 2016), critical
discussion (Papadopoulos & Santiago, 2010) and minimizes resistance to changes (Guzman et
al. 2018).

Thinking in the aforementioned problems (percentage of failures and dropouts, and learning of
fundamental concepts), an intervention with Flipped Learning was studied in a Statics course
of a third semester of the Civil and Agricultural Engineering program.

The study was focused on two aspects: students’ achievement levels (grade performance,
dropout rates, and failure rates) and students’ conceptual change. The research questions
were:

What is the effect of implementing Flipped Learning as teaching approach, on the students’
achievements levels in the Statics course?

What is the effect of implementing Flipped Learning as teaching approach, on the students’
conceptual change in the Statics course?

2 Research Methodology

In order to answer the research questions, the research design was quantitative. The
experiment, instruments and intervention are described in the following paragraphs.
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2.1 Experiment

In the experiment, the dependent variables were the students” achievement levels and the
students” conceptual change. The independent variable was Flipped Learning.

The active learning module designed, planned and implemented was framed in the
intervention in one group of Statics and one control group, both offered by the same teacher
during the second academic semester of 2017 (16 weeks). In the intervened group (IG), the
Flipped Learning approach was implemented. The control group was the non-intervened group
(NIG), which was offered in the traditional way. Some details of both groups can be seen in
Table 1, where the Grade Point Average (GPA) of each student is calculated as the average of
the numerical grades in a scale from 0 to 5.0 of all the courses taken (approved and non-
approved). The population and the sample were the students of both courses.

Table 1: Characteristics of both groups.

Group Students Classes time (GPA)
Intervened (IG) 33 16-18hr 3.4/5.0
Non-intervened (NIG) 33 9-11hr 3.8/5.0

2.2 Instruments

To determine the effect of Flipped Learning approach in the students’ achievement levels, the
data collected and used were the quantity of students” dropouts, the number of students that
fail the course, the GPA, the final grades and surveys.

To determine the students” conceptual change regarding statics concepts, the data collected
were the results obtained in the Statics Concept Inventory of Steif & Dantzler (2005), which
was applied at the beginning and at the end of the course. From the Concept Inventory (Cl), 21
guestions were selected, taking into account the themes covered in the courses.

2.3 The Flipped Learning Intervention

The intervention was carried out in three stages: First, the identification of the learning
outcomes; second, the definition of assessment methods; and third, the planning of learning
experiences and instruction.

Stage 1. Identification of the learning outcomes
For the identification of the learning outcomes, the curricular priorities of the course were

established, defining the “enduring understanding”, the concepts and procedures “important
to know and do” and “worth being familiar with” (Wiggins & McTighe, 1998).

According to the curricular priorities, the desired results were defined. Based on them, the

following learning outcomes were proposed:

- Students will be able to apply the understanding of equilibrium of forces, acting on
particles to determine what is required for a particle to be in equilibrium.
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- Students will be able to apply the understanding of equilibrium of forces and couples,
acting on rigid bodies to determine what is required for a rigid body to be in equilibrium
and to calculate the reactions in the supports and the internal forces and moments.

- Students will be able to apply the understanding of equilibrium of external forces, couples
and forces between bodies acting on a system of connected bodies to determine what is
required for the system to be in equilibrium, as well as to calculate the reactions in the
supports and the internal forces and internal moments for each body of the system.

Stage 2. Definition of assessment methods

To make a continuous assessment of the students' progress, students answered a conceptual
quiz for each new theme. Besides, workshops were carried out, where the students had to
pose the problem, apply the right concepts, find the numerical answers and write down a
report that was assessed by the teacher taking to account the procedures and the calculus
made.

Stage 3. Plan Learning Experiences and Instruction.

As part of the implementation plan, in the first session, the themes and the knowledge
learning outcomes were exposed to the students, as well as the assessment method and the
methodology.

With respect to the methodology, the Flipped Learning approach was explained with the skills
and competences included in the Program Educational Project (PEP) of the Civil and
Agricultural Engineering programs. It was emphasized that a prior preparation of new themes
by students and their commitment during the workshops were necessary to guarantee the
achievement of the academic goals.

In order to facilitate a conscious preparation, some materials were exposed in the Moodle
platform of the course. For each session, some pages of books that include explanations and
exercises solved and proposed were uploaded, thus the students could read and analyse them.
Additionally, PowerPoint presentations of each theme were prepared and animated so that
the students could review each “virtual class” as many times as they needed to study or
understand. Finally, some links of videoclips of the web with theory or exercises were chosen
to show different points of view or procedures of solution.

In the course sessions, concept quizzes related with the uploaded material were applied with
the purpose of stimulating that students prepare the subject before the session. Besides, the
students participated in workshops in groups where in most cases the students had to think
how to fulfil a real necessity formulated by the facilitator with the application of Statics. Then,
the students answered some questions related with the activity, did some calculus and wrote a
report of the exercise, that the facilitator reviewed in order to give them a feedback in the
next session. The members of the group were not the same in all sessions to foster the
integration of all students.
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3 Results

For the analysis, two samples have been selected. The first sample (Intervened Group - 1G)
included the results of 33 students, who were the total enrolled in the course with Flipped
Learning intervention, and the second sample (Non-intervened group - NIG) included 33
students, who were the total enrolled in that group.

3.1 Students’ achievement levels

To measure the students’ achievement levels, the percentage of failures, the final grades and
the dropouts were taken into account.

Percentages of failures
In the IG, all the students passed the course, while in the NIG, 9% (3 students) failed the course.
Final grades

A statistical analysis using Statgraphics software was performed. For both groups, the IG and
the NIG, the statistical summaries are presented in Table 2 and the Box and Whisker Plots, in
Figure 1.

Table 2. Statistical Summary of Final Grades.

Statistics Summary for final grade IG NIG
Count 33 33

Average 3,6 3,8

Minimum 3,0 2,2

Maximum 4,3 5,0

Range 1,3 2,8

Box-and-Whisker Plot

e —

3 33 3,6 39 4,2 4,5 2,2 2,7 3,2 3,7 4,2 4,7 5,2
100% o

a. b.
Figure 1. Box- and- Whisker Plot corresponding to Final Grade: a. IG b. NIG

The results show that the final grade average for the IG was slightly lower than the average of
the NIG (3,6 vs. 3,8). The range between the maximum and the minimum grade for IG was 1,3
while in the NIG it was 2,8. As it is possible to observe in the Box and Whisker plots, the
dispersion of the average in the IG was lower than in the NIG.

Other statistical aspects were also determined, such as the confidence intervals for final grades,
hypothesis related with normal distribution and normal probability plot. According to the
results, the average of the IG was 3,6+/- 0,1 while in the NIG was 3,8 +/- 0,3, both of them with
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a 95% of confidence interval. The statistical analysis shows that the data do not adjust to a

normal distribution.
Grade Point Average (GPA) and final grades in the Statics course

The statistical summary of the final grades and GPA for both groups can be seen in Table 3. In
the IG, the average in the final grade was higher than the GPA, while in the NIG, both averages
were equal. In the IG, the ranges of the final grade and GPA are similar; whereas in the NIG
group, the final grade range was the double of the GPA range.

Regarding the relationship between the final grade and GPA for both groups, it was found that
in the IG, 85% of the students had a final grade higher or equal than their GPA, while in the
NIG the percentage was 69%.

Table 3. Statistical Summary of Final Grade and GPA.

Intervened Group | Non-intervened Group
Final Grade | GPA | Final Grade GPA
Count 33 33 32* 32*
Average 3,6 3,4 3,8 3,8
Maximum 4,3 4,1 5,0 4,5
Minimum 3,0 2,9 2,2 3,1
Range 1,3 1,2 2,8 1,4
Standard Deviation 0,36 0,27 0,81 0,42

* One student of the NIG withdrew from the semester at the end of it
Drop-outs

In both groups, there were not dropouts. But, at the end of the year, the Faculty approved the
withdrawal from the semester to one student of NIG due to personal situation. This student
had already passed the course.

3.2 Students’ conceptual change regarding statics

The statistical treatment included 27 students of each group, who were the students that
answered the Cl at the beginning and end of the course. The test applied at the beginning of
the courses was called “Before” and the test applied at the end of the courses was called
“After”. In this case, the assessment considers the number of correct answers.

A comparative analysis of groups was carried out, in the following way:

- Comparison between before and after IG

- Comparison between before and after NIG

- Comparison of IG and NIG in the Before test
Comparison of IG and NIG in the After test

Table 4 shows the Statistical Summary of the number of correct answers of the Cl and Figure 2
depicts the Box and Whisker Plots.
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Table 4. Statistical Summary of Cl.

Count Average Standard deviation Minimum Maximum Range

NIG-Before 27 3,67 1,66 1,0 8,0 7,0
NIG-After 27 5,38 2,44 1,0 9,0 8,0
IG-Before 27 3,89 1,73 1,0 8,0 7,0

IG-After 27 4,81 2,27 1,0 10,0 9,0

Box-and-Whisker Plot

T T T v T T T
NIG-Before  — * |
NIG - After } + —
IG - Before — 4 |
IG - After p—— + |
1 i i i 1 " i " 1 i " " 1 " i " 1 " i " 1
0 2 4 6 8 10

response

Figure 10. General comparison of Cl Before and After

According to the analysis, no statistical difference was found among the average of correct
answers (neither the standard deviation) in the Cl at the beginning and the end of the course
for the IG.

Otherwise, a statistical difference was identified among the average of correct answers in the
Cl for the NIG. The number of correct answers was 3,67 +/- 0,66 at the beginning of the course
and 5,37 +/- 0,96 at the end of the course with a 95% confidence interval. The standard
deviation did not present a statistical difference.

Comparing the results of both groups for the Cl before and the Cl after, no significant statistical
difference was found.

4  Surveys

A survey corresponding to the evaluation of the methodologies was carried out at the end of
the course through a questionnaire for students of the intervened group and for the group of
professors who designed the intervention. This survey was designed based on the one
proposed by Gomez-Pablos et al. (2017) and adapted to the context of the Universidad
Nacional de Colombia and the Statics course. It allowed evaluating different indicators of the
different aspects about the intervention. To facilitate the quantitative analysis of the results, a
response scale ranged from 0 to 4 (0. Totally Disagree, 1.Disagree, 2. Neither agree, nor
disagree, 3. Agree and 4. Totally Agree) was applied.
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According to the survey, there was not any evidence of resistance to change from the lecture-
type classes to the Flipped Learning approach. The statistical mean for the answers of the
questions “The methodology promotes the active involvement in your learning process” and
“You had positive attitude during the development of the course” was higher than 3 (agree).

As a result of the intervention, the students considered that they improved their skills and
competencies such as: collaborative work (As a student, you... “assumed responsibilities in

4

group work”, “..had enough opportunities to interact and collaborate with your peers” and

“..were propertly integrated into your work group”); academic, digital and social skills (As a

student you developed... “creative ability”, “academic skills”, “digital skills”, and “emotional an
social skills); and autonomous learning (“As a student, you were autonomous in your learning”).

According to questions Do you think that the methodology... “..will Increase the teacher’s
workload in the preparation course phase” and “...will Increase the professor’s workload in the
development course phase” of the professor's final survey, the perception of the professors
involved in the experiment is that the Flipped Learning approach increases their workload.

5 Findings and conclusions

In this section, some of the findings and results of the implemented intervention and the
experiment carried out are discussed.

Regarding the experiment:

- No significant difference was found in the average of the final grades in both groups,
neither in the number of dropouts.

- The intervention implemented raised the average academic performance of the students
for the intervened Group with respect to their GPA.

- The gap between the highest and lowest academic performance, measured by the final
grades, was lower in the IG.

- The results of the ClI before and after for both groups did not have significant statistical
difference.
- According to the statistical analysis, in the IG, there was not any statistically significant

change between the results of the Concept Inventory applied at the beginning and the end
of the course. In the NIG, there was an improvement in this aspect.

Regarding the Flipped Learning implementation:

- Flipped Learning is based on the students' prior preparation of the content. Although this
methodology was novel for students who are used to lecture-type classes and review of
content after classes, there was not resistance to change.

- Proper preparation of a course with the Flipped Learning approach requires much time for
the development of materials, design of evaluations and assessment instruments, and
search of audiovisual resources. In future implementations, what has been achieved in this
experiment will be useful as a basis for future developments in this regard.

- The students of the IG considered that they improved their skills and competencies.
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- The perception of the professors involved in the experiment is that the Flipped Learning
approach increases their workload related to the preparation of the course and its
development.

- Part of the success of a Flipped Learning approach is the preparation of the material with
enough time to guarantee that the students could consciously study before sessions.

- The advantage of the Flipped Learning methodology is that the session time could be used
for peer learning activities as workshops developed by the students of the intervened
group all weeks.

- It is possible to integrate Flipped Learning with PBL because the time used for lectures in
classes could be use for planning, discussion and advance of the projects. During this
sessions the professor could play the role of facilitator.
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Abstract

In recent literature, socio-cultural scholars have argued that new forms of organising work within and across
organisations are emerging. Engestrom (2008) describes it in terms of ‘from teams to knots’ and in a recent
book Spinuzzi (2015) explores how some forms of work are carried out, not in stable teams inside an
organisation, but rather as temporary convenings or ‘adhocracies’ that are formed dynamically around
projects, to quickly disband and take their skills to new projects when the project ends. The value of these
adhocracies (or their ‘edge’) relies on their ability to form links both inside and outside an organisation. Both
accounts analyse how teams are becoming more dynamic, multidisciplinary and need to work across
organisational, as well as geographical boundaries in quickly changing configurations of people. Spinuzzi,
further argues how these changes are associated with new and emerging digital technologies, and how these
technologies change how we communicate, coordinate and collaborate. In this paper, we critically discuss
these conceptualisations in relation to long-term group work within the frame of problem and project-based
learning, as it is organised for example in Aalborg University. We explore what these changes might mean for
the competences students should acquire in relation to collaboration and working in teams, and how this
might impact on our understanding and design of problem and project based learning.

Keywords: Problem and Project Based Learning, digital technologies, collaboration, adhocracies

Type of contribution: research paper or conceptual paper.

1 Introduction

In recent literature, socio-cultural scholars have pointed to changes in how new ways of organising work are
emerging within and across organisations. In his book ‘All edge: inside the new workplace networks’ Spinuzzi
(2015) is exploring how stable organisational teams and divisions are increasingly supplemented by agile,
multidisciplinary, temporary teams that help organisations think and work across boundaries and tackle
complex problems that require drawing on different disciplinary skills and competences within an
organisation. These changes are also reflected in professional engineering practice and engineering
education, where there is an increasing awareness of the need for transversal competences. While
transversal competences are increasingly being recognised it is also clear that such skills are needed due to
the rising need for working in interdisciplinary teams:

“Presently, one of the major developments in engineering professions is the invention of integrated product
teams (IPT) and integrated product development (IPD), where processes of design, manufacturing and
marketing are integrated by bringing together interdisciplinary groups (including customers)” (Guerra, Ulseth,
Jonhson, & Kolmos, 2017, p. 1225)

These changes and challenges resonate well with Spinuzzi’s claim that stable organisational teams and
divisions are increasingly supplemented by agile, multidisciplinary, temporary teams, and Engestrom’s
conceptualisation of ‘teams as knots’ that need continuous tying and untying in the form of renegotiating
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tasks, focus and members. But how does it resonate with how we educate students for their professional
and civic life? In this paper, we critically discuss these conceptualisations in relation to long-term group work
within the frame of problem and project-based learning, as it is organised for example in Aalborg University.
We explore what these changes might mean for the competences students should acquire in relation to
collaboration and working in teams, and how this might impact on our understanding and design of problem
and project-based learning. We do so by initially presenting problem and project-based learning as it is
conceived and practiced at Aalborg University. We use this model as a case in point, but these discussions
are equally valid for similar orchestrations of problem and project-based group work. We then introduce the
ideas of ‘adhocracies’ and ‘knotworking’ building on the work of Engestrom (2008) and Spinuzzi (2015) and
we contrast and compare these ideas with how problem and project-based work is organised. We do so by
drawing out seven dimensions highlighting differences in how collaboration is perceived from these two
perspectives. In the section following, and before the final discussion, we add some nuance to our initial
characterisation of problem and project-based learning as practiced in Aalborg University. We conclude by
discussing how the seven dimensions identified might be helpful in challenging our current understanding of
collaboration within PBL, and how they might help us to conceptualise and design novel PBL models and
forms of collaboration.

2 Problem and Project Based Learning - The Aalborg PBL model

In Aalborg University (AAU) a particular PBL model has been employed as a University-wide pedagogical
approach since the University’s inauguration in 1974 (Kolmos, Fink, & Krogh, 2004). This model has more
recently been formally described in a number of principles (Aalborg University, 2015):

e The problem as point of departure

e Projects organised in groups

e The project is supported by courses

e Collaboration — groups, supervisor, external partners
e Exemplarity

e Student Responsibility for learning

These principles underpin how PBL is practiced at AAU (although with some variance across the different
programmes). In practice, this means that students each semester: work in groups; identify their own real-
world, societally relevant problems to address (often with external stakeholders); engage in long-term
collaboration (3-4 months) where they - together with a supervisor - choose relevant theories and methods;
carry out empirical and theoretical studies; analyse and discuss empirical data and/or theories to address
their problem. The ‘solution’ to the problem is disseminated in a final project report that accounts for
(typically) half of the students’ credit for a semester (15 ECTS). Thus, it is a pedagogical model, which is heavily
participant-driven, collaborative and problem-oriented and is inspired by the work in critical pedagogy (e.g.
Paolo Freire and Oscar Negt). The model operates at a programme and semester level, rather than being
confined to an individual course. This means that the model is implemented at a systemic level where it
pervades the organisation of the entire curriculum of an educational programme. This affects the design of
relations between courses and project work within a semester, as well as the physical architecture of the
university. For example, students should - ideally - have their own group room or space.

It has often been argued —and shown —that this particular pedagogical orchestration is well-suited to support
students in acquiring transversal competences such as communication, collaboration, critical thinking and
problem-solving skills (Du, Emmersen, Toft, & Sun, 2013; Guerra et al., 2017). While we do not fundamentally
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disagree with this, our purpose in this paper is to critically discuss this orchestration of work and highlight
some challenges it is facing. For one thing, it is worth noting that students work together in the same group
over a lengthy period, and in some cases have access to a group room or group space meaning that the
students often work physically co-located. Secondly, while students have other priorities and tasks, their
main focus for the extended period of time is the collaboration around a single project where the ‘team’ is
stable. Thirdly, although the Aalborg PBL model emphasises interdisciplinarity, it does so mainly through
students within a programme adopting theories or methods from different disciplines rather than groups
that are formed as inherently inter- or multidisciplinary. While arguably the students are developing very
important competences for their future professional and civic life, we would argue that some emerging
trends within both work and learning are challenging this particular orchestration of work and suggest that
we may need to reflect on how we can develop new forms and models for problem and project-based work,
which can supplement the existing.

3 Adhocracies and knotworking

In the book ‘from teams to knots’ Engestrom (2008) argues how historically new modes of work are emerging
and thus changing how we should understand the notion of ‘teams’. Much in line with the previous quotation
from (Guerra et al., 2017, p. 1225) he explores how “processes of design, manufacturing and marketing are
integrated by bringing together interdisciplinary groups (including customers)” through the notion of ‘co-
configuration’ adopted from (Victor & Boynton, 1998), and — as we shall return to — the idea of ‘social
production’:

“Unlike previous work, co-configuration never results in a “finished” product. Instead, a living, growing
network develops between customer, product, and company. (Victor & Boynton, 1998, p. 195)

Engestrom defines six criteria of co-configuration work as an emerging new form of work and production:
“(1) an adaptive product or service; (2) a continuous relationship between the customer, product/service,
and company; (3) ongoing configuration or customization; (4) active customer involvement; (5) multiple
collaborating producers; and (6) mutual learning from interactions between the parties involved.”
(Engestrém, 2008, pp. 195—-196). In such a landscape, Engestrom argues, the notion of relatively stable teams
with clear boundaries becomes problematic, if not obsolete (p. 192), and suggests that stable teams might
be just one type of collaboration among a multitude of more fluid forms (p. 194). Further, he discusses how
such teams are increasingly internetworked, global or virtual teams whose collaboration are mediated by
digital technologies. In understanding how such teams learn and collaborate, Engestrom turns to the notions
of ‘knots” and ‘knotworking’:

“The notion of knot refers to rapidly pulsating, distributed, and partially improvised orchestration of
collaborative performance between otherwise loosely connected actors and activity systems. Knotworking is
characterized by a movement of tying, untying, and retying together seemingly separate threads of activity.”
(Engestrém, 2008, p. 194)

What we notice here, is how the locus of collaboration and learning moves away from being primarily a
property of a stable team towards a notion of collaboration and learning that explores improvisation and the
bringing together of loosely connected actors and activities where there is no ‘center’ of activity. This form
of collaboration Engestrém further explores through the notion of ‘social production’ or peer-production,
which are forms of collaboration existing outside formal organisations and are (often) oriented towards
production of ‘public goods’. To exemplify such types of production Engestréom refers to open source
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development, the free science movement and Wikipedia. These are forms of collaboration, which have also
been referred to as mass-collaboration (Ryberg, 2018 in press). Mass collaboration is a more diffuse,
uncoordinated mass of people contributing individually or in clusters to sustained or more ephemeral
constructs. Examples of sustained mass collaborations could be open source development communities or
the distributed maintenance and development of Wikipedia pages. However, they can equally be of a more
ephemeral nature where there is a short-lived activation of massive participation across many networks. For
example, multiple people congregating around a particular hashtag on social media, such as #metoo to
debate, share, illustrate gender inequality and sexual harassment. In both cases, the notion of ‘collaboration’
does seem to become a bit stretched, but the examples illustrate emerging forms of orchestrating ‘working
together’ via diffuse networks mediated by digital technologies.

