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Editorial

The Annual International Conference is the key event for the CDIO community where CDIO
practitioners from all over the world come together, share knowledge and promote the
advancement of the practice of the CDIO framework for producing the next generation of
engineers. The last event in 2020 was organized by Chulalongkorn University and
Rajamangala University of Technology Thanyaburi and was planned to take place in Bangkok,
Thailand. However, due to the pandemic situation, the conference was rearranged as an
online conference hosted by Chalmers University of Technology, Sweden. The organizers from
CDIO Thailand would like to thank Professor Johan Malmqvist and the CDIO office for
facilitating the (online) sharing and social gathering to benefit the CDIO community even with
such short notice.

For the present 17" International CDIO conference, the organizers readily realized that the
event is to be held under the new normal circumstances. The local organizers, from the outset,
intended to offer a satisfying online conference experience and a paper review with high
quality. With as strong as ever support from our international program committee, we believed
we had delivered on our intentions, as you can attest from the conference proceeding and the
experience within the conference.

The conference covers three types of contributions; full papers; project in progress papers,
and activities, allowing participants with different depth of expertise from different technological
disciplines to share and learn under a common language of the CDIO syllabus and 12
standards. All contributions passed a complete single-blind peer-review process to ensure
scholarly standards. From the initial 139 submitted contributions from 23 countries, 108
manuscripts arrived to go through the peer-review process participated by 92 members of the
2021 International Program Committee. The constructive remarks and numerous
encouragements from reviewers to authors and even the organizing committees in this tough
time of global pandemic served as a reminder of strong partnership within the CDIO
community. We cannot be thankful enough for those who supported the rigorous standard of
the review process.

The theme of this year was Reimagining Engineering Education in the New Normal. Education
is as vital as ever as engines of economic development, as discussed in a roundtable session.
From a keynote presentation and roundtable sessions, the participants were presented with
pragmatic and systematic ways to transform the University context to address more effectively
the societal need in the new normal trailed after the pandemic event. After all, the reimagining
also comes down to educators/academics to come together as a community being bounded
to a common language via the 12 Standards; keep improving and innovating and being agile
as discussed in a keynote presentation, full papers and roundtable sessions during the event.
Reimagining is not limited to universities and academics. The CDIO framework itself is
continually rethought, as presented in an Advanced in CDIO paper. As a result of collaborative
efforts and multiple reviews, Optional Standards was presented in a roundtable session.
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This publication includes 66 full paper contributions, among which 49 are in the CDIO
Implementation section, 6 are Advances in CDIO section, and 12 in Engineering Education
Research section. During the event, participants can also learn about 12 Projects in Progress
contributions documenting current developments or initiatives worth sharing yet had not
reached archival capacity at the time of writing. In addition to individual contributions from
authors, the Annual International Conference provided a range of activities to cater to social
gathering opportunities and collaborative contributions in Workshops, Roundtable Discussions
and Working Groups. Participants are encouraged to join in these activities to expand their
view and experience and make the collaborative contributions even more robust for the CDIO
community.

The pandemic may have disconnected us physically. Nevertheless, we are ever more
connected via CDIO activities!

Bangkok, June 21, 2021

Jens Bennedsen

Kristina Edstrom

Maria Sigridur Gudjonsdattir
Ingunn Saemundsdottir
Natha Kuptasthien

Janne Roslof

Angkee Sripakagorn
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DEVELOPMENT OF STUDENT SUSTAINABILITY AWARENESS,
ATTITUDES AND ACTIONS

Sayed Mohamad Soleimani, Abdullah Mughrabi, Maram Al Far, Martin Jaeger

School of Engineering, Australian College of Kuwait

ABSTRACT

Research on sustainability in Higher Education lacks the focus on measuring the differences
in knowledge, attitudes and actions of students before and after being exposed to the 17
Sustainable Development Goals (SDGs), especially within a West-Asian context. The 17
SDGs and their learning objectives, developed by the UNESCO (2017), represent the
framework of this study. For each of the SDGs, a relevant learning objective has been selected
for measuring the awareness, attitude and action of students working on an engineering
design/build project in teams. The learning objective of each SDG has been selected based
on relevance for the given context. Students participated in a questionnaire survey to evaluate
their awareness, attitude and action related to the SDGs on a 4-point response scale. This has
been done twice, before and after being exposed to a design/build project using a Conceive-
Design-Implement-Operate (CDIO) framework. Descriptive statistics as well as inferential
statistics have been carried out in order to analyze the impact of the project on students’
perspectives and illustrate the extent of the influence. Some SDGs were more affected by the
project scenario than others. Scaffolding engineering students’ learning of the SDGs by
personal reflection ensured that no goal is excluded from the learning process. The results
show that students’ learning needs to be supported by reflection on these goals in order to
avoid confining the learning process to SDGs that are developed more intensively by the
project scenario. It is recommended to do future studies using an experimental/control group
design in order to differentiate learning supported by reflection versus project scenario. The
findings confirm the approach of including real life sustainability issues in the project scenario.
This study is part of an ongoing research effort related to sustainability and engineering
education in the region of the Gulf Cooperation Council (GCC).

KEYWORDS

Sustainability, Sustainable Development Goals, Knowledge, Awareness, Action, Standards: 4,
58

INTRODUCTION AND BACKGROUND

Education has always been a longstanding solution for spreading peace and solving social
challenges on a local and global scale. Educating for peace known as “peace education” aims
to foster the necessary knowledge, skills and attitudes that cultivate a culture of peace and a
prosperous society (United Nations Educational, Scientific and Cultural Organization, 2008).
Peace education should be integrated and mainstreamed throughout any educational
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experience provided in the educational institution (Fountain, 1999). Engineering is a profession
that is central to the resource consumption and continuous development (Huntzinger et al.,
2007). Future engineers should gain the sense of responsibility and carefulness towards
solving issues and creating a better world. Therefore, it is the duty of higher education
institutions to enable students to participate in the solutions necessary for the encountered
challenges (Svanstrém et al., 2008). The United Nations developed the Sustainable
Development Goals (SDGs) with the aim of protecting the planet and creating a peaceful,
prosperous and sustainable environment for people to enjoy. Incorporating these goals in
engineering curricula widens the horizon of future engineers through letting them think about
the local and global challenges and the possible solutions that can be used (Gereluk, 2012).

The United Nations Sustainable Development Goals (SDGs)

Never before has humanity faced an enormous amount of challenges as we encounter today
(Svanstrom et al., 2008). In 2015, 17 SDGs were formally adopted at the United Nations (UN)
Sustainable Development Summit. One of the main aims of the UN is to achieve these SDGs
by 2030 and thus secure a more sustainable future for all. SDGs seek to strengthen universal
peace and provide a common vision for peaceful and prosperous societies. Sustainable
development acts as a blueprint to secure the needs of the present without compromising the
ability to meet the needs of the future (Boluk et al., 2019). Integrating sustainability in education
is a recent trend amongst higher education institutions (Shephard & Furnari, 2013). Promoting
quality education is essential for improving people’s lives and taking sustainable development
one step forward (UNESCO, 2017).

The SDGs can serve the purpose of an overarching framework to systematically integrate the
necessary knowledge, skills and values of peace education in addition to introducing future
engineers to the concept of sustainable development. The 17 SDGs developed by the
UNESCO (2017) are summarized below:

1. No Poverty (SDG 1) focuses on annihilating extreme poverty for all people everywhere
(currently measured as people living on less than $1.25/day and access to affordable
housing for all people).

2. Zero Hunger (SDG 2) focuses on problems related to limiting hunger and increasing
sustainable agriculture and proper nutrition.

3. Good Health and Well-being (SDG 3) focuses on creating a healthy indoor and outdoor
environment in addition to the utilization of sustainable and environment friendly
building materials.

4. Quality Education (SDG 4) focuses on assuring life-long learning opportunities for all
people and facilitating high-quality education for a sustainable built environment.

5. Gender Equality (SDG 5) focuses on fighting all forms of gender discrimination and
violence in addition to eliminating the causes of gender inequality.

6. Clean Water and Sanitation (SDG 6) focuses on promoting waste water treatment and
recycling in addition to increasing efficiency of water consumption in building
construction and building material manufacturing.

7. Affordable and Clean Energy (SDG 7) focuses on increasing the investments in
renewable energy and enhancing energy efficiency in buildings.

8. Decent Work and Economic Growth (SDG 8) focuses on increasing job creation
through the building sector, cultivating innovation and providing a safe working
environment.
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9. Industries, Innovation and Infrastructure (SDG 9) focuses on developing reliable,
sustainable and resilient infrastructure. It also covers increasing the usage of clean
technologies in buildings and infrastructure.

10. Reduce Inequalities (SDG 10) generally focuses on inequality and discrimination within
the society and especially against minority groups within a nation.

11. Sustainable Cities and Communities (SDG 11) focuses on providing a safe, affordable
and accessible transport within cities and districts in addition to facilitating access to
green spaces in cities.

12. Responsible Consumption and Production (SDG 12) promotes recycling in new
building construction and renovation. It also endorses sustainability-oriented
procurement practices for new construction and renovation.

13. Climate Action (SDG 13) focuses on climate change mitigation and adaptation in the
built environment in addition to enhancing the resilience of the built environment
towards natural disasters.

14. Life Below Water (SDG 14) focuses on ecology, ecosystems, how the current climate
change is influencing these aspects and potentially minimizing these effects.

15. Life on Land (SDG 15) focuses on reducing the degradation of natural habitats and
loss of biodiversity.

16. Peace, Justice and Strong Institutions (SDG 16) focuses on the social justice, inclusion
and peace in nations and the law enforcement of these aspects.

17. Partnerships for the Goals (SDG 17) focuses on building long-term partnership
between organizations and governments that would nurture financing for sustainable
development, trade policies and the interconnectedness of different countries and
populations.

Annan-Diab & Molinari (2017) followed the six principles of PRME (Purpose, Values, Method,
Research, Partnerships and Dialogue) as a framework to integrate the sustainable
development into a higher education curriculum. They recognized how this integration
positively influenced the knowledge and awareness of students towards sustainable
development. Similarly, Jain et al. (2013) previewed how the sustainable development
concepts were embedded in higher education through various educational methods that also
foster interdisciplinarity teamwork and role playing. Willats et al. (2018) emphasized the
importance of integrating SDGs in the higher education institution curriculum through focusing
on the different facets of sustainable development and moving away from the idea that
sustainability is exclusively an environmental issue. They described how the integration was
done in a holistic manner throughout a range of courses in the curriculum, rather than focusing
on one course only, in order to cover the knowledge requirements and complexity of
sustainable development. Looking into the literature, there is a general focus on the knowledge
related to SDGs rather than the attitudes to be embedded in the students’ behavior and actions
to be taken towards the matter of sustainability.

PURPOSE

The purpose of this study is to identify the development of knowledge, attitude and action
related to the 17 SDGs among engineering students of a private college in the GCC (Gulf
Cooperation Council) region, during a design build project carried out within a CDIO
framework. Although, only a few SDGs (3, 4, and 7) are directly related to this design build
project, all 17 SDGs have been discussed with all students during the project. The results allow
a comparison between students’ perception before project commencement and after project
completion. Furthermore, the difference between knowledge, attitude and action are analyzed.
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METHODOLOGY

The framework for this study is reflected by the 17 SDGs developed by the UNESCO (2017).
Following the approach of Sunthonkanokpong and Murphy (2019), one learning objective has
been selected based on the five learning objectives per SDG provided by the UNESCO (2017)
for each: knowledge, attitude and action. Discussions with students were conducted to ensure
that the questionnaire’s length is not overwhelming, and a total of 51 (3 x 17) items were
included accordingly. During a focus group meeting of four faculty members, it was ensured
that the selected learning objectives were relevant for the given context. In order to evaluate
students’ perception of knowledge, attiiude and action related to the 17 SDGs, one
questionnaire-based survey has been carried out before commencing the design build project
(in the following called pre-test), and a second survey has been carried out after completing
the project (in the following called post-test). Following the recommendation of Garland (1991,
p.70), a 4-point response scale was chosen in order to avoid a midpoint of the instrument scale
(i.e. uncertain or unsure), which could cause a social desirability bias among respondents. All
17 questionnaire statements related to knowledge begin with “My knowledge of...”, the
statements related to attitude begin with “I feel...” and the statements related to action begin
with “I will...”. The latter set of statements was introduced with “If | run my own engineering
company,...”. An example of statements for the knowledge, attitude and action section is
shown for SDG 1 in Table 1.

Table 1. Example of Questionnaire Statements Related to SDG 1

Questionnaire | Question

section [answer scale]

Knowledge My knowledge of the consequences of poverty for poor individuals and
society is...
[very low, low, high, very high]

Attitude | feel empathy for the people in poor situations.
[strongly disagree, disagree, agree, strongly agree]

Action I will provide some practical relief to people in a poor country and
encourage my staff to be involved too.
[No, unlikely, likely, yes]

The project brief of the design build project included the following information, and students
had six weeks to work on the project. Furthermore, students were required to reflect each week
on two to three SDGs, i.e. they were asked to answer the “What? So what? and What now?
questions”. This approach ensured that students interacted also with SDGs that were not
directly related to the design build project.

Introduction

In factories and workshops of many parts of the world only standard exhaust fans are used for
ventilation of the workplace. With increasing work activities and operation of equipment, the
ventilation is insufficient and poses a risk for the health of the employees working in such an
environment. Many business owners are not willing to increase wall openings and to procure
and install larger exhaust fans, but they might consider exchanging existing blades with more
efficient blades.
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Project Scope

The International Health Organization (client, represented by your professor) has approached
your interdisciplinary engineering design team to investigate if existing standard designs of
exhaust fan blades (also called ventilation fan blades) can be optimized regarding weight (i.e.
material consumption) and efficiency (i.e. ventilation capacity). The International Health
Organization is interested in innovative design solutions and a physical model that reflects the
shape of the exhaust fan blades and spinner.

The following requirements have to be met:

1) Research existing blade designs and efficiencies.

2) Research existing building codes and regulations regarding ventilation of workplaces.

3) Identify improvement potential of blades and spinner (e.g. shape, number of blades,
etc.)

4) Design improved blades / spinner for a circular body (housing) and 200mm diameter
sweep area.

5) Calculate the possible ventilation capacity based on realistic assumptions and compare
with existing standards for exhaust fans.

6) Estimate the manufacturing cost of blades and spinner.

7) Estimate the financial consequences for business owners (e.g. electricity consumption,
impact on work productivity, etc.)

8) Each team needs to 3-D-print a physical model of their blades and spinner using a
scale of 1:2.

9) Each team member needs to show relevant sketches, sources and calculations in their

Workbook. Excel is to be used for repetitive calculations.
10) Each team has to apply professional project management techniques.

For the descriptive statistics, Mean, Median and Standard Deviation have been computed, and
for the significance testing a t-test for two samples has been applied since the number of
students of the pre-test was not identical with the number of students of the post-test. Results
of t-tests have been shown to be fairly robust against violating the assumption of a normal
distribution, but they are strongly influenced by outliers (Pfahl et al., 2004). Therefore, the
existence of outliers has been analyzed, and it was found that all scores of the two tests are
within +/- 2 standard deviations around the mean score.

Results of the data analysis are presented in the following section, before completing the study
with a discussion section and conclusions.

RESULTS

The results of the descriptive statistics are shown for the pre-test and post-test in Table 2. For
the pre-test, the highest Mean was found for SDG 4 of the knowledge section, SDG 2 of the
attitude section and SDG 11 of the action section; whereas the lowest Mean was identified for
SDG 9 of the knowledge and the action section and for SDG 15 of the attitude section.
Regarding the post-test, the highest Mean was found for SDG 6 of the knowledge section,
SDG 17 of the attitude section and SDG 14 of the action section; whereas the lowest Mean
was found for SDG 17 of the knowledge section, SDG 15 of the attitude section and SDG 9 of
the action section.
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Table 2. Descriptive Statistics Results for Pre-test and Post-test (Increased Mean are Bold)

Knowledge Attitude Action
spg |Pretest/| o | £ 18S| ¢ | §|§S| g | §|&S
Post-test > S | 2BC 3 S |28C 3 S |20
= | 2|83 = | 2|83 = | 2|83
oy A (PN oy A
Pre-test | 276 | 3 | 064 | 352 | 4 | 065 | 342 | 3 | 066
Poverty o stitest | 297 | 3 | 072 | 351 | 4 | 064 | 331 | 3 | 0.71
Hunger Pre-test 2.75 3 0.75 | 3.79 4 0.52 | 3.54 4 0.69
Posttest | 293 | 3 | 075 | 359 | 4 | 053 | 338 | 3 | 0.62
oalth Pre-test | 327 | 3 | 064 | 365 | 4 | 054 | 320 | 3 | 0.81
Posttest | 329 | 3 | 070 | 357 | 4 | 058 | 3.30 | 3 | 058
_ Pre-test | 338 | 3 | 060 | 360 | 4 | 059 | 340 | 3 | 067
Bducation =5 est | 3.34 | 3 | 060 | 357 | 4 | 052 | 340 | 3 | 059
. Pre-test | 307 | 3 |071| 333 | 4 | 085 358 | 4 | 0.69
ender o stitest | 3.22 | 3 | 074 | 345 | 3 | 063 | 356 | 4 | 0.68
Water & | Pre-test | 318 | 3 | 074 | 340 | 3 | 065 | 343 | 4 | 067
Sanitation | Posttest | 3.35 | 3 | 0.78 | 3.49 | 4 | 062 | 340 | 3 | 0.68
Pre-test | 290 | 3 | 080 | 342 | 3 | 059 | 330 | 3 | 0.75
Energy Posttest | 3.07 | 3 | 094 | 344 | 3 | 070 | 3.38 | 3 | 0.71
cconomy | Pretest | 243 | 2 [081] 351 | 4 [066|363 | 4 | 060
Posttest | 2.89 | 3 | 103 | 352 | 3 | 072 | 354 | 4 | 0.73
ndusty | Pretest [ 229 [ 2 076323 | 3 [065] 294 | 3 | 083
Posttest | 2.85 | 3 | 108 | 335 | 3 | 079 | 323 | 3 | 1.01
nequalties | Pretest | 291 [ 3 1075 357 | 4 069|327 | 3 [070
Posttest | 3.02 | 3 | 108 | 357 | 4 | 088 | 3.41 | 3 | 089
Cities & Pretest | 314 | 3 | 067 | 345 | 4 | 063 | 373 | 4 | 051
Communities | Posttest | 3.24 | 3 | 112 | 357 | 4 | 096 | 365 | 4 | 0.04
Production & | Pretest | 3.02 | 3 | 075 | 333 | 3 | 064 | 352 | 4 | 0.61
Consumption | Posttest | 312 | 3 | 1.21 | 352 | 3 | 1.04 | 3.56 | 4 | 1.07
Cimate Pre-test | 307 | 3 | 067 | 341 | 3 | 062 | 306 | 3 | 093
Posttest | 318 | 3 | 130 | 351 | 3 | 113 | 3.36 | 3 | 1.23
Water Life | _Pretest | 288 | 3 088 338 | 3 |065] 357 | 4 | 0.66
Posttest | 345 | 3 | 139 | 3.44 | 3 | 127 | 363 | 4 | 1.26
LordLie | Pretest | 245 | 2 084|306 | 3 084318 | 3 |074
Posttest | 3.08 | 3 | 151 | 334 | 3 | 141 | 342 | 3 | 140
Pretest | 278 | 3 | 093 | 363 | 4 | 060 | 330 | 3 | 0.72
Peace Posttest | 315 | 3 | 157 | 362 | 3 | 140 | 357 | 3 | 144
parinership | _retest | 266 | 3 1085350 | 4 058 | 207 | 3 | 082
Posttest | 2.84 | 3 | 175 | 363 | 4 | 152 | 346 | 3 | 1.61
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Results of the t-test are shown in Table 3. For the knowledge section, six SDGs (i.e. SDGs 1,
2, 8,9, 15, and 16) show a statistically significant higher Mean (at alpha = 0.05) for the post-
test; whereas results of two SDGs (i.e. SDG 4 and SDG 13) do not confirm the expected
direction of the effect.

For the attitude section, no SDG shows a statistically significant higher Mean (at alpha = 0.05)
for the post-test; whereas results of ten SDGs (i.e. SDGs 2, 3, 4, 7, 8, 10, 13, 14, 16, and 17)
do not confirm the expected direction of the effect.

For the action section, two SDGs show a statistically significant higher Mean (at alpha = 0.05)
for the post-test (i.e. SDG 9 and SDG 17); whereas results of nine SDGs (i.e. SDGs 1, 2, 4, 5,
6, 8, 11, 12 and 14) do not confirm the expected direction of the effect. Figures 1 to 3 show the
difference in means related to the students’ knowledge, attitude and action during the pre-test
and post-test.

Knowledge
4
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0
®-\ o 8 ‘009 bé @ \' 0 “Oe @ \‘-' & \) R %,
& & & &L $F & &
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Figure 1. Mean of pre-test and post-test results of students’ knowledge
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Figure 2. Mean of pre-test and post-test results of students’ attitude
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Table 3. Results of the t-test (Knowledge, Attitude, Action)

Knowledge Attitude Action
SDG u “— .
el o | © s | o€ o | o s | o€ o | © 2
o O =) = S o O =) = S o O =) = S
Y| ® o T |93 © g T |93 © T =
2 Z | 2|2 |gE 2|2 | 2|8
ol T lav T lav -
Poverty 180 | 2.320 | 0.011 | 1.653 | 184 | 0.138 | 0.445 | 1.653 | 183 | -0.854 | 0.197 | 1.653
Hunger 183 | 1.757 | 0.040 | 1.653 | 184 |-2.381] 0.009 | 1.653 | 183 | -1.475 | 0.071 | 1.653
Health 179 | 0.182 | 0.428 | 1.653 | 181 |-0.825] 0.205 | 1.653 | 173 | 0.983 | 0.164 | 1.654
Education | 183 |-0.472| 0.319 | 1.653 | 183 |-0.461] 0.323 | 1.653 | 183 | -0.075 | 0.470 | 1.653
Gender 183 | 1.206 | 0.115 | 1.653 | 173 | 0.918 | 0.180 | 1.654 | 184 |-0.389 | 0.349 | 1.653
svgritt(:\:ign 183 | 1.345 | 0.090 | 1.653 | 183 | 0.790 | 0.215 | 1.653 | 184 |-0.632 | 0.264 | 1.653
Energy 181 | 1.044 | 0.149 | 1.653 | 183 |-0.191| 0.424 | 1.653 | 179 | 0.424 | 0.336 | 1.653
Economy | 180 | 3.236 | 0.001 | 1.653 | 181 |-0.492| 0.312 | 1.653 | 184 | -1.589 | 0.057 | 1.653
Industry 177 | 4.029 | 0.000 | 1.654 | 180 | 0.687 | 0.246 | 1.653 | 184 | 1.903 | 0.029 | 1.653
Inequalities | 181 | 0.335 | 0.369 | 1.653 | 181 |-0.789 | 0.216 | 1.653 | 179 | 0.672 | 0.251 | 1.653
colties & | 477 | 0.188 | 0425 | 1.654 | 184 | 0.467 | 0320 | 1.653 | 181 [-2.009 | 0.019 | 1.653
ommunities
Production & | a5 | 0.012 | 0.495 | 1.653 | 182 | 1.023 | 0.154 | 1.653 | 184 |-0.606 | 0.273 | 1.653
Consumption
Climate 175 |-0.058 | 0.477 | 1.654 | 183 |-0.073| 0.471 | 1.653 | 175 | 1.600 | 0.056 | 1.654
Water Life | 184 | 1.281 | 0.101 | 1.653 | 184 |-0.568 | 0.285 | 1.653 | 184 |-0.648 | 0.259 | 1.653
Land Life 183 | 4.020 |<0.001] 1.653 | 181 | 1.314 | 0.095 | 1.653 | 184 | 1.066 | 0.144 | 1.653
Peace 183 | 1.809 | 0.036 | 1.653 | 183 |-1.781] 0.038 | 1.653 | 181 | 1.345 | 0.090 | 1.653
Partnership | 181 | 0.882 | 0.189 | 1.653 | 184 |-0.264 | 0.396 | 1.653 | 184 | 2.972 | 0.002 | 1.653
DISCUSSION

Descriptive statistical results shown in Table 2 indicate that at pre-test stage three SDGs (8,
9, and 15) in the knowledge section have a median value of 2 which is not shown in any other
SDGs of attitude and action sections. Interestingly, as shown in Table 3, the same SDGs
improved significantly in the knowledge section (the highest improvement in all SDGs of all
sections). At the post-test stage the median values for all three sections were more than 2.
This indicates that knowledge related to these SDGs prior to the design-build project for
majority of the students participated in this study was at a lower level compared to other SDGs.
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The values reported in Table 2 indicate that the mean values (pre- and post-test stages) in the
knowledge section is generally lower than those in the other two sections. This may indicate
that due to lack of knowledge, a design-build project (or any other type of educational
assignment) can be a great tool to improve the students’ knowledge related to the SDGs.
Generally speaking, the standard deviations of values reported for the knowledge section is
higher than those reported for attitude and action sections; while students may have similar
views in the attitude and action sections, the study shows that students have wildly varying
degrees of knowledge of the SDGs. It makes sense since attitude and action are strongly
connected to the culture of people.

After completing the design-build project, inferential statistical results tabulated in Table 3
indicate that the knowledge of students of all SDGs (except SDG 4 and SDG 13) have been
improved, with six SDGs showing significant improvement (SDGs 1, 2, 8, 9, 15, and 16).

On the other hand, participating in the design-build project did not show any significant
improvement in the attitude and action of students for majority of the SDGs (except in SDG 9
and SDG 17 in the action section). In fact, completing the project showed an adverse effect on
most of the SDGs in these two sections. Since the action of students in SDGs 9 and 17 has
been significantly improved, it shows that students not only understood that developing
reliable, sustainable and resilience infrastructure and long-term partnership between
organizations and governments are important, but also would be willing to act more seriously
after finishing the project.

One of the main reasons that most of the SDGs (15 out of 17) have been improved or
significantly improved in the knowledge section can be related to the fact that the project was
done in an educational institution with more emphasis on the knowledge transfer. It also shows
the importance of the CDIO approach and how effective it can be in a relatively short period of
time.

Several CDIO standards were addressed in this study. The CDIO standard 3 was addressed
through enhancing some of the personal, interpersonal knowledge and attitudes of students
that were involved in the examined project. The CDIO standards 4 and 8 were also addressed
through this research as the students were introduced to new concepts that are vital to
sustainable and ethical engineering practice and were engaged to form their own opinions and
respond accordingly.

The adverse effect of completing the design-build project on most SDGs (10 out of 17 in the
attitude section and 9 out of 17 in the action section) can be explained in several ways. First
of all, attitude is a settled way of thinking or feeling about something and changing it
significantly in a relatively short period of time (six weeks for the design-build project in this
study) will be quite challenging. Secondly, change (or significant change) in action requires a
change in attitude, seeing as attitude and action are interconnected. Thirdly, after gaining more
knowledge about the SDGs, students became more realistic in evaluating their attitude and
action. This means that pre-test results in the attitude and action sections may not be as
realistic as the post-test results.

It will be interesting to perform a similar study over a longer period of time (e.g. pre-test of
freshmen students and post-test of the same students when they graduate) and/or in a different
environment (e.g. employees of large size companies) to study the effect of the duration of
exposure to the SDGs, as well as being exposed to real-life scenarios in a workplace.
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CONCLUSION
The following conclusions can be drawn from this study:

1. The CDIO approach in educational institutions can improve (or significantly improve)
the knowledge of students related to the SDGs. This is in line with the findings of other
researchers as mentioned in the infroduction and background section of this paper.
Three CDIO standards were covered in this research.

2. Personal reflections on the SDGs by students were effective in improving their
knowledge in a relatively short period of time.

3. Attitude and action (especially attitude) cannot be significantly improved in a short
period of time as they are related to the culture of students.

4. Gaining more knowledge may help students to evaluate their attitude and action related
to the SDGs in a more realistic way, and this may adversely affect the results for these
two sections.

5. Long-term study on students group as well as performing similar study on group of
practicing engineers will help to understand the matter.

LIMITATIONS

Due to the nature and duration of the study, there was no clear influence on the actions taken
by students that would in return satisfy the SDGs. Future researches may be able to address
the Longitudinal nature of this requirement through covering an extended period of time and
looking further into how education about the SDGs truly influence the actions of students during
their studies and beyond graduation.
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ABSTRACT

In 10 workshops all over the globe, about 150 CDIO community members discussed the status
quo, explored the fit between the current CDIO organisation and the changing environment,
set goals, and substantiated arguments for a roadmap for CDIO 2030. They formulated new
mission and vision statements for the CDIO Initiative and conceived ideas for the advancement
of the CDIO framework. The goal setting and strategic thinking has culminated in a proposal
for more structure to consolidate the community of practice with durable engagement and
stronger involvement in orchestrated experimentation and sharing of practice. A broad
consensus amongst the members exists about the urgency and importance to advance the
CDIO framework beyond updating the syllabus or growing in numbers. Many members expect
guidance for new developments in engineering education. The lack in evidence of the impact
of the CDIO Initiative is an important issue. A major concern is the risk that the holistic nature
of the CDIO framework is diluted. Whilst the landscape of engineering education has changed
significantly over the past 20 years, in the outside world CDIO has almost become a synonym
for conceive-design-build-operate projects. The initiative is at a crossroads of proceeding as
before, or turning the tide and lead change in the next decades. The paper addresses the
status quo as perceived by the members, the shift in engagement by newcomers and
retirements from the community and the reformulation of the mission and vision statements for
the CDIO Initiative. The paper gives an inventory of breakthroughs that are necessary to move
CDIO back into a leadership position of innovative engineering education, if that is what we
want.

KEYWORDS

Organisation, Community, Framework, Roadmap 2030, Mission, Vision, Standards: 12

INTRODUCTION

CDIO is a worldwide collaborative, formed in 2004. It is based on the commonly shared
premise that engineering graduates should be able to conceive, design, implement and
operate complex value-added engineering systems in a modern team-based engineering
environment to create advanced systems, products and processes. The original community
was formed by a core group of four institutions in two countries. They shared a common
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passion and need for the enhancement of higher engineering education. It has grown into a
worldwide community with about 180 institutions (January 2021). Its individual members are
mainly middle level engineering educators, education managers, autonomous engineering
experts and people who have the ambition to become a leader or are already an emerging
leader. Together they form the CDIO community of practice that has a culture built on
professional networking, personal relationships, shared knowledge, and voluntary
participation. The members have the common goal of enhancing, sharing good practices,
developing ideas and understanding challenges in higher engineering education all over the
globe. The CDIO Syllabus has been the leading guide for what engineering students should
learn. Together with a set of 12 effective practices, the CDIO Standards, they form the basis
for the CDIO Initiative. The community, organised in seven regions and supervised by the
Council, is highly organic, informal and self-regulating by nature. It keeps things simple and
informal, fosters trust and increases the shared body of knowledge. The members are
empowered to design the types of interactions and determine the frequency that best meets
their needs.

Communities of practice are like most living organisms (Wenger, 1998). They usually begin
with an idea for a community and begin winding down when the community members feel the
group has achieved its objectives or is no longer providing the value. With this in mind it is
important to reflect on the progression of the CDIO Initiative over time, of which the
conceptualisation began in 2001, is now in full operation and shows first signs of winding down
in some regions and signs of growth and increased engagement in others.

A key parameter for the performance and engagement of self-regulating communities is goal
setting (Locke & Latham, 2002). It looks questionable if the CDIO Syllabus and Standards and
the lasting emphasis on student conceive-design-build-operate projects and a sharing of ripe
and green examples of CDIO implementations or projects in progress, provide sufficient long-
term value for community members who have joined five years or more. The goals these
members had set for adapting the CDIO framework in their programme have been fulfilled, and
little or no value remains. While the CDIO goals have remained the same since 2004, the
landscape of higher education has changed significantly, and society, science and technology
and teaching and learning are expected to accelerate change in the next decades (Kamp,
2016, 2020). If the CDIO Initiative does not only want to survive, also thrive in the long run, be
on top of the world of higher engineering education, it cannot wait and adapt to change. It has
to lead change and make change happen. It is therefore urgent and important to set new goals
and perform a strategic analysis as input to the development of a CDIO Roadmap 2030.

GLOBAL DISCOVERY TOUR

In a series of 10 highly interactive workshops between 2017 and 2020 (Table 1) | have tried to
reap the benefits of the wisdom of crowds (Surowiecki, 2004) and explored together with a
broad representation of CDIO members what issues may impact engineering education and
the CDIO Initiative until 2030. Following a theory of goal setting (Locke & Latham, 2002) we
gradually developed long-term goals, ideas for change and contributions to a CDIO Roadmap.
The outcomes of the meetings in Calgary, Sunshine Coast and Moscow (2017-2018) had the
aim to develop an awareness about the strengths and weaknesses and undiscovered
opportunities of CDIO. Their outcomes were elaborated in depth at the International Working
Meeting in Delft (2019) and integrated in new formulations for a mission and vision statement,
a provisional roadmap, and a list of strategic issues, of necessary breakthroughs. Details of
the map and the formulation of the mission and vision statements were revisited at the EU/UK
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Regional Meeting and the Asian Regional Meeting in spring 2019. The COVID-19 pandemic
unintentionally made the CDIO International Working Meeting at Singapore 2019 the last
meeting in the series. The discussions and analyses in Singapore focused on the necessary
breakthroughs in membership, the organisational structure and the move to thought

leadership.

Table 1. Series of CDIO Roadmap 2030 workshops

Location Event Subject Time |# Part.
Offsite Survey Role of CDIO Initiative expected in the ) 10
January 2017 changing world of higher education
Calgary CDIO Annual Current state of affairs;
Canada Conference discussions about who are we, how are 2 hrs 40
June 2017 we organised, what do we do and why?
Calgary CDIO Annual
Canada Conference Who do we want to be in 2030: 2% hrs 25
June 2017 discovery of the impact on CDIO
Sunshine Coast | CDIO Fall Meeting Initiative of extreme out-of-the-box 3 hrs 10
Australia November 2017 utopian and dystopian future scenarios
Moscow EU/UK Regional of higher education
Russia Meeting 2 hrs 12
January 2018
Delft CDIO International Goals setting, road ahead for the CDIO
Netherlands Working Meeting community and framework in 2030:
October 2018 what are we facing — what are we
aiming for — what are we capable of? 12 hrs 32
formulation of new Vision and Mission
Statements;
discovery of breakthroughs
La Rochelle EU/UK-Ire Regional Sharpening of the Vision and Mission
France Meeting Statements; 3 hrs 20
January 2019 prioritisation and elaboration of
breakthroughs
Dalian Asia Regional Meeting |CDIO as a follower or leader;
China March 2019 stakeholder analysis: key expectations 3 hrs 30
and needs
Aarhus CDIO Annual Role and purpose of regions; 10
Denmark Conference differences in regional size and 1hr (council)
July 2019 engagement
Singapore CDIO International Strategic issues: community level, size,
Working Meeting membership; connection to non- 7 hrs 50
November 2019 academic world; shift in focus away
from project-based learning

All workshops were prepared, delivered and processed systematically by the author, except
the one in Dalian that was prepared and delivered by the other CDIO Co-director. All
workshops had the same template. They were introduced by a brief introduction about the
status and activity flow of the day, after which the participants chose the splinter session of
their specific interest, discussed in these sessions with four to eight members each, and
reported back on flipcharts or whiteboards in a plenary session. The flipcharts and photos of
the whiteboards were taken home and contained in a 55-page logbook. Apart from pictures of
the sessions, no personal presence logging was made. The International Working Meetings in
Delft and Singapore were supported by the Dutch Flatland visualisation agency. Their staff
prepared templates for the assignments in the splinter and plenary sessions and helped to
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envision the outcomes and activate the change. The visuals they produced structured and
recorded the thinking in sessions and became the centrepieces at the plenary wrap-up
discussions. They are available for future work.

The first workshop in Calgary reflected on the fit between the current state of affairs and the
environment: who are we, how are we organised, what do we do, and why? In six separate
groups the participants analysed Community, Inspiration, Dissemination, Education
innovation, Staff professionalization, and Industrial relationship.

To provoke deep thought about the future evolution of the CDIO Initiative, an investigation of
neither projective scenarios (linear extrapolations of today’s trends) nor prospective scenarios
(back casting from a future vision) suffices. Instead, the participants of the second workshop
in Calgary and the workshops at the Sunshine Coast and Moscow investigated the impact on
the CDIO Initiative from 10 different combinations of extreme out-of-the-box utopian and
dystopian future scenarios of higher education. An example of such an extreme scenario is the
combination where commercial brokers take over the educational role from higher education
institutions (“professorless universities”) and at the same time learning machines (Al) take over
most non-routine cognitive engineering activities. Another example is a scenario where all
curricula are unbundled into certified knowledge packages for personalised learning and at the
same time universities have segregated into research and education universities.

At the International Working Meeting at TU Delft we made a discovery of strategic issues
deemed necessary in the CDIO Initiative and the community structure (Bryson, 2018). We
discovered strategic issues like turning points and emerging needs for the organisation, by
imagining future scenarios and painting desired pictures of the future that would meet the
intended needs. Thus we developed new perspectives for the CDIO community and
framework. In subgroups of six to eight persons we put ourselves in the role of a CEO, an
engineering student or a dean of an engineering department and imagined what these
personas would expect from the CDIO community of practice and the CDIO-educated
graduates in 2030. To establish a basis for a common ambition we established cover stories
about major achievements of CDIO in 2030 in a prominent magazine, newspaper or other
media that has great topical value and attracts considerable public interest. The combined
output of the personas and cover stories enabled the participants to formulate drafts of a new
vision and mission statement. The working meeting was concluded by the discovery of
breakthroughs that are essential to meet the expectations from the personas, turn the virtual
cover stories into reality, and take proactive measures.

The participants of the Regional Meetings of Europe/UK-Ireland in La Rochelle and Asia in
Dalian sharpened the mission and vision statements and complemented, clustered and
prioritised the strategic issues. Together they set the stage for the next working meeting in
Singapore.

At the International Working Meeting in Singapore the new mission and vision statements were
presented and used as a baseline for the development of a strategy for CDIO to become a
thought leader in engineering education (again). In five splinter sessions alternative
implementations were generated for the breakthroughs ‘Size and organisation of the
community of practice’, ‘Leadership to influence’, ‘Shift in focus’, ‘Sustainable institutional
implementation’, and ‘CDIO for non-engineering. The working meeting was concluded by a
brainstorm about the process to develop a CDIO community of practice with durable
engagement, better accountability and more shared practice, and a process of cyclic
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evaluation of the CDIO framework as a whole and the individual community members on a
regular basis.

AWARENESS ABOUT THE STATUS QUO

The participants of the first workshop in Calgary established a common point of departure by
reflecting on the current state who we are, how we are organised, what we do and why. The
following paragraphs describe the main findings.

The CDIO community is open to the full spectrum of schools and universities in higher
engineering education all over the world. It is free from cultural, religious or political issues.
Tensions exist between the openness, the feeless membership with its potential risks of
unlimited growth and uncontrolled quality, and the risk of a gradually waning commitment by
the members. Today’s CDIO is known as an evolving community of practice. The community
has 182 (January 2021) member schools that are spread non-uniformly over the seven
geographical regions: Europe (71 members), UK-Ireland (16), Asia (47), North America (19),
Latin America (19), Australia-New Zealand (8), and Africa (2). As the community expands and
evolves differently across the regions, it is critical to understand how to remain relevant,
especially for members who have adopted the CDIO framework already for many years, and
how to deal with changing expectations and different levels of engagement and commitment
over time, which may be different per region. Agility to different needs and change is key.

CDIO portrays itself as a framework of tradition, design-build-implement projects and not so
much about education innovation. The interest in design-build-implement projects is on the
decline. A bibliometric study (Meikleham, 2018) indicates a halving of CDIO conference papers
that address design-implement-operate projects since 2012. It mentions that an overemphasis
on project-based learning could easily lead CDIO to become synonymous with a community
of practice for project-based learning, thus facing the risk of diluting the unique value
proposition of the CDIO holistic framework for educational reform. It is therefore necessary to
provide evidence about the unique competency levels of graduates of CDIO programmes and
inspire administrators and policy makers by referring to the methodology as modern
engineering education, in which experiential learning is important. The framework has the
potential, but currently misses the strength, to connect engineering education to the world of
work and accreditation agencies. There is a very strong consensus across the regions that the
CDIO Initiative requires very strong relationships with industry. It is the engineering business
companies who know the needs and the competency attainment levels of young graduates of
our schools. Although closing the full cycle, from education and student to alumnus in industry
to industrial leader, is a long game, we urgently need to evaluate CDIO graduates’ performance
and career routes in comparison with non-CDIO performances. For engineering business the
lack of evidence is probably an important reason for their limited awareness of CDIO as a
“brand” of engineers.

The dissemination of good practices in papers, presentations and workshops is important but
does not lead to the momentum for systemic change. Today’s CDIO Initiative lacks a leading
profile in innovative engineering education. Nowadays the educational innovations in member
institutions are often local fragmented initiatives whose results are shared at the conferences
or regional meetings. There is a strong desire to transform CDIO into a community of practice
where educational developments are harmonised into collaborative efforts. The continuous
professionalisation of staff is important and the community is a rich source of experts. If we
aim CDIO to develop into a leader in innovative engineering education, training in innovative
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methods of teaching and learning such as interdisciplinary education, online teaching, blended
education, digital assessment of engineering questions, micro-credentials-for-credit, corporate
learning in a digital environment, offer excellent opportunities. But they will only succeed if
resources or incentives for such trainings and reskilling can be provided through CDIO
membership.

WHAT IFS

Strategic thinking in the workshops of Calgary, Sunshine Coast and Moscow about
combinations of hypothetical extreme scenarios of future engineering education of course
could not yield a list of realistic opportunities or achievable ambitions for the CDIO Initiative.
However, the process in these workshops opened the minds of the participants and resulted
in many hints and guidance for the formulation of the mission and vision statements and the
identification of strategic issues, the breakthroughs. Many of the participants realised we
probably overestimate the change that occurs in the next couple of years, but underestimate
the change that will occur in the next decades (Bill Gates quote). In the following section | have
selected a representative set of concerns, opportunities and challenges that were identified
when thinking and analysing the extreme scenarios of higher education. | have projected them
on the themes and scenarios that were identified as projective scenarios as described in the
MIT study about the global state of the art in engineering education (Graham, 2018). For sure
these are realistic.

Shifting leadership in engineering education

The first scenario is about the shift of the leadership in innovative engineering education to
“powerhouses” in Asia and Latin America. Because the CDIO framework has its roots in
Western society, it does not fully reflect the realities of the Asian or Latin American world and
risks to gradually loose its relevance on the global scale. In the workshops people came with
evidence that regions, or countries within a region, are developing an own identity of the
community of practice that better matches the regional needs. If the global CDIO is resilient
enough it has the opportunity to combine these forces and thus lead the enhancement and
innovation in engineering education in these regions. The shift to the East and Latin America
has an immense growth potential for engineering education (millions of engineering students
more) and the CDIO Initiative as well. Vice versa the CDIO members in other regions can
harvest from the new insights and rapid developments in education in China, India and Latin
America, and reap the benefits of cultural learning in these regions. Quite some participants of
the workshops expect the CDIO framework has to incorporate the different contexts of the
regional traditions, culture and ethics in the Syllabus and Standards. Relationship building and
maintenance with Chinese and other Asian partners and collaborators in Latin America is
therefore of the utmost importance. It is clear that the CDIO framework and community of
practice has to be open and easily adaptable to such rapid changes in the landscape of higher
education.

More relevant and outward facing curricula

In the second scenario described by Graham, engineering curricula become more socially
relevant and outward facing, and the desire to broaden student experience grows. This
scenario about the rise of a more humanitarian engineer may open the CDIO Initiative to many
new minds. The limitation to engineering disciplines has to be opened to multi- and
interdisciplinary studies that link much better to designing solutions for complex societal
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problems than the traditional disciplinary way of thinking. We may have to tailor the framework
to include more perspectives of humanities and social sciences, and call for more industrial
engagement to better understand the needs and expected attainment levels of technological
literacy. An interesting opportunity for CDIO was identified in striking up conversations with
corporate universities that could lead to interesting cooperation between multinational
industrial companies and the CDIO community of practice. Liberal arts sciences will develop
into a strong influencer on our CDIO thinking. It will put more emphasis on impactful
engineering with sustainability, ethics and responsible innovation. This shift is expected to
happen simultaneously with the rise of machine learning in the engineering profession.
Increasingly intelligent machines will support or replace the engineer in doing non-routine
cognitive design, engineering and research work. This will increase the interest in graduates
who not only have good working knowledge in the fundamentals in science and technology,
but distinguish themselves by excellent creativity, empathy and ability to transfer knowledge
to other contexts. These are facets that are still undiscovered territory in CDIO.

On-demand learning

The third scenario is about the trend of on-demand learning and the increasing desire for free
choice and flexibility by the students. Today's Generation-Z engineering students are more
oriented to their ambition, aspiration and future career (Twenge, 2018; Kamp, 2020). For CDIO
an interesting opportunity develops in taking a consulting role for enterprises and member
universities in the establishment of engineering profiles with coherent course packages or
selection menus that meet personal needs. In the extreme case, CDIO could take a leading
role as a broker of (accredited) course packages for credit for its community members. CDIO
could also develop into a consultant for commercial brokers or platforms for online education
and provide reference frameworks for engineering course content that is accredited by
international accreditation agencies. The CDIO community of practice is full of experts and, in
collaboration with industrial experts, in an excellent position to train faculty to operate in diffuse
curricula and coach them in the role of chef de menu. The growing numbers of students who
need guidance and monitoring of their individual study programme may offer another
opportunity for the CDIO community. On a collaborative basis it could support students in
career and study planning. It is obvious the organisation and framework have to be resilient
enough to accommodate such major changes. In this respect the COVID-19 virus pandemic is
a wake-up call for the future of higher education and the CDIO Initiative. The framework has
to be made resilient and can no longer be a one-size-fits-all.

Need for CDIO to be agile

The variety in thoughts and ideas about opportunities, risks and threats for the CDIO Initiative
will not all reach operational level in 2030. But we have to anticipate to their arrival in the
coming decade. They show the urgency for the development of a strategy how CDIO should
deal with changes in higher education. These will be characterized by more on-demand and
personalised learning, partly online courses for credit, Al-assisted tutoring and peer learning,
on-campus hands-on education, interdisciplinary education with more emphasis on societal
relevance and impact than we are used to. CDIO has to make a choice to either taking a
leading role in shaping this change, or just adapting to the changes. No doubt that any of these
choices needs a more resilient CDIO community and framework than we are used to.
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AMBITIONS

The International Working Meeting in Delft and the Asian Regional Meeting in Dalian were
dedicated to goal setting and the discovery of the ambitions and expectations of the members
of the CDIO community of practice. The participants teamed up in the role of a CEO of an
engineering business, an engineering student, or a dean of an engineering department and
then discussed for a 10-year time horizon What do | expect from the CDIO collaborative
network? and What do | expect from CDIO-educated engineering graduates?

Pride and ambition

The discussions expressed pride, ambition and a desire for a prominent position in higher
engineering education.

a. CDIO Initiative: a reliable and qualified community of practice for continuous faculty
professionalisation and peer-to-peer sharing of didactic methods in CDIO learning, a
“broker” of lifelong learning modules for engineering professionals, consultation in the
reform of curricula, a framework that can be used in the development of a national
qualification framework, an inclusive network that is open to academia and business
companies, engineering as well as non-engineering, with a significant positive impact
on academic engineering degree programmes.

b. CDIO-educated graduates: prepared to make a difference, mastering a good ensemble
of engineering expert knowledge and professional skills, a mindset of sustainability,
responsible engineering and innovation, ready for the Industry 4.0 world of work with
top-notch skills in computational thinking, data literacy, systems thinking, integration of
physical and cyber systems, and keen on authentic and impactful design and research
problems from industries and institutes.

In another activity we established cover stories about a major achievement of CDIO in 2030
for a prominent magazine, newspaper or other media with great topical value. They provided
more basis for a common ambition: Who do we want to be in 2030?

Influencer and springboard

At a higher abstraction level, it is our aim that graduates of CDIO degree programmes profile
as future leaders of engineering businesses. We want to be an influencer and that means we
have to develop into a frontrunner in engineering education, take leadership and make change
happen on a global scale. We want to be a springboard for innovative higher education and
faculty development, even beyond the domain of engineering. To achieve these goals, CDIO
shall satisfy the following enablers:

i. an open mind and agile attitude to change (differentiation in roles of teaching staff,
changing technologies, digital transformation)

ii. aresilient organisation to adapt to (rapid) change (a community with different levels of
engagement, regions that give the framework a local identity, special interest groups,
different set-up of events like chase-the-sun workshops)

iii.  limited growth while being an open community

iv. ~membership and engagement (industries, (also corporate) universities, NGOs,
students, leaders, middle level engineering educators, education managers)

v. online visibility (exposure, PR, website, apps, online instruction materials)

vi.  benchmark of effective practices and a credit transfer matrix between CDIO partner
institutes
vii.  collaboration and joint initiatives
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MISSION AND VISION STATEMENT

On the basis of the ambitions in the previous paragraph, the participants of the workshops in
Delft, La Rochelle and Singapore were challenged to update, rephrase and sharpen the
existing vision statement (www.cdio.org):

“The CDIO™ INITIATIVE is an innovative educational framework
for producing the next generation of engineers”

Rephrasing the vision statement and establishing a new mission statement for CDIO are
important milestones towards the CDIO Roadmap 2030. Rethinking the vision statement
should answer the question ‘where do we aim to be?’ The statement communicates the
purpose of the CDIO Initiative and explains why we are an active member of the network. It is
a source of inspiration, guidance and motivation for future work.
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Figure 1. International Working Meeting Delft: drafting a new CDIO vision statement

The CDIO Initiative lacks a mission statement. Such statement talks about how we will get to
where we want to be. It answers the question ‘what do we do, what makes us different?’ It
focuses on the present, leads to the future and describes the purpose in relation to our
stakeholders’ needs. Its prime audience is the CDIO community itself.

The outcomes of the discussions at the working meetings were that the vision and mission
statements should amplify aspects of global coverage, ambition, leading collaborative network,
developing innovative engineering education, openness, agility, the dynamic nature of the
framework, aiming to improve continuously.

After lengthy and intensive deliberations and iterations in three consecutive workshops, the
formulations of the vision and mission statement for the CDIO Initiative were agreed upon as
follows:

Proceedings of the 17" International CDIO Conference, hosted online by Chulalongkorn University &
Rajamangala University of Technology Thanyaburi, Bangkok, Thailand, June 21-23, 2021. 34


file://///Mac/Downloads/www.cdio.org

VISION STATEMENT

“To be the leading worldwide collaborative network for innovative engineering education
to produce responsible engineers who make a difference in the world through innovation
and creative workable solutions”

MISSION STATEMENT

“Building community capacity to make an open flexible and evolving framework for the
advancement of engineering education by an inclusive collaboration and a sharing of
effective practices for local impact”

INVENTORY OF STRATEGIC ISSUES
CDIO organisational structure

With the newly formulated ambitions in the vision and mission statements, and a list of
impactful changes CDIO will experience in the next decade, nobody had any doubt that we
cannot continue as we have done over the past 15 years. At the workshop in Delft, La Rochelle
and Dalian the participants got the assignment to discover breakthroughs, turning points, that
are essential to future-proof the CDIO Initiative and align the activities with the mission and
vision statements and thus meet the expectations, turn the ambitions into reality and give
guidance and control. Figure 2 shows an overview of the breakthroughs that were identified at
the three workshops. Each breakthrough was tagged to one of 11 themes. The four themes
Membership & Organisation, Regions, Thought Leadership, Marketing & Promotion were
clustered into the comprehensive theme CDIO Organisation. It is expected that many
breakthroughs within the CDIO Organisation will enable breakthroughs in the other themes.

CDIO products and services

Besides the CDIO Organisation, five other breakthroughs in CDIO products and services
received high scores for importance and urgency:

1. the role the experts in the CDIO community should play in the lifelong learning of staff
of member institutes;

2. bringing experts together for joint development of a springboard for innovations, with
particular interest in the development of agile curricula;

3. sharing expertise, for instance by the establishment of temporary special interest
groups, particularly with respect to online and blended learning, unbundling of curricula
and dealing with micro-credentials or digital badges, and the integration of digital
literacy in engineering education;

4. thought leadership about achieving durable implementation of CDIO in member
institutions; developing a recognition of the CDIO graduate competencies may give it a
boost at national and international level;
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5. developing strong relations with leading industrial companies. Making connections with
governmental agencies to use the CDIO framework for national qualification
frameworks for higher engineering education (of special interest for the Asian region).
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Figure 2. Inventory of breakthroughs and all kinds of facets.
The enveloping curve marks the breakthroughs in the CDIO organisation.

FROM VISION TO THOUGHT LEADERSHIP

The major activity at the Singapore International Working Meeting was the development of a
strategy for CDIO to become a thought leader in engineering education. In five splinter
sessions the 50 participants conceived their ideas about community size, leadership to
influence, shift in focus, sustainable institutional implementation, and CDIO for non-
engineering. These breakthroughs were all connected to the theme of Thought Leadership

(Figure 2).
Limiting the size of the CDIO community

The discussion about the community size emphasized that it is the commitment of the
members of a community of practice that matters, and that commitment is often driven by the
size of the community (Figure 3 left). Although the regional structure helps in this respect, the
commitment in some regions has already dropped so low that even the few remaining
members might consider to retire the community. The workshop participants proposed to
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investigate the pros and cons of different levels of membership, and relate this to better
recognition and resources for innovation.

Influence and recognition

Although previous discussions resulted in a desire of CDIO to become an influencer in
innovative engineering education, the workshop in Singapore refined this point of view. The
added value of being a member of the CDIO community is to inform, inspire and influence the
members within the community by evidence-based innovations, experimentation and research
in education. Recognition (personal as well as institutional) is important in keeping the
professional commitment alive in engaging and adding value.

Figure 3. Visualisations of the discussions about community size and shifting focus
away from project-based education

In a rut of project-based education

In the discussion about CDIO being increasingly perceived by outsiders as a synonym for
project-based education, the participants expressed their concerns that this perception limits
and dilutes the holistic nature of the framework (Figure 3 right). It may explain the winding
down of senior members in regions where other communities or associations apparently add
more value to innovative educational methods that are on the horizon, such as challenge-
based learning, blended learning, collaborative learning in the digital age, responsible
engineering, than a CDIO membership. Although the needs and fields of interest in CDIO very
much depend on the region or institution, keen interest exists in sharing curricular
developments and pedagogical practices for engineering ethics, sustainable engineering,
holistic engineering, integrating physical and cyber systems in engineering, etcetera. It is
therefore crucial to get industries and corporate universities involved in the community. To turn
the tide, it is also recommended to select thought-provoking conference themes, portray them
and make them leading in the paper and keynote selection, and reduce the things we have
always done.
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Durable membership

In the discussions about the durability of institutional CDIO membership (Figure 4 right), the
following concerns about recognition of the membership were a prominent issue: the decrease
in added value for institutions that have adopted CDIO for a longer period of time already, the
lack of support from higher management or government. There is a clear need to acknowledge
and give more exposure to the active member institutions and individual contributions. To
strengthen the exposure, it is desirable to facilitate individual memberships and memberships
by industries, industrial branch organisations, accreditation agencies, international student
bodies such as BEST (Board of European Students of Technology) and thus emphasise
relevance and importance.

Figure 4. Visualisation of the discussions about
CDIO for non-engineering and Sustainable implementation

CDIO in non-engineering disciplines

Last but not least we discussed the desire to extend CDIO to non-engineering disciplines
(Figure 4 left). Evidence of the added value of the CDIO educational framework will be
necessary to convince others. The pedagogy of engineering disciplines is easily transferrable
to other disciplines and there is no doubt the CDIO framework is relevant for non-engineering
disciplines as well. We should actively welcome non-engineering practitioners to our events
and activities, inspire, not necessarily lead them, to change from engineering education point
of view. It is not our aim to generalise the CDIO framework.
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Summary

The plenary session after the five splinter sessions concluded that:

A. the effectiveness of the CDIO framework and the value of being a member of the
community shall be demonstrated by evidence and portrayed to the outer world, so
that member institutions can take advantage in accreditation or promotion of career
profiles of their graduates.