Particularly, the aspects of digitally mediated collaboration, coordination, and communication are brought
to the fore in Spinuzzi's (2015) idea of all-edge adhocracies. Spinuzzi studies and analyses how small
contractors work and show how these contractors, which are in reality often one-person firms, take on larger
projects of e.g. website development, but then dynamically and ad-hoc bring together a distributed team of
people to tackle the concrete project; thus, they are able to:

“[...] able to rapidly link across organizational boundaries, combine into temporary work groups, swarm a
project with a team of specialists, and disperse at the end of the project, often to re-form in a different
configuration, with some different members, for the next project” (Spinuzzi, 2015, p. 2)

This is a form of work that is both developing inside organisations, as a way of dealing with the challenges
outlined above, but equally a type of work an increasing number of people within the academic workforce
are engaging with, as it offers flexibility and self-management over being part of a larger organization. This
type of work, Spinuzzi argues, has predominantly been enabled by information- and communication
technologies and the ability to coordinate, communicate and collaborate via numerous — often ‘free’ — social
media or web 2.0 tools that exist as alternatives to the large corporate groupware or enterprise systems that
were previously a condition for engaging in distributed work. Instead, Spinuzzi studies how dynamic teams
with shifting membership, create particular and singular constellations of technologies (Rossitto, Bogdan, &
Severinson-Eklundh, 2014; Spinuzzi, 2015) for the project at hand, and how the ‘project managers’ engage,
not with a stable team, but rather a loosely connected ‘knot’ to borrow the term from Engestrém, or that
which Spinuzzi refers to as all-edge adhocracies. Further, many of these project managers are engaged in
simultaneous projects with different constellations of people and technologies. In both these accounts, we
see a move away from understanding the ‘core’ of a group or team i.e. their inner dynamics and negotiations,
to study rather their relations at the ‘edges’ and how they are related to other ‘knots’. As such, some
contrasts and differences start to emerge if we look at the conceptualisations of teams or groups between
the Aalborg PBL model and the notions of adhocracies and knotworking.

4 Contrasts and differences

In the following, we draw out some contrasts and differences that emerge from comparing the AAU-PBL
group model with the conceptualisations highlighted by Engestrom and Spinuzzi. We do so by returning to
some of the characteristics previously highlighted in relation to the Aalborg PBL model. In doing so, we are
necessarily reducing the variation and complexity underpinning the model, how it is adopted across the
university, as well as how students work in practice. We initially highlight and discuss some overarching traits
of the model, to which we shall subsequently add more nuance. Further, we stress that we do not see these
discussions as related to only this particular model, but equally to other orchestrations of PBL that bears
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resemblance to the Aalborg PBL model i.e. a strongly-tied collaboration in smaller groups over an extend
period of time focusing on a particular problem and/or project. In this sense we treat the model as a wider
example of a ‘small-group’ model of work and learning (Damsa, 2014).

As we noted, the PBL - or small-group model - rests on students working on a single project, in a stable,
monodisciplinary group over an extended period (3-4 months). The work is often co-located with students
occupying the same room or space. Their collaboration is strongly tied, and there is a high-level of mutual
dependence within the group. In contrast to this, we can glean from Spinuzzi and Engestrom’s
characterisations of work and collaboration that other features of ‘team-work’ are starting to emerge. These
are characterised by unstable or dynamic membership, shorter-lived processes, parallel engagements, and
interdisciplinarity. Further, the progress is not only driven by the individual group or the center, but rather is
fuelled by work at ‘the edge’ or periphery where multiple strands of activities and actors across different
knots continuously need to be tied, untied and re-negotiated. As such, there is no ‘center’ which is in full
control of the direction and development of the work. Rather this is negotiated amongst actors in a wider
network. In addition, these forms of work can take place at different levels of scale, where participants can
be part of ‘greater wholes’ or ‘mass collaborations’ such as developing complex open source software in a
larger, distributed network possibly composed of smaller, agile teams.

In the following we draw out some central dimensions of these two types of collaboration and discuss them
further:

Expertise — monodisciplinary vs interdisciplinary: In the AAU-PBL model the dominant mode of work is carried
out by monodisciplinary groups of students within the same educational programme. While the group can
draw on theories and methods from multiple disciplines, they are not as such an interdisciplinary team, and
their main objective is not to function as such, but to complete a project within a particular
programme/discipline. In contrast, adhocracies and knotworking processes are characterised by being
formed as and function as interdisciplinary teams and their capacity to function are dependent on the
individual actors bringing their unique perspective into the process and negotiating these with the other
members.

Membership and scale of collaboration: stable vs dynamic: In the AAU-PBL model membership in the group
and the scale of collaboration is stable throughout the entire process, whereas in processes of adhocracies
and knotworking members may dynamically change over time and the scale of collaboration can shift
between few members to involving wider and more complex networks. For example, in mass-collaborations
participants may join to solve a particular sub-tasks and then leave again, and there may be shifts between
working in smaller teams and in wider networks.

Space: Co-located vs distributed: In the AAU-PBL model members are often co-located occupying a shared
room/space or convening when possible for large parts of the collaboration. In processes of adhocracies and
knotworking participants are often geographically dispersed or engaged in other activities, and thus bound
together via digital technologies for large parts of the collaboration.

Decision making: central vs. distributed boundary work: In the AAU-PBL model students have a high- degree
of autonomy and decisions are negotiated within the group, whereas in processes of knotworking and
adhocracies decision making can be of a more distributed nature reconciling perspectives across different
actors and activities i.e. involving more stakeholders than a small group.

Collaborative orientation and dependencies: internal/inward vs edge/outward: In the AAU-PBL model group
members are primarily oriented towards their own common project and are highly dependent on the internal
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collaboration and coordination in the small-group. In contrast, adhocracies and processes of knotworking are
oriented towards the periphery, are dependent on other actors and activities, and their success depends on
being able to work at the ‘edge’ by continuously negotiating with neighbouring activities and crossing
boundaries.

Task focus: Singular vs parallel: In the AAU-PBL model the task focus is on the concrete problem-based project
work and this is the primary focus. In processes of knotworking and adhocracies there may be multiple,
conflicting projects in play or separate activities that need to be tied together.

Temporality: extended and fixed vs shorter-lived or dynamic: In the AAU-PBL model, the collaboration usually
is performed within an extended and fixed period of e.g. 3-4 months, whereas in adhocracies and
knotworking activities may be shorter-lived bursts, intense and dynamic or take forms where the
collaboration lies dormant for a while to re-ignite.

Clearly, contrasting the two illustrate very different types and conceptualisations of collaboration. While
there are great learning benefits associated with the small-group PBL model, in terms of developing
competences (such as collaboration, critical thinking, problem-solving, problem identification and project
management) the AAU-PBL model also favours particular modes of collaboration leaving other areas less
explored. In saying so, we should remain conscious that the notions of adhocracies and knotworking are not
‘pedagogical models’, but analytic observations of patterns of collaboration observed in various
organizational and work-related contexts. Nevertheless, these conceptualisations do illustrate glimpses of
emerging forms of learning and work in the contexts we wish to prepare students for within engineering
education and higher education more broadly. The comparisons can thus provoke us to ask critical questions
such as: Do students gain sufficient experience working in interdisciplinary groups? Are students sufficiently
prepared to work in contexts with multiple loosely connected stakeholders that are geographically dispersed?
Are students able to alternate between working in small-groups and larger networks and in dynamic
constellations of people? More broadly we could ask whether the competences acquired through small-
group work are applicable and transferable to processes of knotworking and adhocracies? As Engestrom
argues, small-group work or stable teams might be just one type of collaboration among a multitude of more
fluid and dynamic forms of collaboration. The question is whether students gain sufficient experiences and
competences with varying types of collaborative engagements?

However, as earlier indicated, we have deliberately reduced the variations and complexities underpinning
the AAU-PBL model in these comparisons e.g. how it is differently adopted across the university, and how
students work in practice. In the following section, we therefore add some nuance and present examples of
practices where students engage in activities bearing some resemblance to processes of knotworking and
adhocracies, particularly including their use of digital technologies.

5 Nuances and variations - nomadic groups and digital technologies

For one thing, it is worth noting that many students do gain experiences with interdisciplinary work. Often in
Master programmes, the participants come from widely different disciplinary backgrounds, and students
have opportunities to engage with events such as case competitions (http://www.aaucasecompetition.dk/)

where they work intensively for two days in interdisciplinary groups to address a challenge or case from an
industry partner. Another example is the DADIU event where students from art schools and universities work
with interdisciplinary game development during an entire semester (http://www.dadiu.dk). Further, there
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are examples of semesters where students alternate between small-group work and engaging with the whole
cohort as a learning network (Ryberg & Davidsen, 2018).

However, more importantly, we wish to highlight how the daily work of students bear some resemblances
to processes of adhocracies and knotworking. Particularly in their use of digital technologies as part of the
problem and project-based group work. In a series of studies, we —and others — have investigated students’
use of technologies in relation to group work (Guerra, 2015; Khalid, Rongbutsri, & Buus, 2012; Rongbutsri,
Forthcoming; Rongbutsri, Khalid, & Ryberg, 2011; Ryberg & Davidsen, 2018; Ryberg, Davidsen, & Hodgson,
2018; Sgrensen, 2018; Thomsen, Sgrensen, & Ryberg, 2016) and in the following we briefly discuss some of
the results and insights.

While students’ group work is often co-located, it is at the same time heavily underpinned by digital
technologies. In writing and managing their projects, students commonly use Google Docs/Office 365 for
collaborative writing; Dropbox/Onedrive for file-sharing; Facebook for internal communication and
coordination in the group; MeisterTask or Kanbanflow for project and task management; Skype/Hangouts
when they are not able to meet. In this sense, the groups resemble the adhocracies described by Spinuzzi,
where they negotiate a potential constellation of technologies (Rossitto et al., 2014; Spinuzzi, 2015) for their
particular project — a constellation that might change over time as new technologies are brought in,
experimented with and adopted or discarded (Rongbutsri, 2017). This is a process we have previously
described as ‘the orchestration of multiple technologies’ (Ryberg et al., 2018). The constellations of
technologies are flexible, dynamic and characterised by adopting ‘freely’ available social media tools (or the
Microsoft tools provided by the institution). They are light, flexible packages composed of several tools rather
than ‘professional’ groupware or enterprise systems (students can even find such solutions cumbersome and
overwhelming (Sgrensen, 2018)). In this way, students experiment with a variety of digital technologies to
support their group work over time and although students tend to cling to particular tools they know, some
changes occur over time as students come into new groups and need to negotiate a new constellation of
technologies (Sgrensen, 2018).

In our studies of groups, we have equally found that many student groups are what we have termed
‘nomadic’ (Ryberg et al., 2018); these are groups who have no common permanent group room or space,
and therefore need to reserve group rooms for shorter periods of time (two hours), work in the hallways,
cantina, libraries, cafes or at home. These groups often work in more distributed ways where they alternate
between occasional group meetings and working individually coordinating and communicating via their
selected communication and collaboration tools. For these groups in particular they continuously engage in
the ‘orchestration of work phases, spaces, and activities” (Ryberg et al., 2018), where they on a daily basis
need to make decisions of where and how to work. Do they need a common, quiet space, can they use the
cantina, should they work individually from home and coordinate online? Such decisions are taken ad-hoc in
the group and depend also on which phase they are in their project e.g. do they need to discuss the overall
direction of the project and write closely together, or can they read the material and write independently?
This was also a pattern observed with groups having their own spaces. They would often change
constellations and break into smaller groups, do some work and congregate later. As with the nomadic
groups their planning of activities and tasks was dynamic and agile and while they do have longer-terms plan
for their work, it was also characterised by ad-hoc planning and flexibility depending on the situation at hand.
With this, we want to draw attention to the fact that although the groups are stable, and the time-period is
fixed, the groups also work and attune themselves to shifting conditions and tasks; break into smaller groups
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to work for a period of time on shorter-lived task, untying and tying together again different activities, doing
fieldwork, experiments, interviews etc.

In this way, the groups’ practical day-to-day work bear resemblance to the adhocracies described by Spinuzzi,
and the ‘knotworking’ together of different strands of activities and actors. We believe this needs mentioning
to counterbalance the initial diagnosis that could leave the reader with the impression of PBL group work as
a static, stable phenomenon with clearly described roles, functions, tasks. When zooming in on the everyday
group work we do see a myriad of knotworking like practices that in many ways —on a micro-scale — function
as quite dynamic adhocracies. However, there are some traits of adhocracies and knotworking that are not
present in the current practice which are worth exploring to guide reflections on new ways of practicing PBL.

6 Final discussion

In comparing and contrasting the AAU-PBL model (or widely: small-group PBL work) with the notions of
adhocracies and knotworking some markedly different dimensions emerge. Dimensions which can provoke
critical questions in relation to how we are currently practicing small-group PBL. These are the dimensions of
mono-disciplinarity vs. interdisciplinarity;, membership and scale of collaboration; Space - co-located vs
distributed; Decision making — central vs. distributed boundary work; Collaborative orientation and
dependencies — inward or outward; Task focus: Singular vs parallel; Temporality — extended and fixed vs
shorter-lived or dynamic. Bringing out these contrasts, we can begin to ask questions such as: Do students
gain experiences with distributed, interdisciplinary work? Do students gain experiences working in more
complex networks of decision making and collaboration where the locus of control is distributed amongst
different stakeholders? Do students find themselves in situations where the collaborative orientation and
dependencies extend beyond the individual group and into larger more complex networks or mass-
collaborations that need to continuously ‘knotwork’ together different strands of activities and actors? Do
students attain experiences with short-burst, intensive forms of mass-collaboration where a large number of
participants co-construct, in a distributed manner, a shared ‘product’ or solution? Are students exposed to
working on multiple parallel projects that require coordination amongst several overlapping and conflicting
stakeholders?

We do not raise these questions to suggest that the current PBL practice is obsolete and should be completely
re-designed. Rather we suggest that we could begin to work with designing modules or semesters that
features other forms of collaborative engagements than primarily small-group PBL work. The small-group
PBL work does provide students with valuable competences in terms of collaboration, critical thinking,
communication, project management etc. and as we have highlighted in the section on nuances and
variations, the actual practices of small-group work do carry some resemblance to the notions of adhocracies
and processes of knotworking. Students’ work is heavily underpinned by a variety of digital technologies and
the work is characterised by a certain agility, flexibility and ad-hoc planning encompassing - in a micro-
perspective —also processes of knot-working where different actors and activities are tied together. However,
particularly the dimensions of decision making, the collaborative orientation, membership and scale of
collaboration remain within the boundaries of the (monodisciplinary) group. The groups can be viewed as
relatively stable, autonomous units that do not rely on interaction across boundaries. Nor do the individual
units’ work feed into, or need to be coordinated with, a larger, more diffuse and geographically distributed
network of actors and activities. We conjecture that designing for such experiences might strengthen,
broaden and extend the collaborative competences students develop through the existing forms of small-
group PBL, and we believe the seven dimensions we have identified by contrasting and comparing the AAU-
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PBL model with notions of knotworking and adhocracies can be helpful as conceptual tools to design and
craft new models and ideas for collaborative engagements that expands the scope of the small-group PBL
orchestrations.
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Abstract

This paper explores and discusses the connection between student engagement and study intensity,
particularly in relation to flipped curriculum initiatives in problem-based learning (PBL) environments.
Drawing from educational psychology and motivational theory as well as empirical findings from the PBL
Future Project and two flipped curriculum case studies at Aalborg University suggesting students’ experience
of study intensity and engagement might not necessarily correlate in flipped classroom and peer-learning
approaches, the paper proposes a differentiated approach to assessing participation in and quality of study
activities, particularly in the development of future innovative flipped and blended-learning PBL scenarios.
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1 Introduction

In Denmark, the terms student engagement and study intensity are often used interchangeably, however
whereas the intensity of studying, referring to the total amount of time spent studying including preparation
and project work (The Danish Evaluation Institute EVA, 2016), might be an indicator of motivation, student
engagement is a much broader term understood as behavioural, emotional and cognitive engagement in
studies (Trowler, 2010). In addition, it is commonly known from motivational theory that the personal
experience of time spent on engaging and immersive activities is somewhat distorted (Csikszentmihalyi,
1997). Thus, the increasing attention to study intensity in quality assessments of courses and curricula as well
as in the self-evaluation and accreditation of study programs and institutions poses certain challenges,
particularly within a problem-based learning environment that emphasises self-directed learning through
problem-based project work.

This has initiated discussions and developments of new study activity models across educational institutions
to increase students’ and teachers’ awareness of and support reflections regarding all study activities taking
place in problem-oriented and project-based learning environments. However recent research on flipped
classroom initiatives at Aalborg University (AAU) as part of The PBL Future Project suggests that new blended
teaching methodologies and student-centred approaches to learning such as flipped classroom might
increase the complexity even further by intensifying this seemingly inverse correlation between student
engagement and experiences of time spent studying (Bertel, 2017). Thus, whereas student-centred learning
is generally argued to increase study intensity (EVA, 2016), our research suggests that successful student-
centred and self-directed designs for learning may reduce the visibility and awareness of study intensity, thus
requiring new evaluation methods with regard to student engagement and quality assessment of such
initiatives.
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The purpose of this paper is to present the preliminary findings from a cross-case study on flipped curriculum
initiatives at AAU and discuss their implications in relation to different perspectives on the relationship
between student engagement and study intensity as well as in relation to the assessment of new, blended
and often asynchronous teaching and learning approaches. In the following we will discuss the terms study
intensity and student engagement more in depth, particularly in relation to educational psychology and
relevant motivational theory. This is followed with an introduction to the PBL Future Project and the
particular subproject dealing with flipped blended learning strategies, and findings from cross-case study on
existing flipped curriculum initiatives at AAU are presented. These findings and their implications in relation
to the development of an AAU study activity models as well as the assessment of such study activities are
discussed and directions for future work is proposed.

2 Study Intensity vs. Student Engagement

The term study intensity refers to the total time the student use in their studies and is considered an
important indicator of student motivation and learning impact, i.e. high study intensity leads to high
motivation and learning, whereas low study intensity leads to lessened motivation and learning and perhaps
even increased drop-out rates (The Danish Evaluation Institute EVA, 2016). Suggestions to increase study
intensity include efforts in the commencement of study, explicitly estimating the expected time used for
studying in a course or a program, monitoring actual time spent studying (e.g. inspired by Studiebarometeret
in Norway) as well as active, student-centered learning methods and feedback. More frequent exams are
also considered an effective way of increasing study intensity (EVA, 2016).

In the quality assessment and accreditation of higher education programs and institutions the student full-
time equivalent (FTE) is often used for measuring the activity of full-time programs. 1 student FTE is defined
as study activity corresponding to the workload of one academic year and is equivalent to 60 ECTS points
(with 1 ECTS point corresponding to 28 hours). A recent Study Environment Evaluation at AAU from 2016
showed a great diversity in the amount of time spent on studying (see figure 1) with most students (25%)
responding they spent 36-40 hours on studying pr. week but with a 49/51 percent distribution of students
who responded they spend less or more than 36 hours, respectively (Dissing & Haslund, 2016).
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Figure 1: Total time (hours) spent on an entire semester (Dissing & Haslund, 2016).
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The evaluation also demonstrated great diversity in the distribution of time spent studying throughout the
semester (see figure 2) across faculties (Dissing & Haslund, 2016).
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Figure 2: Time distributed throughout the semester on the faculty of Health Science (SUND), Science and Technology
(TEKNAT), Social Sciences (SAMF) and Humanities (HUM), respectively. (Dissing & Haslund, 2016)

This indicates differences between Health/Science/Tech faculties and Social Sciences/Humanities with regard
to distribution of workload and study intensity throughout the semester, with increased study intensity at
the end of the semester on Health/Science/Tech study programs e.g. for exam preparations in comparison
to Social Science/Humanities, which in contrast has a higher study intensity at the beginning of the semester,
e.g. in relation to courses.

When it comes to student engagement, the general guidelines regarding study intensity and its relation to
student engagement as proposed by e.g. EVA, refer to the ‘Student Engagement Literature Review’ from
Lancaster University (Trowler, 2010), which defines student engagement as:

“...concerned with the interaction between the time, effort and other relevant resources
invested by both students and teachers and their institutions intended to optimise the
student experience and enhance the learning outcomes and development of students

and the performance, and reputation of the institution.” (Trowler, 2010: 2)

Whereas the term study intensity seems to reduce engagement to time spent on studying, Trowler’s
approach to student engagement represents a much more holistic approach and involve both a behavioral,
emotional and cognitive dimension of engagement, drawing from both Fredricks, Blumenfeld and Paris (2004)
and Bloom (1956):

1. Behavioral engagement understood as attendance and involvement;

2. Emotional engagement understood as affective reactions such is interest, enjoyment and sense of
belonging; and

3. Cognitive engagement understood as investment in learning, seeking to go beyond the requirements
and relishing challenge.

According to Trowler, these dimensions can have both a ‘positive’ and a ‘negative’ pole, each of which
represents a form of engagement separated by non-engagement (withdrawal or apathy), thus one can
engage either positively or negatively along these dimensions and e.g. behavior that could be considered
disruptive, delaying or obstructive could also be considered a certain form of engagement (Trowler, 2010: 7).
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2.1 Emotional and Cognitive Engagement - Theoretical Perspectives

Whereas behavioral engagement (whether positive or negative) is included in the understanding of study
intensity, emotional and cognitive engagement is not as easily quantified. Drawing from educational
psychology and motivational theory, particularly Self-Determination Theory (Ryan & Deci, 2000) as well as
Flow Theory (Csikszentmihalyi, 1997), what further complicates the relationship between these types of
engagement and the experiences of study intensity is, that high levels of emotional and/or cognitive
engagement might affect the students’ understanding of what is considered ‘work’ (i.e. study activities) as
well as their experience of ‘time’ (i.e. study intensity).

Self-Determination Theory (SDT) as a formal theory defining intrinsic and varied extrinsic sources of
motivation in cognitive and social development is often applied to education, empathizing the individual’s
experience of autonomy, competence, and relatedness to foster volition and high quality forms of motivation
and engagement in activities, including enhanced performance, persistence, and creativity (Ryan & Deci,
2000). Csikszentmihalyi’s Flow Theory connects this motivation-dimension to cognitive engagement, since
motivation is not just a result of expected pleasure or pain, but rather mediated by perceived challenges and
skills to perform the activity (Csikszentmihalyi, 1997). Engaging just-manageable challenges and continuous
feedback about progress may facilitate a subjective state with intense concentration and a sense of capability,
a merging of action and awareness and distortion of temporal experience and an experience of the activity
as intrinsically rewarding (Nakamura & Csikszentmihalyi, 2014). Based on this, the flow model (see figure 3)
describes different stages of cognitive engagement and their connection to emotional states:

High

Challenges

Low “ Skills " High

Figure 3: The Flow Model (Csikszentmihalyi, 1997)

From the perspective of Self-Determination and Flow Theory, emotional and cognitive engagement is not
inherently “intrinsic” or “extrinsic” but contextually embedded and mediated by social relations and
experiences of self-efficacy and self-determination. Thus, engaging in team-based project work based on
problems that the students themselves determine might in some cases blur the lines between what is
considered ‘studying’ (extrinsically motivated e.g. by exams) and what is considered necessary actions in
pursuing a specific, intrinsically motivated goal (individual or determined by the group). Thus, extra-curricular
and self-study activities such as company visits and engaging with external stakeholders might not initially be
perceived as a study activity unless it is explicitly required of the students. In extension of that, engaging in
problem-based project work will also in many cases involve varying degrees of immersion and flow
throughout different phases of the project, thus although students might consider for instance the writing
process a study activity, their experience of the time spent especially in the final stages of writing up the
report, they may not always be aware of how much time is actually spent during these phases.
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2.2 Study Intensity and Student Engagement in a PBL Environment

This poses particular challenges to PBL environments that seek to support students in taking responsibility
for their own learning through active learning methodologies such as project work and blended learning
activities, since although research shows that PBL can enhance experiences of Self-Determination and
cognitive engagement (Rotgans & Schmidt, 2011), this might not translate into a reported increase in study
intensity. Similarly, increasing the number of traditional lectures and tests might enhance the students’
awareness of how much time they spend studying and thus increase the reported study intensity, however
this would not necessarily be a valid indicator of neither engagement nor learning.

At AAU, PBL is implemented at institutional level which means all study programs involve problem-based
project work and take departure in PBL principles that constitute the Aalborg PBL model (Aalborg University,
2015), thus although PBL is practiced slightly different across faculties, departments and study programs,
they generally share a focus on students’ contextual problem understanding, team-based and self-directed
learning as well as interdisciplinary and exemplary project work supported by courses (Kolmos & Graaff,
2014). Consequently they also share the common challenge of ensuring the consistency and sustainability of
these PBL principles, skills and competences in the development of next generation blended PBL learning
models and principles at AAU.

Thus, the former mentioned Study Environment Evaluation (Dissing & Haslund, 2016) gives rise to discussions
about study intensity both in relation to student awareness and visibility of study activities as well as to the
continuous development of problem-based designs for learning that are engaging. This initiated a process of
developing a study activity model to support increased visibility of study intensity and new PBL research
initiatives was launched, both situated development projects that explore and evaluate novel, active teaching
methods and a larger research project ‘PBL Future’ that aims to systematically investigate PBL practices and
potential future scenarios across faculties, departments and study programs at AAU (PBL Future, 2017).

3 The PBL Future Project

This extensive cross-faculty research initiative aims to develop research-based directions for problem- and
project-based learning in a digital age (PBL Future, 2017) and encompasses five subprojects covering diverse
aspects of PBL related to (1) problem design and analysis as a social practice, (2) students’ use of ICT for
collaborative learning, (3) supporting student reflections regarding life-long learning competencies and
individual learning trajectories, (4) flipped curriculum and innovative technology-supported designs for
learning, as well as a (5) baseline study covering existing practices of and attitudes towards PBL at AAU,
including a comprehensive student- and staff survey as well as a mapping of local faculty development
projects, resources and planning processes in relation to curriculum design and scenario development,
implementation and transition into the future of PBL in a digital and post-digital age.

3.1 Flipped PBL Curriculum

The traditional approach to Flipped Classroom as “inverting the classroom” (Lage et al, 2000) has been further
elaborated in recent years, extending the understanding of the flipped “classroom” as one specific approach
to blended active learning, where students use e.g. online materials and ICT tools to prepare for classes and
engage in workshop, discussion groups and peer-learning activities rather than traditional lectures (Jenkins
et al., 2017) to expand the idea of “flipping” classroom activities to flipping entire semesters and curricula to
meet students’ needs and expectations regarding the integration of digital tools and digitized learning
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environments in their education and to facilitate pedagogical innovations taking advantage of Massive Open
Online Courses (MOOCs) and Open Educational Resources (OERs) in problem-driven and open exploratory
processes negotiated amongst students, teachers and supervisors (Ortiz, 2016).

At AAU, several small-scale flipped classroom-experiments have been carried out continuously, however
these initiatives are seldom internally coordinated and have yet to be systematically studied and
disseminated both internally in the organization and externally to relevant stakeholders. Thus, the PBL Future
research initiative includes an initial analysis of current initiatives involving flipped classroom/curriculum and
blended learning elements at AAU, identifying potentials and barriers and relevant aspects related to the
efficiency and quality of the teaching and supervision as well as student engagement in flipped learning
processes. This involves several case studies across faculties, departments and study programs of which two
will be presented here.

Flipped Curriculum Case Studies

The goal was to design and evaluate a number of PBL practices that radically change the relationship between
and organization of courses and project work an integrate new ICT skills into the programs, where entire
modules and semesters in two teaching cases were redesigned to accommodate a more problem-oriented
approach in which formulated problems to a large extend were determining for course- and material
selections made by the teachers rather than vice versa.

The first case involved a 6 week, 10 ECTS module at 5" semester Communication and Digital Media, in which
63 students and a team of three teachers participated. In the module, the students were to design, execute
and evaluate a 2-day workshop for 1 semester students on a self-chosen IT tool, working creatively with the
development of relevant ICT skills and digital competency in an academic PBL practice under the guidance of
a supervisor and completed with an oral exam based on a project report. The flipped curriculum concept was
implemented so that the lecturers made relevant literature, assignments, short streamed lectures (via
YouTube), and links to lectures by other academics available online. Face-to-face time between teachers and
students was organized as short lectures, but mostly as workshops and discussion groups, with a specified
weekly structure of introduction on Mondays, workshops on Tuesdays, literature discussions on Wednesdays,
preparation and production of digital products on Thursdays and feedback and supervision on Fridays.

The second case involved the integration of a 5 ECTS course into a 15 ECTS project module at the 1°t semester
Master Program in Networks and Distributed Systems involving approx. 15 students and two teachers. The
course is traditionally close to the project unit and is usually examined through mini-projects. The course
structure was reorganized in modules that were planned and prepared after and in alignment with the
students’ choice of problem, and the deliverables in each module integrated into the semester project report.
The course was organized in a number of themes, each topic containing a combination of online material,
workshops and either a mini-project or a presentation on which the students received feedback from both
teachers and fellow students. The examination was integrated into the project exam with a separate pass/fail
assessment.

The purpose of doing a cross-case study was to explore possibilities and challenges related to the organization
of and interplay between course activities, self-directed study activities and supervised project work from
the perspective of both teacher and student, to understand teachers’ goals, planning and preparation
processes and related challenges as well as students’ experiences. Data in the analysis included curriculum
designs, online resources and materials, interviews with coordinating teachers in combination with the
teachers’ own observations of students through the semester and at the exam, students’ written semester
evaluations as well as focus group interviews with students.
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3.2 Flipped Study Intensity and Student Engagement: Preliminary Findings

In general, the students have been positive about the new designs of courses, and the learning outcomes
demonstrated in project reports and at exams have generally been up to expected academic standards.
However, the case studies also highlight certain challenges related to flipped curriculum designs, particularly
in relation to the distribution of responsibility between students and teachers as well as in the experiences
and documentation of study intensity.

Whereas students report increased gains on learning outcomes and experiences of being more motivated to
and engaged in the proposed flipped PBL activities, these students simultaneously claim to have spent less
time on flipped curriculum modules compared to traditional lectures, i.e. indicating a decrease in study
intensity. As the performance of the students is reported by the teachers to be consistent, as earlier
mentioned this might be a psychological effect of increased motivation and thus states of flow or the fact
that some of the self-determined peer-learning activities are not always consciously categorized as study
activities.

Another issue turned out to be encouraging students to take ownership of both the learning process and its
products, thus students in both cases were uncertain about the module structure and specifically requested
more guided structuring (e.g. assigned time slots for online preparation) and the teachers reported
increasingly goal-oriented behavior (e.g. an extensive, narrow focus on guidelines and how to meet
requirements), which stand in contrast to students usual approach to self-directed learning in project work.
This might be caused by the fact that the modules differ greatly from their usual practices and thus more
information about the process and expectations might improve these aspects, however as it is something the
students usually are perfectly capable of managing themselves in regular project work, this also illustrates
the problems related to study intensity as a measurement of quality and highlights the need for new ways of
assessing participation in and quality of flipped learning activities, particularly in the development of future
innovative flipped and blended-learning PBL scenarios.

4 Participation and Quality Assessment: Towards a Flipped PBL Study Activity Model

As mentioned earlier, a process of developing a study activity model to support increased visibility of study
intensity has been initiated to increase students awareness and give a more accurate image of time spend
studying inspired by other matrix models based on two continua, that have been used to describe variations
in approaches to teaching and learning and to provide a basis for explaining and understanding the processes
involved and the motivations behind these (Jenkins et al., 2017). These continua include e.g. content/process
an students-as-participants/-audience (Healey, 2005) or initiated-by-students/-teachers and participation-
of-students/participation-of-students-and-teachers as in the study activity model for University Colleges in
Denmark, implemented in 2012/2013 (University Colleges Denmark, 2018).

Naturally, in a PBL environment there is particular attention to the degree of problem-orientation in the
activities in which students engage. Thus, although the first drafts of the AAU PBL study activity model (see
figure 4) can be considered somewhat similar to these matrices, the continua focus on problem-
orientation/discipline-orientation (as opposed to Healey’s content/process) on one dimension and
organized-by-teacher/organized-by-student on the other (as students are considered participants in both,
although the initiative may vary from teacher-led to student-led).
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PROBLEM-ORIENTED

PROBLEM-BASED
PROJECT WORK

ORGANIZED BY TEACHERS , ORGANIZED BY STUDENTS

INDIVIDUAL
STUDY WORK

N S

DISCIPLIN-ORIENTED

TEACHING

Figure 4: Draft-version of the AAU Study Activity Model

As with other learning matrices, this first version of a study activity model forms four categories of study
activities and in addition to traditional discipline- and/or problem-oriented activities organized by teachers
(e.g. lectures, courses and seminars, lab- and other assighments, exams as well as PBL and project related
lectures and workshops, supervision and project exams) it emphasizes student-led study activities as well
whether discipline- or problem-oriented (e.g. preparation, reading and writing as well as group meetings,
presentations and feedback, company visits and field trips, experiments, casework and internships).

However the preliminary findings from our research within the PBL Future project suggest, that aspects
regarding self-determination and motivation must be taken into account when designing such a study activity
model that also includes flipped learning strategies and scenarios, since these new teaching methodologies
may affect the otherwise logical connection between students’ experiences of study intensity and their
experiences of engagement. The following Flipped Learning Matrix (figure 5), inspired by Levy et al.’s (2009)
inquiry-based matrix, uses two continua similar to the AAU study activity model: a) experiential learning
(process/ content) and b) autonomy and decision-making (teacher-/student-led) (Jenkins et al., 2017):

PRODUCING AUTHORING
discovery discovery
_ responsive active
o] 3
3
IDENTIFYING PURSUING
information information
responsive active

Figure 5: Flipped Learning Matrix (Jenkins et al., 2017)

Whereas this model covers the same activities as the AAU study model, it connects these activities to
particular levels of participation and initiative; from responsive to active and from information to discovery,
and whereas ‘responsiveness’ might be measured by means of study intensity in the traditional sense, the
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concept of ‘active’ is taxonomic and much more complex and thus complex methods of quality assessment
are required to evaluate students engagement in ‘pursuing’, ‘producing’ and ‘authoring’ processes.

This perspective adds to our approach to development of a future Flipped PBL Curriculum Model (figure 6)
an understanding of the processes of moving from ‘identifying’ (i.e. traditional lecturing) to ‘pursuing’ (e.g.
peer-learning and study groups) or ‘producing’ (e.g. requested digital student production).

PROBLEM-ORIENTED

PRODUCING AUTHORING
discovery discovery
responsive active
PROBLEM-BASED
PROJECT WORK
ORGANIZED BY TEACHERS . ORGANIZED BY STUDENTS
INDIVIDUAL
JESCUNS STUDY WORK
IDENTIFYING PURSUING

information DISCIPLIN-ORIENTED information

responsive aclive

Figure 6: Flipped PBL Curriculum Model

Whereas the transition from ‘identifying’ to ‘pursuing’ was successful and fairly smoothly implemented in
the flipped curriculum case studies, the transition to (teacher-led) ‘production’ became very oriented
towards meeting the teachers’ requirements and did not naturally transcend into ‘authoring’, i.e. students
did not claim responsibility for these productions unless they were integrated directly into project work,
which is by definition student-led and thus inherently self-determined.

5 Conclusion and Directions for Future Work

This paper explored and discussed the connection between student engagement and study intensity in
relation to flipped curriculum initiatives in problem-based learning (PBL) environments and proposed a
model for Flipped PBL Curriculum that draws from educational psychology and motivational theory. Based
on this mode, future work involves exploring and developing quality assessment methods for taxonomically
evaluating student engagement in study activities in future flipped and blended- learning PBL scenarios.
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Abstract

The benefits of social humanitarian projects demand more studies about its implications in
project-based learning since it favours both educational learning practices and social
contributions for solving problems. This study examines performance responses of a PBL
interdisciplinary course to social humanitarian projects. Fifty-three students were enrolled in
the course. They belonged to from 14 different undergraduate programs, including Engineering,
Political Sciences, Architecture, Pharmacy, Physics and Design. Those students carried out 12
projects in teams. The projects were based on real-life problems of poverty areas. The course
aimsto: 1) generate real actions and reflections on the relationship between science, technology
and society; 2) stimulate collaborative, interdisciplinary spaces and continuous dialogue with
knowledge outside the academic environment; and 3) contribute to the implementation of the
peace agreement in Colombia for the construction of a country with social justice and durable
peace. Data were collected using a 5-points Likert scale of 36 statements and analysed using
statistics Principal Component Analysis (PCA). The study found success in the project-work and
process, rising the Unconditional Positive Regard (UPR) between team members and in the
working climate. Moreover, research concludes that the team performance was positively
associated with UPR and the climate.

Keywords: PBL, humanitarian, Unconditional positive regard, Self-directed, EWB

Type of contribution: Research paper.

1 Introduction

Societal dimension of projects focused on humanitarianism is a strong instrument to foster
motivation within Project-based Learning (PBL). In PBL real problems in projects are useful for
increasing motivation. The more realistic or useful for the industry is the project, the more
interesting is for the students. Those projects are often work opportunities from industries
without any additional incentive to students. However, problems solving in humanitarianism has
incentives involving aspects such as personal feelings and service (Barak, 2010; Donini, 2010;
Steinmayr, Dinger, & Spinath, 2012).

Although there are successful cases of PBL in humanitarianism (Wittig, 2013), PBL often
addresses social dimension in a small scale within the learning principles (e.g. Andersen,
Heilesen, & Kjeldsen, 2015; Kolmos & de Graaff, 2015)- Hence, PBL social aspects involve
academic collaboration in educational contexts, close community, and encourage situated
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social relationships while the projects is done. In consequence, less is known about a wider
society outside academic environment and open participation, where students have to be
immerse with scarce assistance from teachers.

This study explores the relevance of the humanitarian subject to carry out projects in PBL. In
turn, it explores the PBL effectivity to fulfil the course purpose, generating actions between
science, technology, and society; stimulating collaboration between disciplines and not
academic communities and contributing to the implementation of the peace agreement in
Colombia for the construction of a country with social justice and durable peace.

2 Conceptual framework

2.1 PBLlearning principles

PBL works with six basic learning principles: (1) problem oriented, (2) interdisciplinary, (3)
exemplary, (4) self-directed, (5) made by teams (Kolmos & de Graaff, 2015); and in addition, the
project (6) is social to fulfil the whole triangle of knowledge (llleris, 2007). The problem into the
project is ill-structured or complex. In turn, the project is interdisciplinary, illustrating a more
general, applicable, social or societal situation with exemplarity (Zeuner, 2013). Additionally,
projects are self-directed to transform mental schemes in the whole person participation
(Rogers, 1965).

Social problems stimulate the analysis of societal conditions in its contexts (Negt in cited Zeuner
(2013)). Furthermore, participants need translate scientific knowledge to a social form of
communication, motivating learning acquisition.

2.2 Team work

In PBL, a project is performed by a team of students. Team is a structured group of individuals
which concentrate interaction and continuous, working for a common goal, requiring coordinate
interaction to perform task, and stressed by outcomes (Forsyth, 2010; Levi, 2013). The social
and individual aspects for successful teams meet the characteristic of discipline for real teams
stated by Katzenback and Smith (2001, p. 4). A successful team (1) gathers in one individual and
collective goals, (2) has individual and collective products, (3) individual and mutual
accountability, (4) good communication, (5) time management, (6) clear task and roles
assignation, (7) members use skill for individual and collective purpose, and (8) hard working is
driven by members and adaptable to collective interest.

A successful team is measured holistically by task completion, social interaction of performance,
and individual growing (Hackman, 1983; Levi, 2013). Task completion refers to meet task goals
or project product. But social and individual activities and their outcomes are linked to the
team process. In PBL, project work aims to increase knowledge and skills (de Graaff &
Kolmos, 2003), hence, a successful team brings out successful project work for learning.

2.3 Factors affecting team performance

Team performance in PBL is supported by facilitation. Whereas novice students tend to have
frequent support from a facilitator for the team-work, advanced students need support in
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expertise areas. In some PBL models, the facilitator is not an expert in the subject, but in other
models, facilitator guides concepts and issues of the projects (de Graaff, 2016). Therefore,
facilitation depends on the human resources, facilities, and schedule of the project. There are
also diverse roles for facilitation according to the background of the students for the team-work
(Heron, 1999).

The incentive dimension in learning assists student in spending energy to learn (llleris, 2007).
Consequently, fostering motivation in teams is important for the team performance, in addition
to other interdependent factors such as cohesion, satisfaction, trust, confidence and
commitment (Jaques & Salmon, 2007; Levi, 2013).

3 Methodology

The semester program blended project and active participation in communities. Projects took
place in Bogotd, Iconozo and Guajira (centre, north and south of Colombia), but the course was
given at Universidad Nacional in campus Bogota. The project ran in 15 weeks, mixing open
lectures focused on social aspects such an education, poverty, and politics. There were 12
projects developed by interdisciplinary teams of 4-6 students (Table 1).

Table 1 Humanitarian interdisciplinary projects made by team

Projects Location
Fog catcher for "El Verjon" Bogota
Community Broadcaster in Puerto Matilde Puerto Matilde
Arduino for renewable energies Bogota
Water heater for El Verjon" Bogotd
Composting machine for Plaza de la Hoja Bogota
Urban agriculture Bogota
Water filters Bogota
Rainwater collection system Iconoso
Water desalination La Guajira Guajira
Urban infrastructure for Plaza de la Hoja Bogota
Arduino implementation in farming activities Bogotd
Nubometer Bogota

The students belong to 14 undergraduate engineering programs, and are located of diverse
educational levels, from the first to the last semesters. Then, teams were interdisciplinary and
heterogeneous.

The effectivity for team performance was measured from the whole perception of the team
members by a 5-points Likert scale in an online survey. Table 2 gathers statements regarding
team work factors and performance inspired in some authors (Curseu & Schruijer, 2010; Jehn &
Mannix, 2001; Katzenbach & Smith, 2001).

Table 2 Survey Statements

Variable Statement

X1 The team outcomes exceeded my own personal goals
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X2 My team partners integrated their knowledge in the project-work

X3 My team partners integrated their skills to the project-work

X4 The project product was a consequence of unifying individual efforts of team members

X5 My teammates adapted to my own work approach

X6 | adapted to the work approach of my teammates

X7 There is a mutual commitment to success

X8 | was clear about the purpose of the team

X9 This team has confidence in itself

X10 This team believes it can be unusually good at producing high-quality work.

X11 This team expects to be known as a high-performing team.

X12 This team feels it can solve any problem it encounters.

X13 This team can get a lot done when it works hard.

X14 This team believes it can be very productive

X15 No task is too tough for this team.

X16 This team expects to have a lot of academic influence around here.

X17 | like being a member of the team

X18 Team members recognize and respect individual differences and contributions

X19 The members of the team have been open and straightforward when expressing their ideas
The relationships or interactions of the team members have also been kept out of the team

X20 meetings

X21 | think the team has provided emotional support to its members.

X22 | was pleased with the quality of the team's interpersonal relationships

X23 | communicated with the team members through social networks

X24 | communicated with the team members by e-mail

X25 | communicated with the team members face to face

X26 My teammates understood when | explained an idea to them

X27 | understood when the team members tried to explain their ideas

X28 My teammates listened to my ideas

X29 | listened to the ideas of my teammates

X30 I had an established function in the team

X31 The function | had was shared

X32 The duration of the meetings was productive

X33 There was a schedule for meetings

X34 The scheduling of meetings was met

X35 There was commitment among all the members of the team

X36 My individual goals contributed to the team performance

4 Findings and analysis

Data were analysed by Principal Component Analysis (PCA) to group students’ perceptions and
find relevant relationships between them of team-work and performance.