B. The community is growing rapidly whilst the engagement in the community
diminishes over time, as it no longer provides the value that is desired, or member
institutions experience insufficient recognition for their contribution and
engagement. Different levels of membership for a durable engagement, more
recognition and accountability, and an endorsement by institutional management,
should give new momentum to activities and possibly open up possibilities for
funding of activities. An increase in diversity in membership may give a boost to

engagement;

C. There is an urgent need to strengthen the connections to the industrial and non-
academic world and actively embrace non-engineering disciplines;

D. The long-lasting emphasis on project-based education as one of the assets of the

CDIO methodology has become a threat for the holistic CDIO framework. Many
members look forward to the next step and are eager to learn from each other about
teaching ethics, sustainable design, holistic engineering, digital learning,
collaborative learning in a digital environment, and the use of mindsets in
engineering curricula.

RETHINKING CDIO AS A COMMUNITY OF PRACTICE AND CHANGE AGENT

The CDIO community of practice is a group of practitioners who have a common interest in
engineering education. CDIO is supposed to be a place of exploration, experimentation,
evaluation and reflection. In a workshop at the Singapore International Working Meeting we
addressed the desire and need to rethink the rapidly growing community of practice and assure
durable quality and value of the CDIO Initiative.

Organisational structure

To date the CDIO community of practice has a flat structure. Apart from the Council there is
no hierarchy or differentiation in membership. Each member is part of a regional community
that is coordinated by a Regional Leader who is a member of the Council. The CDIO Initiative
is presided over by a 15-member Council core team that forms the heart and organises,
nurtures and operates the community.

A group of 15 to 20 active members works closely with the Council to help shape the definition
and direction of the CDIO community of practice. These members are actively engaged in
defining and developing the community’s shared vision, its purpose, the roles, strategies for
interaction, review the applications of candidate members. They regularly attend the Online
Leaders Meetings and play a vital role in the CDIO International Working Meeting and regional
meetings.

The third and biggest group of the CDIO community is formed by the approximately 140
institutions that participate occasionally in the CDIO events. They feel a connection to the CDIO
Initiative and engage on a limited basis. They mainly focus on acquiring knowledge and
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experience for the benefit of local development in their institution. They are members who have
a more casual interest in community activities, can be newbies as well as members who
consider retiring the community.

Finally, there is a small group of peripheral members. They are the least connected to the
community and only connect for instance to consult the Syllabus or Standards or provide
specific consultation or service to the community. It might be interesting in future to also assign
probationary members to this group: members whose application has open points, the
experience and familiarity with CDIO is still low, or membership awaits for evidence of
managerial support and the viability and feasibility of the sometimes overambitious plans for
the transformation of curricula to meet CDIO Standards.

Beginner/
Peripheral Novice
Probationary members,
Influential individuals, students,
industrial partners, branch organisations
/ Through

Occa Siona| tO * Collaboration

- 5 7 ® |[nteraction

Members with casual interest / s Engagement

Newbies /

Figure 5. Community organisation with different levels of membership

In the workshop we conceived the explicit community structure shown in Figure 5. It has the
goal to create more durable engagement and accountability, provide more clarity about
expectations and roles, and more recognition of active members. Making this structure explicit
might enable the possibility to charge a membership fee. The fees could be used for the
funding of collaborative advancements by active members and stimulate active involvement
by more members. It may also be used to hire a (part-time) CDIO professional for preparing or
assessing peer reviews, promoting CDIO to industry or implementing any other
recommendations mentioned in the Conclusions.

Using evidence to advance the CDIO Initiative

The lack of evidence of the impact of CDIO membership triggered the discussion how we might
gather relevant data that would enable us to evaluate the positive impact of the CDIO
framework. On the one hand we discussed the need to consult human resources professionals
of engineering businesses on a regular basis. On the other hand, to stimulate growth and
development, build up a history of evidence, activate the members in their role of sharing best
practices, and spot candidates retiring or already dormant members, it was proposed to
introduce a 6-year evaluation cycle for each member institution. The cycle should lead to a
minimum of extra overhead and when appropriate, run simultaneously with a national
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visitation/accreditation cycle. An appropriate first peer-to-peer review for an institution would
comprise of the evaluation of the impact of a curricular adaptation to the CDIO framework, a
comparison with the plan presented in the membership application, and a fruitful discussion
about the intentions and planning in the next period.

The making of an evolving framework for the advancement of engineering education by an
inclusive collaboration and a sharing of effective practices (as formulated in the new mission
statement) needs a trustable, transparent and uniform procedure. This procedure has to reflect
that the cyclic review shall be of direct benefit for the institution and have a spin-off to the global
CDIO Initiative. For the latter it is important to understand what evidence at CDIO level we are
looking for and how this evidence can be collected and interpreted. The information gathered
from the cyclic evaluations and reflections will be analysed at a higher aggregate level (region,
global community) following a transparent process. lts goal is to identify local, regional or global
needs and trends and thus give guidance to the advancement of the CDIO Initiative.

CONCLUSIONS

The CDIO community of practice is a key element of the CDIO Initiative. It is self-organising,
self-regulating and its members have the freedom to determine their own level of engagement.
Like most living organisms, communities of practice have a natural life cycle, and CDIO is no
exception.

The need to move forward

CDIO is a holistic innovative framework for engineering education. Gradually it has become
synonymous for project-based education in teamwork. For many institutional members who
have adopted the framework, the value of the membership diminishes over time. Engagement
shifts to regions (Asia, Latin America, Eastern Europe) where high interest exists in the
enhancement of engineering curricula by adopting the CDIO framework. To avoid a winding
down of interest and a retirement of member institutes, the CDIO Initiative has to advance
more thoroughly than updating the Syllabus and sharing fragmented local developments alone.

In a global discovery tour of 10 workshops over the globe, new goals have been set and new
mission and vision statements have been formulated. They reflect the choice and ambition of
the community to make an open flexible and evolving framework for the advancement of
engineering education. The community shall collaborate in the development and guidance of
curricular enhancements and the advancement of pedagogies in engineering education that
are necessary in the light of the rapid developments in technology and society. This requires
strategic thinking by the Council, clarity in responsibilities and expectations in a transparent
community structure, a dedicated group of active members with commitment, and funding by
its members and potentially external parties.

Recommendation 1: The Council to adopt the new CDIO vision and mission statement and
develop, implement the new strategy with transparency and decisiveness in community
structure, events and activities, and convey the change in message in (introductory)
workshops and website, or make the conscious decision to proceed as usual.
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Recommendation 2: Dare to choose and give guidance on curricular developments and
pedagogical practices in engineering education that specifically reflect the changing
mindset, working methods and competencies in the era of digitalisation in the world of
education and technology.

The need for evidence of positive impact

The value of membership to the community of practice lies in its members. Today’s flat
structure and open community leads to unlimited growth in community size and untraceable
involvement and engagement. To stimulate growth and development, build up a history of
evidence and activate the members in their role of sharing best practices, a broad desire exists
to introduce a peer-to-peer evaluation cycle for each member institution at regular intervals. A
research framework and a plan for data collection and analysis have to be set up. At the highest
aggregate level of the CDIO Initiative, the gathered information will be used to build up a history
of evidence about the positive impact of CDIO on the quality of engineering education and its
graduates. It will enable the identification of regional or global trends that give guidance to the
advancement of the CDIO Initiative.

Recommendation 3: Develop and implement a cyclic peer-to-peer evaluation process by and
for the members to build up a history of evidence on local and global level, and stimulate the
members to share practices and improve continuously.

The need for recognition

The need for evidence, addressed above, directly relates to the high needs for recognition.
Leading persons need recognition by the higher management in their institution. Active
institutions want to be recognized for their contribution to the CDIO Initiative and look for ways
how the benefit of a CDIO membership can be used in their national accreditation framework.
There is a strong desire that the engineering competencies of the graduates of the CDIO
programmes are recognized by the world of work. This can only be realised by a network of
trust and quality that has strong connections with leaders and human resources professionals
in leading industries, corporate universities, NGOs and accreditation agencies. A transparent
community structure, a quality process for the admission and up-to-date evidence of an
inclusive collaboration and sharing of effective practices are conditional for a durable
recognition by performance.

Recommendation 4: Strengthen the ties with higher management and human resources
professionals in leading industrial companies, corporate universities and accreditation
agencies and given them the status of peripheral membership. Actively reach out to non-
engineering programmes.
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CHOOSING THE RIGHT D FOR DESIGN

Joseph Timothy Foley, Marcel Kyas

School of Technology, Reykjavik University, Reykjavik, Iceland

ABSTRACT

In the current CDIO V2.1 standard (2016), there is no formal definition of what design is or
what process should be employed. Instead, it is left to the educator to figure out what is the
right way to proceed. Among philosophers of design, there is no agreement on the nature of
design processes. Design is often taught as an iterative method taking a developed list of
requirements and trying different combinations of elements until a satisfactory solution is
found. Knowing which elements are worth investigating is often said to be only gained through
reading background material and experience. There are alternatives in the form of formalized
design methods, including Axiomatic Design and Google’s Design Sprint. This paper presents
an overview of these methods to provide opportunities in hybrid design frameworks for the
CDIO educator. When properly informed, both students and teachers can choose or create the
right D in CDIO to fit the project or discipline.

KEYWORDS

Design, Axiomatic Design, Sprint, Requirements, Standards: 5, 7, 8

INTRODUCTION

The second element in the CDIO name is “design”, so one might assume a great deal of
literature published on the subject and how it should be implemented. In the most recent CDIO
proceedings, there are a few articles that give specific guidelines to using a particular method
to design, such as Paul and Behjat (2016) explaining how to use SCRUM for an integrated
design project. Tanarro et al. (2015) address the problem of teaching engineering design to a
multidisciplinary audience. They leave the method of design open. What seems to be lacking
is the meta-design phase of deciding what kind of design method to use. To make an informed
decision, we must first consider what the CDIO standard states regarding design and suitable
options to choose from. Perhaps the best question to start with is: “What does it mean to
design?”

Background

While Crawley, Malmqvist, Ostlund, Brodeur, and Edstrém (2014) mention design a lot, a clear
definition of design is missing. The CDIO standards characterize design as (Standard 1, p.
293): “The Design stage focuses on creating the design, that is, the plans, drawings, and
algorithms that describe what will be implemented.”
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Standard 4 (p. 296) suggests that: “[s]tudents engage in the practice of engineering through
problem-solving and simple design exercises, individually and in teams.” Indeed, how to design
is disputed.

Newell and Simon (1972) describes the design process as a sequence of discrete steps that
are driven by a plan. The goal of designing is to optimize a candidate design for known
constraints and objectives. Most design methods proposed in Section “Traditional Design
Methodologies” describe such sequences of steps.

Schon (1983), on the other hand, observes that designers do not follow such a model in
practice. Indeed, such a model of discrete steps has been criticized in software engineering by
Royce (1970) as infeasible for sufficiently complex projects. Indeed, the goals are often
unknown when the design process begins and, and the constraints and objectives change
(Brooks, 2010).

Today, software projects follow an agile method (Beck et al., 2001), which focus on customer
interactions and short iterations to solve specific design problems. Design is instead viewed
as a creative endeavor guided by intuition and emotion.

CDIO Standard

The CDIO standards recommend teaching about design (Standard 1) and provide design
exercises (Standard 4). We report on different approaches to design, and how design
exercises are used at Reykjavik University. Also, design-implement experiences should be
included in the curriculum (Standard 5). Among others, the course on Internet of Things is such
a design-implement exercise. This course is taught as a multi-disciplinary course (Standard 7)
with mechanical engineering students, mechatronic students, computer science students, and
software engineering students. This course exhibits that different approaches to design have
to be addressed, and interpersonal skills have to be trained.

The course is also an active learning experience. After an initial guidance, the students are
designing and implementing their solution, getting only the teacher’s guidance, and their
support when requested.

TRADITIONAL DESIGN METHODOLOGIES

This section describes general design methods that are universally applicable in the sorts of
projects commonly desired in courses. At an abstract level, the purpose of design is to move
from an immaterial concept to something more concrete. C-K theory (Hatchuel & Weil, 2003)
describes this as the process of mapping concepts to knowledge and examining the
connections between these various nodes'. For use in a focused class trying to go from a
concept to a prototype that can be operated, this method is too general for students to see
how it applies to their specific design.

Instead, we consider the methods that share these commonalities: gathering stakeholder
opinion, developing requirements, refining concepts according to selection criteria, and

11t appears to be an application of Category Theory (Eilenberg & Mac Lane, 1945), where the term category for
mathematical objects and their natural transformations got confused with Kant's categories as concepts of
knowledge (Kant, 1781).
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developing a unified prototype. Each method within these constraints has a different focus
which can make it more or less appropriate for a chosen CDIO project which we will attempt
to describe by explaining how they are used in our curriculum.

Conceive Design

Operate

Process
Variables

Figure 1. Mapping CDIO stages (top) to Axiomatic Design (middle) and Ulrich et al. (2019)
product design process (bottom)

Customer Functional

Needs Requirements

Planning

Product Design

The Reykjavik University School of Technology Department of Engineering has been teaching
the general product development process as described by Ulrich, Eppinger, and Yang (2019).
This book is an industry-standard for product designers considering the end-to-end process of
concept to implementation. The general process in Ulrich et al. (2019) is divided into these
stages: Planning, Concept Development, System-Level Design, Detail Design, Testing and
Refinement, and Production Ramp up. Of note, the Conceive-Design-Implement-Operate
stages are inherently incorporated into this framework as shown in Figure 1

The design course curriculum? begins with students examining a problem or topic of interest
and searching for stakeholders who will become “customers”. These customers become an
integral part of refining the customer’s opinions into “Customer Needs”. Based upon these
needs, the teams will benchmark existing products to develop competitive metrics and
requirements. The requirements give insight into possible concepts, which are explored and
refined for the rest of the semester. The deliverable artifacts are often a prototype,
presentation, and paper suitable in quality and format for submission to a design conference.

Google Sprint

The Design Sprint was developed by Knapp, Zeratsky, and Kowitz (2016) at Google to design,
implement, and evaluate a prototype of a problem solution in five days. Time-limited activities
are scheduled each day. Starting from a challenge, a diverse team will work out a solution. On
Monday, the team agrees on the goal and creates a map leading customers and other
stakeholders towards the solution. The team consults with experts, collects problems, and
selects a target, on that the sprint will focus. On Tuesday, the team collects old and new
solution ideas to remix them and improve on them. The result of that day will be detailed
solutions. On Wednesday, the team selects the best solution and makes a plan for the
prototype. On Thursday, the team will create a prototype, or if that takes too much time or

2 which will become a requirement for all engineering lines in 2022
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effort, it creates a fagcade. On Friday, the prototype will be tested on five customers. The
feedback will be used to plan the next steps.

The design sprint is not intended to be a complete design method. It is rather used to reduce
the risk of bringing a new product to the market. It is inspired by design thinking (Asimow,
1962) and focuses on the user experience. The method may be used for other design tasks
but will need to be adapted. Indeed, prototyping a product in one day limits its use.

Axiomatic Design

Axiomatic Design, developed by MIT Professor Nam Pyo Suh in the 1980’s® also describes the
design process as mapping but at a conceptual level, rather than a temporal one. As previously
mentioned, this is a process focused on the mapping between domains. These domains (listed
below) have a clear mapping to the CDIO framework as shown in Figure 1: Customer Needs,
Functional Requirements, (Design) Parameters, Process Variables. Axiomatic Design has two
Axioms which are believed to be inherent in all “good” design (Suh, 2001);

Independence Axiom: Maintain the independence of the Functional Requirements
Information Axiom: Minimize the information content of the design.

These can be translated into a less technical definition as:

Independence Axiom’: Modular: minimize interference between requirements
Information Axiom’: Robust: Choose implementations that maximize chances of meeting
requirements

The general process is to develop a list of up to 7 elements in a domain, then move to map
those elements to new elements in the next domain. Axiomatic Design desires solution-
agnostic Functional Requirements which allow for further creativity. A customer need (CN)
such as “keep my roof attached to my house” might become the functional requirement (FR)
“bond roofing material to rafters” which would be mapped to “polyurethane-based glue applied
to both surfaces” resulting in a process variable (PV) “Minimum curing of 24 hours at 25
degrees Celsius”. At each stage of the mapping, interactions i.e. couplings between the
mappings must be examined: the optimal configuration is that each functional requirement is
only affected by one design parameter as described by the Independence Axiom. Coupling is
evaluated by making a Cartesian product of each domain element’s transfer coefficient in a
matrix called a Design Matrix. This matrix gives a simple mathematical expression that can be
evaluated for the degree and type of coupling. See (Suh, 2001) for a more detailed discussion
of analyzing design matrices.

HYBRID DESIGN METHODS

As mentioned previously, design methods are not necessarily a tool to be used in isolation.
We provide in this section adaptations of the previous methods for new environments
particularly cross-disciplinary.

3 Conceived at Burger King in Cambridge Massachusetts
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Collective System Design

While David Cochran was at MIT, he was exposed to Axiomatic Design and wished to spread
the innovative way of thinking to fields such as automotive manufacturing. Unfortunately, the
technical nature of how it is described the taught is daunting to the average management or
non-engineer. He decided to take the basic concepts of Axiomatic Design and make them
more approachable to a non-technical manufacturing audience which resulted in the creation
of the Manufacturing System Design Decomposition (Cochran, Foley, & Bi, 2016; Suh,
Cochran, & Lima, 1998) leading to the more general Collective System Design process
(Cochran, Smith, Sereno, Aldrich, & Highly, 2019). In the new system, Design Parameters
became Problem Solutions. Both Functional Requirements and Problem Solutions have a
metric that is used as an explicit test and/or target. He also realized that the design matrix was
very hard for many people to intuitively understand, so instead, a tree structure is used to
encode the same information. The final touch was to put the process in the context of a “Flame
model” that sets the tone of why design is important as a collective agreement: 1. Standard
work/actions 2. Structure 3. Thinking 4. Tone. In the collective system design process,
diagnosis starts with standard work and drills down to the tone (1 — 4). At this point, the
management of the organization makes a “conscious choice to change” involving workers at
all levels. The design phase begins with this tone and works its way back to standard work
4—-1).

This new “view” on Axiomatic Design has gained much traction in the automotive
manufacturing industry as a method for becoming more “lean” Cochran et al. (2019) and is an
alternative to the INCOSE Systems Engineering process (INCOSE, 2015).

ADAPT: Axiomatic Design and Agile

In 2017, Jakob Weber and his team at Daimler AG (Mercedes-Benz Research and
Development) began to adopt Axiomatic Design in a format that made more sense for how
they designed automotive manufacturing in a “turbulent setting”*. They noticed that Axiomatic
Design provided a top-level strategy for high-level goals in a research manufacturing project
but did not indicate how to arrange the tasks and work. There was a realization that this missing
component can easily be filled by Agile methods such as SCRUM. In the new method Weber,
Forster, Stabler, and Paetzold (2017) described, Axiomatic Design would first identify the
design opportunities and implementation goals, then these Functional Requirement-Design
Parameter pairings would become tasks for the product backlog. After a SCRUM had been
completed, the information (and incomplete tasks) would be refactored into the FR-DP
mappings to build a new design matrix (or design decomposition) and the cycle would continue.
Joining these two provided a very useful guideline for Axiomatic Design: the right amount of
decomposition is when an FR-DP pairing is a task that can be approached during a SCRUM
period with an educated guess of its completion time. ADAPT became successful enough that
additional enhancements were implemented including modularity indexing for sequencing and
priorization (Kujawa, Weber, Puik, & Paetzold, 2018).

Google Sprint and Axiomatic Design

In the academic year 2019, the two authors have taught the course “Introduction to Internet of
Things and Embedded Systems” together. This course integrates the design of Things

4 Previously they had done so in small projects, but it had not gained widespread interest within the company
(Weber, Forster, KoBler, & Paetzold, 2015)
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(embedded devices) with the design of software systems (connecting Things through the
internet). This course also required integrating design methods as well: mechatronics students
had previously learned about Axiomatic Design, while students of computer science and
software engineering were only familiar with agile methods.

The authors discovered that while both methods have different origins, they work well together.
The Sprint method provided stream-lined methods to explore the customer domain and the
functional domain, while Axiomatic Design helped in structuring the requirements and building
the prototype.

APPLICATION OF DESIGN SELECTION
Internet of Things Class

During the last four years, the second author taught a course on designing Internet of Thing
(loT) applications to computer science and software engineering students at Reykjavik
University. The class is taught as a three-week block, in which the first week is devoted to
examples of loT, catching up on embedded programming practices, and the study of network
protocols used in loT systems. During the second week, students design an loT system. During
the third week, that design is prototyped and evaluated. Applications ranged from control
systems for cooking sous vide to network-connected picture frames and smart food containers.
During the term 2019, the authors taught the course as a cross-disciplinary course to students
of mechatronics, computer science, and software engineering. The students that took the class
learned different design methods in previous courses.

The authors have used the Google Design Sprint (see Section “Google Sprint” above). It works
well to solicit requirements and test the viability of a product or solution. Students of mechanical
engineering and mechatronics have had more issues adapting to the sprint because of their
different experience and design approach.

Mechatronics

The inherent multi-disciplinary nature of Mechatronics® means that techniques from software,
electronics, and mechanical engineering must be considered. For the last four years, the first
author has been teaching a short introduction to Axiomatic Design as part of the course. Similar
to the experience in the IoT class, this technique has resonated with students with a
mechanical engineering competency, but often software-facing students do not understand the
need for a formal process. These students would prefer a more Agile-style environment where
there is an iterative rapid-prototyping mindset rather than trying to formalize a concept and
requirements initially. The second author is considering a hybrid AD-SCRUM design method
to satisfy both groups, similar to the ADAPT method developed by Weber et al. (2017).

5 Often called embedded control systems or robotics in other curricula
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CONCLUSION

The CDIO standard gives a great deal of freedom in implementing a practical hands-on
education style, particularly in the design area. With such a large realm of possibilities, it is
comforting for both the educator and student to have standardized methods to employ. We
have presented several generic design methods that we have found applicable in a large
variety of student projects and labs. The methods share the same general idea of mapping an
ethereal concept into a more concrete simulation or prototype that can then be evaluated and
improved. Often the methods are optimized for a particular discipline such as mechanical
engineering or software development. In multidisciplinary teams, the one-size-fits-all approach
of the “generic” design method does not fit. A better approach was to mix the two design
methods by realizing that they are different views of the same general process and educating
the students about this universality. The need for this adaptation is present in large
manufacturing industries demonstrated by the deployment of ADAPT at Mercedes-Benz’s
Research and Development department (Kujawa et al., 2018). To conclude, there is no one
clear D for all Design, but we believe the methods presented are a reasonable place to start.
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AN INNOVATIVE APPROACH TO INTERDISCIPLINARY EDUCATION
THROUGH DOMAIN SECTOR COURSES

Yaroslav Menshenin, Clement Fortin

Skolkovo Institute of Science and Technology, Space Center

ABSTRACT

This paper outlines a framework for interdisciplinary education through domain Sector
Courses. The respective set of industrial Sector Courses is conducted at the Skolkovo Institute
of Science and Technology (Skoltech). The proposed framework is based on a holistic
approach to an industrial sector, considering it with multiple lenses, including technology,
business and policy, which provide an interdisciplinary content fundamental to the teaching of
innovation. The core idea of a Sector Course is to build a holistic knowledge about a given
economic sector and its main actors. In this paper we discuss three examples of the courses
offered at Skoltech: a Space Sector Course (Menshenin et al., 2020), a Power Markets Course
and a Product Development and Manufacturing Course. All of these courses are called “Sector
Courses” taught for graduate-level students and are built upon the CDIO framework (Crawley
et al., 2014; Crawley et al., 2013), integrating its standards to support students’ knowledge and
skills. We discuss the general approach to building the Syllabus and learning environment in
these courses and how these are realized through the CDIO framework. We also describe
what elements of the courses are essential and how — when combined together — they lead to
the specific set of learning outcomes of such courses. The practical utility of the proposed
paper is that it outlines the core principles of the economic sector courses based on the CDIO
approach. Such principles allow the systems educators to build a Sector Course in any domain
of interest, facilitating the students’ knowledge and skills development to foster innovation.

KEYWORDS

Innovation, entrepreneurship, interdisciplinary thinking, systems thinking, critical thinking,
Standards: 1,2, 7, 8

INTRODUCTION

This paper outlines the framework for interdisciplinary engineering education through the
domain Sector Courses. Such courses are aimed to cover a specific industrial sector by
providing a holistic view of it from a variety of the engineering and business viewpoints. We
base our discussion on three Sector Courses offered at the Skolkovo Institute of Science and
Technology (Skoltech): the Space Sector Course (SSC) (Menshenin et al., 2020), the Power
Markets Course, and the Product Development and Manufacturing Course. These are regular
university courses taught for graduate-level students and built upon the CDIO framework
(Crawley et al., 2014; Crawley et al., 2013), integrating its standards to support students’
knowledge and skills acquisition. These courses are M.Sc. and PhD levels courses worth 6
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ECTS and taught at Skoltech in the English language. The Space Sector Course that is
considered in this paper in detail is a compulsory course for the students in the Space and
Engineering Program, which is one of the official programs for graduate level students at
Skoltech.

The objective of our paper is to present a general framework for the Sector Courses in any
domain of interest. Such a framework aims to specify what are the core elements of the course
and how — when combined together — these elements lead to specific learning outcomes for
this type of course. We discuss one of the courses, the Space Sector Course, in detail as a
case study. The practical utility of our paper is that it outlines the core principles of the Sector
Courses based on the CDIO approach. We also present the architecture of one the courses
using the Cloud-based OPCloud modeling environment (Dori et al., 2019), which provides a
good synthetic view of the components and architecture of the course.

Sector Course Definition

A “Sector Course” is designed to provide a holistic content of an industrial sector, considering
it with multiple lenses, including technology, business and policy, which provide an
interdisciplinary perspective, fundamental to the learning of innovation. The core idea of a
Sector Course is thus for the students to develop a more holistic knowledge about a given
economic sector: its actors, its priorities, its technological, economic and societal challenges,
its history.

“Holistic” Approach to Engineering and Business

The emphasis of such a course is thus placed on the breath of the content by inviting various
actors to present their specific point of view and by giving the students an opportunity to reflect
on the integration of these various points of view. Critical thinking can play a vital role in such
a course because it provides useful tools for the students to study the various points of view
presented from a number of media sources. This allows them to deepen their understanding
of the given economic sector and open their mindset to how they could possibly become
proactive actors in this domain.

Innovation and entrepreneurship have become an important learning outcome in the extended
CDIO Syllabus 2.0 (Crawley et al., 2011) and also in some of the highly recognized engineering
programs such as MIT, SUTD, UCL and Chalmers as reported by Graham (2018). To
implement these advanced learning outcomes concrete content and learning experiences
must be integrated into the curriculum to reach these goals. The approach of the Industrial
Sector Courses is such a concrete mean to implement the innovation and entrepreneurship in
a curriculum.

Skolkovo Institute of Science and Technology (Skoltech)

Skoltech is a Moscow-based university that was founded in 2011 in collaboration with MIT. It
offers the graduate programs in a variety of disciplines — from space and energy to biomedicine
and IT. From the very beginning of its existence, Skoltech has been actively developing its
courses following the CDIO approach (Crawley et al., 2014).

Skoltech is broadly recruiting the graduate-level students from different disciplines related to
science and engineering. Skoltech is primarily focusing on searching for students who have a
solid fundamental background and are motivated to bring together science and technology &
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entrepreneurship and innovation. All students are receiving scholarships and are studying in
the English language.

In our paper we discuss the key aspects and takeaways of the application of the CDIO
principles to Sector Courses at Skoltech.

OVERVIEW OF SECTOR COURSES

Our paper is based on the experience with running three courses offered at Skoltech: The
Space Sector Course (SSC) (around 120 students completed the course since 2014), the
Power Markets Course (around 70 students completed the course since 2014) and the Product
Development and Manufacturing Course (around 25 students completed the course in 2015).
The detailed courses descriptions are outlined in Table 1.