There were 35 answers out of 53 students (p=0.67) with a high internal consistence (alpha=0,92).
The answers were reduced with the PCA analysis until getting eigenvalues over 0,4 while test of
sample adequacy. The KMO was keeping high (KM0O=0,73). In turn, statistical analysis extracted
3 factors according to the eigenvalues test. Table 3 shows the statistical data grouped by the
PCA factors.
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Table 3 Principal component analysis results with “promax” rotation

Variable Performance Climate UPR
This team feels it can solve any problem. 0,86

My team partners integrated their knowledge.. 0,83

This team expects to be known as a high-performing team 0,78

This team believes it can be come unusually good at producin g high

quality work. 0,77

This team believes it can be very productive 0,68

My team partners integrated their skills to the project-work 0,66

There was a schedule for meetings 0,93

This team can get a lot done when it works hard 0,88

| understood when the team members explain 0,80

The duration of the meetings was productive 0,73

My teammates understood when | explain 0,70

My teammates listened to my ideas -0,48 0,64

Team members recognize and respect differences 0,94
Teammates have been open to talk straightforward in express  ing

their ideas and feelings 0,90
| like being a team member 0,87
| was pleased with the quality of member’s interpersonal

relationships 0,82
Cumulative Variance 0,25 0,49 0,71

Table 4 Factor correlation

Performance Climate UPR
Performance 1,00 0,30 0,25
Atmosphere 0,30 1,00 0,45
UPR 0,25 0,45 1,00

According to the variables, the factors were called performance, team climate, and
Unconditional Positive Regard (UPR). The average agreement for performance was between
3.57 and 4.6 (mean=3.9) indicating that teams are agree in general. The climate factor was
characterized by a good meeting’s communication. The average agreement between variables
was between 3.43 and 4.26 (mean=3.9) indicating they are almost agreeing. The UPR factor was
between 4.2 and 4.34 (mean=4.3). Although the three factors were the most important for the
teams, there is low correlation between them, but it exist. Climate and UPR are positively
associated to performance. Also, climate and UPR are positively associated between them (Table
4).

Some variables were removed due to PCA analysis, but they are useful for the findings. They
were identified by a simpler name. Figure 1 shows graphically the students perceptions about
the team work from the survey. Then, teams and individuals were characterized by hard work,
commitment, collective and individual efforts and confidence, and goal-oriented. The latter was
obtained despite most of the students did not have a clear purpose at the beginning of the
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course, as shown in the figure. Teams also recognised emotional support and good relationships,
despite the scarce facilitation.

Emotional support
Personal relationship

Pride- Work efficiently
Hard work

High confidence
Team confidence

Clear purpose
Mutual commitment

M Strongly disagree
Commitment between... Disagree
Collective work style Neutral
Individual work style Agree
Collective product
Product overcome goals W Strongly Agree
Sharing individual and team..
Sharing roles  n—
-

Roles assignation
Listening ideas

Physical communication
e-mail communication =

Social networks Communication

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

Figure 1 Student' perceptions of team performance

5 Discussion

Humanitarian subject in PBL motivates students to spend time making successful projects and
applying knowledge and skills, encourages caring and mutual relationship, and fosters ideas
interactions. Social and political themes facilitate collaboration among participants, including
students from several disciplines, social leaders and public politics.

There were two important characteristics of these courses in contraposition to traditional PBL
practices (de Graaff & Kolmos, 2003; Neufeld & Barrows, 1974; Schmidt, 1983). First, teams
work almost alone, with scarce facilitation, despite some team members were in the first
semester of the undergraduate programs. Second, it included lectures focused on political and
philosophical themes in education, aiming to train and put the students in context.

Facilitation for the teams depends on the expertices and human resources to do it. In this large
course, there were 12 teams from 14 diverse disciplines, diverse programs and schedules. In
turn, the curricular scenario is differente from PBL, sincelectures were the common practice to
teach students in those disciplines. In consequence, the course did not have enough experience,
resources, neither spaces for students’ facilitation. Thus, addressing PBL was a challenge for
teachers exploring options to motivate students with satisfactory results.

Lectures were an alternative to facilitation. There were 12 independent projects with several
kinds of social problems to address. Moreover, the course only had three teachers , who were
not experts in the 14 disciplines neither in the specific team project problems. The lectures were
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made by guest professors who had knowledge on academic and social themes, including
learning theories, politics, poverty, humanitarian engineering and skills to meet people. They
were made by guests teachers. In consequence, it used to be unaligned withthe learning
outcomes of the course (see Biggs & Tang, 2011). However, lectures pursue reflection in the
students (e.g. Cowan, 2006) but as they where unaligned with the project studens miss course
purpose (see Figure 1).

5.1 Accions among science, techology and society

The PBL course put in contact the students’ knowledge and skills with societal participants
through real actions. The students visited poor areas and distant zones, and lived there a few
days to experiment, with the communities, their needs. Then, from the problems identified,, the
students formulated projects in agreement with the community. Hence, the projects were real
solutions for real communities.

During the project, they had to adapted scientific knowledge to applications in context. For
example, the team for the desalinization system in Guajira for the Wayuu people (1000 km far
from Bogotd) was aware of using local resources to find solutions to this need (e.g. UNDP.org,
2018). Other students working in Iconoso (136 km far from Bogota) supplied water needs by the
collection of rain water.

According to results, the performance factor in Figure 1 was characterized by the application of
knowledge and skills for solving problems. They had to adapt scientific knowledge to the context
(Kolmos & de Graaff, 2015; Zeuner, 2013). The project satisfied the students’ expectative of the
students by achieving a clear purpose and being proud about the results, as showed by the
“pride-work efficiency “and “clear purpose.”

Although the teams worked alone with some support from facilitation, the projects were
successful. Motivation was present since the project setup when incorporating humanitarian
social problems. During the lectures, students were sensitised and trained on how to address
communities. Teams formulated solutions of the problems according to societal needs, and their
products exceeded goals (Figure 1). Product satisfaction is explained with the performance
factor in Table 3, and then confirmed with the high levels of confidence in Figure 1. The students
had to use their background in engineering and the own skills because during the project work
no disciplinary themes were addressed.

5.2 Stimulation of collaborative and interdisciplinary spaces

At the beginning students had to contact communities to understand local problems, and then
formulate and develop the project. Humanitarian projects were successful, stimulating
interdisciplinary collaboration between students and non-students. It is indicated by
performance factor in Table 3 and the students’ perception about project overcoming goals,
commitment and pride in Figure 1.

Despite there is not a direct question regards collaboration, there are some indicators such a
team commitment, integration of knowledge and skills to the team Table 3 and collective
product in Figure 1. But also, PCA grouped characteristics labelled as team climate which
indicated communication and freedom to express ideas.
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Furthermore, collaboration was stimulated by the UPR and the team climate. PCA positively
correlated performance, climate and UPR. Then correlation could be interpreted as a mutual
incentive. PBL meet learning principles for make learning to happen satisfying three dimensions
of learning: Content, incentive and social (llleris, 2007). UPR concerns the incentive dimension.

The Self-directed Learning (SDL) fosters a transformation in the whole individual. It was
prominent among the teams. During the project, students went to the poor communities to talk
with them. Many of them spent some days and nights among the communities, sharing
resources and understanding problems. It produces a perception of overload about the project-
work (Figure 1). But. it also increases the personal relationships between teammates. Team
members were aware of mutual caring and freedom to express ideas. The students were alone
for the project, taking more responsibility and freedom to do the project, as is confirmed by the
PCA.

Project realization fulfilled Carl Rogers statements about the SDL (Rogers, 1965). Despite scarce
facilitation to foster SDL, students conducted the project by themselves in the communities.
Results show a remarkable UPR in the teams in Table 3. It was characterised by respect and
quality in the personal relationships. It is important, because the students were introduced to
the communities at the beginning of the project, blending disciplines. Thus, there were low
success possibilities in terms of group composition and roles (e.g. Meslec & Curseu, 2015).

There is a consensus among students about many characteristics of a real team or success (e.g.
Katzenbach & Smith, 2001; Levi, 2013). But this area needs to be improved in work adaptability,
commitment and roles assignation. On the one hand, the adaptation to the different work styles
is difficult to achieve in short time. Team members were introduced to each other to do the
project when it started. On the other hand, there are lacks of work participation in some team
members. As well as disagreements regarding information sharing and roles assignation (Figure
1). It is needed to improve skills in this area, but this could be due to the short duration of the
team work in the semester.

5.3 Contribute to the implementation of the peace post-agreement in Colombia

The course promotes reflection about social problems of Colombia. It concerns with
humanitarian need but mobilization of knowledge from the academy to small towns and far
zones from the University. The success of the projects showed PBL courses could support
problems solving using active students. Also, it showed there was commitment students to work
for zones in poverty with many things to do. In consequence, this course evidence academic
capability to implement public politics in the post conflict.

6 Conclusions

The humanitarian projects contribute to team performance, support group climate and facilitate
UPR among teammates. Furthermore, group climate and UPR are positively associated to team
performance in this kind of projects. Humanitarian themes diminish the effects of poor
facilitation in large courses replacing it with the students’ living in the communities. In turn, UPR
is characterized by good relationships and emotional support. The climate was characterized by
good communication in the team meetings.
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The team performance was directly characterized by the skill to solve problems, productivity
and product quality. But, indirectly, it evidenced individual and mutual confidence and
commitment, goal-oriented work and a product that overcome expectations.

Both, social sensitisation and fostering UPR should have more relevance in projects to favour
team performance and group climate, especially in environments with poor facilitation. As
shown by the study, results indicate that the effects of scarce tutoring or supervision on
knowledge application can be diminished by integrating interdisciplinary members.

Further studies about the implication of lectures regarding politics and philosophical aspects are
required. Its role in the performance is still unknown. However, in the discussion, its importance
to sensitize students was stated.
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Abstract

The low interest and enrolment of young people in engineering continues to be an issue in many
countries, and the need for increased investment in infrastructure, innovation, entrepreneurship,
employment and economic growth - which require engineering capacity and capacity building. At
the global level, engineering and technology will be vital in addressing the seventeen United Nations
Sustainable Development Goals (SDGs) and related international development goals, especially
poverty, hunger, health, water supply, sanitation, energy, sustainable living and consumption,
climate change reduction and adaptation. Not only is there an urgent need to promote interest and
enrolment of young people in engineering and the development of engineering capacity, there is an
equally urgent need that the engineers of tomorrow themselves have capacity to address the UN
SDGs, and the engineers of tomorrow need engineering education today. This will require engineers
with graduate attributes and professional competences as outlined by many national and
international organisations, such as the Washington Accord and International Engineering Alliance -
not only in such traditional fields as engineering theory and practical knowledge, problem
investigation, analysis, design and project management, but increasingly in wider areas such as
engineering and society, the environment, teamwork, communications and lifelong learning, and the
development of skills in innovation and entrepreneurship. It will also benefit from the greater
participation of women and unrepresented groups. Promoting the interest and enrolment of young
people in engineering requires more interesting and engaging ways of learning, as does the
acquisition of newer areas of expertise and competence. Problem- and project-based learning, and
related approaches, are interesting and engaging, and ideally suited to learning traditional and
newer areas of knowledge and competence. This review/conceptual paper will discuss these new
and emerging needs, issues and challenges for engineering and the engineers of tomorrow and
associated graduate attributes and professional competences, and the engineering education they
need today, with particular reference to the UN SDGs and related international development goals.

Keywords: Engineering education, accreditation, PBL, international development, SDGs
Type of contribution: this is a review/conceptual paper.

1 Introduction

Many countries, developed and developing, face the ongoing challenge of reported shortages of
engineers, low interest and enrolment of young people in engineering. This is largely due to
perceptions of engineering education being boring, nerdy (tedious, dull, studious), hard work and
dirty - part of the problem of sustainability, rather than the solution. This reflects the traditional
curricula-driven educational approach of having to learn large amounts of abstract facts, figures and
formulae, with little apparent purpose. At the same time, many countries also face the need for
increased investment in infrastructure, innovation, industry, entrepreneurship and employment for
economic growth — for which engineering capacity and capacity building will be essential. Without
enough or the right type of engineers, the “jobs and growth” mantra of politicians around the world
will ring hollow. Shortages of engineers occur mainly due to low enrolment, dropout and retirement,
but can be accompanied by graduate un- and under-employment. In Australia, for example, reported
shortages of engineers are addressed by including engineers on the Department of Home Affairs
skilled occupation list for professional migration, and also the issuing skilled temporary visas for
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overseas engineers. This also has the unfortunate effect of increasing the difficulty for young
graduating engineers to find appropriate employment, discouraging the interest and enrolment of
young people in engineering. In Timor Leste, on the other hand, recovering from the aftermath of 25
years of Indonesian occupation from 1975-1999, graduate engineers find difficulty getting jobs
because of limited employment and an employer perception that they are too theoretical and
hands-off, with little practical or teamwork experience. This reflects a traditional theory- and
teacher-lead model at the University of Timor Lorosa’e based on the Indonesian approach, where
research, analytical and critical thinking was not supported. A Timorese Master’s student of
engineering in Sydney has observed, “There is a huge difference between studying in Australia and
studying back home in Timor Leste, because in Australia students are independent and encouraged
to be active, whereas in Timor students are expected to just listen to the teacher” (Da Silva, 2013).

These are part of the broader issues facing engineering and engineering education, as modes of
knowledge production and application transition from “Mode 1” (academic/disciplinary) toward
“Mode 2” (problem-based/interdisciplinary) (Gibbons et al 1994; Nowotny et al 2001; Marjoram
2017). Other issues and challenges include new and emerging needs and wider change in education
and learning occasioned by the disruptive power of the internet and on-line learning, and internal
pressure to attract and retain students - all call for new modes of learning and the transformation of
engineering education (Beanland and Hadgraft, 2014; Marjoram, 2015/1).

Engineering and technology are vital for the provision of infrastructure, innovation and industry for
employment and economic growth (Metcalfe, 1995; Stewart, 1977), and addressing the seventeen
United Nations Sustainable Development Goals (SDGs) and related international development goals,
especially addressing poverty and hunger, promoting health, water supply, sanitation, energy,
sustainable living and consumption, climate change reduction and adaptation. Already it appears
that the goals of the Paris Climate Agreement of 2016 and long term goal of limiting greenhouse gas
emissions to hold the increase in global average temperature to 1.5°C to reduce the impacts of
climate change will not be reached, as pledges are not being met or policies enacted due to limited
political will, or little done to develop vital capacity in engineering to do this. It must be noted in this
context that it takes ten years to train an engineer — so the engineers of tomorrow need to be
trained today. These considerations reinforce the already urgent need to promote interest and
enrolment of young people in engineering, and to transform engineering education to develop
engineers capable of addressing sustainability and the SDGs. Fortunately, young people are more
passionate about sustainability than many politicians, and are attracted to engineering when they
see it as a vital part of the solution to sustainability. Engineering education needs to respond to be
more attractive and relevant to young people, and sustainability is an important part of this. Young
people are inspired to go into engineering when they hear politicians talking about sustainability,
climate change, zero-carbon and renewable energy — engineering as part of the solution, and are put
off with talk of coal and engineering as part of the problem.

Engineering education and practice will require engineers with graduate attributes and professional
competences called for by many national and international organisations, and at the international
level by the Washington Accord and International Engineering Alliance (IEA) (Washington Accord).
This includes not only traditional fields such as engineering theory and practical knowledge, problem
investigation, analysis, design and project management, but also broader fields of engineering
practice relating to society, the environment, teamwork, communications and lifelong learning, and
the development of skills in innovation and entrepreneurship. Engineering education with greater
reference to sustainability will also attract and benefit from the greater participation of women and
unrepresented groups, such as aboriginal Australians — who were perhaps the first engineers 60,000
years ago, with sophisticated understanding of environment and associated management (Pascoe,
2014), who proportionately take a greater interest in sustainability and humanitarian engineering.
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Promoting the interest and enrolment of young people in engineering, in terms of theory and
practice, requires more interesting and engaging ways of learning, linked to professional practice
and competence. One learning approach that is gaining increasing interest and application around
the world is the move from curricula/teacher centred to student-centred problem- and project-
based learning, and related approaches, which are ideally suited to combining theory and practice
and continued professional development in the rapidly changing lifelong learning world. The
combination of theory and practice was in fact the basis of the ‘Humboldt Model’ at what is now the
University of Berlin, the ‘Mother of modern universities’, in 1810, a model that slowly changed to a
focus on engineering science rather than practice that is now, thankfully, resurgent.

2 Engineers for today and tomorrow

The engineers of today and tomorrow, as the engineers of the past, will be vital in driving
infrastructure, innovation, industry, entrepreneurship and employment for economic growth, but in
a changing atmosphere of new modes of knowledge production and application, new and emerging
needs, issues and challenges for engineering, new modes of learning and continued professional
development. New modes of knowledge production and application relate particularly to practice
and teamwork, with converging bodies of knowledge, professional practice and employment, and
need to be reflected by change in science and engineering. New modes of learning and continued
professional development are based on interdisciplinarity, networking and a problem-solving,
systems approach, with an increasing focus on applications. New and emerging needs, issues and
challenges for engineering relate particularly to the UN MDGs and SDGs — with a focus on poverty
and hunger, education, gender equality, child mortality and maternal health, various diseases,
sustainability and partnership for development. The engineers of today and tomorrow are central in
the challenge of meeting the 17 UN Sustainable Development Goals by 2030, under the
“Transforming Our World - the 2030 Agenda for Sustainable Development”. This follows the similar
challenge of meeting the similar objectives of the 8 UN Millennium Development Goals, 2000-2015.

The ongoing demand for engineers is happening at a time of change that is driven by engineering
and technological innovation and change and disruption, and will require engineering to work in this
changing environment and is in turn driving engineering education that can produce such engineers.
This is not new, despite talk of the complexity of issues and challenges facing the world, need for a
systems approach, and for engineering and engineering education to reflect this in order to produce
‘solutions’ to such issues and challenges. The world, however, has long been complex and
multidimensional, seemingly at odds with relatively simple, technical-fix, ‘solutions’ that may have
limited effect, and risk of potentially more serious side effects. For example, geoengineering,
intended to reduce climate change and global warming by greenhouse gas removal and solar
radiation management, may be tempting to politicians as time runs out for change, while there is
agreement among scientists that climate engineering is not a substitute for the need to mitigate
climate change by reducing carbon emissions (Marjoram, UNESCO, 2010). Geoengineering may
transpire to be the biggest technical fix, and fixation, of them all. Simple solutions, however, have an
appeal to politicians and the electorate - President Carter, with a background in nuclear engineering,
often spoke about the complexity of the world, and lost his re-election.

Technological change and innovation has taken place since the stone axe, through the Stone, Bronze
and Iron Ages, into the first Industrial Revolution. The Stone Age did not end because they ran out of
stones, or the Steam Age because they ran out of steam, but because of innovation. Six major
successive engineering-driven Kondratiev ‘Waves of Innovation’ (Freeman and Lou¢d, 2001) and
industrial, economic and social development proceeded, from iron and water, coal, steel and steam,
electricity and oil, autos and electronics, computers and ICTs to the bio/nano/materials ‘new
knowledge’ of the new millennium, what has more recently been called the ‘Fourth Industrial
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Revolution’ (Schwab, 2016). The hopeful forecast is that the next wave of innovation will focus on
sustainability and green engineering and technology, although this will require an effective global
and national policy push, rather than political business-as-usual (although the business community
has largely accepted the need for future sustainability, as indicated by the increasing investment in
renewable energy around the world).

The engineers of yesterday, and many engineers today, were mainly educated in Mode 1, discipline-
specific, theory-based engineering science - narrow technical training to give the basics for
professional practice, where, for example, engine design for mechanical engineers meant that
exhaust emissions were regarded as someone else’s problem. The education of the engineers of
today and tomorrow will need a change in science and engineering education toward Mode 2,
interdisciplinary/problem-based, toward project- and problem-based, student-centred learning.
These changes will be needed in the transition to a seventh wave, based on cleaner/greener
technology for climate change mitigation and adaptation, where a focus on interdisciplinary practice,
teamwork, converging knowledge, applications and innovation will be necessary.

This appears in reflection on the MDGs and SDGs - how the MDGs were narrow and technocratic (8
goals, 18 targets and 48 indicators), and, while statistical achievements were made, changes may
have happened anyway with economic development in larger developing countries, there was little
progress in addressing the needs of the poorest, most disadvantaged (Easterley, 2006). The SDGs are
regarded as broader, more holistic, with greater input and buy-in (from a High-Level Panel of
Eminent Persons), with more goals, targets and indicators (17 goals, 169 targets and 304 indicators).
It is now admitted that the MDGs were more aspirational than realistic, engineering type objectives -
time will tell if the same can be said for the SDGs.

3 Graduate attributes and professional competencies

Educational practice changes slowly, evolving to match cognitive and professional paradigms,
requirements and expectations. In engineering education, “engineering science”, following the
Humboldt model, became the dominant paradigm. The waves of technological innovation and
industrial revolution were reflected in transformation in engineering education and
epistemologically in changing knowledge production, dissemination and application. In the 1900s
the professionalisation of engineering continued with the development of learned societies and the
accreditation of engineers. Universities and professional societies facilitated education, research and
the flow of information. This activity continues with the development of international accords,
standards and accreditation, and the mutual recognition of engineering qualifications and
professional competencies. These include the Washington Accord (established 1989), wider
International Engineering Alliance and associated agreements. Changes in knowledge and
technology production, dissemination and application lead to the need for change in associated
learning approaches - toward cognitive, knowledge- and problem-based learning. Engineering is a
problem-based profession, and needs a problem-based approach to learning (Marjoram, UNESCO,
2010). Emerging needs in terms of changing knowledge production, dissemination and application,
cognitive and professional paradigms for the next generation of engineers are reflected in the twelve
graduate attributes and professional competencies as identified in the Washington Accord
(Washington Accord) of the International Engineering Alliance (IEA):

Engineering knowledge

Problem analysis

Design and development of solutions
Investigation

Modern tool usage

b WN -
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6 The engineer and society

7  Environment and society

8  Ethics

9 Individual and team member

10 Communications

11 Project management and finance
12 Life-long learning

As can be seen - less than half of these criteria relate to the “old” engineering curricula, with the
majority relating to contemporary and emerging needs of professional practice. All are ideally suited
to problem- and project-based learning, as originally advocated by von Humboldt, before practice
gave way to theory. The accreditation of engineering education institutions has moved from
approving curricula in accordance with national criteria, on the input side, toward the assuring the
assessment of graduate attributes and professional competences, as an output. Accreditation in the
past was often seen as a barrier to change, a conservative influence enforcing conformity and
compliance with past needs and values. Now it is seen more as a transformative driver of change.
Another barrier to change relates to academic engineering appointments and promotions focus on
research and papers published, favouring lecturing over student learning. Hopefully accreditation
may also facilitate a change in this direction.