In our paper we discuss in detail the SSC as a Case Study in the next section, yet we argue
that the principles of the Sector Courses remain the same regardless of the field. Thus, the
proposed approach could certainly be used for other sectors of engineering education.

Table 1. Sector Courses Descriptions

Course Name Course Description

This course examines the domain of space from multiple vantage
points — space as a business, a way of life, a fulfillment of human
Space Sector dreams. In addition, it examines space-related issues that drive key
Course (SSC) international regulatory, economic, and global policy. To gain insight
into these different dimensions, we examine space through three
different lenses: sub-sectors, technologies, and organizations.

The course will introduce the students to power system economics.
After covering the fundamentals of microeconomics, the main types
of electricity markets and regulations will be discussed including the
Russian market. Economic dispatch and Optimal Power Flow with
Locational Marginal Pricing will be covered. Capacity planning,
ancillary services, and risk analysis are also covered.

The lectures will be supplemented by homeworks utilizing the
PowerWorld simulation package, including laboratory exercises
investigating gaming in power markets and group mini-projects.

This course introduces students to the global process and business
side of the Product Design and Manufacturing sector and provides an
overview of various types of products/manufacturing systems. The
course includes a seminar series from manufacturing sector
executives and other key stakeholders from industry and research
organizations. Topics covered include: overview of design and
manufacturing, product development overview, global perspective of
manufacturing systems, business overview of a few manufacturing
sub-sectors like space, automotive, aerospace, space, heavy
equipment and others.

Power Markets
Course

Design and
Manufacturing
Sector Course

The three courses presented above have essentially the same objective, which is to develop,
for the students concrete means to integrate technology and business perspectives in order to
open for them new avenues of development for their career. However, there exist some
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differences in the approach for each. The Space Sector Course is strongly aligned on the
Systems Thinking approach which is a very important component of this business sector; the
Power Markets Sector Course also combines technology and business perspectives but offers
to the students the opportunity to simulate the negotiations in power markets which is an
essential element in this domain. The Design and Manufacturing Sector Course covers
effectively a number of industrial sectors and aims to develop for the students an overall view
of the technologies and systems involved for the design and manufacturing of concrete
products as well as give them some understanding of the critical business processes involved
in both product development and the physical product realization.

In order to support students in carrying out the assignments and capturing a holistic picture by
applying the systemic view on the entire industrial sector, the Course Instructors conduct a
number of workshops related to the assignments preparation.

CASE STUDY: SPACE SECTOR COURSE (SSC)
Syllabus

The Syllabus of the SSC examines the space sector through three different lenses: sub-
sectors, technologies, and organizations. Such an approach is supported by different lectures,
for example, on Earth Observation and geodesy; Launch services and markets; Space science
payloads and missions; Space Policy; Space Sector Agencies, Organizations and Plans; “New
Space”; Space Robotics; and others. Figure 1 reflects the Space Sector Course in respect to
the Skoltech Learning Outcomes Framework (Crawley et al., 2013) built on the CDIO
principles. This Framework places a much more important focus on the Leadership in
Innovation at the postgraduate level, which is at the heart of the existence of Skoltech. The
general Framework is built on the four UNESCO pillars and fundamental dimensions of
learning.

The Framework presented in Figure 1 has four key topics and their subtopics. The SSC covers
such subtopics as (see Figure 1):
° Knowledge of innovation and entrepreneurship (subtopic 1.3)
Interdisciplinary thinking, knowledge structure and integration (subtopic 1.4)
Cognition and modes of reasoning (subtopic 2.1)
Attitudes and learning (subtopic 2.2)
Relating to others - communication and collaboration (entire topic 3)
Making sense of global societal, environmental and business context (subtopic
4.1)
° Visioning - invention new technologies through research (subtopic 4.2)
) Delivering on the vision - entrepreneurship and enterprise (subtopic 4.5)

The content of SSC reflects on the need to meet each learning outcome indicated above and
in Figure 1.

According to Crawley et al., “system is a set of elements or entities, and their relationships,
whose functionality is greater than the sum of the individual entities” (Crawley et al., 2015). In
our paper we apply this definition to consider the Space Sector “holistically” as the system. We
first outline the elements (or entities) of the Course. At the next step we define the relationships
among these elements. After this we explain how the sum of these individual entities and the
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relationships between them brings the value delivered through SSC — acquiring the learning

outcomes highlighted in Figure 1.

1. DISCIPLINARY KNOWLEDGE AND REASONING

UNESCO PILLAR: LEARNING TO KNOW
1.1 KNOWLEDGE OF MATHEMATICS AND SCIENCES
1.2 KNOWLEDGE OF APPLIED SCIENCE AND ENGINEERING

SCIENCE
@KNOWLEDGE OF INNOVATION AND
ENTREPRENEURSHIP
INTERDISCIPLINAR‘( THINKING, KNOWLEDGE
STRUCTURE AND INTEGRATION
1.5 KNOWLEDGE AND USE OF CONTEMPORARY METHODS
AND TOOLS

2. PERSONAL ATTRIBUTES = THINKING, BELIEFS
AND VALUES
SCO PILLAR: LEARNING TO BE
@COGNITION AND MODES OF REASONING
Analytical reasoning and problem solving
= System thinking
= Creative thinking
= Decision making (with ambiguity, urgency efc)
Critical thinking and meta-cognition
@ATI‘ITUDES AND LEARNING
* Initiative and the willingness to take appropriate risks
= Willingness to make decisions in the face of uncertainty
= Responsibility, intensity, perseverance, urgency and will to
deliver
= Resourcefulness, flexibility and an ability to adapt
= Self-awareness and a commitment to self-improvement, lifelong
learning and educating
2.3 ETHICS, EQUITY AND OTHER RESPONSIBILITIES
= Ethical action, integrity and courage
= Social responsibility
= Equity and diversity
= Trust and loyalty
= Proactive vision and intention in life

@QELATING TO OTHERS — COMMUNICATION AND
LLABORATION
UNESCO PILLAR: LEARNING TO WORK WITH OTHERS
3.1 COMMUNICATIONS
= Communications strategy and structure
= Written, electronic and graphical communication
= Oral presentation and discussion
= Inquiry, listening and dialogue
3.2 COMMUNICATIONS IN INTERNATIONAL

ENVIRONMENTS
= Communications in English in scientific, business and social
settings
» Effective interaction in different cultural and international settings
3.3 TEAMWORK
= Forming effective teams
= Team operations and project management
» Team coordination, decision-making and leadership
= Team growth and evolution
= Technical and multidisciplinary teaming
3.4 COLLABORATION AND CHANGE
= Establishing diverse connections and networking
= Appreciating different roles, perspectives and interests
= Negotiation and conflict resolution
* Advocacy
= Bringing about intentional change

4, LEADING THE INNOVATION PROCESS

NESCO PILLAR: LEARNING TO DO
MAKING SENSE OF GLOBAL SOCIETAL,

ENVIRONMENTAL AND BUSINESS CONTEXT

= Appreciating the potential and limitations of science and
technology, their role in society and society's role in their
evolution

* Taking responsibility for sustainable development,
including social, economic, environmental and work
environment aspects

= Understanding the technical products, systems and
infrastructure of the sector

= Understanding the enterprise ~ culture, stakeholders,
strategy and goals

» Understanding the business context — markets, policy and

ecosystem of the sector
.VlSIONING = INVENTING NEW TECHNOLOGIES

THROUGH RESEARCH
= The research process — hypothesis, evidence and defense
= Basic research leading to new scientific discovery
* Research aimed at developing new technologies
= Imagining utility of new science and technology
= Developing concepts and reducing to practice

4.3 VISIONING -~ CONCEIVING AND DESIGNING

SUSTAINABLE SYSTEMS

* |dentifying stakeholders need and wants

* |dentifying and formulating objectives and goals

* Conceiving and architecting products and services around
new technologies and identifying their impact

= Disciplinary and multidisciplinary design for sustainability,
safety, aesthetics, operability and other objectives

= Understanding the technical context and ecosystem of the
product or service

= Design process management, including planning, project
judgment and effective decision-making

4.4 DELIVERING ON THE VISION = IMPLEMENTING

AND OPERATING

= Designing and optimizing sustainable and safe
implementation and operations

* Manufacturing and supply chain operations

= Supporting the system life cycle including evolution and
disposal

DELIVERING ON THE VISION -
ENTREPRENEURSHIP AND ENTERPRISE

» New venture conceptualization and creation

* Financing product development and new ventures

= Building and leading an organization and extended
organization

= |nitiating engineering and development processes

= Selling, marketing and distributing products and services

= Understanding the value chain - the innovation system,
networks and infrastructure

= Managing intellectual property and respecting the legal
process

.-Implementaiion and operations management

Figure 1. Skoltech Learning Outcomes Framework (Crawley et al., 2013)

Besides the domain-specific topics focused on knowledge acquisition, we uncover the skills-
based tools, such as system thinking, critical thinking, the economics of a firm, how firms
compete and the value chain in the development of a product. These universal skills aim to
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provide the coherent knowledge acquisition and skills development. For example, the lecture
on critical thinking supports the students to properly analyze the content of lectures, videos
and documents with a set of well-established criteria. The miniguide on Engineering Reasoning
(Paul et al., 2013) is used as a reference in concrete assignments.

Figure 2 summarizes the high-level architecture of the SSC in OPCloud modeling language
(Dori et al., 2019). The ultimate goal of the course is to support Students in meeting Learning
Outcomes. The process “Acquiring” changes the state of the Learning Outcomes from state
“not acquired” to “acquired”. The instrument that is used to meet those learning outcomes is
the “Space Sector Course” built upon the “CDIO Framework”. The utility of the modeling
representation is that it allows to comprehensively outline the architecture of the course, and
as it will be shown later — to define the core Course’s elements and their relationships.

Skoltech

Graduate
Students
Learning Outcomes 1.3,
1.4,21,2.2,3,41,42, 45

not acquired acquired

Sp%::ﬁ:ector — Acquiring '
I —
CDIO

Framework

Figure 2. Holistic View of SSC. Rectangles represent objects, such as “Skoltech Graduate
Students”, “Learning Outcomes” (with the numbers reflecting the specific topics/sub-topics
from Figure 1), “Space Sector Course”, and “CDIO Framework”. An oval denotes a process,
for instance, “Acquiring”. “Roundtangles” are encoding the states, such as “not acquired” and
“acquired”. The triangle inside a triangle means that, for example, “Learning Outcomes” is an
attribute of “Skoltech Graduate Students” implying that upon completion of SSC the students
will acquire the required knowledge and sKills.

Elements of SSC

The SSC consists of cross-disciplinary lectures (such as Critical Thinking Lecture, System
Thinking Lecture, Economics of a Firm, and Value Chain Analysis as specified in Figure 3),
sectoral lectures (for example, Space Sector Agencies and Organizations, Launch Services
and Markets, and Space Science), and assignments (Assignment 1: System Map, Assignment
2: Critical Thinking’s Lecture Analysis, Assignment 3: Business Plan Analysis). Note that the
elements appearing in Figure 3 are representative and are not completely demonstrating the
full set of lectures and assignments within the SSC.
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Space Sector
Course

| Cross-Disciplinary M Sectoral 1
Lecture Lecture b
——
A V2N 4
Critical Space Sector . .
Thinking Agencies and Assignment 1:
Lecture Organizations System Map
B —— —_— B ————
System Launch Assignment 2:
— Thinking ——  Services and Critical Thinking's
Lecture Markets Lecture Analysis
O — T I — —————————————
Economics of a L i Assignment 3:
irm Space Science Business Plan —
Analysis
I B
e
Value Chain
Analysis

Figure 3. The SSC and its elements: cross-disciplinary lectures, sectoral lectures, and
assignments

Relationships among and within the elements of the SSC

Figure 4 represents the relationships between the elements (cross-disciplinary and sectoral
lectures and assignments) of the SSC. For example, the left-hand side of Figure 4 informs that
Assignment 1 is dedicated to System Map. This Assignment is using the information from the
sectoral (Space Sector Agencies and Organizations) and cross-disciplinary lectures (Critical
Thinking lecture and System Thinking lecture). All of these lectures are held before the
Assignment 1. In the same manner, the cross-disciplinary lectures on Economics of a Firm and
Value Chain Analysis, as well as the sectoral lecture on Launch Services and Markets are all
used to support the students with the Assignment 3 dedicated to the Business Plan Analysis.

Space Sector Economics of a
Agencies and Firm
Organizations |
prior to _ prior to
. . Launch prior to Assignment 3:
Critical prior to ~, Assignment1: Servicesand ——————— Business Plan
TI-_hi"tking System Map Markets Analysis
ecture —
e,
Value Chain
System Analysis
Thinking
Lecture L

Figure 4. Example of the relationships between the elements of the SSC
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DISCUSSION

During more than 5 years of successful implementation at Skoltech, the SSC proved itself as
a practical and useful course for graduate-level students. The course has been held 5 times
and was delivered for more than 120 students at Skoltech. The SSC was once held in parallel
with MIT class (16.S899 in 2017) in the AeroAstro Department. This has led to joint
collaborative work of students followed classes at Skoltech and at MIT.

Upon completion of the Course, students are exploring and proposing concrete entrepreneurial
projects — either hardware or software start-up projects. Over the course of the Class, students
have presented around 50 projects, around 10% of which became entrepreneurial ventures
after the successful completion of the Class.

A practical utility of the SSC and any other Sector Course at Skoltech is that they help students
to shape a holistic understanding of a number of sector-related questions. Among such
questions are “Who are the main stakeholders in this sector?”; “How profit is achieved in this
sector?”; “Which resources are critical for each stakeholder and how the process of resources’
exchange is organized?”, “Who are the most successful commercial actors in this sector?”

Skoltech recruits students broadly, from multiple disciplines related to science and technology.
In light of this, a Sector Course is a unique perspective to support students in acquiring
knowledge and skills related to a whole sector’s lifecycle. In this capacity a Sector Course
reflects Standard 1 (the context) of the CDIO Standards 3.0. SSC is also aiming at achieving
the specified learning outcomes, thus, covering the Standard 2 (learning outcomes) of the
CDIO Standards 3.0. The students are using the acquired knowledge and skills to propose the
commercially viable project at the end of the course. This involves the consideration of the
proposed project from a variety of disciplines — not only purely engineering, but also
economical and societal ones. All of these support Standard 7 (integrated learning
experiences). In accordance with Standard 8, students are also asked to assess the lectures
of stakeholders based on the principle of critical thinking and they also have to develop a
project of their own in teams based on the content of the course.

In our paper we explore the experience of running the SSC at Skoltech. We have chosen this
course (out of 2 others — Power Markets Course and Design and Manufacturing Sector
Course), because it was conducted more often than the other two.

CONCLUSION

This paper discusses a general framework for a particular type of course which we call a Sector
Course in any domain of interest. To develop such a framework, three courses run at Skoltech
were overviewed: Space Sector Course, Power Markets Course, and Product Development
and Manufacturing Course. As a case study, the Space Sector Course has been chosen and
described in detail. We covered the syllabus, lectures/seminars, and the relationships among
and within these elements aiming at shaping students’ knowledge and skills in accordance
with the CDIO approach. Key learning outcomes from the Course are concerned with the
students' ability to capture the entire sector, by acquiring the knowledge required for the
integration of engineering and business perspectives of the Space sector. On the one hand,
this process meets the Skoltech learning outcomes framework. On the other hand, it leads to
a very practical outcome, as the students start to see potential employers, or potential fields
for new startups.
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One of the main issues to develop such a Course is to be able to invite a wide variety of
specialists from the field, who can provide from their combined contributions a global
perspective on an industrial sector. Another issue is that there should be proper interaction
between the Course Instructors and invited guest lecturers. This is important to facilitate the
alignment of their lecture with the global systemic framework.

Upon successful completion of the Sector Course, the students acquire the knowledge and
professional skills required to consider innovation and entrepreneurial paths for their careers.
This is achieved through different channels, among which are: holistic view of the Sector and
integration of the lectures and assignments. We also try to invite guest lecturers, who are
alumni of this Course and have founded and/or are currently working on a Space-related
startup.
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EXPERIENCES FROM APPLYING
THE CDIO STANDARD FOR SUSTAINABLE DEVELOPMENT
IN INSTITUTION-WIDE PROGRAM EVALUATIONS
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ABSTRACT

In the CDIO standards 3.0, the original “core” CDIO standards have been updated regarding
sustainable development. In addition, one of the new, so called “optional”’, CDIO standards
addresses sustainable development. This paper puts the new CDIO standard for sustainable
development to test, in an institution-wide evaluation of engineering education programs at the
KTH Royal Institute of Technology. First, the standard is operationalized by establishing a set
of indicators and slightly modifying the standard rubrics. Then, it is used in the evaluation of a
large number of programs on bachelor and master level. Examples are given of the evaluation
outcomes, and the character of the integration of sustainable development in programs on
different rubric levels are discussed. With the proposed indicators and rubric modifications, the
new standard is concluded to be a useful tool for evaluating, promoting, and guiding,
integration of sustainable development, not only in programs with particularly high ambitions
regarding sustainable development, but in basically any engineering program. It is
recommended that the new standard, with the here proposed modifications, is used for setting
university-wide goals and for providing teachers and program directors with a framework for
enhancing the future relevance of engineering education programs.

KEYWORDS

Engineering education for sustainable development, Program evaluation, Optional standard
for sustainable development, Standards: 1-12

INTRODUCTION

The CDIO standards 3.0 comprises updates to the 12 CDIO standards together with the
introduction of “optional” standards, one of which refers to integration of sustainable
development in engineering programs. When the new standards were first presented, the
CDIO community was encouraged “to document the work and share their experiences, in
particular reflecting on the usefulness of the new standards for future refinement and
development’ (Malmquvist et al., 2020a). The objective of this paper is, accordingly, to analyse
the first experiences of using the new CDIO standard for sustainable development in institution-
wide program evaluations at the KTH Royal Institute of Technology. In the process of
evaluating the integration of sustainable development within nearly one hundred engineering
programs, the standard has been operationalized and developed in further detail.
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The paper is structured as follows. First, the new standard for sustainable development is
presented as it was established in 2020 (Malmqvist et al., 2020a). Next, we briefly present the
national and institutional context for integration of sustainable development in engineering
education at KTH, and the institution-wide evaluation of programs. Thereafter follows a section
describing how the new CDIO standard for sustainable development was refined and
operationalized, to better capture conceptual distinctions as well as essential differences in
how programs had implemented sustainable development. The results of the evaluation are
illustrated with 15 programs as examples. Finally, we analyse these experiences and formulate
recommendations on how to update and apply the standard.

THE NEW CDIO STANDARD FOR SUSTAINABLE DEVELOPMENT

The CDIO standards were first formulated in 2004 (CDIO 2004) and presented more
extensively in Crawley et al. (2007). They define the distinguishing features of CDIO programs
in terms of a set of principles and good practices concerning: engineering education philosophy
and aims (Standard 1); curriculum development (Standards 2, 3, 4); engineering projects and
workspaces (Standards 5, 6); teaching and learning methods (Standards 7, 8); faculty
development (Standards 9, 10); and assessment and evaluation (Standards 11, 12). The
standards are intended to serve as guidelines for educational reform, enable benchmarking
with other CDIO programs, and provide a tool for self-evaluation-based continuous
improvements.

In 2014 and 2016, minor modifications resulted in the CDIO standards 2.0 (Crawley et al.,
2014) and 2.1 (Bennedsen et al., 2016). In 2017, Malmqvist et al. (2017) pointed out needs for
more extensive updating of the standards to account for a number of education change drivers,
both external and internal within the CDIO Initiative. This eventually resulted in the CDIO
standards_3.0, where the original twelve, now called “core”, CDIO standards have been
substantially updated (Malmqvist et al., 2020b) and also complemented with so called
“optional” CDIO standards that codify additional educational good practices that have been
developed within the CDIO community (Malmqvist et al., 2020a).

One of the major change drivers, motivating and guiding the updating of the standards, has
been the recognition that engineering education plays a critical role in the urgent societal
transformations that are needed for ensuring a healthy planet and sustainable living conditions
for ourselves as well as for future generations (e.g. NAE, 2008; Enelund et al., 2013; UN, 2015;
UNESCO, 2017). The importance of and focus on sustainability and sustainable development
has therefore been emphasized in several of the updated twelve “core” CDIO standards. For
example, in Standard 1 the word “sustainable” has been added in the characterization
(Adoption of the principle that sustainable product, process, system, and service lifecycle
development and deployment ... are the context for engineering education), and in the
description of Standard 1 environmental, social, and economic sustainability are expressed to
be considered as integral aspects throughout the lifecycle (Malmqvist et al., 2020b).
Sustainable development is hereby from now on explicitly an integral part of the CDIO concept.
To further emphasize the role of sustainable development, and to provide goals and guidance
for programs with particularly high ambitions, one of the new “optional” CDIO standards
addresses sustainable development (Malmquvist et al., 2020a).

In Box 1-4 below, this new CDIO standard for sustainable development — hereafter referred to
as ‘the SD standard’ — is reproduced as it was established (Malmquvist et al., 2020a). It follows
the same format as all CDIO standards and is formulated in terms of: a characterization; a
description; a motivating rationale; and rubrics for self-evaluation.
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As seen in the description in Box 2, the SD standard is formulated with direct reference to the
twelve “core” standards, pointing out how the central aspects of the “core” standards should
be complemented with elements from the education for sustainable development domain
(ESD), such as interdisciplinarity and transdisciplinarity, transformative learning, and key
competences for sustainability (e.g., according to UNESCO 2017). The SD standard can
hereby, more than other “optional” or “core” standards, be considered as a kind of meta-
standard that guides and has impact on the implementation of all twelve core standards.

The general principles and functions of the CDIO standard rubrics are described by Bennedsen
et al. (2014; 2016). As seen in Box 4, the rubrics for the SD standard goes slightly beyond
these general principles in that they are more detailed in the description of evidence and
indicators for the different rubric levels. This, among other things, will be further elaborated in
the following section, where the SD standard is put to test in program evaluations.

Box 1. The SD standard characterization.

A program that identifies the ability to contribute to a sustainable development as a key competence
of its graduates. The program is rich with sustainability learning experiences, developing the
knowledge, skills and attitudes required to address sustainability challenges.

Box 2. The SD standard description.

The program emphasizes environmental, social and economic sustainability in the adoption of the
CDIO principles as the context for engineering education (Standard 1). Sustainability related
knowledge, skills and attitudes, are explicitly addressed in program goals and learning outcomes
(Standard 2). Aspects of sustainable development are integrated in several mutually supporting
disciplinary courses and projects, possibly in combination with specific sustainability courses
(Standard 3). Concepts of sustainability, potentials and limitations of science and technology and
related roles and responsibilities of engineers, are established at an early stage of the education
(Standard 4). Design-implement experiences provide students with opportunities to apply and
contextualize sustainability knowledge, skills and attitudes, both in the development of new
technology and in the reuse, redesign, recycling, retirement, etc., of existing technology (Standard
5). Physical and digital learning environments enable interdisciplinary and transdisciplinary
collaborative learning and interaction with various external stakeholders (Standard 6). Sustainability
learning experiences are integrated with the learning of disciplinary knowledge, personal and
interpersonal skills, and product, process, system and service building skills (Standard 7). Active
experiential and transformative learning activities develop students’ key competences for
sustainability (Standard 8). Enhancement of faculty competences for sustainability and related
teaching competences is actively promoted (Standard 9 & 10). Approaches appropriate for
assessing sustainability related learning outcomes are implemented (Standard 11). The integration
of sustainable development is evaluated by students, faculty, industry, and societal stakeholders,
and in relation to relevant UN and other frameworks (Standard 12).

Box 3. The SD standard rationale.

To address the issues of sustainability is a key challenge for humanity. Engineers need to understand
the implications of technology on social, economic and environmental sustainability factors, in order
to develop appropriate technical solutions in collaboration with other actors in addressing societal
issues.
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Box 4. The SD standard rubric.

0 — There are no sustainable development learning experiences in the program.

1 — Minor sustainable development learning experiences have been implemented and needs and
opportunities for extended integration of sustainable development have been identified.

2 — At least one substantial sustainable development learning experience is being implemented
and there is a plan for extended integration of sustainable development.

3 — There are explicit program goals and intended learning outcomes related to environmental,
social, and economic sustainability and at least three substantial sustainable development
learning experiences of increasing complexity including an introduction early in the program.

4 — The integration of sustainable development is pervasive, well adapted to the program context,
promoting progression of knowledge, skills, and attitudes, and there is documented evidence
that students have achieved the related intended learning outcomes.

5 — Sustainable development is fully integrated in accordance with the description in the optional
CDIO standard for sustainable development.

APPLICATION OF THE CDIO STANDARD FOR SUSTAINABLE DEVELOPMENT IN
PROGRAM EVALUATIONS AT KTH

Evaluating integration of sustainable development according to national and
institutional mandates

According to the Swedish Higher Education Act, Swedish higher education institutions shall
promote sustainable development in their activities, which means that current and future
generations are assured of a healthy and good environment, economic and social welfare, and
justice. Further, the Swedish Higher Education Ordinance stipulates overarching learning
objectives and degree requirements for all Swedish university degrees. For some degrees, for
example the Master of Science in Engineering degree (civilingenjérsexamen), there are
specific degree requirements regarding sustainable development, whereas some degrees, for
example the general Bachelor of Science and Master of Science degrees, do not have degree
requirements directly related to sustainable development.

In addition to these national requirements, many universities have formulated their own internal
sustainability objectives. For example, in the internal sustainability objectives for education for
the period 2016-2020 for the KTH Royal Institute of Technology, it is stated that: Sustainable
development shall be integrated into all educational programs at all levels so that students can
contribute to the sustainable development of society after graduation (KTH). KTH is hereby
going beyond the national policies by also requiring integration of sustainable development in
the general Bachelor of Science and Master of Science programs and in the third level PhD
programs.

The overall KTH approach for considering sustainable development in the engineering
education programs is very much in line with the CDIO concept of integrated curriculum
(Standard 3), in the meaning that sustainable development should not just be considered as
an add-on in some separate courses but instead be interwoven with the learning of disciplinary
knowledge and its application in professional engineering. How this should be implemented is
however left for the programs to decide but guidelines and support is provided by the KTH
Sustainability Office and the KTH Department of Learning.
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During 2020, the fulfilment of KTH’s sustainability objectives for education for the period 2016-
2020 has been evaluated by the KTH Sustainability Office and the KTH Department of
Learning in collaboration. Nearly 100 programs on bachelor, master, and doctoral level, were
evaluated. Due to the large number of programs, the basis for the evaluation was limited to
program objectives and intended learning outcomes stated in the formal program and course
documents, together with the yearly program analysis reports that each program director
produces as part of the KTH quality assurance procedures. This limits the evaluation, and the
results should be interpreted accordingly.

As the SD standard is new since the summer 2020 (Malmqvist et al., 2020a), it has not yet
been used to develop the KTH programs. Still, it was decided to apply the new SD standard
as one of several instruments in the evaluation of the fulfilment of KTH’s sustainability
objectives for education for the period 2016-2020.

Operationalizing the SD standard

To facilitate the application of the SD standard in the evaluation of KTH’s engineering
programs, a number of indicators were established, see Box 5. The indicators relate to different
elements in the SD standard description (Box 2) and rubrics (Box 4).

The first indicator (i) considers the extent and character of the program objectives. The
Swedish Higher Education Ordinance sustainable development related degree requirements
for the Master of Science in Engineering degree (civilingenjérsexamen), here reproduced in
Box 6, were used as benchmark for all programs (i.e., also for the general Bachelor of Science
and Master of Science programs for which the Higher Education Ordinance does not stipulate
any specific sustainable development related requirements). The second indicator (ii)
considers the introduction to sustainable development at an early stage of the program. This
is considered important for building progression through following courses, and also for
avoiding that the basic concepts of sustainable development are being repeated again and
again through the program.

The three next indicators (iii-v) refer to the number of courses in the program that include
learning experiences related to sustainable development. It should be noted that only
compulsory courses that all students in the program must take, are considered. Just like in the
SD standard rubrics (Box 4) distinctions are made between minor and substantial sustainable
development related learning experiences, as well as between courses that are mainly
developing students’ knowledge about sustainable development, and courses that are
developing students’ knowledge & skills, and key competencies for sustainability. To facilitate
the application of the SD standard in the evaluation of KTH’s programs, the meaning of minor
and substantial have here been more clearly defined, see Box 7.