4 Engineering Sustainability and the SDGs

The UN Sustainable Development Goals, 2015-2030, built upon and developed the Millennium
Development Goals, 2000-2015, and related international development goals, with the SDGs having
a wider and deeper scope, although people said similar things about the MDGs in 2000. Both MDGs
and SDGs had an essential focus on poverty, hunger, health, water supply, sanitation, energy,
sustainable living and consumption, climate change reduction and adaptation. The MDGs were
introduced at the Millennium Summit for the period 2000-2015, and were hailed as the most
successful global initiative for reducing poverty, halting the spread of HIV/AIDS and providing
universal primary education by 2015. The MDGs were superseded in the post-2015 development
agenda by the Sustainable Development Goals for the period 2015-2030. In terms of their reference
to the important role of engineering and technology in development, the eight MDGs, with 18
targets and 48 indicators, had limited reference to technology (mainly as IT, in goal 8), and no
specific mention of engineering. The draft SDGs, with 17 goals, 169 targets and 304 indicators, again
have limited reference to technology (mainly as IT), and include one specific reference to
engineering, in the context of education and training. Limited reference to the role of engineering in
the MDGs and SDGs is a moot point, and it is worth examining why this is so and how this situation
might be addressed.
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Figure 1 —the eight UN Millennium Development Goals, 2000-2015
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The eight UN Millennium Development Goals, represented above, have 18 quantifiable targets and
48 measurable indicators, which align with the goals and are based on associated statistical data (or
metadata), which are often less complete and accurate in more disadvantaged countries. The MDGs
were admittedly aspirational rather than actual, based on diplomatic and public relations protocols,
rather than an engineering project-managing approach. There were going to be 7 goals, until it was
realised that sustainability had not been included. The MDGs were designed by a small expert group,
and then debated and agreed at the Millennium UN Summit — so there was potentially a limited
sense of country ownership, although the MDGs were agreed by all 191 UN member nations. MDG
goal 8, target 18, the last MDG and target, mentions knowledge, S&T, ICTs, but there was no specific
mention of engineering. The MDGs were reinforced by the “Make Poverty History” movement, one
of ‘the most successful anti-poverty movements in history’. In terms of achievement, the MDGs had
limited success, with only 3 targets achieved — poverty was halved, lack of access to drinking water
was halved and there was a 66% increase in ODA. Poverty and hunger, along with other MDGs were
mainly reduced in China and India as a result of ongoing government programmes, although over
50% of the world’s population still went hungry, and ODA has declined in real terms in many
countries since 2015. Lessons learnt from the MDGs in general was the need to be more precise,
realistic, goal-oriented, less aspirational, and to get better engagement and buy-in and for
engineering — the need for better recognition of vital role of engineering in sustainability and better
lobby for engineering as a key enabler, facilitator of the MDGs.

5 The Sustainable Development Goals

The UN Sustainable Development Goals, consisting of 17 goals, 169 targets (at first there were 212
targets) and 304 indicators, represented below, were designed in a complex process involving
eminent people with input from various stakeholder groups, including engineers (through WFEQO).
The SDGs are not just about sustainability, they more comprehensive than the MDGs, building upon
the experience of the MDGs. The nine additional Goals of the SDGs relate mainly to water and
sanitation; energy; work and economic growth; industry, innovation and infrastructure;
consumption and production; climate action; life below water; life on land; peace and justice. The
SDGs are still based on associated statistical data (or metadata) that is often less complete and
accurate in more disadvantaged countries, and are still significantly aspirational. The emphasised
greater sense of ownership will depend on how effective the SDGs are implemented.

In terms of engineering - of the 17 SDGs, engineering and technology is of vital importance in
addressing 12 areas - poverty; hunger; health; water and sanitation; energy; employment and
economic growth; industry, innovation and infrastructure; sustainable cities and communities;
responsible production and consumption; climate action; life below water and life on land.
Engineering and technology is vital in facilitating education, and education is vital for engineering.
Similarly, gender considerations are also vital for engineering, as are considerations relating to
inequality — women are underrepresented in engineering, as are disadvantaged groups and their
communities, where engineering and technology are vital in humanitarian, social and economic
development. Engineering is vital in peace and justice in such areas as post-conflict, post-disaster
response and reconstruction. Engineering and engineers and technology are vital for networking and
partnerships for development. As regards reference to the important role of engineering and
technology in development — there is one specific reference to engineering, in education (Goal 4b)
“By 2020, substantially expand scholarships available to developing countries ... for enrolment in
higher education, including ... technology, engineering and scientific programmes”, and in relation to
global partnerships for sustainable development (SDG Goal 17), along with two references to
“science, technology and innovation”. Engineering is therefore still largely overlooked in the SDGs, as
it was in the MDGs.
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Figure 2 — the seventeen UN Sustainable Development Goals, 2015-2030

6 The SDGs and Engineering

Engineering is of vital importance in sustainable development and a vital and central factor in
directly addressing most of the SDGs, as indicated below.

Poverty: Engineering and technology are essential in the provision of basic services, infrastructure,
income generation and humanitarian engineering and development

Hunger: Sustainable agriculture, food production, processing depends on engineering

Health: Health services, well-being and the quality of life depends increasingly on engineering and
medical technology

Education: engineering is essential for schools, services and teacher training, and education is
essential in the enrolment and training of the next generation of engineers

Gender: gender equality is important to ensure that a greater percentage of engineers are women,
who also have greater interest in sustainability and humanitarian engineering

Water and sanitation: Engineering and technology are central in the provision of clean water and
sanitation

Energy: Affordable, sustainable energy, energy efficiency and renewable energy technologies are
developed by engineers

Employment and economic growth: Engineering and technology supports economic growth and
employment

Industry, Innovation and infrastructure: Engineering and engineers drive innovation, infrastructure,
industry and economic growth

Inequality: Engineering helps reduce inequality in terms of access to resources, including access to
engineering for women and underrepresented groups

Sustainable cities and communities: Sustainable cities and communities depend on engineering,
construction and infrastructure

Responsible production and consumption: Engineering and technology underpins sustainable
production and consumption.

Climate action: Climate change mitigation and adaptation, sustainable energy and reduced
emissions depend on engineering and technology

Life below water; Life on land: All life on Earth will depend increasingly on the use of sustainable
engineering and technology.
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Peace and Justice: Engineering is vital in such areas as post-conflict and post-disaster response and
reconstruction

Partnerships for development: Engineering and technology are also vital in promoting global
partnerships for sustainable development and in reducing global inequality.

Engineering and engineering education will need to transform to incorporate dimensions of
humanitarian engineering in poverty, hunger, health, water supply and sanitation, dimensions of
sustainability in energy, cities and communities, production and consumption, the environment and
of course climate action, and dimensions of economics and business in employment and growth,
industry, innovation and infrastructure.

7 PBL for graduate attributes, professional competences and the SDGs

As noted above - of the twelve graduate attributes and professional competencies as identified in
the Washington Accord (Washington Accord) of the International Engineering Alliance (IEA), five
relate to technical knowledge and the ‘old’ engineering curricula (engineering knowledge, problem
analysis, design and development of solutions, investigation, modern tool usage) and seven relate to
contemporary and emerging needs and professional practice (the engineer and society, environment
and society, ethics, individual and team member, communications, project management and
finance, life-long learning). Engineering education needs to transform from the ‘old’, curricula- and
lecturer-centred model to make engineering more interesting and attractive to students by adopting
a more student-centred approach to engineering knowledge, problem analysis, design and the
development of solutions, investigation and modern tool usage, and to embrace ‘new’ areas relating
to society, the environment, ethics, teamwork, communications, project management and life-long
learning. There is an overall need to change the perception of engineering education being boring,
nerdy and hard work by making it engaging, real, relevant and fun through the use of problem- and
project-based learning and humanitarian, sustainable, clean and green engineering. The attraction of
humanitarian engineering is illustrated by the growth of the growth of Engineers Without Borders
(and Ingénieurs Sans Frontiéres) groups at universities around the world — with many universities
actively supporting and promoting such groups as a means of attracting students.

The transformation of engineering education from the ‘old’ technical model, to embrace new and
emerging non-technical attributes and competences, to include humanitarian engineering,
sustainability, business and economics, is ideally suited to a student-centred, problem- and project-
based learning approach. PBL is also ideally suited to engineering, as a problem analysing and solving
profession (similarly, PBL is suited to medicine, in “patient-based learning”, and law, although some
might say that law is more focused on problem-finding). Problem- and project-based learning, and
related approaches, were pioneered first in medicine, then engineering, in the swinging, student-
centred 1960s, particularly at new universities of the time, in response to dissatisfaction with
traditional pedagogy (for example McMaster, Maastricht, Aalborg) (Kolmos, Krogh and Fink, 2004;
de Graaf and Kolmos, 2007; Du, de Graaf and Kolmos, 2009; Barge, 2010). These universities were
motivated by the need for active-learning, real-world problems and teamwork. PBL and related
approaches have proliferated over the last ten years, as more universities around the world face
declining enrolment in engineering and recognise the need for change. There are several particular
approaches to PBL, for example the ‘Aalborg Model’ (combining PBL and traditional lectures), and
several related approaches, for example, most recently, ‘Challenge-Based Learning’ at Tsinghua
University and the fast-track engineering degrees such as the New Model in Technology and
Engineering (NMITE) at Hereford University in the UK. In Australia Monash University was an early
exponent, more recently Deakin University and the ‘Engineering Practice Academy’ at Swinburne
University. The main advantages of such PBL approaches relate to better learning and
understanding, learning how to learn and teamwork, while disadvantages include cost, need for

143



7" International Research Symposium on PBL (IRSPBL), Beijing, China, 19 — 21 October, 2018

student space and student load (although this often includes the additional costs of conversion to
PBL).

The move from a focus on curricula to a focus on professional attributes and competences in
engineering education accreditation in the Washington Accord/International Engineering Alliance
framework is a move of focus from input to output, teaching to learning and understanding, and
expected levels of professional practice, judgement, problem analysis and solution. Problem-Based
Learning is a very appropriate educational approach for engineering, involving problem orientation
for guided problem analysis/solving, project organisation for guided problem analysis and learning,
the integration of theory and practice to link knowledge and application, student direction to help
define problem and project work, a team-based approach for problem and project work in student
groups, and cooperation and feedback for peer/supervisor feedback. With a student-centred focus
on student learning needs, PBL links theory and practice again from the successful Humboldt model,
emphasising active learning rather than teaching and passive listening. As Confucius said 2500 years
ago (or Xunzi, or another follower) “I hear and | forget, | see and | remember, | do and | understand”.

8 Concluding remarks

Particular challenges for engineering include shortages of engineers in some fields, areas and
countries, a decline of interest and enrolment young people in engineering and associated need for
engineering to attract and retain young people, especially women underrepresented groups. To do
this, engineering and engineering education needs to address negative perceptions that it is boring,
hard work, nerdy and dirty. There is an ongoing need to promote clean and green engineering as
part of solution of the SDGs, rather than part of the problem of pollution, and the important role of
engineering and technology in sustainability, climate change mitigation and adaptation, poverty
reduction and the other SDGs. The opportunity here is that young people are attracted to
engineering when they see engineering as part of the solution to sustainability, poverty reduction
and the other SDGs. But engineering education also needs to change perceptions that it is boring,
hard work and nerdy, and can actually be fun. The opportunity here is that young people are
attracted to engineering education when they see it as more student-centred, involving problem and
project-based learning, linking theory to practice, learning by doing, rather than listening,
responding to changing knowledge and needs.

Engineering and engineering education is changing, but is it changing fast enough, and in the right
direction to meet the pressing issues and challenges we face? Engineers are innovators and
accreditation is helping to drive change toward problem and project-based learning, a just-in-time,
hands-on, knowledge-based approach, combining theory and practice, learning to learn for lifelong
learning, with a focus on graduate attributes and professional competencies to meet changing
knowledge and needs and better position engineering to address the UN Sustainable Development
Goals (Marjoram, UNESCO, 2010). Further transformative actions will also help, including an
emphasis on the need for change, the change process and results of change. Better statistics,
indicators and metadata on engineering, and the important role of engineering in reducing poverty,
sustainable and humanitarian development and addressing the SDGs are also required (Marjoram,
2015/2). To help achieve these needs, issues and challenges, and facilitate the development of the
engineers of tomorrow, toady, it is important to develop engineering policy and planning, as a
subject in itself or as a vital component of science, engineering and ‘S&T’ policy (Marjoram, UNESCO
2010).
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Abstract

Higher education, specifically engineering education has become an integral part of a global shift to a
new way of creating and using knowledge. Further, globalisation and market economy has put
pressure on engineering education to create competent professionals to develop engineering
solutions for complex socio-economic and environmental problems. Also, sustainability added
another dimension to this scenario. Accordingly, efforts are being made to develop apposite curricula
to make the students skilled and competent. However, integration of sustainability into the
engineering curricula remained a challenge locally in South Africa and globally. Therefore, the aim of
this study is to explore the sustainability indicators that are needed to be considered- and how they
can be integrated into engineering curricula. Literature review will be used as precursor for this study.
Findings suggest that integration of sustainable indicators such as local and national economic
attributes (potential and resources), political- cultural aspects, impacts on environment, indigenous
knowledge and practice are highly essential. These indicators need to be linked to the graduate
attributes and learning outcomes of programmes which will also be a compulsory ingredient of the
curricula and syllabi. Further, it is revealed that sustainable development can be considered as a
standalone subject in engineering curricula as well as incorporating into the syllabus of the subjects.
The findings will contribute to the discourses and debates on curriculum development in engineering
education which can assist in the problem-based learning practice of curriculum development of
engineering programmes.

Key words: engineering education, engineering curricula, sustainable development, problem-based
learning, graduate attributes, Indicators.

Type of contribution: research paper
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1. Introduction

The goal of sustainable development is powerful and innovative, but it is not obvious how to go about
sustaining it for the future generations. Educational system including higher education is an important
means of furthering the sustainable development agenda. This has brought enormous pressure on
higher education to be responsive in bringing about best innovative teaching pedagogies for emerging
21 century graduates for a transformative sustainable society. In the last two decades, higher
education institutions have become involved in embedding sustainable development into their
academic systems. Following the launch of the 1983 World Commission on the Environment and
Development (WCED) report, various scattered initiatives were implemented to integrate sustainable
development concepts and approaches into higher education, Chapter 36 of Agenda 21, the outcome
of the 1992 United Nations Conference on the Environment and Development in Rio de Janeiro, later
highlighted the important role that education can play in realizing sustainable development with a
further push to stimulate its introduction was needed. Higher education being recognised as a key site
for change, should be the catalyst for a sustainable, innovative and a productive society. With all
efforts to incorporate Sustainable Development in the higher educational sector, it is rare to find a
University that has fully embraced the sustainability imperatives (Lotz-Sisitka, 2004; Lozano, 2006;
Stephens and Graham, 2010). Hence It is vital that Sustainable development and innovation are looked

at with effective different lenses to bring about positive reflective changes.

In the recent years, our world is known of its rapid change, uncertainty and increasing
interconnectedness (Morin & Kern, 1999). Science such as engineering is looked upon to contribute
to solving the complex sustainability challenges holistically, not only biophysical issues but also social
and economic issues ranging from global to local. Apart from the increase in availability of scientific
knowledge, a lot must still be learned in sustainability for Higher Education Institutions (Mulder et al.,
2012) to have interactions at the disciplinary level (Waas et al., 2010) and to play a bridging role for
societal collaboration in sustainability (Sedlacek, 2013). Sustainable development needs to be core of
the curriculum in educational policies in HEl to solve societal problems and sustainability in
engineering curriculum is one of the key areas. Sustainable development over the years has been
greatly developed, shaped and encouraged globally, regional and national scale through several
international meetings of the conferences, declarations and strategies that have influenced the
inclusion of sustainability into higher education since they provide guidelines for the inclusion.
Sustainable education, as explained by Bornman (1997:61); Lebeloane (1998:29); Loubser (1997:74-
75); Mosidi (1999:24); the United Nations (2002:5) and (Stani_skis and Katili_ut _e (2016). It is
important to note that all the above international conferences have in a way contributed towards the

position and understanding of Sustainable development globally including the Southern Africa of
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today. Furthermore, Agenda 21 in Rio Declaration, the Ubuntu Declaration (2002), the Earth Charter
for the Engineering Education for Sustainable Development (EESD) and the Barcelona Declaration
(2004) specifically emphasise the role of engineers in the society and how they are faced with a wide
variety of possible practical applications. The last declaration is particularly important as it emphasises
the role of engineers in society which can be achieved when sustainability becomes critical in

engineering courses (Segalas et al., 2008) (Glassey and Haile, 2012; Ortega-S_anchez et al., 2018).

2. Approach of Study

For the research, an explorative qualitative research method based on the literature review was used.
For this purpose, literature from the established and authentic sources were reviewed and discussed.
However, the study aims at using the System Analysis methodology for the Sustainability in

Engineering education because it is a complex problem to solve.

Applied Systems Analysis methodology will be used in the research as it can deal with complex
problems. Both qualitative and quantitative data will be collected. Pretested questionnaire survey for
primary data from stakeholders such a student, alumni, employers, academicians, policy makers,
economist, etc. In addition, statistical data relating to engineering education be collected from
authentic organisations. Applied Systems Analysis induced mathematical models. (Social- economic

engineering education will be a subsystem of the system)

RESEARCH DESIGN

A System Analysis Approach Model: Sustainability & Curricula

Higher National

Education Educational
Curricula 5 Policies

A sustainability

Fa

T

The methodology approach used here was based on the literature review of sustainable development

in engineering education. Desktop research was used for the overall search for journals, book

149



7" International Research Symposium on PBL (IRSPBL), Beijing, China, 19 — 21 October, 2018

chapters, conference proceedings and online websites. From these, about hundred literature review
articles were looked at. To filter this number down to limit my search of relevant information for the
research paper, we did a critical review using words like sustainable development, engineering
education, problem-based learning, graduate attributes, problem-solving skills, innovation, 21%
century graduate. | then got about thirty papers and twenty journals that were relevant which were
used for critical review of my study towards addressing problem-based learning in sustainable

development in engineering education

3. Perspectives of Sustainable Development in Engineering Education

3.1 Sustainable Development

The Sustainable Development that is being emphasised globally today evolved from Environmental
Education which was recognised world-wide as far back as the 1960s because of the impact of humans
on the environment (Irwin 1990:3; Mosidi 2000:3). This Sustainable Development that has become
vital to education today, is because of a milestone of conferences, declarations and strategies of
Environmental Education from 1972-2002. Bornman (1997:61); Lebeloane (1998:29); Loubser
(1997:74-75); Mosidi (1999:24) and the United Nations (2002:5). Sustainable Development is a
contested concept making it very difficult to define and quite challenging to comprehend the
integration and application in educational system. Its definition is still an abstract to many even though
the concept is well accepted. The commonly used definition globally is that of Brundtland (1987; 8)
which gives a general definition of sustainable development, as the development that meets the needs
of the present without compromising the ability of future generations to meet their own needs.
Another very accepted definition focusing on the educational system is that of (UNESCO 1972 & 1977)
which defines Education for sustainable development as the means of enabling students to develop
the knowledge and understanding, skills and attributes needed to work and live in a way that
safeguards environmental, social and economic wellbeing, both in the present and for future

generations.
3.2 Indicators of Sustainable Development

Sustainable development is a very complex abstract that finding an appropriate set of indicators of
sustainable development in engineering education is quite challenging. Furthermore, the complexity
makes also necessitates for indicators that will assess and pave way for comprehension and
improvement (Bossel 1999). Sustainability is measured by assessing the performance of Social,
Environmental, and Economic domains, as individually and in their various combinations. The

assessing methods can be measured against existing best practices which go beyond just the basic

150



7" International Research Symposium on PBL (IRSPBL), Beijing, China, 19 — 21 October, 2018

requirements. The metrics use for the measurement include indicators like benchmarks, audits,

assessment, appraisal and other reporting (Bossel 1977, p. 245-253).
3.3 Challenges in Engineering Education

The main issue for engineering education is “contextual awareness”, which means the ability to view
actions, problems, solutions and consequences in a broader context of economic, social or cultural
aspects. The nature of Engineering education already addresses substantially the environment,
professional ethics and behaviours, matters of health and safety, as well as discipline specific problems
related to engineering processes and practices. The area of challenge will be objectives of engineering

education in the aspect of social responsibility in relationship to sustainable development.

Higher education is now facing new challenges of sustainability in engineering education. On one
hand, it is encouraged that the new generation of systems for example the buildings have increased
complexity to answer sustainability issues but on the other hand resources are limited to meet up the
standard of these complexities. Another challenge is that though there is the need for more engineers
in the society, but the number of programs duration has been shortened and the contact time of
student — teacher is diminishing progressively. Worse still in addition is that the number of students
who opt to graduate in engineering education is decreasing drastically. This situation poses new
challenges on higher education institutions. In addition, there are some challenges which are
associated with the integration of sustainable development into engineering education creating a gap
of inclusion. If these challenges are meant, there will be way forward to the integration. | will list some
of the challenges as; Difficulty in integrating disciplines and contents aimed at transdisciplinary in
teaching sustainability, (Shields et al., 2014). Difficulty to debate the inclusion of new activities related
to sustainability because many professionals believe that the curricula of engineering courses are
overloaded, (Sivapalan etal., 2017). Lack of access to adequate and constantly updated didactic
material that contemplates all sustainability dimensions for engineering courses. (Nowotny et al.,
2018). Difficulty in debating economic and social aspects in engineering disciplines, with a focus on
environmental sustainability. (Hopkinson and James, 2010). Lack of alignment between what is taught
in engineering courses about sustainability and the real market needs, (Sharma et al., 2017). Difficulty
in training lecturers for sustainability teaching. (Mulder et al., 2012). Lack of interest of engineering
undergraduate students for subjects related to sustainability, (Biswas, 2012). Lack of motivation of
lecturers for the inclusion of sustainability in the engineering course. (Schneider et al., 2008). Lack of
adequate facilities and/or resources to develop activities associated with sustainability. ((Desha and
Hargroves, 2010). Difficulty in changing disciplines and/or implementing new practices for the

teaching of sustainability due to the rigidity of institutional structures, (Sivapalan et al., 2017). Lack of
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support from university's top management and/or the establishment of a broad program aiming at

greater promotion of sustainability teaching. (Hopkinson and James, 2010)

3.4 Sustainable development in Engineering Education

There isn’t a direct definition of sustainable development specifically to engineering education, rather
the already known and accepted definitions can be applied to the context of engineering in other to

put it into practise from engineering perspective.