The last indicator (vi) considers the program’s development plans and processes as reflected
in the program analysis reports. This can for example be plans for integrating sustainable
development in more courses, or clarifying and improving progression between courses, or
enhancing the teachers’ competences.

We note that indicators iii-v can be determined quantitatively whereas indicators i, ii, and vi will
have to be judged qualitatively. The feasibility of the indicators will be further explored and
discussed below.
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Box 5. Proposed indicators for application of the SD standard in program evaluations.

Indicator Value
i | Sustainable development (SD) related 0: missing; 1: some; 2: in line with the Swedish
program objectives Higher Education Ordinance requirements for the

Master of Science in Engineering Degree;
3: more extensive/ambitious.

ii | Introduction to SD at an early stage of the 0: missing; 1: exists; 2: extensive/ambitious.
program
i | Number of compulsory courses with minor SD | Number
learning experiences
iv| Number of compulsory courses with Number
substantial SD learning experiences that are
developing students’ knowledge for SD

v | Number of compulsory courses with Number
substantial SD learning experiences that are
developing students’ knowledge & skills for SD
vi| Development plans & processes 0: missing/unclear; 1: exists;
2: extensive/ambitious.

Box 6. Sustainable development related degree requirements for the MSc in Engineering
degree (civilingenjérsexamen), as stipulated in the Swedish Higher Education Ordinance.

For the Master of Science in Engineering degree, the student should be able to demonstrate:

e ability to design and develop products, processes and systems with consideration of human
prerequisites and needs and the society’s goals for economically, socially and ecologically
sustainable development;

o ability to formulate judgements considering relevant scientific, societal and ethical aspects, and
demonstrate an awareness of ethical aspects on research and development work;

e insight into the possibilities and limitations of technology, its role in society and the responsibility
of humans for its use, including social, economic as well as environmental and work environment
aspects.

EVALUATION PROCESS AND RESULTS
Testing and calibrating the indicators and rubrics in pilot evaluations

The application of the SD standard in the evaluation of the KTH programs was performed in
two steps. First, a pilot was performed with ten selected programs. This confirmed the
feasibility and enabled some calibration of the indicators and definitions, described in Box 5-7.
As mentioned in the previous section, the SD standard rubrics (Box 4) goes slightly beyond
the general CDIO standards rubrics principles, in that they are more detailed in the description
of evidence for the different rubric levels. These details were found particularly useful, since
they make the rubrics applicable, not only for evaluating program development towards full
implementation of the SD standard according to the description (Box 2), but also for evaluating
and guiding development of basically any engineering program with whatever ambitions and
goals regarding sustainable development.

Based on the experiences from the pilot evaluations, the SD standard rubrics were further
elaborated to better capture conceptual distinctions as well as essential differences in how
programs are integrating sustainable development. This resulted in the slightly modified set of
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rubrics in Box 8, where bold text indicates additions/changes in relation to the original
formulations in Box 4. Most modifications are calibrations of the number and character (minor
or substantial) of sustainable development learning experiences on the different levels. Also,
‘skills’ has been added on level 3 and ‘key competencies for sustainability’ has been added to

level

4. The motivation for and feasibility of these modifications will be further discussed below.

Box 7. Proposed definitions of some terms and concepts in the SD standard.

Minor vs. substantial learning experiences:

Knowledge, skills, and key competencies for sustainability:

A minor sustainable development (SD) learning experience is typically a small SD related module,
and related learning outcomes and assessment, integrated in a core engineering course or in a
program introductory course, corresponding to about one ECTS credit.

A substantial SD learning experience can either be a course that is more or less completely
dedicated to SD, or extensive integration of SD in a core engineering course in terms of several
intended learning outcomes and related learning activities and assessment, corresponding to
several ECTS credits.

The modified rubric level 3 (Box 8) requires substantial SD learning experiences that, in addition to
developing students’ SD knowledge, also develop students’ SD skills, i.e., abilities to apply and
operationalize their SD knowledge in engineering work; evaluate environmental, social and
economic impacts; and take action for sustainable development based on such evaluations for
example in engineering decision making and engineering design.

The modified rubric level 4 (Box 8) further requires development of students’ key competencies for
sustainability, for example systems-thinking, critical-thinking, normative competency, and abilities to
communicate and collaborate across disciplinary and cultural borders. These competencies are
clusters of individual dispositions comprising knowledge, skills, motives, and attitudes, that within the
Education for Sustainable Development (ESD) domain are considered necessary for coping with the
increasingly diverse and interconnected world and for contributing to sustainable development (e.g.,
Wiek et al., 2015; UNESCO, 2017; Rosén et al., 2019; Brundiers et al., 2021).

Box 8. The SD standard rubric with proposed modifications (in bold).

0-

1-—

2 —

3 -

4—

5—

There are no sustainable development learning experiences in the program. [No modifications
proposed]

Minor sustainable development learning experiences are implemented in at least one course
and needs and opportunities for extended integration of sustainable development have been
identified.

At least two sustainable development learning experiences, where at least one is
substantial, are implemented and there is a plan for extended integration of sustainable
development.

There are explicit program goals and intended learning outcomes considering knowledge as
well as skills related to environmental, social, and economic aspects of sustainability, and
students learning towards these goals and outcomes are supported by at least four
sustainable development learning experiences, where at least two are substantial,
including an introduction early in the program.

The integration of sustainable development is pervasive, well adapted to the program context,
promoting progression of knowledge, skills, attitudes, and key competencies for
sustainability, and there is documented evidence that students have achieved the related
intended learning outcomes.

Sustainable development is fully integrated in accordance with the description in the optional
CDIO standard for sustainable development. [No modifications proposed]
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Evaluation results

After the pilot phase followed a full evaluation of a large number of first and second level
programs using the calibrated indicators and definitions (Box 5-7) and the modified rubrics
(Box 8). The evaluation results for 15 programs are shown in Table 1. All these examples are
from the first 3 years of Master of Science in Engineering programs (the bachelor part of
integrated 5 year or “3+2” programs). The shaded column (second from the right) displays the
judged SD standard rubric level, based on the indicator values in the preceding columns. The
proximity to the next rubric level is estimated in the rightmost column (O=far from; 1=on the
way, 2=close). As seen, all these programs have been judged to be on rubric level 1 or higher,
which means that they have all integrated sustainable development (SD) to some extent.

Table 1. Examples of the evaluation outcome for 15 KTH programs.

0% o% o
— © © o
) c g > >0 W= A = <
: T g - ® P o3 = o
S |sp | 8o |28% 82 21 5% 2 5e
¢ |5 | 2858|2582 |25829 |2 o R
s () EOC EWCQC)O Ewcgz Q = c o
8 e c 9E£0 S8ovm | 68ev=E | E~ 2 -
2 = O g ¢ © 327 02 39% SN = Qo
o S u Y o) = 0 5 =2s w P o= o = £ =
© o o 05% OE%wQ ogg_woé gg o og
£ T o 5= 5 S o o o= o o g © = 2
5 |38 | €0 |f2050 22058 88 | B zvo
<) o Eoc S¢ecol | Egcol | 39 Ko E®
e 22| Z8E |ZE8E22 |2E£€EC2 | 03 ® -
a ==d 2@ 3532|2353 2 el ) O
- — S —] 939 c | ~agoc = = 8
Program = =0 = = o0 8 =z 02 T x >02L 0T x S a w o »n
A 2 2 6 0 4 0 3 2
B 2 2 4 1 1 0 3 1
C 3 0 5 1 0 0 2 1
D 2 1 4 0 1 0 2 1
E 1 1 1 0 0 2 1 2
F 2 1 1 1 0 2 2 1
G 1 0 0 0 1 1 1 2
H 1 0 1 0 1 1 2 1
| 3 2 2 0 1 0 2 1
J 3 1 3 0 0 0 1 1
K 3 1 3 0 0 2 1 1
L 3 2 3 0 3 2 3 2
M 3 2 1 4 0 2 2 2
N 2 0 1 0 0 1 1 0
(0] 2 1 3 0 0 1 1 0

Among the programs judged to be on rubric level 1, there are quite some differences in the
way SD is integrated. Program G for example has only one, but substantial, SD learning
experience in terms of a 7.5 ECTS course that is completely dedicated to SD issues and
aspects of the core discipline of the program and related professions. Program O has three
minor SD learning experiences integrated in three different core disciplinary courses. Program
E only has one minor SD learning experience that is formalized in terms of intended learning
outcomes and assessment. In the program analysis report, this program however describes
ambitions and plans to enhance several existing SD related learning activities and formalize
corresponding intended learning outcomes and assessment. This program is therefore judged
to be very close to reach rubric level 2 as indicated in the rightmost column. This situation
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reflects a general evolution process for many programs, where engaged informal bottom-up
initiatives creates informal SD related learning activities which are eventually formalized and
then work as drivers for more systematic enhancement and progression of SD learning through
the program.

As stated in Box 8, a distinction between rubric levels 1 and 2 is, that to be on level 2 a program
must have at least two SD learning experience where at least one is substantial. As seen in
Table 1, most programs judged to be on level 2 have one substantial SD learning experience
and one or several minor SD learning experiences. The substantial SD learning experiences
are here typically 6 or 7.5 ECTS courses which are more or less completely dedicated to SD
issues and aspects of the core discipline of the program and related professions. In contrast
to the other programs on level 2, program M has as many as 4 substantial SD learning
experiences. The reason why this program is still not judged to be on a higher rubric level, is
that all these substantial SD learning experiences mainly considers development of the
students’ knowledge about SD, but there are no or limited opportunities for the students to
develop skills and abilities for actually doing SD.

A general observation from the program evaluations is that sustainability-related learning
objectives in most courses are formulated in terms of "know", "describe", "explain", "reason
about", "define", "discuss”, "reflect on", which hence can mainly be categorised as knowledge
& understanding and to some extent also values & attitude. There are therefore obvious needs
for many programs to develop courses with learning objectives, and associated learning
activities and forms of assessment, which also address skills and abilities to develop and
design sustainable products, processes, systems and services, and also other skills and
abilities that can contribute to sustainable development. These needs are reflected by indicator
v, and a distinction between rubric levels 2 and 3 is that a program for being judged on level 3
must have substantial SD learning experiences that are developing students’ knowledge &
skills for SD (see Box 8). These needs were also the motivation for adding ‘skills’ already on
level 3 in the here proposed modified SD standard rubrics in Box 8 (compared to the original
rubric formulations in Box 4 where ‘skills’ were not required before level 4). As seen in Table
1, the three programs that are judged to be on level 3 respectively have one, three, and four,
substantial SD learning experiences that are developing students’ knowledge & skills for SD.
Such courses are typically project-based, or at least includes some kind of project or extensive
exercises and assignments, where the students are to apply SD related knowledge and
methods in realistic contexts and tasks. To reach rubric levels 4 and 5 will require more
extensive implementation of project-based or challenge-driven learning experiences (e.g.,
Wiek et al., 2014; Hogfeldt et al., 2019; Radberg et al., 2020) that can develop students’ key
competencies for sustainability. Such learning experiences are currently rare on the bachelor
level but found in some master programs.

It should here again be emphasized that this evaluation, and the results in Table 1, are limited
in terms of the scope of the documentation that was analysed. Further, the evaluation only
considered compulsory courses during the first three years, also excluding the thesis project.
We note that the thesis project can provide an excellent opportunity for a student to develop
skills and abilities for SD, if appropriately considered in intended learning outcomes,
assessment, and grading. Nevertheless, the thesis project is individual, and the evaluation
results reflect the educational experience afforded to all students. We further note that there
are compulsory courses in many programs with more limited and informal awareness building
learning activities related to SD and also elective courses with strong formal integration of
sustainable development, which are not indicated in this evaluation but nevertheless provide
valuable contributions to students’ SD learning.
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CONCLUSIONS & DISCUSSIONS

The concept of “optional” CDIO standards is new and the role and function of these standards
still remains to be explored. However, with the here proposed modifications of the rubrics and
the introduced indicators and definitions, a conclusion from this work is that the “optional” CDIO
standard for sustainable development is now a useful tool for evaluating the integration of
sustainable development in engineering education programs. We have further demonstrated
that the SD standard is useful not only for guiding and evaluating program development
towards full implementation of the standard, but also for evaluating, promoting, and guiding
integration of sustainable development in basically any engineering program.

Integration of sustainable development is crucial for the development of future engineering
education (e.g., Gumaelius and Kolmos, 2020). It is often initiated and driven as bottom-up
initiatives by engaged teachers and program directors, but it should be emphasized that a key
factor for more extensive and systematic integration of sustainable development in higher
education institutions is the commitment of top management (e.g., Leal Filho et al, 2017,
Lozano et al, 2015). Key aspects are that top management sets goals for the integration of
sustainable development and also makes sure that there are mechanisms for following up the
extent to which the goals are reached (Finnveden et al, 2019). We suggest that the SD
standard can be used for setting university-wide goals. A relevant goal for a technical university
could for example be that all engineering programs should reach rubric level 3 (according to
the here proposed modified rubrics) and that there should be some programs that reaches
levels 4 and 5. By defining the goals in this way and operationalizing the SD standard, teachers
and program directors are provided with a framework for dialogue and collaboration on the
integration of sustainable development in their programs, and there is also a format for follow-

up.

Although the SD standard was developed for engineering education programs, it could
probably be applied for education programs in other disciplines as well. This is important since
sustainable development needs to be integrated broadly across different disciplines
(Finnveden and Schneider, 2019). It is therefore suggested that the SD standard, with the here
proposed modifications, should be used and further tested not only by technical universities
but also more broadly. This could pave the way for inter- and trans-disciplinary interactions
and more fundamental transformations of our educational systems and society.

REFERENCES

Bennedsen, J., Georgsson, F., & Kontio, J. (2016). Updated rubric for self-evaluation (v 2.1).
Proceedings of the 12 International CDIO Conference (pp. 140-153). Turku, Finland: Turku University
of Applied Sciences.

Bennedsen, J., Georgsson, F., & Kontio, J. (2014). Evaluating the CDIO self-evaluation. Proceedings
of the 10t International CDIO Conference. Barcelona, Spain: UPC.

Brundiers, K., et al., (2021). Key competencies in sustainability in higher education — toward an agreed-
upon reference framework. Sustainability Science, 16(1), 13-29.

CDIO (2004). The CDIO Standards. The CDIO Initiative, 12 April 2004. Retrieved January 5, 2021, from
www.cdio.org/files/standards/cdio_standards_1.0.pdf

Crawley, E. F., Malmqvist, J., Ostlund, S., & Brodeur, D. (2007). Rethinking engineering education: The
CDIO approach (1st ed.). New York: Springer-Verlag.

Crawley, E., F. Malmqyist, J., Ostlund, S., Brodeur, D., & Edstrém, K. (2014). Rethinking engineering
education: The CDIO approach (2nd ed.). New York: Springer-Verlag.

Proceedings of the 17" International CDIO Conference, hosted online by Chulalongkorn University &
Rajamangala University of Technology Thanyaburi, Bangkok, Thailand, June 21-23, 2021. 71


file://///Mac/Downloads/www.cdio.org/files/standards/cdio_standards_1.0.pdf

Enelund, M., Knutson Wedel, M., Lundqvist, U., & Malmqvist, J. (2013). Integration of education for
sustainable development in the mechanical engineering curriculum. Australasian Journal of Engineering
Education, 19(1), 1-12.

Finnveden, G., Friman, E., Mogren, A., Palmer, H., Sund, P., Carstedt, G., Lundberg, S., Robertsson,
B., Rodhe, H., & Svard, L. (2020). Evaluation of integration of sustainable development in higher
education in Sweden. International Journal of Sustainability in Higher Education, 21, 685-698.

Finnveden, G., & Schneider, A. (2019). Sustainable development in higher education - What skills do
industry need? Presented at Accelerating the implementation of sustainable development in the
curriculum symposium, KTH, Stockholm.

Gumaelius, L., & Kolmos, A. (2020). The future of engineering education: Where are we heading?
Proceedings SEFI 47% Annual Conference. Varietas delectat...Complexity is the new normality (pp.
1663-1672).

Hogfeldt, A.-K., Rosén, A., Mwase, C., Lantz, A., Gumaelius, L., Shayo, E., Lujara, S., & Mvungi, N.,
(2019). Mutual capacity building through north-south collaboration using challenge-driven education.
Sustainability, 11(24).

KTH. KTH's sustainable development objectives 2016-2020. Retrieved January 5, 2021, from
https://intra.kth.se/en/styrning/miljo-hallbar-utveckling/styrande-dokument-for-mhu/overgripande-
hallbar/utbildning-1.862275

Leal Filho, W., Wu, Y.-C.J., Brandli, L.L., Avila, L.V., Azeiteiro, U.M., Caeiro, S., & Madruga, L.R.R.G.
(2017). Identifying and overcoming obstacles to the implementation of sustainable development at
universities. Journal of Integrative Environmental Sciences, 14(1), 93-108.

Lozano, R., Ceulemans, K., Alonso-Almeida, M., Huisingh, D., Lozano, F.J., Waas, T., Lambrechts, W.,
Lukman, R., & Hugé, J. (2015). A review of commitment and implementation of sustainable development
in higher education: Results from a worldwide survey. Journal of Cleaner Production, 108, 1-18.

Malmquist, J., Edstréom, K., & Hugo, R. (2017). A proposal for introducing optional CDIO Standards.
Proceedings of the 13" International CDIO Conference (pp. 21-36). Calgary, Canada: University of
Calgary.

Malmquist J., Edstrom K., Rosén A., Hugo R., & Campbell D. (2020a). Optional CDIO Standards:
Sustainable  development, simulation-based mathematics, engineering entrepreneurship,
internationalisation & mobility. Proceedings of the 16" International CDIO Conference (pp. 48-59).
Gothenburg, Sweden: Chalmers University of Technology (online).

Malmquist, J., Edstrém, K., & Rosén, A. (2020b). CDIO Standards 3.0 — Updates to the Core CDIO
Standards. Proceedings of the 16" International CDIO Conference (pp. 60-76). Gothenburg, Sweden:
Chalmers University of Technology (online).

NAE (2008). National Academy of Engineering 14 Grand Challenges for Engineering. Retrieved January
5, 2021, from http://www.engineeringchallenges.org/8996.aspx

Rosén, A., Edstrom, K., Grem, A., Gumaelius, L., Munkebo Hussmann, P., Hogfeldt, A-K., Karvinen,
M., Keskinen, M., Knutson Wedel, M., Lundqvist, U., Lyng, R., Malmqvist, J., Nygaard, M., Vigild, M., &
Fruergaard Astrup, T. (2019). Mapping the CDIO Syllabus to the UNESCO key competencies for
sustainability. Proceedings of the 15" International CDIO Conference (pp. 67—84). Aarhus, Denmark:
Aarhus University.

Radberg, K. K., Lundqvist, U., Malmqvist, J., & Hagvall Svensson, O., (2020). From CDIO to challenge-
based learning experiences — Expanding student learning as well as societal impact? European Journal
of Engineering Education, 45(1), 22-37.

Swedish Higher Education Act. Retrieved January 5, 2021, from https://www.riksdagen.se/sv/dokument-
lagar/dokument/svensk-forfattningssamling/hogskolelag-19921434_sfs-1992-1434

Swedish Higher Education Ordinance. Retrieved January 5, 2021, from
https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-
forfattningssamling/hogskoleforordning-1993100_sfs-1993-100

UN (2015). Transforming our world: The 2030 agenda for sustainable development. UN Resolution
A/RES/70/1.

Proceedings of the 17" International CDIO Conference, hosted online by Chulalongkorn University &
Rajamangala University of Technology Thanyaburi, Bangkok, Thailand, June 21-23, 2021. 72


https://intra.kth.se/en/styrning/miljo-hallbar-utveckling/styrande-dokument-for-mhu/overgripande-hallbar/utbildning-1.862275
https://intra.kth.se/en/styrning/miljo-hallbar-utveckling/styrande-dokument-for-mhu/overgripande-hallbar/utbildning-1.862275
http://www.engineeringchallenges.org/8996.aspx
https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/hogskolelag-19921434_sfs-1992-1434
https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/hogskolelag-19921434_sfs-1992-1434
https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/hogskoleforordning-1993100_sfs-1993-100
https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/hogskoleforordning-1993100_sfs-1993-100

UNESCO (2017). Education for sustainable development goals — Learning objectives, ISBN 978-92-3-
100209-0.

Wiek, A., Bernstein, M., Foley, R., Cohen, M., Forrest, N., Kuzdas, C., Kay, B., & Withycombe Keeler,
L. (2015). Operationalising competencies in higher education for sustainable development. In Barth, M.,
Michelsen, G., Rieckmann, M., & Thomas, |. (Eds.), Handbook of higher education for sustainable
development. Routledge, London. pp. 241-260.

Wiek, A., Xiong, A., Brundiers, K., & van der Leeuw, S. (2014). Integrating problem- and project-based
learning into sustainability programs. International Journal of Sustainability in Higher Education, 15(4),
431-449.

ACKNOWLEDGEMENTS

Program directors, teachers, and other personnel, that have provided data as basis for the
here presented study are gratefully acknowledged.

BIOGRAPHICAL INFORMATION

Anders Rosén is Associate Professor at the KTH Royal Institute of Technology working as
teacher and researcher at the Centre for Naval Architecture, as pedagogic developer at the
Department of Learning in Engineering Sciences, and as Deputy Director of KTH Global
Development Hub. Currently focusing on promoting integration of sustainable development in
higher education and development and implementation of challenge-driven education.

Héléne Hermansson is Project Manager at KTH Sustainability Office where she promotes
integration of sustainability within educational programs at KTH Royal Institute of Technology.
She holds a PhD in Philosophy, and her area of expertise is ethical aspects of risk
management.

Goran Finnveden is Professor at the Department of Sustainable Development, Environmental
Sciences and Engineering, at KTH Royal Institute of Technology. Between 2011 and January
2021 he was also Vice-president for sustainable development at KTH.

Kristina Edstrébm is Associate Professor in Engineering Education Development at the
Department of Learning in Engineering Sciences, KTH Royal Institute of Technology, one of
the founding members of the CDIO Initiative. Her research takes a critical approach to the

“‘why”, “what” and “how” of engineering education reform.

Corresponding author

Anders Rosén
KTH Royal Institute of Technology ‘@ @@@\

SE10044 Stockholm, Sweden

+46-702580210 This work is licensed under a Creative

aro@kth.se Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License.

Proceedings of the 17" International CDIO Conference, hosted online by Chulalongkorn University &
Rajamangala University of Technology Thanyaburi, Bangkok, Thailand, June 21-23, 2021. 73


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

STUDENT ENGAGEMENT: A PROPOSED OPTIONAL STANDARD

Kuntinee Maneeratana
Department of Mechanical Engineering, Chulalongkorn University, Thailand
Danai Wangsaturaka

Department of Pharmacology, Faculty of Medicine, Chulalongkorn University, Thailand

ABSTRACT

Education directly affected students' futures. However, the roles of students in the educational
process, decision making, and development were generally less than other stakeholders. The
paper proposed an optional standard in order to formally and systematically include the student
engagement into CDIO framework in four spheres of engagement — (1) the management, (2)
provision of education, (3) research, and (4) industry and society at the degree of partnership
at least. With this platform, the optional standard would directly support most of the main
standards in planning, operation, and development of activities and evaluation.

KEYWORDS
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INTRODUCTION

In engineering education, it was undeniably that industry was a very important stakeholder.
The industry routinely directed, or even dictated, the goal and means of education to improve
the employability of graduates. In the CDIO, there were many literatures on this topic such as
Male et al. (2016) and even a proposal for the Standard on Industrial Engagement (Cheah &
Leong, 2018).

Students had been one of, if not the most important, stakeholder in engineering education. The
education and experiences that they were given during the university years would directly
affect their future accomplishment and professional fulfillment. Yet, their roles in the
educational process were usually providing feedbacks on teachings and learning processes.
This lack of student engagement had also been raised several times at CDIO meetings and
conferences. However, there were all piece-wise and focused on particular topics, especially
teaching and learning.

In universities, some lecturers associated student engagement with the participation in
classes, projects, learning activities or active learnings. In CDIO-related literatures, the student
engagement mostly reinforced this perception. For instance, student engagement was
mentioned as an important aspect in CDIO projects (Martin et al., 2016; Song et al., 2017),
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learning activities (Gommer et al.,, 2016; Hargreaves, 2016), active learning (Ferreira &
Martins, 2016) and learning assessment (Ferreira & Martins, 2016). The CDIO Academy,
which were held in parallel to the annual CDIO conferences, also focused on the learning by
providing opportunities for teams of international students to solve the provided
multidisciplinary challenges (Picas, 2014).

STUDENT ENGAGEMENT

Student engagement referred to a broad range of activities in which students participated with
the institution, usually the management, education, research, and communities. Student
engagement had been a need-to-have for education because engagement was highly
correlated with learning and personal development. There were many comprehensive
descriptions of the student engagement such as Trowler (2010), Trowler & Trowler (2010). For
practical purposes, there were two components of the student engagement that had to be
considered, (1) the sphere or the area of engagement and (2) the degree or level of
engagement (Quaye & Harper, 2015; Dunne & Owen, 2013).

While most literatures on student engagement did emphasize student behaviors, teaching
practices, learning, and academic performance (Carini et al., 2006; Kahu, 2013), other spheres
of engagement could be considered and implemented. There were many spheres of
engagement depending on the level of education and disciplinary context. For example, in the
medical education (Patricio, 2016), the sphere of engagement was identified as the
engagement with (1) the management of the school, including the policy, mission, and vision
(structure and process), (2) the provision of the education program (delivery of teaching and
assessment), (3) academic community (research program and participation in meetings), and
(4) local community and service delivery. Meanwhile, Dunne & Owen (2013) provided an
outline which included the (1) responsibility for learning, (2) curriculum design and learning, (3)
community and (4) discipline and pedagogical research.

In short, the first component described the field of involvements. For engineering education,
the sphere could be interpreted into (1) the institutional management, including the policy,
mission, and vision, (2) the provision of the education program, including the curriculum design,
learning and assessment, (3) academic and professional development and (4) industry
engagement and community services. Examples of each sphere could be model on the
ASPIRE sub-criterion in Patricio (2016) with the addition of the inclusion of the peer
engagement into the sphere (2) due to the undeniable influences and roles of peers on the
student development (Porter, 2006) as well as the fact that collaborative learning and working
was inherent in engineering practices. For sphere (3), the professional society and
entrepreneurship could be added. For sphere (4), the industry could substitute the healthcare
services.

The second component, the degree of engagement (Ashwin & McVitty, 2015), had been
classified into (1) consultation in which students were asked for their views on a fixed process,
resulting in incremental improvement (2) partnership in which students participated in
transforming the process, and (3) leadership in which students created new objects of
engagement. The increasing degree of engagement indicated the transfer of power,
responsibility, and ownership in education. For this component, the higher degree of
engagement indicated more students’ power and authority; at least the partnership level is
expected.
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AN EXAMPLE IN IMPLEMENTATION AND LESSONS

The student engagement implementation in the mechanical engineering program,
Chulalongkorn University, Thailand, was guided by the practices in the medical program of the
same university which was a recipient of the ASPIRE-to-Excellence award for excellence in
student engagement from the Association for Medical Education in Europe (AMEE) in 2015
(Drees & Peters, 2016). The objective of this award was to develop international peer-based
criteria to benchmark excellence in medical education rather than using publication and grant
data to rank medical schools (Hunt et al., 2018). This concept reflected well with the CDIO
standards for engineering education.

The Faculty of Medicine, Chulalongkorn University, have been very successful in creating the
institutional culture and formal framework for student engagement such that the degree of
engagement was raised to the leadership level. Medical students were formally included in the
governance process; student representatives sat as committee members in the program and
various administrative committees. Medical students actively involved in curriculum
development, formulating teaching and learning, and proving the effectiveness of such
processes with educational research. Students also routinely published and presented their
works on their education, e.g., Lumlertgul et al. (2009) and Wongkietkachorn et al. (2014).

For the last three years, the mechanical engineering program employed student engagement
activities at the partnership level in the course and program evaluation, curriculum revision,
and the extracurricular activities.