Drawing on both the Brundtland definition, its 2005 recalibration and the QAA- HEA Guidance, defines
ESD as follows (QAA- HEA, 2013), “Education for sustainable development means enabling students to
develop the knowledge and understanding, skills and attributes needed to work and live in a way that
safeguards environmental, social and economic wellbeing, both in the present and for future

generations.”

These definitions encourage students with Sustainable Development Engineering Curricula to achieve

the following objectives:

¢ consider what the concepts of global citizenship and environmental stewardship mean in the
context of their own engineering discipline

¢ think about issues of social justice and equity, and how these relate to ecological and
economic factors

¢ develop a future-facing outlook, learning to think about consequences of actions, and how
systems and societies can be adapted to ensure sustainable futures

There are four high level principles contained within these objectives supporting the
development of:

1) global citizenship;

N

social justice and equity;

w

)
)
) environmental stewardship;
)

4) and a future facing outlook.

These represent the expectations that a graduate of engineering with ESD skills, knowledge,
capabilities and competencies will be able to demonstrate for the achievement of graduate outcomes
relevant to ESD. Furthermore, United Nations World Summit (2005) affirmed the concept of three

'pillars' of sustainability — the economic, social and environmental factors that need to be taken into
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consideration in their cultural context. There is increasing recognition that these three factors are

interconnected, overlapping and interdependent.

3.5 Problem-based learning and sustainable development in Engineering Education

The roots of problem-based learning can be traced to as far as the belief of John Dewey's that teachers
should teach by appealing to students' natural instincts to investigate and create. Dewey affirmed that
“the first approach to any subject in school, if thought is to be aroused and not words acquired, should
be as unscholastic as possible” (Dewey 1916, 1944, p. 154). More than 80 years after, new theorists
such as Vygotsky (1978), Kolb (1984), Lave and Wenger (1991) and Gardner (1993) still have a common
idea and make reference to the theories and curriculum of Dewey (1933), Lewin (1948) and Piaget
(1974) which view the gaining of experience as an important approach to the further process of
motivation and learning. Educators give pupils something to do, not something to learn; and the doing
is of such a nature as to demand thinking, or the intentional noting of connections; learning naturally

results. Students still learn best by doing and by thinking through problems.

Problem-Based Learning (PBL) can be defined as a teaching method in which complex real-world
problems are used as the vehicle to promote student learning of concepts and principles as opposed
to direct presentation of facts and concepts. In addition to course content, PBL can promote the
development of critical thinking skills, problem-solving abilities, and communication skills. It can also
provide opportunities for working in groups, finding and evaluating research materials, and life-long
learning (Duch et al, 2001). The context and principles of PBL are common to that of Sustainable
development in (3:1) requiring critical thinking skills with the holistic problem-solving abilities. The
main connecting thread between the two is the various use of real-world problems in solving the

problems at hand.

Universities are now facing crucial responsibility and role to integrate sustainable development in
their educational task. The concept of competencies for sustainable development and the idea of
using real-world sustainability issues in education are promising approaches to transform
sustainability programmes at universities into student-centred learning environments. This ideal
real-world sustainability is problem-oriented which needs an innovative learning strategy such as
problem-based learning in engineering education. This will provide a structure for discovery that helps

students internalize learning and leads to greater comprehension.

Problem-based Learning can be incorporated or adapted into any learning situation or subject area
when the core problems vary among disciplines as characteristics of good PBL problems transcend

fields (Duch, Groh, and Allen, 2001)
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PBL can be incorporated into any learning situation. In the strictest definition of PBL, the approach is
used over the entire semester as the primary method of teaching. However, broader definitions and
uses range from including PBL in lab and design classes, to using it simply to start a single discussion.
PBL can also be used to create assessment items. Any subject area can be adapted to PBL with a little
creativity. While the core problems will vary among disciplines, there are some characteristics of good
PBL problems that transcend fields (Duch, Groh, and Allen, 2001). This makes problem-based learning
an educational approach well placed to develop sustainable development in engineering using the
graduate attributes students must have acquired. PBL in Engineering Education places an emphasis
on cultural and social approaches to learning and education in engineering by using interdisciplinary
research methods mainly based on theory of science, education and technological development.
These interdisciplinary approaches also encompass inter cultural learning, gender studies, creativity,
appliance and development of virtual technologies in education and learning, and meta-theoretical

reflection which is all encompassed by sustainable development.

4. Imperatives of Sustainability in Engineering Education

Sustainability is an idea, a process as well an overarching objective that ideally allows to address the
current situation of concatenated ecological, social and economic crises, labelled together as ‘global
change’ (Biggs et al., 2011; Hug_ et al., 2016). The variety of sustainability interpretations as well as
the diversity of ways in which the concept is used, makes it attractive and explains its enduring
relevance (Hug_ et al., 2013). Universities have described four student sustainability attributes —
Holistic Systems Thinking, Sustainability Knowledge, Awareness and Integration, and Acting for
Positive Change — to help guide academic units to develop sustainability learning pathways in
sustainability in engineering education. Instead of teaching basics and applications in engineering,
developing the strategic and analytic capabilities to contribute to sustainable development should be
leading the engineering curriculum design: Systems analysis, technology history and future studies
could be fundamental in developing techno-strategic competences. The issue is not replacing science,
modelling- and design courses; it is enabling students to connect science, modelling- and design work

to the main challenges of society. Engineering education already deals, in varying degrees, with the.

With the demand and challenges faced by engineering graduates to be more competent and perform
work in the world’s current complex situation, new learning method based on the principle of using
problems as a starting point for the acquisition and integration of new knowledge need to be
incorporated in the curriculum development and as innovation in students’ learning strategy. The
traditional method of teaching need to be improvised to enable students to be innovative, creative

with critical thinking skills, effective communication and problem-solving skills are much required of
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graduates to be sustained and succeed in the real world. Future engineers must receive essentially
multidisciplinary education. Much has been written about the requirement to adapt teaching both to
the new generation of students and to the more recent technical needs. It is a global problem of

sustainability of higher education institutions.

The additional capabilities that this requires could also help students in developing their own
curriculum. Far more individualized curricula might help students acquiring the capabilities that fit to
their own future. Of course, a far more individual curriculum does not imply far more individualised
education, on the contrary. Problem-based and project-based learning have proven their value to

engineering education (Perrenet et al., 2000).

4.1 Progress in Sustainability in Engineering Education

Globally, there is an increasing move to reform traditional engineering education programmes to
integrate the concepts of sustainability in solving global socio-economic challenges in undergraduate
curricula. Engineers are increasingly working to achieve safe and sustainable development in a cost
effective, environmentally protective and socially responsible manner. (Augusti, 2007; Desha et al.,
2009; Lopez et al., 2011). Institutions of higher education play a vital role in addressing contemporary
sustainability challenges and opportunities, as their teaching, research and community engagement
functions can impact global environmental issues and influence societal change. By educating future
leaders and community members, conducting research. and demonstrating best practices, universities
can have a profound impact on the state of our current and future society [Ralph M, Stubbs W 2014].
The idea of the sustainable university [Sterling, et al .2013], and particularly the transformative
orientation of the institution towards sustainability, implies that the university’s vision, values and
practices have been re-oriented to reflect a tight framing around specific conceptualizations and
expressions of sustainability of which is the arrow mainly pointed at engineering departments [Scott

et a,l 2014).

4.2 The gap and way forward

A lot of theoretical aspects of sustainability in educational system in general to transform the globe
has been discussed with reference to engineering education but not enough focus has been
emphasised on the practical application on the three main sustainable domains of economic, social
and environment in the higher education institutions hence the reason for the research gap. It is of
paramount importance for the integration and applications of the three sustainable domains
especially the social aspect to effect change in the society. As a first step, a paradigm shift of
engineering education is necessary for humanity to realize the goal of sustainability. The need arises

to equip engineering students with a wider horizon on concepts in terms of environmental, economic
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and social attributes, for decision making sensitive to sustainability issues. Pedagogic frameworks
must address a multidisciplinary analysis of sustainability. The teaching / learning concepts of Control
Systems Engineering are presently of importance because they are based on their development and
application in systems that are intended to be increasingly sustainable. The government should also
invest in Curriculum policies of sustainable transformation of engineering education that emphasises

on awareness, attitudes to mention a few towards sustaining the environment.

Engineers have a very important role to plan in the society with their impacts of their activities on the
environment as affirmed in Barcelona Declaration (2004).The knowledge and skills acquire in
sustainable development engineering education should contribute to improve social conditions.

Engineering education must be integrated with sustainability aspects.

The development of an adequate curriculum for engineering education, that contemplates the
sustainability concepts requires planning, time, the involvement of stakeholders (Malkki and Paatero,
2015) and the greater challenge: a “paradigm shift in engineering” (Mulder, 2017, p. 1107). This

paradigm shift can be developed through critical thinking and creative skills such as:

1) improving problem-solving skills
2) increases motivation

3) helps students learn to transfer knowledge to new situations

5. Conclusion

Sustainability in engineering education is a paramount important type of education in providing the
nation with innovative, creative and critical thinking human capitals which will contribute to
sustainable development of the country. To achieve this, a good and holistic program of engineering
education at the tertiary level should be provided. One of the suggestions is the implementation of
Problem based Learning approach. This structured approach that integrates research elements,
generic skills to interdisciplinary curriculum drawn from real life situations. Students work in
collaborative groups to identify what they need to learn to solve a problem holistically in the society

and eventually globally.

As a conclusion, the PBL innovative approach can help learners gain inter-disciplinary knowledge and
develop diverse skills needed to tackle sustainable development challenges. Traditionally, engineers
have been educated to contribute to the production potential of societies. With the acknowledgement
that the sustainable development of today’s societies relies on more than this potential, it inherently

becomes necessary for engineers to contribute with other potentials as well. However, core

156


https://www.sciencedirect.com/science/article/pii/S0959652618314100#bib37
https://www.sciencedirect.com/science/article/pii/S0959652618314100#bib37
https://www.sciencedirect.com/science/article/pii/S0959652618314100#bib39

7" International Research Symposium on PBL (IRSPBL), Beijing, China, 19 — 21 October, 2018

engineering skills today still focus on the production potential. PBL adds to these skills by providing
(and promoting) the linkages to and the understanding of other items and dimensions of the
sustainability potential through context-based, interdisciplinary learning. This enables the engineers
to solve complex and situated problems. In other words, in engineering education, PBL adds interplay,
mix and diversity to the core skills and thus creates the basis for a more integrated approach. This
approach is needed for engineers to be able to discuss, understand and decide whether the progress
in one potential may take place at the expense of other potentials. As affirmed by theorists throughout
the article, all education involves either problem solving or preparation for problem solving and this
does not leave sustainable development in engineering education out. Examples, from mathematical
calculations (“What does this equal?”) to literary analysis (“What does this mean?”) to scientific
experiments (“Why and how this happens?”) to historical investigation (“What took place, and why
did it occur that way?”), educators show students how to answer questions and solve problems. When
teachers and schools skip the problem-formulating stage—handing facts and procedures to students
without giving them a chance to develop their own questions and investigate by themselves—
students may memorize material but will not fully understand or be able to use it. In the end, PBL

paves the way for innovation, thus matching and solving the problems of society.
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Abstract

PBL involves hands-on teaching and learning systems that encourage and enable students to gain
knowledge, skills, attitudes and values crucial to outline a sustainable future by modifying their behavior
and take stroke for sustainable development. The main purpose of this study is to identify the gaps that
exist in the present curriculum of Textile Engineering Education of Bangladesh and to find out the
importance of implementing PBL to overcome those gaps. To achieve the goal, a survey has been
conducted by supplying the questionnaire to different universities of Bangladesh who have been providing
Textile Engineering Education since last five years and more. The collected data regarding curriculum and
the teaching methods were analyzed to identify the issues that to be incorporated for sustainable Textile
Engineering Education. From this study, it was unveiled that most of the universities of Bangladesh have
the remarkable lack of sustainable issues in their existing textile curriculum and there is an obvious scope
to upgrade the curriculum which would be functionalize through providing PBL teaching and learning
methodology. The paper also concludes that PBL is an effective tool to make the Textile Engineering
Education sustainable in Bangladesh by developing a strong linkage between educational institutions and
industries.

Keywords: PBL, Sustainability, Textile Engineering, Curriculum, Bangladesh

Type of contribution: Research paper

Introduction

Problem-based learning (PBL) is an evolving teaching method which has been run for practice in university
level education in recent years (Yeo, 2005). PBL guides the students to come out from their teacher-
dependence by improving their self-confidence (Dixon, 2000; Walker et al., 1996). The teaching strategy,
PBL gives the confidence to the students to take lead and responsibility (Galvez et al., 2007). It provides
learners the opportunity to work collaboratively and develop the ability to learn under their own direction
(Hmelo-Silver, 2004; Gwee, 2009). It also introduces the learners with the problem solving processes
(Woods, 2006).

Essentially, PBL involves people working in small groups with someone, usually the trainer, to facilitate their
learning and stimulate their thinking through interactive discussions. Typically, learners are given an
exciting and challenging problem at the start of the session to brainstorm relevant issues and discuss
practical solutions. They are also given the responsibility of taking charge of their own learning, using the
chosen “problem” as a guide to decide on the scope of what needs to be critically learned (Enger et al.,
2002).
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So, PBL could be an emerging method for the learning of Textile Engineering students (Graaff & Kolmos,
2003; Savin-Baden & Major,2004; Dolmas et al.,2005).

PBL based learning is more than learning pedagogy or model, it can be interpreted in terms of educational
philosophy rooted in most innovative learning theories (e.g. constructivism, experiential learning), in which
different problem scenarios combine, for example, different knowledge, disciplines, and learning goals
leading to different practices, curriculum organizations and learning outcomes (Savin-Baden & Howell,
2004; Savin-Baden, 2007).

PBL is widely recognized as suitable to develop the aimed 21st century engineer profile due to, for example,
relation between theory and practice and the development of competencies such as problem solving skills,
communication, collaboration, (de Graaff & Ravesteijn, 2001; Graham, 2010; Graham, 2012). This learning
approach is also used to educate for sustainable development. Similar to engineering education, PBL is
used due to its characteristics to promote, for example, metacognition, interdisciplinary, contextual and
self-directed learning, critical thinking and problem solving skills (Mogensen, 1997; Steiner & Posch, 2006;
Bourn & Neal, 2008; Segalas, 2009).

PBL is one of the approaches used to incorporate sustainability in engineering education. PBL is an
innovative, student-cantered learning approach capable of enhancing students’ interdisciplinary knowledge,
collaboration, problem-solving abilities, communication, critical thinking and self-directed learning. Several
studies have been published reporting the use of PBL to integrate sustainability in engineering education
(Sipos et al., 2008; Brundiers et al., 2010; Dobson & Tomkinson, 2012; Mulder et al., 2015; Mulder et al.,
2012).

An inter-disciplinary, problem-based approach to education for sustainable development has been
implemented in Manchester for a number of years and is already well documented (Tomkinson et al., 2008;
Tomkinsion et al., 2007).

The main purpose of this study is to identify gaps exist in the present curriculum relating to sustainability of
Textile Engineering Education of Bangladesh and to find out the importance of implementing PBL to
overcome those gaps.

Methodology

In order to address the importance of Problem Based Learning (PBL) and to minimize the curricular gap for
the sustainability of Bangladesh textile engineering education, a set of survey questionnaire were sent
directly to university faculty members. There were twelve questions in that set of questionnaire. These
guestions were formulated relating to their existing curricular, sustainable curriculum (economic, social and
environmental dimensions), implementation of PBL and present teaching-learning methods. Most of the
guestions were prepared focusing on 5-Likert scale. This survey was completed on 100 faculty members of
Textile Engineering Departments of 10 universities of Bangladesh who have been providing B. Sc. in Textile
Engineering education since last five years. The feedback received from participants of the survey was then
analyzed and presented by using pie charts.
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Results and Discussion

The feedback received from participants of this study are presented as follows:

If Sustainability is defined as ‘Development, which
meets the needs of the present without
compromising the ability of future generations to
meet their own needs’, how important is sustainable
curricula for textile engineering (TE) education?

M Extremely important

M Very important

W Moderately
important

m Slightly important

m Notimportant at all

Figure 1: Importance of sustainable textile

engineering curricula.

How much importance has given on economical
uses of resources and development of alternate
resources in the B. Sc curriculum?

B Extremely
importance

W Very much
importance

= Moderate
importance

H Slight importance

B No importance at
all

Figure 3: The importance on resources

in the B. Sc. curriculum

How well does bachelor syllabus of TE
highlight the efficient uses of energy?

W Extremely well
M Quite well

= Fairly well

m Slightly well

M Not well at all

Figure 2: Highlighting to efficient uses of

energy by bachelor syllabus of TE.

How much information have you found about
health and safety measures of the personnel in
textile engineering education?

M Extremely complete
infermation

M Quite complete
information

W Satisfactory
information

m Slight infermation

m No information at all

Figure 4:Information about health and

safety in textile engineering education
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How much are your students aware of legislation How does the syllabus make students concern
and regulation of environment issue of your about the issue of climate change arisen by the
country and world after completing their study? textile processing industry?

W Extremely aware

B Completely aware

m Satisfactorily aware

H Little aware

B Notaware at all

M Extremely concerned

M Fully concerned

W Adequately
concerned

M Little concerned

M Not concerned at all

Figure 5: The students’ awreness of environmetanl Figure 6: Guiding of syllabus to the

issues received from the study. studetns about climate change
To what extent do bachelor subjects teach How much effort does the syllabus put into
about social and community responsibility? discussing indigenous heritage and culture?

M A tremendous
amount

H Quite a bit

= Somewhat

M A tremendous
amount of effort

M Quite a bit of effort

= Some effort

M A little bit M Little effort
m Notat all m No effort at all
Figure 7: Social and community Figure 8: Presence of indigenous and culture
responsibility aspect of subjects. related discussion in the syllabus.
Do you have any idea about Problem Are you using PBL in your existing
Based Learning (PBL)? teaching-learning technique?

HYes
HYes
N
milo HNo
Figure 9: Introduction of PBL. Figure 10: Use of PBL in existing teaching-

learning technique
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‘PBL may be an intensive tool to make the There is scope to incorporate sustainable
textile engineering curriculum sustainable in issues in different courses of your present
Bangladesh” — How well you agree with this syllabus of TE.

statement?

mStrongly disagree W Strongly disagree

M Disagree

M Disagree

Neutral/Neither
agree nor disagree

Neutral/Neither
agree nor disagree

MAgree MAgree

mStrongly agree mStrongly agree

Figure 11: The acceptability of PBL as an Figure 12: Scope to incorpoate sustainable
intensive tool to produce sustainable topcis in existing syllabus.

textile engineering curriculum.

The figures (1-12), show the participants’ perception on their existing textile engineering curricula,
sustainable curriculum including economic-social-environmental dimensions and PBL as tool for sustainable
curricula. It is clear that most of the participants (85%, Figurel) think the sustainability is important for
existing TE curricula whereas 1% (Figurel) do not agree. The figure2 shows that 35% agree, 25% slightly
agree and 15% do not agree with extremely well highlighting on the efficient uses of energy. About 5%
(figure3) faculty members think the existing syllabus gives extremely importance on the message related to
economic uses of resources and alternative resources whereas 53% do not agree. A higher percentage (55%,
figured) of participants deliberate that the information about health and safety of personnel is not
complete at all in the syllabus. According to the comment of participants, it is clear that a large number
(65%, figure5) do not agree that the present study provides legislation and regulations of environmental
issues whereas only 4% are satisfied. Less number (25%, figure6) participants agree that the existing
syllabus is fully concerned with climate change whereas 28% are totally disagree with this comment. The
syllabus which is followed by different universities teaches a tremendous social and community
responsibility to students (65% agree and 5% totally disagree, figure7). 15% (figure8) teachers think the
syllabus has a tremendous amount of effort to discuss the indigenous heritage and culture whereas 30%
(figure8) totally disagree with the statement. Only 45% (figure9) participants are familiar with the concept
of PBL and only 10% (figurel0Q) participants are following PBL in their teaching method. PBL may be an
intensive tool to make the existing textile engineering curricula sustainable — 55% (figurel1) strongly agree,
20% (figurell) agree and 10% (figurel1l) only disagree among the participants with the statement. To make
the curricula sustainable some topics related to sustainable to be incorporated in the existing syllabus of TE.
In this regard, 75% (figure12) teachers strongly agree.

Conclusion

From this study, it was unveiled that most of the universities of Bangladesh have the remarkable lack of
sustainable issues in their existing curriculum and there is an obvious scope to upgrade the curriculum
which would be functionalize through providing PBL teaching and learning methodology. The paper also
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concludes that PBL is an effective tool to make the Textile Engineering Education sustainable in Bangladesh
that can be functionalized by developing a strong linkage between educational institutions and industries.
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Abstract

Aalborg University (AAU) in Denmark has practiced project and problem based learning (PBL) since its start
in 1974 on all faculties. A principle behind PBL is that students work with projects where they solve a
problem that origins in society. Mathematics, however, is an abstract discipline where the results are
sometimes applied in other disciplines but other times, mathematics only deals with abstract objects.
Linear algebra is taught as part of most mathematics, engineering, and science university programmes in
the world usually during the first year of study. At AAU, mathematics students work in groups on a project
in linear algebra during their first semester and this is documented in a joint report. During this semester
they have a course in linear algebra. This paper analyses all five student reports done during the autumn
2016. The purpose of the analysis is to answer the following research questions: “To what extent is a
concrete problem and its context addressed and acts like the goal of these projects? How do the projects
show the theory?”. The analysis is a combination of quantitative and qualitative content analysis of the
curriculum and the reports particularly focusing on the problem analysis, context, problem statement, and
mathematical content and competencies. The paper includes a discussion about the principles of PBL at
AAU in relation to mathematics. The paper concludes that the projects showed the students’ abilities in a
range of mathematical competencies. In three of the projects, the outset of the projects was a real problem
in society, while in the two others, theory was presented, then a case added to apply the theory. All reports
had extensive theory sections and therefore showed both pure and applied mathematics.

Keywords: mathematics, PBL, linear algebra, context, applied mathematics

Type of contribution: research paper.

1 Introduction

When Aalborg University (AAU) in Denmark was established in 1974, the founders decided that the
university should be organised around the principles of problem and project based learning (PBL) at all
faculties. The structure of the AAU PBL Model has since then undergone several changes (eg. Kolmos et al.,
2013 & Dahl et al., 2016) but the AAU PBL principles have remained roughly the same. These principles may
not be exactly like PBL principles applied in other institutions but since this study takes place at AAU, it is
the AAU PBL principles that will be in focus. The newest formulation (Askehave et al., 2015) states six basic
AAU principles:

The problem as point of departure

Projects organized in groups

The project is supported by courses

Collaboration — Groups, supervisor, external partners
Exemplarity

Student responsibility for learning

oukwWwNE
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The AAU PBL principles are therefore based on student centred learning where students work in groups
with projects where theory is applied to solve or to explain a problem that origins in society. Particularly at
the start of the education, supervisors provides the problems in project catalogue. The problems are
therefore contextualised. The problem formulation is developed through a problem analysis of an initiating
more loose problem found within a prescribed semester theme, and the problem formulation becomes the
guide for the project. The students are responsible for their own learning including project planning, and
they collaborate in teams of up to eight students. The student groups receive feedback from other student
groups and from supervisors who act like facilitators. The overall structure of a semester allows for half the
time to be spent on the project while is other half is reserved to more traditional courses where some of
the courses are supposed to support the project, others are more general courses. When appropriate, the
projects also have an inter-disciplinary focus. Exemplarity refers to both content and process and implies
that the learning outcomes of a project can be transferred to similar problems relevant to the students’
future professions and the learning outcomes are therefore applicable beyond the project itself (Kolmos et
al., 2004, Kolmos, 2009).

AAU offers a study in mathematics. De Graaff (2016, p. 397) argues that “working in a project is a natural
preparation for a professional career in engineering. For other professions such a link to a project is less
obvious”. Ravn and Henriksen (2017) argue that university engineering education in the abstract aspects of
mathematics can be done in a contextual way. However, this paper focuses on university mathematics
education. Dahl (2018) discusses that a study in mathematics must include both real (abstract) and applied
mathematics in order to fully educate students as mathematicians. This raises the question if PBL is able to
provide adequate training in pure mathematics since problems here typically origins in a theoretical realm
and PBL might therefore not develop the students’ abilities in all the mathematical competencies. These
competencies are described by Niss (2015) and they are also part of the OECD PISA framework for
comparing school children internationally. In Dahl (2018) it is argued that PBL might also fit the teaching of
pure abstract mathematics if the concepts of ‘society’ and ‘context’ are interpreted to also include the
‘society of researchers’ (or community of researchers) indicating that all problems are not necessarily
relevant to everybody in the society at any given point in time, but that some problems are only relevant
for some part of the society, at least for the moment. Abstract mathematics is highly relevant within a
context of research mathematics. Abstract mathematics is not always applicable immediately, neither is
most basic research, but some basic research becomes relevant after some years - sometimes even several
thousand years like was the case with number theory.

This paper focuses on PBL projects in linear algebra and the purpose of the analysis is to answer the
following research questions: To what extent is a concrete problem and its context addressed and acts like
the goal of these projects? How do the projects show the theory?

2 Mathematics and mathematical competencies

Niss (2015) formulated eight mathematical competencies that are supposed to be taught and learnt
throughout the education system from primary through to tertiary in order for students to properly learn
mathematics. These competencies are: (1) Thinking mathematically, (2) posing and solving mathematical
problems, (3) modelling mathematically, (4) reasoning mathematically, (5) representing mathematical
entities, (6) handing mathematical symbols and formalisms, (7) communicating in, with, and about
mathematics, and (8) use of aids and tools. To possess a competence means to be able to perform certain
actions with various mathematical contents. Niss (2015) described three dimensions of competence
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possession: degree of coverage of the aspects within a competence, radius of action which are the various
contexts where a person can activate the competence successfully, and technical level.

The competency flower
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Figure 1: The competency flower of the eight mathematical competencies illustrated by Niss (2015).

Antonsen (2009) argues that the eight competencies are different as four of them may be termed ‘inner’
mathematical competencies (thinking, reasoning, representing, symbols and formalism) as their focus from
a mathematical point of view are more relating to pure mathematics. Antonsen (2009) terms the other four
‘outer’ mathematical competencies (modelling, problem handling, communication, aids and tools) as they
focus more on the application of mathematics. This division can be discussed as problem handling might
also be within abstract mathematics and in order to apply mathematics, symbols and representations are
needed. However the prime goal of the competencies differ. This division will be applied in this paper to
analyse to what extent the projects are real or applied mathematics, or both.

3 Methods

This paper analyses all project reports at the first semester of mathematics in the autumn of 2016. The
groups consisted of between four and seven students, and the projects were supported by a semester
course in Linear Algebra. The theme of the projects was: Discrete dynamic systems. The groups had two
different supervisors (the author was not one of them).

Bauersfeld (1979) distinguishes between different levels of learning termed ‘matter meant’, ‘matter
taught’, and ‘matter learnt’. Matter meant is the official curriculum, matter taught is what actually happens
during lecturing and supervision, while matter learnt is what the students by the end of a course or project
are able to do. This analysis will be on the first and the third level. The analysis is content analysis (Titscher
et al., 2000) and is a combination of quantitative and qualitative content analysis of the curriculum and the
reports particularly focusing on the problem analysis, context, problem statement and mathematical
content and competencies.
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4 Analysis

4.1 Analysis of the curriculum

At Aalborg University each semester consists of usually one project of 15 ECTS and three courses of each 5
ECTS. Students choose their topic of study before entering the university and therefore begin studying
mathematics from the first day at the university. Each semester is therefore a “package” of courses and a
project to be followed by each student. At the fourth and sixth semester of the three-year bachelor
programme, the students have some freedom to choose courses but otherwise the courses are
predetermined and each project is within a prescribed semester theme with prescribed learning objectives
that are approved by the study board. During the first month at the first semester, the students do a PO
project, which is a small 5 ECTS project where the students work in groups put together at random by the
administration. This project is only graded pass/fail. The purpose is that the students should have a first
experience with PBL on a smaller scale before starting on the bigger projects. The second project at the first
semester is called P1 and is 10 ECTS and graded. This paper analyses the P1 projects. Here the students
choose their own group members within some frames such as number of group members. The nine
learning objectives for P1 are divided into knowledge, skills, and competencies (Study Board for
Mathematics, Physics and Nano Technology, 2015). They are listed in Table 1 and translated from Danish by
the author. In brackets each objective is named (eg. K1, Knowledge goal 1) by the author to make later
reference easier:

Table 1: Learning objectives of the P1 project with the theme: Discrete Dynamical Systems.

Knowledge Should have knowledge about models for concrete dynamical systems, eg. for the
description of macro economical phenomena (K1)
Should know about iterative and numerical methods and tools that can be used to
simulation of discrete dynamic systems (K2)
Should know about and have overview over topics and concepts in linear algebra that
are relevant to solution and analysis of equilibrium and stability of discrete linear
dynamic systems (K3)

Skills Is able to communicate the relevant abstract mathematical theories and their
application in one or more concrete dynamic systems. This communication must be in
both writing and oral using correct mathematical concepts, symbols, and rigorous
reasoning (S1)

Is able to perform a concrete analysis of a discrete dynamic system where the analysis
includes determining equilibrium points, stability, and perhaps numerical simulation
(S2)

Is able to designate relevant areas of focus for assessing and developing solutions while
showing consideration for the societal and humanistic context in which the solutions
are be part of (S3)

Competence Should be based on given conditions be able to reason and argue using mathematical
concepts from linear algebra (C1)
Should develop and strengthen own ability to orally and in writing give a correct and
precise mathematical statement (C2)
Should apply concepts and tools to problem based project management and reflect
about problem based learning for groups in a written Process Analysis for PO and P1
(C3)

It appears that problem based learning is stated directly as part of the competence goals (C3). Here the
focus is on project management and the collaboration between group members. The Process Analysis
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mentioned is a 5-10 page document that is assessed as part of the project exam where the students should
describe and reflect upon their project management, group collaboration, and collaboration with the
supervisor(s) (Spliid et al., 2017). The learning objectives do not mention to what extent the project should
take an outset in a problem, but the focus is both on abstract and applied mathematics. S3 states that the
context of the problem should be considered. Table 2 gives an overview of how the listed knowledge, skills,
and competencies in the curriculum fit the competence flower. Given that ‘competence’ may not be used
in the same manner in Niss (2015) and the curriculum, the analysis also includes the learning objectives
about skills and knowledge.

Table 2: Comparison of learning objectives to the eight mathematical competences.

Real or applied Competence Seen in curriculum
Mainly real Thinking C2
Reasoning S1,C1
Representing K1
Symbols and formalism S1
Mainly applied Modelling K1, K2
Problem handling K3, S2,S3
Communication S1, C2
Aids and tools K2

C3 does not focus on mathematics and is therefore not listed in Table 2. It appears that the learning
objectives cover all eight mathematical competencies and that application competencies are covered more
often than real competencies. However such a conclusion should be done with caution as the nine learning
objectives are not necessarily supposed to be of equal weight. But it is clear that the projects are not
intended to be just application projects but they should contain a certain amount of mathematical theory.

4.2 Analysis of the projects as a whole

The five reports are of different length as illustrated in Table 3. The reports are mentioned by the name of
the group which refers to a specific room number. Often groups share a room and then one group is
denoted ‘a’ the other ‘b’. The capital A in front refers to building name.

Table 3: Overall description of the five project reports: Supervisor and number of pages.

Group name
A217b A218a A218b A219a A219b

Supervisor A A B B B

Introduction section and problem analysis 6 2 6 2 1
Theory section(s) 14 21 22 42 33

Application section(s) 8 20 20 12 26
Discussion & conclusion 4 6 4 3 3

Total number of pages in report 44 56 73 70 68

The number of pages for introduction etc. seen in Table 3 does not add up to the total number of pages in
the report as this number also includes preface, abstract, table of contents, bibliography, appendices etc.

Table 4: Percentage (rounded) of introduction/problem analysis, theory and application sections.

Group name
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A217b A218a A218b A219a A219b
Introduction section and problem analysis 14 4 8 3 1
Theory section(s) 32 38 30 60 49
Application section(s) 18 36 27 17 38

The percentage distribution of pages seen in Table 4 only gives an overall impression of the report as some
sections might be written in a more compact ways than others. However based on the distribution it
appears that the reports of groups A219a and A219b are quite theoretical, groups A218a and A218b have
an even distribution, while A217b is between these two groups as their report appear quite theoretical, but
on the other hand, they have a more extensive problem analysis. It also appears that the fact that there
was two different supervisors did not influence the balance between theory and application since both of
them supervised theory heavy projects and application heavy projects. The analysis below will go deeper
into this.

4.3 Analysis of the introduction and context

As stated above, AAU has six basic PBL principles. In terms of Principles 2, 3, 4, and 6, it is a given that these
are fulfilled as the projects are evidently organized in groups of between four and seven students, the
project is supported by a course in linear algebra, the group had a supervisor, and they were responsible
for their own learning. What is more interesting to investigate is the first principle (The problem as point of
departure) and fifth principle (Exemplarity), which will be done below.

For all five reports, the problem analysis is done as part of the introduction and these sections are relatively
short; i.e. 1-6 pages, or between 1-14% of the report. Table 5 is a first step of the analysis of Principles 1
and shows how the five reports introduced their project, argued for the problem formulation, and
presented the real life context.

Table 5: The projects’ introduction, problem analysis, and problem statements (translated by the author).

Introduction and problem analysis Problem statement

A217b Begins by describing that most Danes are using the Internet How can the theory of
daily to search for information. Then they discuss how it is Markov chains be used to
possible that an Internet search gives useful information and describe the Google
then introduces the search engine Google (/: page). Before the = PageRank algorithm?
problem statement the group has 1% pages problem analysis
where the PageRank sum formula is presented.

A218a Same as group A217b but 1 page. Before the problem How can PageRank be
statement the group has a % page problem analysis where the understood and how is
PageRank sum formula is presented. Google, PageRank, and

Markov chains connected?
Which are the characteristics
of Markov chains and how
can these be used to make a
model of the Internet that
makes successful
information search possible?

A218b  Begins by referring to the British mathematician Patrick Leslie How does a population

who in the 1940s investigated the development of biological
populations. Then they present the Leslie Model (% page). The
problem limitation (% page) describes that the goal of the
project is to be able to describe how a herd of sheep develops.
The rest of the introduction (4 pages) after the problem

develop and which methods
from linear algebra can be
used to investigate this?
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statement gives an overall description of population growth
and how the Leslie Matrices fit.

A219a Begins by stating that probability is a fundamental thing for all How can mathematical

humans and that mathematics can create models that predict modelling using Markov
how problems develop. They then describe their first case chains predict how a group
which is a model for the woods around Princeton. The second of trees will change over
case is ‘Snakes and Ladders’, which is an old board game. They  time and how can Marcov
explain that Markov chains are used in the project on these chains be used to calculate
cases (% page). Before the problem statement there is % page the average length of a
with problem analysis which is basically a description of the game of ‘Snakes and
structure of the report. Ladders’?

A219b Begins by stating that many problems from the real world can How can linear algebra be
be solved using mathematical methods for instance the used to investigate a long
distribution of trees in a wood or how an illness develops. Then  term process using Marcov
they describe that Marcov chains can be used to analyse the chains and how can this
transition in a network of conditions (% page). Before the knowledge be used to
problem statement they have % page that describes the describe a course of a
structure of the report. Hepatitis B illness and to

calculate the cost of this
course?

In terms of the first AAU PBL principle stating that the problem as point of departure, we see that three of
the groups (A217b, A218a, A219b) appear to start their report with a problem asking how it is possible that
an Internet search gives useful information (groups A217b, A218a) or a little more generally how trees are
distributed or an illness develops (A219b). Their problem analysis then introduces the PageRank algorithm
or Marcov chains and then they formulate the problem statements. Although the problem analyses are
relatively short, they nevertheless illustrate how the projects go from a more loosely described (initiating)
problem to a specific problem. The two other groups (A218b, A219a) begin by describing a mathematical
area and then later introduce a case that fits this piece of mathematics but it does not appear to have been
the cases that guided the projects, more the other way around. Particularly for A219a, they choose two
unrelated cases. The reason for the differences cannot be determined through a text analysis as they had
different supervisors and were in different part of linear algebra. The context of the projects therefore
varies as two of them have the Internet and the daily consumer as the context, two have more biological
contexts, and a third a game theory context.

In terms of the fifth AAU PBL principle about exemplarity, the projects all worked with the application of
mathematics to real problems, which is what many trained mathematicians work with after graduation.
However, in most jobs a task begins with a problem to be solved or improved. Usually a job would not
involve first to get to know a theory and after that find a way to apply it. Therefore only three of the
projects (A217b, A218a, A219b) are truly exemplary.

4.4 Analysis of the theory sections

Table 6 gives an overview of the theoretical chapters in the five reports. Below will be discussed how they
relate to the eight mathematical competencies and the learning objectives of P1.

Table 6: Short description of the projects’ theoretical chapters.

Use of definitions, examples, theorems, and proofs

A217b  The 14 pages of theory consists of two chapters. In total seven definitions, eight examples,

174



7t International Research Symposium on PBL (IRSPBL), Beijing, China, 19 — 21 October, 2018

and four theorems with proof. The proofs had length between % - 2% pages.

A218a The 20 pages of theory consists of several chapters and in between are more application
chapters. The chapters are mathematical but seldom uses formal headings to indicate when
something is a definition etc. One place has an indication of an example. There is one
theorem and the proof is four pages.

A218b The 22 pages of theory consists of several chapters. In total seven definitions, eight
examples, and four theorems without proofs being given. One of the theorems is actually
not a theorem but a definition.

A219a The 42 pages of theory consists of one chapter with several subsections. In total ten
definitions, seven examples (as well as other examples not directly with the heading
‘Example’), four theorems without proof, and ten theorems with proofs. The proofs had
length between % - 1% pages.

A219b The 33 pages of theory consists of two chapters. The last section in the latter of these
explains in two pages how the theory is going to be applied (not counted as theory in Table
3). In total six definitions, 21 examples (usually 5-1 page, but one examples was 4% pages),
and four theorems without proof.

The purpose is not to grade the projects, and due to the restrictions of page numbers, the analysis does not
go in depth with the mathematics. Referring to the mathematical competences (Niss, 2015), the projects
show different degrees of coverage of the eight competencies. Mathematical thinking was seen in all
reports, but A218b and A219b showed lower level of coverage as they did not provide any proofs. A218b
furthermore mixed the concepts of theorem and definition and A219b spent the theory section mostly on
long examples. The three other groups had reports that resembled mathematics a lot more. Interestingly,
A219b was one of the reports that were initially (Table 3) considered quite theoretical. In relation to
mathematical reasoning, the text introducing the definitions and the explanation of the mathematics show
a good competence coverage. This is also the case in relation to mathematical representation, symbols and
formalism, which is apparent in the reports. All reports had some elements of mathematical modelling and
problem solving as the introduction formulated a mathematical problem and the report then used a theory
to model a piece of reality. Mathematically written communication is also seen in the reports. Regarding
aids and tools, all reports except A217b used Matlab. It therefore appears that with different level of
coverage, the reports train the students in all eight mathematical competencies. The curriculum covered all
the eight competencies but the aids and tools competence is only asked for in K2, where it required
knowledge about numerical methods and tools. Tools might therefore not necessarily be software but also
algorithms.

5 Discussion and conclusions

This paper analysed all the project reports of a single semester. Since student groups change year after year,
one cannot conclude that project reports would look the same another year. However, both supervisors
were experienced supervisors thus leading the projects in a direction that one might anticipate is a shared
understanding of what a project report is. In any case, the analysis is not intended to show a generalised
picture of what mathematics PBL project should look, but how they can look regarding how the real world
context fits. The research questions asked: To what extent is a concrete problem and its context addressed
and acts like the goal of these projects? How do the projects show the theory?

In relation to the first research question, three of the projects appeared to have a problem as a goal of the
project while the two others started explaining that some mathematical theory exists and they then later
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found a case to apply the theory. On the other hand, writing a project report is a long process where
chapters are edited multiple times. Since the students knew that they are studying within a PBL curriculum,
it is also possible that all the projects started with theory, then later found a case and explained the context
of this, a kind of PBL archaeology digging down to find what might have been a good initiating problem.
Nevertheless, the fact that three of the group chose to present their project in a way that fitting the AAU
PBL principle, shows that at least they know what PBL is and they are able to make it fit a project in linear
algebra.

Regarding the second research question, the projects covered the eight mathematical competencies in
various degrees which was also the case with the curriculum. Theory played a central role in the learning
objectives and the theoretical chapters took up a larger part even though some of the reports had less
mathematics thinking than others. A question could be, why have the theory section? If the problem is truly
the point of departure and guide for the project, is it then not enough that students within a few lines refer
to existing theory and then go directly on to apply the theory to their case? From a “pure” PBL principle,
one may argue that having theory section disrupts the structure of the report and these sections are not
necessary for the student to apply the theory. However, given that this is also an education in mathematics,
and that pure mathematics is an essential part of mathematics, one can argue that it needs to be there.

In terms of the exemplarity principle, only three projects were truly exemplary as they began with a
problem, while the two others began with theory. Nevertheless, even these two projects still applied the
theory to a concrete case. Given that the learning objectives do not insist on problems being the guide of
the projects, the students fulfilled these learning objectives. One may also argue that since all projects
applied theory to a real case, they indeed learned to apply theory, which is therefore exemplary. One might
also argue that the AAU PBL Principles 1 and 5 to some extent are contradictory as in most jobs, even
though a task takes an outset in a problem, it is not always the employee’s problem, but the employer’s
problem that the employee is asked to solve. Principle 1 and the general principle about student centred
learning stipulates that the students should find a problem that motives them, but this is not usually how
the work market functions.

The projects clearly all fulfil the criteria set up in the curriculum, but a critique might be that the curriculum
itself does not explicitly state that the projects should take a point of departure in a problem. However it is
clear that the projects should have some part of concrete application. The paper started by asking the
guestion if mathematics fit a PBL curriculum, particularly real mathematics. Based on the finding it appears
that a study of linear algebra that aims at developing the students’ abilities in all the eight mathematical
competencies are in fact able to do so provided that they take care of leaving a good amount of the report
to theoretical chapters. However, a study of mathematics also includes course in mathematical analysis
where an application to the real world is less obvious. One solution might be to only have pure
mathematics in the courses, but another solution could be to regard the real world as also including the
abstract world, which in fact according to Plato is the real world.
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Abstract

Self-efficacy is the belief in one’s capabilities to organise and complete a task successfully.
Many studies have shown that there is a positive relationship between efficacy beliefs and
academic achievements. However, there is a dearth of literature in exploring the influences of
mathematics self-efficacy on academic achievement in a problem-based learning (PBL)
environment. Hence, this study aims to (a) investigate the sources of mathematics self-efficacy
in a PBL classroom, (b) examine if there are any correlations between the sources of self-
efficacy and mathematics achievement scores, and (c) predict the main source of self-efficacy
that significantly affects mathematics achievement. A 23-item survey on mathematics self-
efficacy was administered to 161 Year 1 students studying Mathematics using problem-based
learning in a polytechnic in Singapore. The collected data from the questionnaire was
subjected to an Exploratory Factor Analysis (EFA), which yielded three sources of mathematics
self-efficacy, namely, (a) personal experience, (b) vicarious experience, and (c) psychological
state. These sources of mathematics self-efficacy showed positive and significant correlations
with one another, and also with mathematics achievement scores. In addition, personal
experience was found to be the main predictor for mathematics achievement. The study
findings have important practical implications for lecturers / curriculum designers to regulate
self-efficacy level of students by providing tailored learning experience for students learning
mathematics to build their confidence and improve academic achievements.