For the sphere (1) management, students were represented on administrative committees
through the Mechanical Engineering (ME) Club, established from the student body and headed
by the class presidents, was used as the channel for devolving power from the program and
department. For the extracurricular activities, the ME Club representatives planned the
activities and scheduled throughout the academic year with the consultation with the lecturers
that oversaw the departmental student affairs. Students were consulted on the direction and
development of infrastructure, notably the new common room/workspace within the
department. Students was involved in the accreditation processes. The course and project
feedback at the end of semesters were included into the twice-yearly faculty evaluation.

For the sphere (2) provision of education which concerned the program management,
curriculum development, and learning, the student engagement unit in the ME Club was
established with students from all years of study and answered to the program committee for
the issues in academic affairs. The regular duty was to organize the dependent course and
program conduction review at the end of every semester in which the students organized in
the style of an end-of-term party (Figure 1). The results of this review were far more useful
than the individual course feedbacks, particularly on the design and project courses
(Maneeratana et al., 2017). Besides, the units also acted as the student advisory board on the
program conduction and curricular. The formal student engagement platform was also useful
for the accreditation process as students were holistically and systematically included as the
stakeholder with supporting evidence. In short, results from student engagement activities truly
transcended previous practices.

The use of student representatives as proxy was particularly useful for unpleasant issues such
as plagiarism and cheating. With strict anonymity under the student interface, real situations
and surprising insights could be gained such that better responses could be tailored. In a
survey on homework copying, it was found that students could formulate more forthright
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questions as they could empathize the situations better than lecturers. Other students gave
truthful answers to their friends as shown in Figure 2. The results were then used to review
assigned works, learning processes and supports as well as communication for mutual
understanding.
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Figure 2. Some results from a students’ survey on homework copying behaviors.

Concerning spheres (3) and (4), the ME club plans requested more self-discovery and
networking within the student body across the classes, extended and more formal trainings
instead of short visits and community services that were directed by students. For instance,
there was a community service camp in conjunction with a College of Nursing that students
insisted on continuing despite the reluctance from the department due to the complexity and
the consumed resources. However, this camp allowed students to determine, direct, and
design the contributions, resulting in a much higher sense of satisfaction, fulfillment, actively
collaboration across the participating student body, and strong motivation to the junior classes.
It was clear that there were shifts in the activities to those that provide more personal fulfillment,
and tangible achievements in community services and professional trainings. The style of
activities was also changed to be more playful.

It could be summarized that the activities in sphere (1) corresponded with the CDIO Standards
2, 6, 9 and 10. The sphere (2) involved the CDIO standards 3, 8, 11 and 12 as well as
Standards 5 and 7 from feedbacks. The sphere (3) involved the CDIO Standards 4. The sphere
(4) involved the CDIO Standards 5 and 7.
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When the spheres and degrees of engagements were considered, it was found that the
component (1) the institutional management as at the consultation level, the (2) provision of
education was at the partnership level, the (3) academic and professional was at the
partnership level and (4) industry engagement and community services was at the partnership
level. With these spheres and degrees in mind, the direction of continuous improvement was
clearer.

On the departmental and program management sides, the implementation process was quite
difficult due to the conservative institutional and personal culture. There was the real need to
change lecturers’ mindset on the role of students. For continuous improvement, the inability or
inadequacy of the department and program to address the identified problems became a real
issue. The surfaced problems had to be properly considered and prioritized for action otherwise
the concerned parties would be disappointed and frustrated. Communication with students
was the key to mutual understanding; it was normal that few students and lecturers would be
particularly active, but all concerned had to achieve the minimum level of engagement and be
aware of the ongoing process. The management had to be transparently accountable and
perceived to be sincere from the students’ viewpoint. All of these involved a change in
institutional culture, which was a major challenge by any means.

A PROPOSED OPTIONAL STANDARD

It was recommended that emerging skills and best practices could be incorporated in CDIO as
optional standards (Malmqvist et al., 2017). There had been several proposals and under
reviewed (Malmqvist et al., 2020). It was noted that there was a student-oriented optional
standard, ‘Student Success: On the Need for a New Standard’ (Gonzales et al., 2018) which
placed the importance on the induction, support and retention of students.

The proposed standard came from the combination and adaptation of several standards and
practices as well as the context of engineering education, particularly the ASPIRE initiative in
medical education (Patricio, 2016) and the methods for enhancing student engagement
(Peters et al., 2019).

Concerning the degree of engagement, it was clear that the consultation could only achieve
mundane results, which hardly support the promotion of excellence in education. Hence, at
least the partnership level was aimed for. Another point that had to be included was the
emphasis on the formal platform and institutional structure on the success of the student
engagement (Peters et al., 2019).

Optional Standard — Student Engagement

Adoption of the student engagement platform that provided a formal framework for student
engagement such that students participated in management, education, professional &
research activities and industry & society services in a mutually beneficial collaborative
approach with the institutions and programs.

It was noted that the Standards 2-12 involved students’ participation in varying degrees. The
optional standard proposed a platform that could aid the implementation of these standards in
the administrative structure of the program.
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Description

The sphere of student engagement composed of the engagement with (1) the management,
including the policy, mission, and vision of the department or institution, (2) the provision of the
education program, including the teaching, learning activities, peer engagement, assessment
and evaluation, (3) disciplinary and professional development, and (4) industry engagement
and community services. The degree of involvements was (1) consultation on fixed processes
for incremental improvement, (2) partnership which transformed the processes, and (3)
leadership with creation of new objects of engagement.

The examples of each sphere in the examples were modeled on the sub-criterion of ASPIRE
(Patricio, 2015). An institution could select specific items or formulate details for each sphere
of engagement for implementation and specify the degrees of involvement that suited their
institution. However, the partnership levels, at least, were recommended for transformative
improvement.

Rationale

Students were probably the most important stakeholder in education; their participation in the
educational management, processes, and experience had to be made a regular component in
education. The student engagement increased learning, intrinsic motivation, as well as
students’ sense of ownership of the program and achievements. In order to ensure the
students' involvement and ownership in their own education as well as provide a framework
for supporting student engagement in other CDIO standards, a formal and institutionalized
platform which covered desired spheres and engagement degree was needed.

Rubric

Scale | Criteria

5 Student engagement is institutionalized, and becomes a part of the program’s
continual improvement process with documented evidences of the student
engagement platform implementation in all spheres at the partnership degree or
above.
4 The student engagement platform is implemented in the program in all desired
spheres at the partnership degree or above for at least one year.
3 The student engagement platform is implemented in the program for at least one

year.
2 There is an explicit plan to implement the student engagement platform for the
program.
1 The need to adopt the student engagement platform in the program is recognized

and a process to address it has been initiated.
0 There is no plan to adopt the student engagement platform in the program.

DISCUSSIONS AND CONCLUSIONS

The student engagement had long been presented in CDIO Standards and actual practices.
However, it was mostly considered in a narrow aspect of teaching and learning. The degree of
engagement was usually consultation with few cases of partnerships. Students were generally
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in passive roles, while the administration and lecturers initiated and conducted projects,
practices, and studies.

This situation did not accommodate the current context in which the co-creation of knowledge,
design thinking, and user experiences were highly valued. The CDIO framework prided itself
on the creation of innovation and application in learning in the real contexts and stakeholders.
It would be logical to formally and extensively include the stakeholders that were personally
and most affected by the education, namely, the students.

Considering by the spheres of engagement against the CDIO Standards and proposed
optional standards (Malmqvist et al., 2017, Malmqvist et al., 2019), (1) the management, which
included the policy, mission, vision, and the administration, supported the Standards 2, 6, 9
and 10. The inclusion of students into committees affected the way that learning outcomes,
resource management, and the method of performance evaluation of staffs. Most dominantly,
the sphere (2) the provision of the education program, including the curriculum revision,
teaching, and assessment, involved Standards 3, 5, 7, 8, 11 and 12 that concentrated on the
curriculum development, the methods of teaching and learning as well as the assessment and
evaluation. The sphere (3) profession with industry, research, and entrepreneurship supported
the Standards 4 and many optional standards on research-integrated education, and
entrepreneurship. Lastly, the sphere (4) the service to society and community sphere
supported the Standards 5 and 7 as well as optional standards on industrial engagement,
sustainable development and workplace and community integration.

The extended CDIO framework and syllabus demanded that “students and faculty have greater
awareness and access to tools to promote (i) student engagement in their own graduate
capability development ...” (Campbell et al., 2009). This optional standard would support this
framework by clarifying the definition, achievement, process, and evaluation.

Due to different institutional culture, there would be several approaches to implement this
optional standard as different best practices could be used (Hunt et al., 2018). By comparing
these practices, one of the most directed methods was to create an administrative platform for
involvement of student representatives and then integrate that platform into the program
administration and decision making processes. Hence, students would have a formal channel
of authority and involvement via their representatives. The involvement of students in the
implementation of CDIO standards could be formally channeled via this student platform. With
a small group of students in different year of studies, long-term goals on the spheres of
involvement could be formulated and activities could be coordinated and improved over time.
Also, the resistance from lecturers would be lessen as the program committee would act as
the interface.

By being accepted as an optional standard, the student engagement platform would be
highlighted; the practices could be more active, systematic, and holistic. Students would be
better motivated as the student engagement platform neatly supported all the three basic
needs for intrinsic motivation - the autonomy, relatedness, and competence (Leong et al.,
2016). Educators and administrators would have a system that facilitated the operation,
feedback, and development in the spheres of administration, academic, profession- and
community-related aspects. More practices with student engagement as the main component
would be studied and reported more systematically. Hence, it would be easier for best practices
and lessons to be compiled, reviewed, and promoted for the CDIO and broader teaching and
learning communities.
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ABSTRACT

The COVID-19 pandemic has caused the closure of university campuses around the world
including RMUTT, Thailand. The on-site classroom sessions are replaced by full online
learnings. One of the most challenging issues the teaching staff encountered is how to deal
with the usual midterm and final examinations which normally take place on campus. This
paper presents the results of the experiment focusing on an Assessment for Academic
Learning with assessment activities which are designed and practiced with the aim to promote
the students’ learning. The experimental subjects are a Hydrology Engineering course at the
agricultural engineering department and a Production Planning and Control course at the
industrial engineering department. The objectives of the experiment are to implement self-,
peer- and rubric assessment tools, observe perception changes on ourselves and our
students, and provide feedback to assist students in improving their learnings. The
methodology includes the implementation of a constructive alignment and a four-step teaching-
learning-assessment process. An online survey was conducted to collect students’ comments
on the online teaching-learning-assessment activities. The results show positive changes in
our students, fully engaging with the given task. The assessment tools involved more active
participation from the students. The self-, peer-, and rubric assessment helps the student
review their learnings, ask for clarification, prepare themselves for next classes, and improve
quality of their individual and group assignments. The crucial points for successful online
learning and assessment reflected from the students are self-management and time
management, as well as a quick feedback from the teachers.

KEYWORDS

Assessment for learning, peer feedback, self-assessment, Standards: 8, 11

INTRODUCTION

Assessment methods and requirements probably have greater influence on how and what
students learn than any other single factor, (Boud, 1988). In the context of CDIO framework,
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Crawley et al. (2014) states the importance of learning assessments to support student and
program success. This includes assessing the students’ achievements from multiple and
diverse sources, integrating teaching and assessment, so that the improvement of assessment
also improves teaching. Berglund and Karltun (2016) shared their experiences in using several
assessment methods to fulfil learning outcomes and encourage deep learning. This included
objective tests, essays, case studies, problem-based assignments, professional practice,
seminars, oral presentations, oral examination, reflection tasks and open-book examination.

Leong et al. (2016) publicized a systematic approach in enhancing students’ self-directed
learning and motivation at Singapore Polytechnic. At the same time, the institute provided
faculty development programs to enhance teaching skills. One module is an Assessment for
and of learning, in which the teacher should be able to design and implement formative and
diagnostic assessments, design and implement summative assessment to record the students’
achievement (Leong et al., 2016). Harlen (2005) suggested that the teacher should explain
the purpose of summative and formative assessments to be used in the course, use formative
assessment to express a sense of student’s learning progress, provide feedback to help the
students develop their learning further and support the development of students’ self-
assessment skills.

The COVID-19 pandemic has caused the closure of university campuses around the world
including RMUTT, Thailand. The on-site classroom sessions are replaced by a full online
learning. A number of literatures recommend ways to teach online and give feedback (Puffelen
et al, 2018, Meikleham and Hugo, 2017, Lauritsen, 2017). When the teaching and learning
activities take place, it is important that students receive guidance on how to study and work
to meet the learning goals (Puffelen et al., 2018). Moreover, Meikleham and Hugo (2017)
suggested that instructors who are considering implementing online components in their
course delivery should consider creative ways to open informal channels of feedback.

How to enhance our students’ learning with formative assessment and valuable feedback
becomes a point of discussion in today’s education. Black et al. (2004) has stated that
formative assessment is an activity that provides information that teachers and learners can
use as feedback in assessing themselves. Moreover, good feedback involves the teacher to
facilitate the development of self-assessment, encourage dialogue around learning, clarify
performance criteria and goals, provide opportunities to close the performance gap, deliver
high quality of learning information, and encourage positive motivation, (Nicol and Macfarlane,
2006). Lauritsen (2017) researched on how the student experienced the quality of feedback
on a digital platform with rubric criteria. The findings revealed that rubric criteria and feedback
were helpful to the student. The students required more explanation of their mistakes as well
as how to improve their work in the best way.

This paper presents a result of the experiment focusing on an Assessment for Academic
Learning (AfAL) which the assessment activities are designed and practiced with the aims to
promote the students’ learning. CDIO Standard 11 states that assessment methods should
address both disciplinary knowledge as well as personal, interpersonal, and system building
skills. A variety of methods also allows for different learning styles and results in increased
reliability and validity regarding the assessment process. Teaching and learning activities in 2
engineering courses are based on Active Learning concept (CDIO Standard 8)

The experiment objectives are:
1) Implement self- and peer-assessment tools as a part of formative assessment
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2) Observe the change in the perception of assessment from ourselves (as teachers) and
from our students.

3) Use the information to learn more about our students’ learning and to improve our
teachings.

4) Provide feedback to the student to help them improve their learnings.

METHODOLOGY

The authors have implemented the theory of Constructive Alignment (Biggs & Tang, 2011)
since the adoption of CDIO at RMUTT in 2014. It becomes our routine when planning the
course. Moreover, in order to close the loop to improve student learning, the authors
implemented Suskie (2018)’s four-step teaching-learning-assessment process. Each step was
explained below:

1) Establishing clear, measurable expected outcomes of student learning. Revised
Bloom’s Taxonomy (RBT) is used to define intended learning outcomes (ILOs) of the
course and each chapter.

2) Ensuring that students have sufficient opportunities to achieve those outcomes with
several active learning methods.

3) Systematically gathering, analyzing, and interpreting evidence to determine how well
student learning matches our expectations.

4) Using the resulting information to understand and improve student learning.

Table 1 shows details on 2 engineering courses in the experiment.

Table 1. Details of Two Courses in the Experiment

Course Name | Production Planning & Control (PPC) Hydrology Engineering (HE)
Department Industrial Engineering Agricultural Engineering
Student Year 3 Year 3
Type of course | Mandatory 3 credits Mandatory 3 credits
Length 15 weeks 15 weeks
Class size Big (100-200 students) Small (20-30 students)
ILOs 1) Forecast the future demand by using 1) Understand the hydrologic cycle
quantitative analysis 2) Understand the hydro-meteorology
2) Aggregate plan and issue a master equipment and station
production schedule 3) Realize the analysis of
3) Manage inventory by using hydrological data
deterministic and stochastic models 4) Understand relationship between
4) Generate a material requirement plan rainfall and run off
5) Plan a short term schedule 5) Create the unit hydrograph
6) Manage project using CPM and PERT | 6) Create the IDF curve
techniques 7) Analyse flood frequency

This experiment requires us to meet, discuss and select and plan new formative assessment
methods for self- and peer-assessment purposes. The selected assessment tools are listed
in Table 2. The result from self- and peer assessment will be used to improve student learning.
For teacher's assessment, we have determined a clear rubric in order to give valuable
feedback for performance improvement. All observations and data are collected for comparing
and discussing the results.
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Changes during the Pandemic

Due to the COVID-19 situation in Thailand, the government announced a full online teaching
and learning policy. RMUTT provides Microsoft Team and Moodle as default platforms
available to instructors and students. However, the instructors can use other online platforms
such as Google Classroom and Zoom Meeting. Even though the classes have changed from
on-site to online, the teaching concept, learning outcomes and active learning activities remain.

Table 2. Formative Assessment Tools for the Experiment

Formative Description Online Tools
Assessment Tools
Traffic light Self-assessment Students check their
Use green, yellow and red to reflect how well they | self-assessment on
understand the topic. Google form or
MS form
3 Stars 2 Questions Peer-assessment Students post their
After listening to a group presentation, the comments on
listeners give feedback to the presenters Moodle or
Write 3 things their peers did good jobs MS Team
Write 2 things for things that their peers should
have done or should improve in the future
Rubric Teacher’s feedback will be given regarding the Teachers type
rubric which is given along with the assignment feedback on Moodle
or MS Team

One of the most challenging issues the teaching staff have encountered is how to deal with
the usual midterm and final examinations which normally take place on campus. For the PPC
course, the instructor replaced on-site examinations with 2 group projects. For group projects,
both formative and summative assessment were used to evaluate students’ learning and
performance. Table 3 displays the grading criteria between on-site and online classes.

Table 3. On-site and Online Scoring Criteria for PPC Course

Assessment On-site (Regular) Class Online Class

Summative Assessment Midterm examination 30% | Group project 1 20%
Final examination 30% | Group project 2 20%

Formative Assessment Individual assignment 10% | Group project 1 10%
Group work 20% | Group project 2 10%

Individual assignment 40%

Class Participation 10% 0%
Total 100% 100%

For the Hydrology Engineering course, the summative assessment (midterm and final
examinations) reduced from 60% to 50%. The assignment with formative assessment
increased from 10% to 20% as shown in Table 4.
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Table 4. On-site and Online Scoring Criteria for HE Course

Assessment On-site (Regular) Class Online Class
Summative Assessment

- Midterm examination 30% 25%

- Final examination 30% 25%
Laboratory 25% 25%
Formative Assessment 10% 20%

- Report

- Presentation
Class Participation 5% 5%
Total 100% 100%

Noted that, this experiment focused on the effect of formative assessments.

RESULTS OF THE EXPERIMENT
Experiment 1: Traffic Light (Self-Assessment)
Course: Production Planning and Control

Student groups studied the different forecasting methods using a Jigsaw classroom as an
active learning technique, followed by working in groups to solve problems. After the class,
the students did a simple self-assessment on how well they think they achieved the ILOs by
using a traffic light technique. The green light means “I got it!” representing a full understanding
of the content and being able to achieve the ILOs. The yellow light means “There are some
doubts' ', showing a partial understanding of the content, needing some clarification or
reviewing the materials. Lastly, the red light represents “Cannot do it at all”, requiring further
support. There was also an open-ended question for the student to type-in which topics that
they need clarification or guidance.

Figure 1 shows the result of experiment 1. Figure 1 (A) demonstrates reflections of a total of
201 students, 2 students cannot do the exponential smoothing and 2 students cannot do the
linear trend equation methods. The open-ended question “How can | help you?” allows the
student to type-in what they are confused about and what they need to help them improve their
learning. Figure 1 (B) shows that 6 of them need more explanations, a step-by-step calculation
on both forecasting methods. Five students said they would need to go back and review the
materials again. Four students were confused which methods to apply, while 2 students
needed more examples. One student asked how to answer correctly on a rounded decimal.
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Figure 1. Result of Using a Traffic Light Technic

Course: Hydrology Engineering

Week 4 topic was “Rainfall Data Analysis”. After finishing the class, the student should be able
to create an Intensity Duration Frequency curve and design a reservoir and drainage system.
During class time, the students worked in groups to analyze the consistency of rainfall,
calculate the rainfall return period, and create the curve. Then the student designed a reservoir
and drainage system. A Traffic light technique was used for a self-assessment after the class.
All 20 students marked a yellow light which means partly understanding with some doubts.
There were no green lights or red lights selected. After getting the result, the instructor asked
which part the students needed more clarification, allowing the instructor to review the topic
again the following week, giving additional assignments for the student to practice.

Our reflection on the traffic light was that it enabled instant feedback on how well the students
see themselves at the end of the class. It was an easy self-check with a quick result. The
instructor can provide support right away by answering the questions or reviewing on the
specific topic. Moreover, after class support can be video clips that are available online or
additional exercise for self-studies.

Experiment 2: 3 Stars 2 Questions (Peer Assessment)
Course: Production Planning and Control

At the end of chapter 1, the students presented their group work to their peers. Each group
chose their own business, collected historical sales data, implemented forecasting methods,
calculated the forecast errors, and finally suggested which forecasting method was the best
suitable for their business.

Course: Hydrology Engineering

Towards the end of the semester on week 10, the topic is “Flood Frequency”. The student
should be able to analyze the flood frequency and propose solutions for flood protection. Six
groups were assigned to study 6 different models, submit reports and prepare oral
presentations.

After each presentation, the audience gave a peer feedback using the “3 stars 2 questions”
technique. For 3 stars, they wrote 3 things that they think their peers did well. For 2 questions,
they gave comments on what to improve in the future. Figure 2 displays an example of a peer
feedback using 3 Stars 2 Questions technique.
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@ *Your work includes a lot of calculations.
*The presentation slide looks good.
*All members can present the work.
o ? Some graphs are not clear.
? There are some mistakes in your calculation.

_
Figure 2. An Example of 3 Stars 2 Questions Peer Feedback

Our reflection on the 3 stars 2 questions method was that it was an easy-to-use peer feedback
system for the students. The instruction was given before the presentation started. Since the
listeners need to type-in the feedback right after the presentation, they highly focused on their
peer’s presentation and jotted down interesting points. After reading the feedback, we were
impressed with the high quality of feedback that the students can utilize to improve their works
later on.

Experiment 3: Rubric (Instructor Assessment)
Course: Production Planning and Control

For group assignment, a rubric criteria was given along with the instruction. So the students
knew what the teacher expected from their works. Table 3 demonstrates a rubric criteria for
the instructor assessment.

After the student submitted their report and excel spreadsheet files, the instructor gave
feedback and comments based on the rubric criteria. After receiving the feedback, the
students had 2 weeks to correct and improve their work. The instructor, then, graded the group
work based on the same rubric criteria. Figure 3 shows an at least 1-level improvement of the
quality of the student's work after receiving the teacher's comment.

Course: Hydrology Engineering

While the students used 3 stars 2 questions to give peer-feedback, the instructor assessed the
student work with a 5-scale rubric. The scale was 5-excellent, 4, substantial, 3-adequate, 2-
limited and 1-incompetent.

Our reflection on the assessment with rubric criteria was that it was time consuming, but was
worth it. The instructor was able to make a clear evaluation of the achievement of ILOs.
Additionally, feedback and comments on the good points and areas for improvement played a
vital part in supporting the students' learning. As seen in the 2" submission, it confirmed the
effectiveness of rubric and constructive feedback with great improvements on students’ works.

Proceedings of the 17" International CDIO Conference, hosted online by Chulalongkorn University &
Rajamangala University of Technology Thanyaburi, Bangkok, Thailand, June 21-23, 2021. 90



Table 3. Rubric for Instructor Assessment

Level Criteria A: Understanding, Inquiring, Criteria B: Investigating, Communicating,
Designing Evaluating
e Use correct formula and perform e Use correct engineering language frequently.
correct calculation perfectly. o Present appropriate mathematical data
e Show a systematic and complete frequently.
problem solving process. e Communicate a complete problem solving
o Make a complete summary with process.
suggestions. o |llustrate data with suitable reasons frequently.
o Reflect their own work and make suggestion
for future improvement.
Substantial e Use correct formula and perform e Use correct engineering language.
correct calculation mostly. e Present appropriate mathematical data.
e Show a systematic and problem e Communicate a problem solving process.
solving process. o |llustrate data with suitable reasons.
o Make a summary with suggestions. o Reflect their own work substantially.
Adequate e Use correct formula and perform o Use appropriate engineering language.
correct calculation sometimes. e Present data mathematically.
e Show a problem solving process. e Communicate proper problem solving
e Make an adequate summary. process.
e |llustrate data with adequate reasons.
o Reflect their own work.
Limited e Use formula and perform calculation e Use partly engineering language.
with difficulties. e Partly present data mathematically.
e Show limited problem solving process. | ¢ Communicate limited problem solving
o Make a limited summary. process.
o |llustrate data with limited reasons.
o Partly reflect their own work.
e Cannot use formula and perform e Cannot use partly engineering language.
calculation. e Cannot present data mathematically.
e Have difficulty in problem solving e Cannot communicate a problem solving
process. process.
e Cannot make a summary. e lllustrate data without reasons.
e Cannot reflect their own work.

SUBMISSION 1 SUBMISSION 2 (Afcer receiving feedback)
Group
Name | CO&eria At Understanding. Inquiring, Desgning | Critera Bt Sgating, icating, Evakats Greria A: Undersanding, Inquiring, Designing | Griteria Bt Satng, G
Planning | Limited Limited Substantial Substantial
*  Incorrectuse of formula +  Limited engineering reasoningand +  Correctuse of formula and calculation *  goodengineeringreasonand
. Incorrectin steps of i i igatit - Correctcalculati i i igati
*  Notenough evidence for i +  Limited ication and problem solving process +  good ication and
Barans || mited Adequate Adegquate Substantial
+  Incorrectuseof formula adequate engineeringreasoningand Fairuse of formula and calculation +  goodengineeringreasonand
. Incorrect in steps of calculations. investigation Fair calculations with some mistakes investigation
«  Notenoughevi i communication and evaluation «  goodcommunication and evaluation
:;f;::,z Adequate Substantial Substantial Substantial
Fairuse of formulaand calculation *  goodengineeringreasonand *  Correct use of formula and calculation +  goodengineeringreasonand
Fair calculations with some mistakes investigation +  Correctcalculations with systematic investigation
*  good communication and evaluation problem solving process +  good (E=Emans)
teteve | Limited Limited Adequate Adequate
Icanfy | *  Incorrectuseof formula = Limited engineering reasoningand Fair use of formulaand calculation adequate engineering reasoning and
+  Incorrectin steps of calculations investigation Fair calculations with some mistakes investigation
»  Notenoughevidence forconclusion = Limited communication and evaluation adequate communication and evaluation
Farizor ] X
75 | substantial Adequate | Substantial
«  Correctuse of formulaand adequate engineering reasoningand +  goodengineeringreasonand
calculation investigation investigation
*  Correctcalculations with systematic adequate communication and evaluation ©+  good ionand
problem solving process

Figure 3. Example of Student’s Work Improvement after Receiving the Feedback
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DISCUSSION

The formative assessment tools that we experimented involved more active participation from
the students. We experienced positive changes in our students to fully engage with the given
assessment tasks. They used the self- and peer- assessment to help them review their
learnings, ask for clarification from peers or teachers, prepare to study for the next session,
improve the quality of their individual and group work. Moreover, they had opportunities to
develop self-assessment skills.

For ourselves as teachers, we are more attentive and care more to our student’s reflections
on their learnings. Our perspectives changed gradually along the process. We focused more
on how we can support their learnings and achieving the intended outcomes, rather than
getting high scores in the examination. We concern more on the on-going process of learning,
not only at some point of the semester such as midterm and final summative assessment.
When changing from numerical score which represents judgment to text comments, we found
that qualitative feedback from the formative assessment was valuable. These experiments
allowed us to use the obtained data more effectively to improve our teachings, search for
additional resource materials, communicate openly and more often with our students, as well
as, help them overcome their struggles.

The effectiveness of the experiment was discussed within 3 criteria as following:

1) Accessibility
Online platforms and Learning Management System provide user friendly and ready-to-use
quiz, template, exit survey, self-assessment, peer-assessment and teacher feedback. It
yielded satisfied accessibility to everyone. The data can be preliminary accumulated and
analyzed instantly. The peer comment and teacher assessment can be accessed easily.

2) Usability
Before letting the student perform the assessment, the instructors explained clearly the
objectives of each tool, how to do the task, the expectation of receiving critical feedback.
We found that the student followed the instruction eagerly and were able to use the
assessment tools successfully.