Keywords: Self-efficacy, mathematics, problem-based learning, academic achievement

Type of contribution: Research paper

1 Introduction

Bandura defined self-efficacy as “beliefs in one’s capabilities to organize and execute the
courses of action required to produce given attainments” (Bandura, 1997, p. 3). He posited
that self-efficacy was developed from four main sources, namely, mastery experience,
vicarious experience, social persuasion and psychological states. Mastery experience refers to
how one judges his competence according to his previous achievement on a similar task.
Vicarious experience refers to how one observes the action of the others so as to gauge and
compare with his or her own capability. Social persuasion refers to the feedback and
appraisals received from significant others when one is engaged in a task. Lastly, psychological
states refer to emotional arousal such as anxiety, fatigue, mood and stress that one
experiences while performing a particular task.
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There are various factor analytic outcomes derived by different researchers in their studies of
mathematics self-efficacy. In particular, Matsui et al. (1990) identified a three-factor model,
namely vicarious experience, social persuasion and psychological states for his studies.
Mastery experience was not established. This finding was unexpected as mastery experience
was established by Bandura (1997) to be the dominant influence of one’s self-efficacy. On the
other hand, Lent, Lopez, Brown, and Gore (1996) found a spectrum of factor solutions, from a
two-factor (personal experience and vicarious experience factors) to a five-factor (vicarious
experience was further divided into peers and adults influence) solution, when exploring the
sources of mathematics self-efficacy in a research on career relevant activities for high school
and college students using confirmatory factor analysis. Loo and Choy (2013) conducted a
similar study on investigating the sources of mathematics self-efficacy for 178 third year
engineering students in a polytechnic in Singapore and found four sources of mathematics self-
efficacy as hypothesised by Bandura (1997).

There are different instruments developed to measure self-efficacy. Lopez and Lent (1992)
developed a 40-item instrument, Mathematics Self-efficacy Scale (MSES), to examine the
sources of mathematics self-efficacy for high school students, which is equivalent to pre-
tertiary schools in our local context. Loo and Choy (2013) had adapted the MSES in their
research study. On the other hand, Usher and Pajares (2009) created the Sources of Self-
Efficacy for Middle School Students (SSEMSS) to investigate the mathematics efficacy level of
middle school students, equivalent to secondary school in the local context. This scale was
developed in respondence to the observation that the assessment of students’ mastery
experience in the area of mastery experience in MSES did not align with that defined by
Bandura. Also, Usher and Pajares (2009) advocated the need to segregate the vicarious
experience aspect into peer and adult influences as these influences offer different degree of
impact on the middle school students. In our current study, the questionnaire is adapted from
the work done by Usher and Pajares (2009).

Research studies in the academic settings have shown that there is a positive and significant
correlation between self-efficacy with academic achievements (Bandura, 1997; Jones, Paretti,
Hein, & Knott, 2010; Liem, Lau, & Nie, 2008; Lodewyk & Winne, 2005; Louis & Mistele, 2011;
Purzer, 2011). These studies have shown that regardless of age, gender, domains, disciplines
and countries, a student with higher sense of self-efficacy will achieve better academic
performance. In the context of Singapore junior college, Amil (2000), through investigating
self-efficacy and self-regulated abilities of students taking Economics at ‘A’ level, found that
there was a significant, positive correlation between self-efficacy with academic performance,
and self-efficacy with self-regulated learning. Loo and Choy (2009), who conducted their
research in a polytechnic in Singapore, also found that there is a positive correlation between
the sources of self-efficacy with academic achievements.

According to many research studies, mastery experience has been found to be the main
influence of student’s academic achievement in mathematics (Lent, Lopez, & Bieschke, 1991;
Loo & Choy, 2013; Lopez & Lent, 1992; Usher & Pajares, 2009). In addition, vicarious
experience was found in studies (Lent, Lopez, Brown, & Gore, 1996; Matsui, Matsui, & Ohnishi,
1990) to be a construct that was difficult to be captured consistently. Loo and Choy (2013),
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who conducted research in a polytechnic in Singapore, also found that the sources of self-
efficacy were correlated with mathematics achievement scores and cumulative grade point
average. In addition, results indicated that mastery experience was the main predictor of
mathematics achievement scores and related engineering modules. Notably, the research
subjects were students in their final year of diploma studies and were specialised in the
engineering field. Hence, it might be not surprising that mastery experience was the main
factor that attributed to the students’ sources of mathematics self-efficacy as the students
have built up their domain knowledge in engineering throughout their three years of study.

2 Research Questions

Based on the above literature review, the following research questions were formulated and
guided the data analysis in the study:

1. What are the sources of mathematics self-efficacy in a PBL classroom for Year 1
students?

2. Are there any relationships between the sources of mathematics self-efficacy and
mathematics achievement scores?

3. What are the sources of mathematics self-efficacy that predict students’ overall
mathematics achievement scores?

3 Problem-based Learning in the Polytechnic

Since its inception in 2002, the polytechnic has leveraged Problem-based Learning (PBL) as a
deliberate instructional approach for all its Diploma Programmes. PBL was adopted to help
students construct an extensive and flexible knowledge base; develop effective problem-
solving skills; cultivate self-directed, and lifelong learning skills; as well as become effective
collaborators, in keeping with the demands of a knowledge-based economy.

From 2011 onwards, to complement the use of PBL, and to cater to the varied demands of
different disciplines, the polytechnic expanded its use of instructional strategies to include
other learner-centred, inquiry-based strategies such as Cognitive Apprenticeship (CA),
Interactive Seminar (IS), and Project-based Learning (PjBL). These strategies are used as they
are grounded in social constructivism, in that they provide opportunities for learners to share,
debate, make sense of, and build on their learning collaboratively.

A typical PBL classroom in the polytechnic consists of 3 Learning Phases with 2 intervening
breaks. The lecturer-to-student ratio is 1:25 and students work in small groups of 5 each.

1. Learning Phase 1 (60 minutes): Problem is released to the students and it serves as a
trigger to simulate students’ learning. Students work on a heuristic tool — Problem
definition template (PDT), where they synthesise their thought process by putting in

2

“what they know”, “what they don’t know” and “what they need to find out”.

2. Learning Phase 2 (90 minutes): Students engage with the learning resources such as
worksheets provided to them. They work and collaborate with each other in their
team to solve the problem statement. Lecturers facilitate their learning and bridge
their learning gaps.
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3. Learning Phase 3 (120 minutes): Each team is given an opportunity to present their
solution to the class. Teams critique the solutions and also provide feedback to each
other. Finally, there are lecturer summary slides that show the concepts for the day
and a possible solution to the problem statement. Students are expected to write a
reflection journal on their learning by the end of the day and also submit quiz, peer
and self-evaluations.

4 Methodology

4.1 Sample

The sample for this study consisted of 161 Year 1 Semester 2 students studying mathematics
module in a polytechnic in Singapore. Out of the total students who participated in the study,
91 (57%) were males and 70 (43%) were females. Students were informed that their
participation will be kept anonymous and that they can refuse or discontinue participation at
any time without penalty. All the students have signed an informed consent form that allows
the author to use their responses of the survey as well as to extract their academic grades
from the database.

4.2 Instrument

A 23-item questionnaire adapted from the work done by Usher and Pajares (2009) was used in
the study to investigate the sources of mathematics self-efficacy of students. It was decided
that the SSMESS, developed by Usher and Pajares, is the most appropriate scale to be adapted
for this research as the research subjects have just completed their secondary school
education. Even though the sample data is enrolled in the polytechnic, their age group is
comparable to those in the secondary school as they are still in Year 1. For the SSMESS, some
of the questions were modified to use terminologies that the students would be familiar with.
This was done in consultation with math content experts and to suit the local context of the
study. Terms like, ‘teachers’ were changed to ‘facilitators’ and ‘mathematics courses’ to
‘mathematics modules’. Students responded by indicating their level of agreement with each
statement on a 5-point Likert scale.

4.3 Ethics

Ethics approval for the research was sought from, and granted by the Polytechnic Ethics
Review Committee. Students participating in the survey were assured of anonymity and all
individual data were de-identified in the data set for analysis.

5 Results and Discussions

Statistical Packages for Social Sciences (SPSS) version 23.0 was used to analyse the collated
quantitative data. Descriptive statistics consisting of mean and standard deviation for the
individual items in the administered questionnaire is shown in Table 1. The mean ratings of all
items ranged between 2.59 and 3.73 and the standard deviation (SD) ranged between .87 and
1.25.
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Table 1: Descriptive Statistics of the questionnaire items

Items M SD

1. | have excellent grades for my math tests. 3.28 .96
2. | have always been successful with math. 3.08 1.09
3*, Even when | study very hard, | do poorly in math. 3.43 1.12
4. | do well on math assignments. 3.54 .87
5.1do well on even the most difficult math assignments. 2.86 .93
6. Seeing my friends do well in math pushes me to do better. 3.31 .94
7. When | see how my math lecturer solves a problem, | can

. . . 2.84 1.19
picture myself solving the problem in the same way.
8. When | see how another student solves a math problem, | 3.03 1.20
can see myself solving the problem in the same way.
9. I imagine myself working through challenging math 3.11 1.12
problems successfully.
10. | compete with myself in math. 3.01 1.08
11. My lecturer has said that | am good at learning math. 3.73 .96
12. People have told me that | have a talent for math. 3.44 .99
13. I have been praised for my ability in math. 3.51 .88
14. Other students have told me that I'm good at learning

3.57 .89
math.
15. My classmates like to work with me in math because they 3.67 .92
think I'm good at it.
16*. Just being in math class makes me feel stressed and 3.18 1.25
nervous.
17*. Doing math work takes all of my energy. 2.59 1.16
" i .

18*. | start to feel stressed-out as soon as | begin my math 312 118
work.
19*. My mind goes blank when | am doing math work. 3.30 1.15
20*. 1 am unable to think clearly when doing math work. 3.42 1.10
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21*. 1 get depressed when | think about learning math. 3.49 1.24
22*. My whole body becomes tense when | have to do math. 3.57 1.14
23. | feel good when | am doing math. 3.36 1.09

*|tems 3, 16-22 are reverse-coded items

Using Cronbach’s alpha, the items in the questionnaire were subjected to an overall internal
consistency examination. The questionnaire items were deemed to have demonstrated good
internal consistency with a = .93. Besides that, inter-item and item-total correlations were
analysed. Generally, inter-item correlations were satisfactory with values ranging from .04
to .83. In addition, all item-total correlations satisfied r > .40 requirements, with correlation
values ranging from .47 to .71. Skewness and kurtosis of the terms ranged from —1.00 to .52,
within one standard deviation from the mean as recommended by Lin and Hsieh, 2010.

The questionnaire items were then subjected to an Exploratory Factor Analysis (EFA). A
Principal Components Factor Analysis of the 20 items using Varimax Rotation, with Kaiser
Normalization was conducted. Three items were removed from the original data set, namely
“Even when | study very hard, | do poorly in math”, “I compete with myself in math” and “| feel
good when | am doing math”. The Kaiser-Meyer-Olkin measure of sampling adequacy was .89,
above the recommended value of .60, and Bartlett’s test of sphericity was significant (y2 (190)
= 2362.66, p<.01), confirmed the factorability of the data.

The result of the factor analysis yielded three factors which explained 67.37% of the total
variance. As hypothesised by Bandura (1997), the sources of math self-efficacy are namely
mastery experience, vicarious experience, social persuasion and psychological states. However,
for this study 3 sources of math self-efficacy were derived, namely, personal experience,
vicarious experience and psychological state. It is noted that personal experience is an
amalgamation of mastery experience and social persuasion. In the PBL context, learners are
presented with a problem in order to activate their prior knowledge. This prior knowledge is
then built upon further as the learners collaborate with each other in small groups to construct
a theory or propose mental model to explain the problem in terms of its underlying causal
structure. Thus, the prior knowledge and the collaborative skills come together and play an
important part to influence the self-efficacy and are categorised as personal experience.

Descriptive statistics and reliabilities of the three factors are shown in Table 2. Cronbach's
alphas of the three factors were found to be ranging between .76 and .92, indicating high
internal consistency reliabilities.
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Table 2: Descriptive statistics and reliabilities of study variables (N= 161)

Factors Descriptive Statistics Cronbach’s Alpha
M SD
(1)  Personal experience (PE) 3.12 .86 .94
(2)  Vicarious experience (VE) 3.56 71 .76
(3)  Psychological state (PS) 3.24 .97 .92

Table 3 shows the correlations among the 3 identified sources of mathematics self-efficacy and
mathematics achievement scores. It is noted that all the sources are statistically significantly
correlated with each other and with the mathematics achievement scores.

Table 3: Correlations among study variables (N= 161)

Factors Correlation
(1) (2) (3) (4)
(1)  Personal experience (PE) - .66** .30** AL1E*
(2)  Vicarious experience (VE) - 36%* .35%*
(3)  Psychological state (PS) - 34%*

(4) Mathematics achievement score -

Note: ** p <.01.

In order to determine which factors predict the students’ mathematics achievement score, a
multiple regression was performed using students’ mathematics score as a dependent variable
and the three self-efficacy factors as independent variables (see Table 4). The results of the
regression indicated that the three predictors explained 66.0% of the variance (F(3, 157) =
15.07, p<.001). The result also suggests that personal experience was the strongest predictor
when predicting the academic achievements of mathematics modules. This implies when a
student has a strong and positive personal experience in mathematics, he/she may achieve
good grades in the subject.
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Table 4: Results of multiple regression analysis (N=161)

Dependent variable: Mathematics Achievement Score

Independent variables B SE B t-value Sig.
Personal experience (PE) .39 12 .30 3.15%* .00
Vicarious experience (VE) 12 .15 .07 .76 .45
Psychological state (PS) 27 .09 .23 3.00** .00
R? .22
Adjusted R? 21

Note: **p<.01

6 Conclusion

This study is an attempt to investigate the sources of students’ mathematics self-efficacy and
to determine the source that contributes the most to the academic achievement of
polytechnic students in a PBL classroom. Three factors were identified, namely personal
experience, vicarious experience and psychological state. The results of the present study
showed that the self-efficacy sources were significantly correlated with mathematics
achievement. More importantly, personal experience was found to be the main predictor for
academic achievements of mathematics.

The study findings provided important practical implications for school educators and
curriculum developers that tapping of student’s prior knowledge and experience are critical in
mathematics modules. Based on the findings of the study, the following are some key
recommendations that could enhance polytechnic student learning mathematics in a PBL
classroom:

(a) During the process of developing mathematics curriculum, curriculum developers
should plan activities that could help students to reinforce their prior knowledge and
to instil positive experience of accomplishing mathematics tasks in class. These
activities should involve collaboration among students. For example, curriculum
developers could design activities to help students relate which of their background
knowledge can be applied to solve their current mathematics problem and work in
small teams. This could allow students to recognise that they have the ability to solve
what may seem to be initially difficult.

(b) Curriculum developers can design smaller tasks to allow students to have more
confidence in completing math tasks. Tasks should be given progressively and
gradually so as to develop strong students’ efficacious beliefs. As long as students start
to build up significant level of confidence in mathematics, they would do well in the
subject.
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Although the findings of this study cannot be generalised and may only apply to mathematics,
they can be used to provide insight for the development of similar study in future. Atthe same
time, since the data collected for the current study is from Year 1 students, a future study may
be conducted to compare between Year 1 and Year 3 students’ self-efficacy results in order to
investigate if the PBL environment has a significant impact.
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Abstract

PBL model has significant effects in stimulating learning initiative, cultivating analytical thinking, guiding to
construct knowledge, and deep learning and are affirmed in training ability of strong adaptation, teamwork,
organization and management, and innovation. Teaching of basic mathematics course is indispensable in
the process of achieving the goal of college education. Teachers should continue to reform, improve and
practice teaching in order to meet the needs of social development. On the basis of traditional teaching
model, it is a good idea for teaching reform that PBL model is introduced in basic mathematics course.
Mathematics emphasizes the cultivation of students' ability to innovate and apply. PBL model can
effectively cultivate the students' comprehensive competence. Therefore, exploring PBL model has a
positive effect on the reform of teaching strategies. In this paper, basic information, gains, reflection,
enlightenment and reference in Aalborg University are summarized, focusing on in-depth analysis and
summary about PBL model and further analysis of its teaching idea and related contents. By using the
methods of literature review, quantitative and qualitative analysis, interviews, and empirical data analysis,
we study the transformation of the teaching model, introduction of the PBL model in teaching design and
strengthen of process evaluation. The purpose of this study is to complete teaching reform of the PBL
model in basic mathematics courses and practice, and to promote the students' coordinated development
in knowledge, skill and comprehensive competence. Finally, through the case study of PBL teaching design
in single courses and cross courses for statistics, the conclusion that interdisciplinary teaching design is an
effective strategy to promote cognition, cooperation and content learning is drawn and PBL teaching model
not only helps to cultivate students' professional identity and sense of responsibility, but also improves
their learning motivation and makes their learning process more meaningful.

Keywords: (maximum of 5): PBL teaching model; Basic mathematics course; Teaching reform; Educational
idea; Teaching strategy

Type of contribution: Research paper.

1 Introduction

In the present era of knowledge economy and challenges, the development of higher education only can be
invincible for a long time by keeping in step with the times and training high-quality talents to adapt to the
new situation (Du et al., 2013). Therefore, the training of essential competencies has become the focus of
university education and improving the essential competencies of college students has become the
mainstream of higher education reform (Spliid, 2016). Mathematics has an irreplaceable role in promoting
social progress, human civilization, the development of students and social harmony (Wu, 2014). The
teaching and learning of basic mathematics courses is an indispensable part of realizing the goal of college
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education and it requires teachers to reform and improve the classroom teaching to meet the needs of
social development (Lu, 2003).

Calculus, Linear Algebra and Probability Theory and Mathematical statistics are compulsory mathematics
courses for non mathematics majors in the science and engineering university. These courses have laid the
necessary mathematical foundation for the study of subsequent courses, and are very important for
improving students' ability in abstract thinking, logical reasoning and self-study. In recent years, with the
development of higher education, there have been problems of uneven quality of students and the
outstanding individual needs of students (Liu, 2003, 2008; Li & Yang, 2007). In addition, the traditional
teaching mode of college mathematics curriculum is centred on the classroom, teachers occupy the
dominant position, and the theory teaching is carried out from the concept, the interaction between
teachers and students is difficult to carry out, and the students are lacking of learning enthusiasm, many
students feel that mathematics is abstract and boring, and it doesn't seem to be useful enough, which lead
to poor teaching effect. The main reason is that the teaching process of is too theoretical and not close to
practice. Furthermore, the choice of the teaching method of basic mathematics courses will greatly
influence the teaching effect and the long-term development of the students. Therefore, the reform of
teaching mode for basic mathematics courses has become a topic of increasing concern (Wedelin & Adawi,
2015).

PBL teaching mode originated from medical education in 1950s (Du et al., 2013; Marra et al., 2014). Now it
has become a very popular teaching method in the world (Guerra et al., 2017). PBL is an important research
model of self-directed learning, problem solving, team cooperation and interpersonal communication
(Kolmos, 1996, 2002, 2010). It is to set up learning in a complex and meaningful problem situation, by
allowing learners to cooperate to solve the problem of authenticity, to learn the scientific knowledge
hidden behind the problem, to form the skills to solve the problem, and to form the ability of autonomous
learning. Different PBL practices are mainly based on the same learning theory -Dewey, Kolb and Schon
theory. Graaff and Kolmos (2003, 2007) summed up PBL learning principles in three aspects: cognitive
learning, cooperative learning and learning content. From the point of view of cognitive science, psychology
and sociology, the essence of PBL is embodied in the three aspects of the interaction: method, the content
and the sociality. Aalborg University in Denmark is founded in 1974 and the PBL teaching mode is launched
at the beginning. After 40 years of development, it has become an important example in this field, and has
attracted wide attention (Kolmos et al., 2004; Spliid, 2011; Holgaard et al., 2017). The PBL teaching model
of Aalborg University has also been recognized and respected by UNESCO, and the PBL research centre in
Aalborg University provides strategic advisory services to the world.

Many researches show that the implementation of PBL teaching mode in higher mathematics is helpful to
stimulate students' enthusiasm and initiative in learning (Soto & Ayesta, 2009). It enables students to
participate in the mathematics teaching, change inherent learning methods, change passivity into initiative
and turn weariness into desire, guide students to form more rigorous and meticulous logical thinking while
teaching mathematical knowledge and ideas, to exercise independent thinking, to apply the knowledge and
theory flexibly, to enhance the ability to use the knowledge to analyze and deal with the actual problems,
to enhance their self-confidence, to cultivate the teamwork spirit and the sense of collective honour.

Although many documents have affirmed the effect of PBL teaching model in higher mathematics teaching,
there are many problems and many challenges, such as the students need more energy and time to find
information and complete the PPT presentation, which may affect the teaching progress, and more
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professional knowledge of teachers is required, some students' self-learning ability is limited, some
students like the traditional teaching mode. These problems will be further explored.

In this paper, we will carry out research and practice on the reform of PBL teaching model in basic
mathematics courses and through the implementation of the PBL teaching model, students can not only
have a solid foundation of mathematical theory, but also have corresponding skills in technical application,
exercise and develop the essential competencies, expand the autonomous learning space and channels.
The purpose is to promote the coordinated development of knowledge, skills and competencies of students.
With the corresponding higher mathematics knowledge as the carrier and through the learning of
knowledge, the students can accept the logical thinking training imperceptibly and improve the ability of
logical reasoning and abstract thinking. To increase the integration of mathematical modelling ideas,
improve the application of basic knowledge in real life, such as the combination of mathematical
knowledge and computer. To promote the students' ability to grasp the mathematical knowledge, so that
they can better improve their rational thinking ability and benefit them in their work and life in the future.

2 Background

Changing the 