3) Measurability
Both quantitative and qualitative data in the result section provide evidences the
achievement of the experiment’s objectives.

CONCLUSION

During this tough time of the pandemic, the authors implemented the Assessment for
Academic Learning concept in which the assessment activities are designed and practiced
with the aims to promote the students’ learning.

To sustain this change, the authors will continue implementing the formative assessment tools
in these 2 courses, and to other courses that we will teach in the future. For running the same
courses, we may see similarities and differences of the outcomes with different cohorts of
students. We plan to try new formative assessment tools and repeat this type of a small
experiment together. Future works can expand to comparing the result from changing
examination to another type of summative assessment.

In conclusion, the objectives of the experiment were accomplished. It revealed a successful
implementation of online tools for self-assessment, peer-assessment, and rubric criteria for
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teacher assessment. The authors observed changes in the perception of assessment on both
teachers and students. The information obtained from the experiment was discussed to
understand our student’s learnings and improve our teachings. Last but not least, the students
used feedback and comments to improve their learnings and increase the quality of their work.
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USING THE SUSTAINABLE DEVELOPMENT GOALS (SDGs) IN
AUTOMATIC CONTROL COURSES

Svante Gunnarsson, Inger Erlander Klein

Department of Electrical Engineering, Linképing University, Sweden

ABSTRACT

An example of how sustainability aspects can be treated in a basic course in automatic control
is presented. This is done by connecting the subject to some of the Sustainable Development
Goals (SDGs) and giving examples of how automatic control can contribute to the fulfillment
of these goals. The examples are inspired and illustrated using videos and images taken from
the internet, showing various examples of applications where feedback control plays a crucial
role. On several occasions during the course a part of the lecture time is used to show a video,
describe how the control subject comes in, and how the use of feedback control via the
application can contribute to the fulfillment of the SDG.

KEYWORDS

Sustainability, SDGs, automatic control, Standards: 1, 2

INTRODUCTION

The need for sustainable development is of increasing importance for the world, and it
influences all sectors of the society. Also, within engineering education the topic receives
increased attention, and one of several aspects is how to incorporate sustainability aspects in
engineering education in a suitable way. One approach is to treat the subject in courses entirely
dedicated to the field. A second approach is to include sustainability aspects in regular courses
when it is suitable, and this is the approach presented here, i.e., to present automatic control
as an enabling technology for sustainability. Automatic control is about using feedback for
making a system behave in a desired way. It is used in many sectors of society, such as
industrial processes, vehicles and vessels, consumer products, and medical equipment. The
objectives are often efficient use of energy and other resources together with the desire to
minimize the environmental impact, and the drivers often come from economic factors or
legislations. The aim of this paper is to show how sustainable aspects have been incorporated
in a basic course in automatic control using the UN Sustainable development goals (SGDs).
This is done by presenting examples of practical applications of the subject and to show and
discuss how the examples relate to one (or several) of the SDGs, and how feedback control
can contribute to the fulfillment of the goal.

Within the CDIO Initiative the increased focus on sustainable development can be seen in
different ways. For example, in version 2.0 of the CDIO Syllabus sustainability aspects are
much more emphasized than in the first version. In e.g., Malmqvist et al. (2019) the need for
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revision and extension of the CDIO Standards with respect to, among other things,
sustainability is discussed. In addition, there are several other examples in the literature where
the connections between sustainability, engineering education, and automatic control are
discussion. Felgueiras et.al. (2017) discuss the connections in general, but also point out that,
see Section 3, “automatic control is in the basis of sustainability because it allows to optimize
the systems consumption”. A comparatively early example where sustainability aspects are
included in control education is Baglione and del Cerro (2014) where the focus is on energy
efficiency in buildings. A wider perspective is presented in Habib and Chukwuemeka (2019)
where the authors discuss the connections between the SDGs and Industry 4.0, where
automatic control is an important component, via the areas of cyber-physical systems and
automation. Similar perspectives are discussed in Pattison (2017) with emphasis on the ICT
(Information and Communication Technology) field.

The paper is organized as follows. Initially, it is discussed how the requirements concerning
sustainability are expressed in the overall goals for the engineering education, and that leads
to the discussion of how the SDGs can be used to express the society’s goals for sustainable
development. In the following section the fundamental ideas and concepts within the automatic
control subject is introduced, followed by brief outlook over how sustainability and the control
subject meet in both academic research and industry. Next the connections between the
subject and some of the SDGs are discussed followed by a description how the discussion of
these connections are brought into the course. In the following section some additional
aspects, valuable in for understanding of some sustainability issues are discussed. Finally, a
summary and some conclusions are given.

SUSTAINABILITY IN THE HIGHER EDUCATION ORDINANCE

The requirements for the various degrees within the Swedish system for higher education are
specified in the Higher Education Ordinance (2021). For the five-year engineering degree there
are twelve goals, and the sustainability aspect is most visible in goal seven, which in translated
form says that a graduate should.

show the ability to develop products, processes and systems considering the society’s goals
for economic, social, and ecological sustainable development.

A similar goal can be found in the requirements for the three-year engineering degree.
To some extent the topic is also visible in goal eleven, which says.

show insight into the possibilities and limitations of technology, its role in the society and man’s
responsibility for the use of it, including social, economic, and environmental aspects.

These requirements imply that sustainability should be included in the engineering programs.
Somewhat simplified, two main approaches can be used. One approach is to concentrate the
sustainability issues to one or several courses focusing on the topic, and the other approach
is to try to integrate this aspect in all courses where it is found relevant. This paper presents
an example of the second approach, i.e., and attempt to include sustainability aspect in a
disciplinary course.

When doing this, it is a challenge to interpret the formulation in goal seven about the society’s
goals for economic, social, and ecological sustainable development. On the national Swedish
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level, the goals for the society are not specified very clearly, and to be able to work
systematically with the topic the UN Sustainable development goals (SDGs) can be very
useful.

THE UN SUSTAINABILITY GOALS

There are several thorough descriptions of the background to and contents of the SDGs. See
for example UN (2021). The graphical illustration of the goals is given in Figure 1.

NO ZERO G0OD HEALTH UIJALITY GENDER
POVERTY HUNGER AND WELL-BEING EDUGATII]N EQUALITY

CLEAN WATER DECENT WORK AND INDUSTRY, INNQVATION 1 REDUCED
AND SANITATION ECONOMIC GROWTH ANDINFRASTRUCTURE INEQUALITIES

1 SUSTAINABLE CITIES

1 RESPONSIBLE
AND COMMUNITIES

GONSUMPTION

HE GLOBAL GOALS ANDPRODUCTION

For Sustainable Development

CLIMATE LIFE BELOW PEACE AND JUSTICE PARTNERSHIPS
13 ACTION 14 WATER 1 ON LAND 16 STRONGINSTITUTIONS 17 FOR THE GOALS
o,
_——

o

Figure 1. Graphical illustration of the Global Goals for Sustainable Development.

For each of the goals there are Targets at a more detailed level, but even on this sub-level the
Targets are rather wide, and it would hence be naive to think that a single action or subject is
enough to tackle the Target under discussion. The approach here is instead to look at
examples where applications of the control subject can contribute to some extent.

AUTOMATIC CONTROL

Automatic control is a key enabling technology in many engineering products, processes, and
systems. The task for an automatic control mechanism is to make a product, process, or
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system behave in a desired way. The field is sometimes called The Hidden Technology,
Astrém (1999) since its presence in the different applications is seldom visible. Instead, the
effects can be observed indirectly via the operation of the object under control. Automatic
control can be found in many applications, ranging from process industry, aerospace
applications, passenger cars and trucks, power systems, consumer products like mobile
phones and computers, biomedical engineering equipment, etc. The objectives for using
automatic control mechanisms depend on the application, but they involve aspects like quality,
productivity, safety, efficient use of energy and other resources, comfort, etc. One of the
fascinating features of the subject is that the creation of a real-world control systems includes
several disciplines, including mathematical models and tools, process knowledge, hardware
and software technology, sensor, and measurement technology, etc.

The starting point when studying an automatic control problem is a problem description of the
type depicted in Figure 2, which is an abstraction of the real problem. There are often several
steps to take before the problem can be described as in Figure 2, including how to choose the
system border, selecting the most important inputs, outputs, and disturbances. Outputs
represent properties or behaviors of the system we want to behave in a desired way, e.g., low
emissions from a car engine. The inputs represent the ways that the system can be affected,
e.g., the air-fuel ratio in a combustion process. Finally, disturbances represent factors that
affect the behavior of the system but cannot be chosen, e.g., the ambient air temperature
around the combustion process.

l Disturbance

Output
4 System >

Input

Figure 2. Block diagram description of the system to be controlled.

The key component in automatic control is feedback, which means that the properties of
interest are measured and compared with the desired properties, and that the input is selected
based on the properties of this difference. In some control problems there are several, and
sometimes contradictory, objectives and one must find a trade-off between these objectives.

l Disturbance

Output

Desired output Input
Feedback
ﬁ

B mmmm— System
controller

Figure 3. Block diagram description of the feedback control system.
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There are many examples of academic research and business activities within the field, aiming
at contributing to the fulfillment of the SDGs. One excellent example is Cantoni et al. (2007)
dealing with large scale irrigations systems, where it is shown that considerable improvements
concerning the usage of water can be obtained using modern methods for modeling and
control. Many companies have a clear strategy for how do deal with sustainability aspects, and
one illustrative view of how the company’s activities connect to the SDGs is found in ABB’s
Sustainability report, see ABB (2021a).

The automatic control course makes extensive use of “boxes and arrows”, as shown in Figures
2 and 3, which is a convenient way to describe systems and their interaction on a more abstract
level. The course hence helps the students to develop the systems thinking, which is an
important skill, see the CDIO Syllabus, Section 2.3, in both engineering and other fields. The
terminology in the figures has an engineering touch, but it can be generalized to by replacing
input with action, replacing output with obtained result, replacing desired output with desired
result and replacing disturbance with external factors. With this more general terminology the
representation in Figures 2 and 3 is applicable in many areas outside the engineering field. To
determine an action based on the difference between a desired and obtained result is a natural
process in numerous fields. The obtained results typically include data of various types,
representing the behavior of the object under study, and the whole feedback control
mechanism can hence with other words be rephrased as from data to decisions.

In addition to the fundamental requirement that the feedback control system in Figure 3 must
be stable there are three fundamental limitations that always are present and must be
considered in the decision process, i.e., feedback controller in Figure 3. The limitations are:

e The capacity for actions is always limited, and the actions must be used in an efficient way,
given the resources available.

e The obtained result can normally not be “measured” with arbitrary accuracy. The
challenges are to be able to measure the relevant things and to measure the relevant things
accurately enough. There is always a trade-off between seeing trends and risking being
fooled by random variations. A careful analysis and interpretation of the collected data is
hence very important.

e The properties of the system, to which the actions are applied, are not exactly known, and
the knowledge about the properties of a complex system can sometimes be partly
subjective. The more uncertain the knowledge about the system is, the more cautions the
decisions and actions must be.

Since decision making takes place in many areas, like e.g., the sustainability field, it is
important to have these limitations in mind, and hopefully does the course in automatic control
contribute to the understanding of these limitations.

CONNECTING THE AUTOMATIC CONTROL SUBJECT TO THE SDGs
In this paper the connections between the control subject and the SDGs will be illustrated by
considering the two goals given below. In the course additional goals, e.g., Goals 11 and 12,

are treated in similar ways.

o Goal 3: Good health and well-being.
e Goal 6: Clean water and sanitation
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It should be emphasized that these goals cover many disciplines and aspects of society, and
that the fulfillment of the goals requires a combined effort from most sectors of the society
including the political systems, authorities of various types, etc. The aim of this paper is to
illustrate that also a typical engineering subject, such as control, can contribute to some extent.
It should be strongly emphasized that the intention is not to convey a naive impression of the
importance of the automatic control subject, but that it can be an enabling factor in many cases.

For Goal 3, i.e., Good health and well-being, the following examples are used:

e The use of autonomous aerial vehicles for delivering blood and medicine in areas with
poor communication facilities on the ground. There are many efforts and projects in this
area, both within research and commercially, and one of the many companies doing
this daily is the company Zipline. See Zipline (2021a, 2021b). An autonomous aerial
vehicle needs feedback control to maintain the desired height, course, and velocity,
plus the related functionality for navigation.

¢ Humans have a built-in feedback control function that adjust the breathing frequency
depending on the need for oxygen (very simplified). When this function does not work,
e.g., due to an accident, assistance is needed, and that can be achieved via a so-called
ventilator. The task of the ventilator is “simply” to blow air into the patient so that a
desired oxygen level is obtained, but this is in reality a difficult task. One reason is that
the characteristics, e.g., volume and elasticity, of the lungs are very different between
a premature baby, a 25-year-old athlete, and a 90-year-old person. Therefore, the
feedback control algorithms must be able to adapt itself to the conditions of the patient
under treatment. For this application there are normally no videos available, so the case
is described using images. There are many companies delivering ventilators, and one
example is Getinge (2021).

For Goal 6, i.e., Clean water and sanitation, the following example is used:

¢ Humans need clean fresh water, and one aspect of this need is efficient wastewater
treatment. This is a very tricky control problem, and modeling of that type of systems,
which involves the use of subjects like fluid dynamics and chemistry, typically leads to
non-linear and multivariable models. Another complicating factor is that it is not always
possible to measure all quantities of interest. One example of a commercial actor in
the area is the company ABB, and an example of a solution from that company is
shown in ABB (2021b).

IMPLEMENTATION

The activities to connect automatic control to the SDGs have been applied during the fall
semesters of 2019 and 2020. Both years, one target group was the basic course in automatic
control (TSRT22) for the students in the second year of the program in Industrial engineering
and management plus students in the third year of the program in Energy, environment, and
management. Both are five-year programs, and this is a mandatory course in both programs,
which gives that there are approximately 250 students in the course. In 2020 the second target
group was corresponding basic course (TSIU61) for the students in the second year of the
three-year engineering programs in Mechanical engineering and Electronics, respectively. This
course has approximately 90 students.
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In 2019 the course was given in the conventional format, which means thirteen lectures,
thirteen exercise sessions, and three laboratory sessions using real physical hardware. In each
lecture approximately five minutes are used to discuss a practical application of the subject
using images or short video clips from the huge amount of such material on the internet. In
four of them the application is presented using the SDGs as background, and this is done by
first showing the video/images, then discussing how the contents connect to the SDG and how
the automatic control subject comes in. This corresponds to the I-step in the sequence
Introduce-Teach-Utilize, which is used in the CDIO framework. See pages 96 — 97 in Crawley
et al. (2014). It also means that, at this stage, there is no assessment connected to the
sustainability questions. The main reason is that a deeper study of some of the application
examples would require substantial domain knowledge. Also, since the approach is used in a
course with 250 students the volume of the course also has impact on which learning activities
that are possible to implement.

In 2020 almost all learning activities were carried out in distance mode due to the pandemic.
The only exception was one laboratory exercise that was carried out in the lab using physical
hardware. The structure of the lectures was that the presentations of the theoretical contents
were pre-recorded and posted on internet, and that the students were expected to watch the
films in advance before the scheduled occasions, leading to a flipped classroom format. The
scheduled lecture time was used somewhat differently in the two courses. The lectures were
carried on using Zoom, and they included quizzes, a Q&A (questions and answers) part, and
a longer presentation of examples of real-world applications of automatic control. For several
of these application examples there were natural connections to the SDGs, and these were
discussed.

EVALUATION

In 2019 the approach was evaluated qualitatively via discussions with the students during the
regular course evaluation meeting, and the ideas were received positively by the students. For
the program Energy, environment, and management the sustainability topic is close to the
scope of the entire education program, and the curriculum contains several courses related to
sustainability. The students within the Industrial engineering and management take the course
Corporate Sustainability Management parallel to the automatic control course, and the topic
and the use of the SDGs is well known from that course. There can hence be some synergy
between these courses.

For 2020 the students’ view on the connections between the subject and the SDGs was
evaluated as part of the regular web-based course evaluation system, and a set of additional
questions were added to the regular ones. The new statements read:

A. The automatic control subject has natural connection to several of the SDGs.

B. The connections to the SDGs have increased my motivation for the subject and the
course.

C. The connections between the subject and the SDGs have given new insights in
possible future jobs.

The students were asked to express their opinion according to the following scale: 5 — totally
agree, 4 — partly agree, 3 — neutral, 2 — partly disagree, 1 —totally disagree. There were around
250 students in the course, and the response rate was 32 %. The results are summarized in
Figure 4.
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® The automatic control subject has natural connection to several of the SDGs.
The connections to the SDGs have increased my motivation for the subject and the course.

B The connections between the subject and the SDGs have given new insights in possible future
jobs.

Figure 4. Answers to statements A — C in % for the course TSRT22.

The figures for statement A are overall positive, and a clear majority of the students agrees
that the subject has natural connections to some of the SDGs. For statement by the answers
are more towards the lower values, i.e., more students disagree than agree. However, since
the statement ask about if the connection has increased the motivation it does not say anything
about the motivation to start with. Other questions in the evaluation indicate that the motivation
is rather high to start with, and that the course and the subject is motivated in general. For
statement C the opinions are balanced, with a slight shift towards the positive side, i.e., that
the students agree with the statement that the connection to the SDGs as given new insight
into future jobs.

A difficulty with the interpretation of the evaluation results comes from how the course was
organized and executed in distance mode. As mentioned above, the theory parts of the
lectures were pre-recorded, and the students were assumed to have watched the
corresponding films before each scheduled time for the lectures. The scheduled lecture time
was used for quizzes, Q&A, and presentation of application examples, including connections
to the SDG. The format led to that seemingly all students watched the films with the
presentations of the theoretical contents, but only a subset of the students attended the
scheduled Zoom-lectures where the connections to the SDGs were discussed. A consequence
of that was that when it was time for the course evaluation the discussion about the connection
to the SDGs was new, and it was difficult for them to have any opinion. Keeping this aspect in
mind, the interpretation is that the idea has been received positively by the students.

The evaluation for TSIU61, which means the course in the three-year programs, was done
using a separate questionnaire, and the results are summarized in Figure 5. The response rate
was 28 % for this course.
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B The automatic control subject has natural connection to several of the SDGs.
The connections to the SDGs have increased my motivation for the subject and the course.

B The connections between the subject and the SDGs have given new insights in possible future jobs.

Figure 5. Answers to statements A — C in % for the course TSIU61.

The organization of this course was to a large extent similar to TSRT22 with pre-recorded
lectures and the application examples, with the connections to the SDGs, presented at the
scheduled Zoom lectures. A common, and positive, observation is that there is a clear and
positive opinion among the students that the automatic control subject has a clear connection
to the goals for sustainable development. For statement B there is a shift towards the negative
side, i.e., no immediate increase of the motivation for the subject, and for statement C the
opinions are rather equal. Both these observations agree with what was found for TSRT22.

CONCLUSIONS

An example of how sustainability aspects can be treated in a basic course in automatic control
has been presented. The approach is to connect the subject to some of the Sustainable
Development Goals (SDGs) and giving examples of how automatic control can contribute to
the fulfillment of these goals. The examples are inspired and illustrated using videos taken
from the internet, showing various examples of applications where feedback control plays a
crucial role. On some occasions during the course parts of the lecture time are used to show
a video, describe how the control subject comes in, and how the use of control via the
application can contribute to the fulfillment of the SDG. The approach has been evaluated with
positive results, even though the distance mode during the fall of 2020 have made both the
execution and evaluation of the activity somewhat complicated.
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APPLYING THE CDIO FRAMEWORK WHEN DEVELOPING THE ECIU
UNIVERSITY
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ABSTRACT

The use of the CDIO framework in the development of the ECIU University is presented. The
paper discusses the relatively moderate adaptations and modifications of the CDIO Syllabus
and Standards that are necessary to make the documents applicable also in this context. Since
challenge-based learning (CBL) is central learning format in the ECIU University, special
attention is given to the connections between CBL method, the conceive-design-implement-
operate sequence and project-based learning, which is central in the CDIO framework. The
paper presents both general aspects and examples of the applications and activities within
ECIU University and Link6éping University (LiU). The main messages of the paper are that the
development of the ECIU University will benefit from applying the CDIO framework since it
offers references for what an education should give, in terms of knowledge and skills, and how
an education program should be designed. In addition, the components of the CDIO framework
require a moderate amount of adaptation to be directly applicable. Examples of the ongoing
implementation activities at LiU.

KEYWORDS

Challenge-based learning, project-based learning, ECIU University, Standards: 1 - 12

INTRODUCTION

The CDIO framework has existed for around two decades, and it has been used at numerous
universities to develop, redesign, and manage engineering education programs. See e.g
Crawley et al. (2014) or CDIO Initiative (2021) for thorough descriptions of the framework and
presentations of implementation examples. The CDIO framework was designed for
engineering education, but there are examples of extensions and applications of the framework
to disciplines outside engineering. Fahlgren et al. (2018) was probably the first example of
application within the biomedicine field. Another interesting publication is Malmqvist et al.
(2016), where various examples, from different disciplines and countries, of applications of
CDIO outside engineering are presented. An additional example is given in Martins et al.
(2017).
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The aim of this paper is to present the potential and the use of the CDIO framework in the
development of the ECIU University, which is an initiative involving eleven European
universities to build a common framework for a new European University, and the paper is
organized as follows. It starts by giving some background information to the ECIU University
project and the CDIO framework, and this is followed by a proposal for the use of the CDIO
framework in this context. This is followed by a discussion around some of the key aspects,
and how they are related to the CDIO framework namely, how to define the desired learning
outcomes, the use of the CBL approach, and faculty development, respectively. The paper
ends with some concluding remarks.

BACKGROUND INFORMATION
The ECIU University

The European Union (EU) has launched a huge initiative named the European Universities
Initiative, where the aim is expressed as follows: The aim of this initiative is to bring together a
new generation of creative Europeans able to cooperate across languages, borders and
disciplines to address societal challenges and skills shortages faced in Europe. See European
Universities (2021). This has led to the formation of many alliances around Europe in order to
take on this challenge. One of these alliances has been formed within the network ECIU
(European Consortium of Innovative Universities), which was formed in 1997 and consists of
eleven universities from eleven countries, and where LiU is one of the participating universities.
See ECIU (2021). After an extensive application process the proposals from 17 alliances were
approved by EU, and one of them is the ECIU University. The project started in November
2019, and it will run for three years. The courses and challenges within the ECIU University
have an emphasis on UN Goals for Sustainable Development (SDG) 11 about Sustainable
cities and communities. In addition to this, the aim of the ECIU University is to create an
interdisciplinary educational environment with large flexibility in both room and time.

Organization and Implementation

The implementation of the ECIU University is a complex task with many persons and functions
involved. The ECIU University project is led by University of Twente, and the project is
organized in nine work packages (WPs). The leadership for each WP is distributed among the
participating universities. The management at each participating university depends on the
internal organization, and it will not be discussed here.

The organization within LiU includes a working group consisting of the representatives in the
different WPs on European level, a steering group with representatives from the highest LiU
management level, students, administrative staff, etc. In addition, there are sub-groups for
special tasks, and since LiU is responsible for WP5 about Challenge-based innovation there
is a sub-group handling various topics related to this WP. Furthermore, there is a sub-group
discussing the creation of an Innovation of Education Lab (IEL), which will be connected to the
pedagogical unit of the university. The purpose of the IEL is to support teachers developing
their competence within CBL.
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The CDIO Framework

The fundamental aim of the CDIO framework is to educate students who are “ready to
engineer” and to raise the quality of engineering programs, see Crawley et al. (2014) and the
web site CDIO Initiative (2021). The framework relies on four key components:

o A “definition” of the role of an engineer.

o Clearly defined and documented goals for the desired knowledge and skills of an
engineer listed in the document the CDIO Syllabus (2021), which serves as a
specification of learning outcomes.

o Clearly defined and documented goals for the properties of the engineering education
program collected in the document CDIO Standards (2021), which works as guidelines
of how to design a well-functioning engineering education.

e Methods and tools for systematic development and management of education
programs.

According to the CDIO framework, see Crawley et al. (2014) page 50, the goal of engineering
education is that every graduating engineer should be able to Conceive-Design-Implement-
Operate complex value-added engineering products, processes, and systems in a modern,
team-based environment. This formulation can serve as a definition providing the basis for the
entire CDIO framework. Adopting the definition, it is natural to design and run an engineering
education program with this in focus. The CDIO Syllabus is a list of the desired knowledge and
skills of a graduated engineer. The document can be found via the CDIO web site, and it
consists of the following four main sections:

1. Disciplinary knowledge and reasoning

2. Personal and professional skills and attributes

3. Interpersonal skills: Teamwork and communication

4. Conceiving, designing, implementing, and operating systems in the enterprise, societal,

and environmental context — The innovation process

Via the sub-sections and sub-sub-sections, the document offers an extensive list of knowledge
and skills, which can be used to specify learning outcomes of individual courses or education
programs. The CDIO Standards (2021), which also can be found and explained in detail via
the CDIO web site, is a set of twelve components that are necessary for designing and running
an engineering program that enables the students to reach the desired knowledge and skills.
The CDIO framework offers a variety of tools for development and management of education
programs, including for example the so-called Black-box exercise and the CDIO Syllabus
survey. These tools are described in some detail in Crawley et al. (2014).

PROSPOSED USE OF THE CDIO FRAMEWORK
Re-phrasing the Starting Point

The starting point in the CDIO framework is the definition of what is expected from a graduating
engineer given above and in Crawley et al. (2014). Based on the intentions and scope of the
ECIU University a possible corresponding definition could be the as follows. Every graduate
from the ECIU University should be able to

Conceive-Design-Implement-Operate complex value-added solutions to societal challenges in
a modern, interdisciplinary, team-based environment.
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in comparison to the original formulation

Conceive-Design-Implement-Operate complex value-added engineering products, processes,
and systems in a modern, team-based environment.

Based on this characterization of the graduates the next steps will be to carry out appropriate
modifications and use of the Syllabus and the Standards.

Adapting the CDIO Syllabus

The CDIO Syllabus serves the purpose of being a reference frame in the process of specifying
the desired learning outcomes in terms of knowledge and skills of the graduates of a program.
The document was originally presented in Crawley (2001), and it has been used extensively
since then, including being translated to several languages. Sections 1 — 3 are general and
applicable to most types of education situations. The main challenge is to adapt Section 4 to
make it suitable, and without going into the exact wordings it is obvious e.g., 4.1 External,
societal, and environmental context and 4.2 Enterprise and business context are highly
relevant for the ECIU University situation.

Adapting the CDIO Standards

The second fundamental document of the framework is the CDIO Standards specifying how
an education program should be designed in order to enable for the students to achieve the
desired goals in terms of knowledge and skills. Some of the standards are general and work
for almost all types of education, while some are specific for engineering education and need
adaptation to suit the ECIU University. A proposed adaptation is shown in Table 1.

Table 1. Left column: The CDIO Standards. Right column: Proposed Standard for the ECIU

University.
Standard CDIO ECIU University
1 CDIO as Context The Context of the education, as defined in the
description of the role of the graduate above
2 CDIO Syllabus Outcomes ECIU University Syllabus Outcomes
3 Integrated Curriculum Integrated Curriculum
4 Introduction to Engineering Introduction to CBL
5 Design-Build Experiences CBL Experiences
6 CDIO Workspaces Workspaces for CBL
7 Integrated Learning Experiences Integrated Learning Experiences
8 Active Learning Active Learning
9 Enhancement of Faculty CDIO Skills | Enhancement of Faculty Skills related to CBL
10 Enhancement of Faculty Teaching | Enhancement of Faculty Teaching Skills as a
Skills coach/facilitator/teamcher
11 CDIO Skills Assessment Assessment related to CBL
12 CDIO Program Evaluation ECIU University Program Evaluation

Many of the items in the Standards are very general and hence applicable to almost all types
of education programs, while some are more directed towards the type of education. The main
similarities and differences can be summarized as follows.
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Standard 1: Adoption of the vision stated in the definition of the roles of the graduates. Like in
the CDIO framework it is crucial to have vision of the role of the graduates as a basis for the
design and development of the education.

Standard 2: The expected learning outcomes of the education, specified using the sections of
the Syllabus. Starting from the vision of the roles of the graduates a suitable combination of
learning objectives from the sections of the Syllabus is formulated. This topic will be elaborated
further in the section Discussion section below.

Standard 3: To obtain a high-quality education program, it is very important to design a
curriculum with courses and learning activities that “fit together”. This means that the learning
objectives of one course match the prerequisites of courses later in the education. This is a
big challenge when aiming for an interdisciplinary education with a high degree of flexibility in
time and space.

Standard 4: Introduction to CBL. For students not used to CBL it is important to get an
introductory course in CBL before taking on bigger and more complex challenges.

Standard 5: CBL experiences. CBL is a key element in the design of the ECIU University, and
it will be discussed in some detail in the section Discussion below. An initial study of the
connections between challenge-based learning and parts of the CDIO framework was also
presented in Malmqvist et al. (2015).

Standards 7 and 8: Integrated and active learning is obvious in an education program with a
substantial amount of CBL, such as the ECIU University, since it is a highly student active
learning format integrating disciplinary knowledge and skills from all sections of the Syllabus.

Standard 9: CBL is a comparatively new learning method, and for faculty not used to this it will
be necessary with appropriate training before starting to use CBL.

Standard 10: In addition to the specific aspects of CBL, a continuous improvement of teaching
skills is always desirable. Maybe the largest difference is for the teacher to serve as a coach
for the student team. Additional aspects of how to handle the faculty development will be
mentioned in the Discussion section below.

Standard 11: Assessment of knowledge and skills is always a challenge, and since CBL is a
new method for many faculty members involved, special attention has to be spent how to
assess the skills developed using this method.

Standard 12: It is always very important to have appropriate methods for evaluating the quality
of education programs, and this is even more important when designing a, in many ways new
and unique, education such as the ECIU University.

The items of the CDIO Standard cover many aspects of the design of an education program,
but the list of items is not exhaustive. There have hence been activities within the CDIO
Initiative to extend the list with optional standards. See e.g., Malmqvist et al. (2019), where a
list of proposed optional standards is given. Out of the optional standards the Workplace and
community integration and Sustainable development are the most relevant, but for the ECIU
University context we would like to propose and use Stakeholder interaction as an additional
optional standard. This will be discussed in some detail below.
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DISCUSSION

As expressed above the most important parts that need to be discussed and developed are
the subsections under Syllabus 4, the standards 2, 4, 5, 9, 10, and the proposed optional
standard Stakeholder interaction.

Specifying the Learning Outcomes

The Standard 2 is about specifying the expected learning outcomes, in terms of knowledge
and skills, of an education to prepare the students for the intended professional role, and within
the CDIO framework this is done using the CDIO Syllabus as reference. The Syllabus is a very
comprehensive document with a logical structure, and even though it was originally designed
for engineering education examples have shown that it is straightforward to modify it to be
useful for other types of education programs. However, there are several other examples of
documents with similar purpose at the CDIO Standards. A well-known example is the ABET
criteria, and the mapping between these and the CDIO Syllabus is described in Crawley
(2001). Another very ambitious work is presented in the project Tuning Educational Structures
in Europe, see Tuning project (2021). The project has developed an extensive number of
results, and among them one can find a list of 31 generic competences, where most of them
can be found among the items in the CDIO Syllabus. One additional example is what is
denoted as the twelve 21%t Century Skills, see e.g., Rotherham and Willingham (2010). The
21t Century Skills include for example critical thinking, communication, and collaboration,
which all can be found in the CDIO Syllabus. A final example is the eight Key competences for
sustainability, defined in UNESCO (2017). Among them one finds collaboration competence,
integrated problem-solving competency, and normative competency. It would be an
interesting, but challenging, task to try to find mappings between each of the sets of skills and
competences, but this is not the aim here. Instead, the key message is that there are many
possible references for structuring the desired learning outcomes of an education, and that it,
from the perspective of the ECIU University, is important to use a common such reference. An
additional message is that a suitably adapted version of the CDIO Syllabus would serve this
purpose.

CBL Experiences

The Standard 4 and 5 are about the use of CBL as learning format. CBL has received
considerable attention during the last two decades and there are numerous publications and
web sites presenting the fundamental ideas and implementations. See for example Challenge
Based Learning (2021) and Membrillo-Hernandez et al. (2018). It is not the aim of this paper
to give any overview of the topic, and instead we refer to publications in the field. As pointed
out by several authors there are both similarities and differences between CBL and problem-
based and project-based learning, and there are several suggestions for how to characterize
these differences and similarities. However, from the perspective of the ECIU University it is
important to, as far as possible, describe the net values, in terms of learning outcomes, that
are obtained by using CBL in comparison to problem-based and project-based learning. The
additional values of using CBL are often described in general and vague terms, but to give a
correct picture of the approach and motivate the use of CBL it is important to express this more
clearly. In that process it would be useful to have a common reference when discussion and
specifying learning outcomes, as discussed in the sub-section above. An interesting exercise
would be to go through the CDIO Syllabus and point out the learning outcomes for which CBL
is @ more suitable format than other approaches. Such an exercise could also reveal if some
learning outcomes should be added to the document.

Proceedings of the 17" International CDIO Conference, hosted online by Chulalongkorn University &
Rajamangala University of Technology Thanyaburi, Bangkok, Thailand, June 21-23, 2021. 111



As mentioned, there are many aspects that are similar, or related, when comparing CBL with
the other approaches, and when applying CBL within the ECIU University is that it is important
to make use of the big source of experience that is available within the CDIO Initiative and
elsewhere. Some of the most important aspects are the following.

Work Process

One proposed work process for CBL consist of three main stages, where each stage consists
of three sub-stages:

e Engage — big idea, essential questions, challenge
¢ Investigate — guiding questions, guiding activities/resources, analysis
e Act — solution, implementation, evaluation

Comparing these stages with the CDIO sequence, i.e. the steps conceive, design, implement,
and operate, it is obvious that, even though the wordings are different, there are strong
similarities. It starts with a challenge, an idea or an identified need, and results in an
implemented solution. The actual implementation and execution of the learning activity can be
different, and it involves aspects such as the planning and use of time and other resources,
regular meetings with the persons having different roles around the team, and components of
assessment.

Teamwork

In CBL, as well as in project-based learning, one of the learning outcomes is to develop the
teamwork skills of the students. This is stressed in sub-section 3.1 of the Syllabus, where
various aspects of teamwork are listed, such as team formation and roles in the team. In CBL
the high degree of inter-disciplinarity will add an extra dimension to the formation and operation
of the teams. Within LiU, group contracts have been used for several years in both project-
based and problem-based learning activities to support the teamwork. In addition, various
tools, and documents for reflection over the lessons learned are used in many of these learning
activities. The experiences concerning various aspects of teamwork that have been collected
within the CDIO network have the potential to be very useful in the development of the ECIU
University.

Roles around the Team

There are several persons with different roles around the team, and the names and tasks of
these roles are not unique and can have slightly different meaning in different contexts. The
challenge provider represents the stakeholder proposing the challenge. Even though there are
differences there are some similarities with the role of the sponsor/customer role, which is used
in some project-based courses. See for example Svensson and Gunnarsson (2012). A key
aspect is the role of the teachers, and in CBL it is clearly stated that the role of the teacher
should be more of a coaching role. Several names have been proposed for this role, including
coach and facilitator. Within the ECIU University word teamcher has been proposed to stress
the close interaction between the teacher and the team. There are also connections to the
word supervisor, used in project-based and problem-based learning. However, it should be
stressed that it is how the person acts in the interaction with the students that is important, and
not the name of the role, but to reduce the risk of confusion it is of value to have a common
vocabulary.
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Choice and Formulation of Challenge/task

In CBL initial effort is invested on the Engage-phase which involves the identification and
forming of challenges that are appropriate for a specific course, and some important
characteristics are summarized here. A qualified challenge must be able to engage students
and be relevant. In the ECIU University the framework of SDG 11 will be a guiding criterion for
relevance. The challenge also needs to be complex, contain multiple areas of knowledge base
(interdisciplinary), be scalable, have innovation potential and offer possibility for the students
to find multiple solutions. The challenge provider is central in the identification and forming of
the challenge, but since the aim is also to motivate the students, there is a need for discussions
between the challenge provider and the student group. A final fine-tuned challenge is then
formulated to represent the starting point for the learning in the course. In comparison with
CDIO, due to the Engage-phase in CBL the process starts earlier than the CDIO-process.

Communication

Whenever the expected learning outcomes from an education is specified, see e.g., Section 3
of the CDIO Syllabus, the issue of communications comes up, and so also within CBL. This
includes written and oral communication in various forms, as well as the use of electronic tools
for communication, and also here the CDIO network offers extensive experience.

Faculty Development

As pointed out in Standards 9 and 10 the competence development of the teachers is a key
component in all types of education, and so also when it comes to CBL. Several activities
related to faculty development around CBL have been carried out or are in the implementation
phase. ECIU University is of course one driver behind the need for faculty development
concerning CBL, but the interest in CBL at LIU is increasing in general. During the fall semester
of 2020 the CBL-based course Sustainable development (3 ECTS) was given for the first time.
As a preparation a series of workshops were arranged for the teachers in the course, and the
workshops were carried out using a CBL format. The pedagogical unit of the university is
preparing a CBL course open for all teachers at LiU, and it will be given during the first half of
2021. The course will make use of experiences gained during the development and execution
of the Sustainable development course. The pedagogical development group at the Faculty of
Science and Engineering at LiU is funding a development project aiming at developing the use
of CBL within the engineering education programs at LiU. The team in charge of the project is
based at the unit for Innovation and Entrepreneurship, but the aim of the project is to also reach
teachers and courses in other disciplines.

Malmaqyvist et al. (2015) point out that there are tight links between CBL and both problem-
based learning and project-based learning, and it is claimed that CBL can be seen as a step
forward from these approaches. Since LiU has a long and solid background in both problem-
based and project-based learning, there is a strong foundation for faculty development in CBL.
LiU was a pioneer concerning the use of problem-based learning within the education
programs at the Faculty of Medicine and Health Sciences, and via, primarily, the participation
in the CDIO Initiative, there is a solid experience in project-based learning.

Another big source of experience is the findings from the so called “InGenious course”, with
the official name InGenious - Cross Disciplinary Project (8 ECTS). The course has its
background in what was called Demola, and it has been running for approximately ten years.
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Even though not explicitly stated so it has most of the key features of CBL course. The
InGenious organization is tightly connected to the ECIU University, and more information can
be found via InGenious (2021).

Stakeholder Interaction

We here propose the optional standard Stakeholder interaction. Interaction with the
surrounding society is an important factor for all types of education to ensure the relevance of
the education. For the ECIU University and the strong emphasis on CBL the stakeholder
interaction is even more important. A key idea of the ECIU University is to bring in challenges
from various types of external stakeholders, including both companies and public
organizations. A first step in this direction was taken in February 2020 when a so-called Society
Quest was arranged at LiU. The participants at the event came from the participating
universities in the ECIU network, but also stakeholders from the public sector, e.g., regions or
municipalities, connected to the partner universities. The event led to the formation of a
database over challenges to be dealt with in the CBL-activities at the different universities. A
pilot project to find suitable formats for interaction with industry stakeholder is carried out in
collaboration with Toyota Material Handling, that has a site with both R&D and production in
the geographical neighborhood of LiU. The pilot is however more focused on research
collaboration.

CONCLUSIONS

The use of the CDIO framework in the development of the ECIU University has been
discussed. The paper has presented the adaptations and modifications of the CDIO Syllabus
and Standards that will be necessary. The connections between CBL and the conceive-design-
implement-operate sequence and project-based learning have been discussed. The main
conclusions are that, even though some modifications will be needed, the CDIO framework is
a very useful in the development of the ECIU University. The paper has also presented various
aspect of the implementation of the ECIU University at LiU.
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EFFECTS OF MIGRATING LARGE-SCALED PROJECT GROUPS TO
ONLINE DEVELOPMENT TEAMS

Daniel Einarson, Marijana Teljega

Department of Computer Science, Kristianstad University, Sweden

ABSTRACT

This contribution presents challenges in a project-based course with large project groups that
have arisen through the COVID-19 pandemic. Traditionally, the course has been dependent
on a larger number of physical meetings to coordinate the work, and to solve the task
technically. However, the pandemic requires that work must be redirected to forms where
students work online, physically distributed as much as possible. It is furthermore interesting
to see the course in the core context of its main theme, that is, software engineering. Here, the
pandemic actually has consequences on software engineering subjects, such as, choice of
development methods. The course teachers (authors of this contribution) have especially
observed this adjustment, and documentation is kept on how the students meet these new
challenges through online discussions, and questionnaires.

KEYWORDS

Project-based education, Teaching on distance, Software development styles, the COVID-19,
Standards: 5,6, 7, 8

INTRODUCTION

Software Engineering 2 (SE2), is a 15-credits course, which runs part-time during the first
semester of the third year for students in the international Software Development Program,
Kristianstad University, Sweden. The course has a focus on one main project, where students
shall develop Smart Home-techniques in project groups of approx. 15 participants. A project
group is then divided up into subgroups of about 3 to 4 students to solve subtasks of the main
project. At the autumn 2020 semester, the course involves about 45 students, which means
that there are three major groups, each with the same main project purpose.

Due to the COVID-19 pandemic, that strongly has affected the teachings during the autumn
2020, the ways to provide SE2 have been drastically changed. SE2 is normally a campus-
based course, that is heavily dependent on physical meetings for reasons, such as those of
effective communication, and integration of technical solutions. Instead, physical meetings
have been more or less fully replaced by online-activities. Due to this upcoming situation, the
teachers have seen that several conditions that previously were considered given, have been
needed to be considered with new approaches. Example in this include:

- Within a project group, the development process must be coordinated in a uniform manner,
where requirements are put on project-documentation, and integration of the subgroups’
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technical solutions. This means that the course has great demands on teamwork, and
communication at several levels, such as within the subgroups, within the project group, and
towards the teachers, all preferably done localized, typically campus-based.

- Besides from the project, SE2 also covers principles, and theoretical foundations for large-
scale software development. Distributing the development geographically puts such principles
in focus. For example, agile development processes correspond to development groups with
physical meetings for quick decisions. The students have been trained from previous courses
in agile development processes, and questions arise according how these can be applied to
cases of distributed development.

At the online-meetings between the teachers and students, during the autumn 2020-course,
several aspects have been discussed, such as the state of health, how the work is progressing,
what plans there are for integrating the subgroups' technical solutions, etc. Several reflections
have been expressed such as: “Difficulties in communicating in larger teams, online meetings
are often controlled and do not allow for spontaneous comments”; “More like presentations,
than discussions”; “Coding previously done together, is done by sharing screen”; “You get
more and more used working like this”. Moreover, several discussions have led to interesting

open questions, unfortunately lying outside the scope of this contribution to be answered.

In conclusion, it can further be mentioned that the new situation that has arisen can contribute
to several pedagogical benefits that also correspond well with several CDIO-based learning
objectives (CDIO, 2021). While hard and difficult, this new situation can therefore also be
valuable, both for the teachers’ internal reflections on teaching, and for the students'
awareness of a possible future professional practice in change.

BACKGROUND
A brief course overview

The core structure of the course has been the same during several years, even though
changes have been done to improve the course (Einarson & Saplacan, 2017). A main purpose
in developing Smart Home-techniques have been to support disabled people for the sake of
their independence (Einarson & Teljega, 2020). The technical challenges require several
technical perspectives, concerning user-controlled units, home devices, and a mediating
server, all that need to be developed and integrated to work as a whole (Figure 1).

= Embedded Server

User Controlled S Databies Home Devices ‘

Units

Figure 1. A Smart Home-System overview (Einarson & Teljega, 2020).

This in turn requires a project group being divided into (at least) four subgroups (Figure 2),
where they take care of one of the following main subjects: 1) Technical devices such as lamps,
fans, and temperature to be controlled and monitored, from 2) Smart Phones and 3) Web-
based interfaces, and 4) the Server that mediates between the different system parts. Besides
from this, among the students there is a dedicated Project Manager, and Requirements
Manager.
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The students are trained in an agile process style (Alliance, 2020) from previous courses. Still,
the SE2 project process, mainly corresponds to a more controlled way of working, through the
Unified Process for Education (UPEDU, 2014), which is based on an iterative and incremental
process model with four main phases, i.e., Inception, Elaboration, Construction, and Transition.
In Einarson (2011), it was shown how well those phases correspond to the CDIO’s Conceive,
Design, Implement, Operate, and that using the Unified Process as a model for the project
process clearly puts the course in a context of CDIO-based education.

‘.-’/ Home Devices \"-I |‘/ Smart Phone \.I
\ Group / ‘\\ Group P /
s
Ir/ Project/Require \.I
\ ments Manager /
N ger
‘;,_‘_ <
e S ~ PN
S d DB
{ EnliEr & ) ( Web Group :'
/

‘\\ Group 4 /* N

Figure 2. Project organization.

In SE2, the iterative and incremental way of working, is corresponding to project meetings (PM)
between teachers and students, and where increments relate to progress with respect to
phases of the project. At the PMs, artefacts, delivered by students are communicated, where
those artefacts correspond to documents representing project Requirements, Design, Risks,
and more. Figure 3, outlines the process, with project meetings, student presentations, and
relation to phases.

PM1 PM2 PM3 PM4 Midterm PMS Final

presentation presentation
> > > >
Inception/ Elaboration/ Construction/ Transition/
Conceive Design Implement Operate

Figure 3. Process organization, where time-line corresponds to autumn semester, 2020.

Communication, especially pointed out through CDIO Syllabus, Section 3, on Interpersonal
Skills, is here strongly significant for the progress of the process, and for efficiency reasons,
preferably done through physical meetings. Communication can be seen at different levels,
such as between:

- teachers, to coordinate course

- teachers and student groups, especially at the PMs
- students in subgroups, and project group as a whole
- students in subgroups

Besides form this, students shall develop, test, and integrate their technical solutions. Within
this context, the migration to online-based education is especially critical.
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On process models

Process models may be put on a scale based on grade of agile methods for development. At
one point of that scale there are the authoritative, planned, and controlled methods, and at the
other end of the scale there are the agile styles, with more liberal perspectives on decisions,
planning games, and brainstorming at common physical places. Figure 4, proposes which is
the most appropriate choice, based on known circumstances.

* Non-agile methods to be * Agile methods to be
chosen when: chosen when:
— Goal is clear — Fast useful resultis
— Many reguirements, which are clear desired
— Project has many external — Requirements are vague

dependencies — Changing situations

— Fixed contract — Project is implemented
— Fixed deadline in the same place

— Geographical distribution within the
project group

— Changing costs are too high

Figure 4. Choice of project method (Sommerville, 2015).

For the project in SE2, that project is normally run through a rather agile style, which
corresponds well to the parameters of Figure 4’s right side, even though the process, at an
umbrella level, is run in a controlled way according the UPEDU-process model. Still, especially,
within subgroups, the working method is highly agile. However, the current situation with
online-development, certainly has effect on localization of development, which is forced to be
distributed. This in turn, has effect on communication, and how an agile process is driven
forward.

REFLECTIONS DURING COURSE

Communication between teachers and students has mainly been conducted through PMs and
occasions for student presentations, which also is the usual way to provide the course.
However, it can be seen that communication between these meetings, primarily via email, has
been more frequent this time. At PMs, the teachers have initiated discussions that also have
concerned the special situation of the pandemic, and documented this, with the students'
consent. An observation was that both students and teachers adapted to the situation over
time. At early PMs students could argue that “Working in a team is always a challenge and it
is especially tricky in our case since we are working as a remote - distributed team”, while at
later PMs express that: “More used to the online-thing”, or “It gets better for each week”.

Below is a subset of points of discussions and observations, with the addition of the teachers'
own reflections. While discussions during the PMs have been free, subjects of those have
afterwards been categorized as follows:

Process model — Controlled vs. Agile
Health and Social Concerns

- Communication and Conflicts
Changing Work Situation
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Process model — Controlled vs. Agile

We here again refer to the discrepancy between planned (or control)-based process-styles and
agile process-styles (Figure 4). As previously mentioned, the students are trained in agile
software development since before. It is usually also this method that has been used at the
course SE2, although the process is guided by clear phases with milestones and formal
meetings. The agile method includes several sub-methods, such as, common brainstorming,
and pair-programming (one is programming, the other guides and checks for correctness)
(Alliance, 2020). Such sub-methods are normally dependent on physical meetings, and will
suffer from the forced distributed, online-based development.

As claimed by students: “Meeting physically works better, more efficient”, or “War-rooms
(physical places for brainstorming ideas) are beneficial, with white-board for ideas”.

Here it can be seen that communication needs to be handled in new ways, as stated by a
student: “Preparing ideas before meetings. That is, ideas are carefully prepared and
presented, rather than elaborated on at the online-meeting”. When it comes to joint-
development, this was solved by sharing the screen, and thus pair-programming as a method
could actually be used.

How to implement the chosen process style was actually left to the project groups. This means
that the dedicated project group leaders (Project- and Requirements Managers) had a
responsibility where a leadership style of choice could be significant. Leadership style was also
a point of discussions at the PMs, and questions were raised, such as: Does a too liberal-
democratic management style actually work in this situation? Where on a scale from too
authoritative, to too liberal democratic management, would leadership be preferable?

The teachers could see a difference in leadership style between the groups, where the first of
the groups’ leaders were clearly authoritative (even though collaborative), the third was at the
other end-point, and the second somewhere in between. The outcome was in clear favor of
the first group, that worked consciously authoritative from the beginning. As expressed in one
of the documents: “Effective communication and collaboration within a development team is
fundamental for the success of the project, more importantly so during the COVID-19. Since
the beginning of the project, we strive to create and refined a collaborative project management
method to coordinate the team’s operation”. It is certainly hard to tell if the higher grade of
success is due to an authoritative leadership, or if there are other reasons. Still, in addition to
this, the third group had the most problems, with quite serious conflicts (more on that below).

An interesting question arises from teachers: Can Software Development be agile even though
development is distributed, and communication is clearly controlled? In that case, or if not: to
what degree can this still be realized?

Health and Social concerns

According the pandemic, the teachers (and students) are subject to the rules and policies that
are expressed in the context of the pandemic, and where you beforehand do not know how
they will be like. From the point of view of the student project, they have to prepare for a Plan
B, where equipment of the lab needs to be replaced by alternatives. From the point of view of
the process, students are encouraged to treat the situation from a Risk Management
perspective. Some, but not all, students followed that recommendation, as exemplified by:
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Risk 4. lllness and inability to meet at the lab can result in some issues — Impacts. lllnesses
not allowing members to meet, Indications: A group member could fall ill at any given time,
and during times of the pandemic can harm other members in our group. Mitigation Strategy:
Follow pandemic procedure and attempt to prevent exposure to high risk locations of people.

Risk 9. Falling ill has always been a concern no matter the circumstances, but in the midst of
a pandemic, it has become an even bigger and prioritized concern. We see the impacts of the
pandemic, influencing the course structure and communication. Everything is digitalized,
meetings are now taking place online instead of having physical meetings, face to face. The
subgroups that were supposed to work together in person are now only communicating via
Discord or Zoom. It is important to include sickness or falling ill because the possibility of it
occurring is very likely. If one or more group member(s) were to fall ill, the project would be
affected in certain ways such as not being able to deliver the work on time and delaying internal
deadlines, efc.

Each PM started with a discussion regarding the health status of the students. It turned out
that no-one actually got sick from COVID-19. Sitill, also social concerns were discussed. Some
students claimed that “Working from home is a dream come true”, while others expressed that
“You lose focus when you are working from home”, or “Mixed, blended, is best’. A conclusion
from teachers is that working distributed did not seem to be very socially dramatic. Some
claimed that they never felt free though, like they always were available and online. Still,
teachers addressed the importance in working in sustainable pace, and accepting
asynchronous communication, which means that it may take time before a request got a
response, depending on habits.

Communication and Conflicts

At the PMs each student shall answer to his/her contribution to the work. Online-meetings are
most often characterized by controlled manners. Communication is restricted to one specific
theme, with one speaker at a time, and no room for spontaneous comments. This also means
that teachers find themselves in a situation where it is hard to give feedback on detailed levels.
With about 80 documents to read before each PM, the demand on controlled communication
implies that mainly the bigger concerns are treated. There were also complaints from some
students according lack of appropriate feedback at the PMs. Moreover:

- On the positive side, it can be mentioned that the online-tools opened up for valuable ways
of showing the code, and have that as a basis for discussions. Moreover, a student commented
that the controlled communication manners required the speakers to be more well-prepared
than before. Student comment: “Preparing ideas before meetings. That is, ideas are carefully
prepared and presented, rather than elaborated on at the online-meeting.”

- On the negative side, Miscommunication is riskier in online. It seemed to be extremely hard
to solve hard difficulties, which could lead to pointless conflicts. Lack of clarity in
communication, among other things due to bad sound-qualities, in combination with non-native
English for all students, with nuances in expressions that could be hard to grasp, probably
contributed to this. Again, online meetings do not presume spontaneous comments, and do
not give valuable support for non-verbal communication, and sketches and drawings, as
alternative ways to clarify yourself (see relation to CDIO Syllabus 3.2.6, and 3.2.5). Such
examples do especially point out the critical importance of communication in itself.
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Changing Work Situation

Further discussions concerned a possible change in ways of working. Student comments: “We
may see a future way of working, Cross-country, a kind of game-changer, internationally.
Companies may have other possibilities to find talents internationally, they don’t have to move,
they work from home”. These are of course extremely interesting reflections, that open up for
even more reflections from teachers, such as: What is expected from tomorrow’s employee,
and from the employer point of view? What can an employee require from a hiring company?
What personalities are expected, or even required, from employers if the game-changer takes
place? Who, with respect to personality, will benefit from online-environments, who will suffer
from it? Introverts vs. Extroverts? Moreover: There seem to be no sufficient online-tools today.
Should we expect white-boards included in online tools of tomorrow? A Project Manager must
be mentally stable, must be able to avoid pointless conflicts. If employment forms really will
change, students of the current SE2 course are actually well-prepared. Furthermore, there is
certainly a reason to study how the discipline of Software Engineering in itself will be affected,
according possible new process models, new tools for communication, development, test, and
integration.

Finally, yet one important finding is that students now use the programming environment
Intellid (JetBrains, 2020), to do pair programming in real time and at the same time could ask
questions and learn from each other: “/ used pair-programming to learn how the system works,
it’s just like looking at a YouTube video, the difference is that you can ask questions whenever.”
Another student pointed out that pair programming doesn’t any longer mean that two persons
are sitting in front of the computer screen. Because of the IntelliJ IDEA (JetBrains, 2020)
possibilities to have several contributors at the same time (recommended maximum of 5) doing
pair programming can consist of more than two persons: “Pair programming have we used in
our subgroup since three brains are better than one! “

SURVEY

A survey was conducted at the end of the course to look at the students' attitude to how well
they related to the course under the prevailing circumstances. The discussions during the
course, as pointed out in the section above, showed an increasing adaptation to the situation.
The survey, on the other hand, shows the condition at the end of the course.

From about 45 students, responses were received from 20 students. The survey was answered
anonymously which is reasonable, but which makes it difficult to look at the relationship
between the group of respondents and the answers received. For example, if it is mostly the
more ambitious students who answer, this can also be reflected in a more positive attitude
towards the questions, and the responses to those.

The survey was divided into a quantitative, and a qualitative part. The questions of the
quantitative part, as well as the results of the survey can be seen in Figure 5. The conclusion
that can be drawn from the results is that students think that it worked quite well to work in the
way they did. This applies to the course as such, and communication, as well as technical
development.
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1. Evaluation on Online-based Project-based education
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Figure 5. Result of the quantitative part of the survey

The qualitative part was divided up into the questions as stated below. All of those should be
seen with respect to the current specific situation. While there are many interesting and
contributing answers, well worth further reflections, there is only room here for an excerpt from
these. Still, the full material can be found at Einarson & Teljega (2021).

From the teachers’ point of view, students’ attitudes do not really differ much from previous
years, which means that the migration to an online teaching context has not been that dramatic.

1.

What was the most important insight to achieve successful project work?

- To have good communication and to be able to ask questions/discuss with the
subgroup. We have achieved success also with pair programming fully remotely.

- Working on distance give a clear view about people’s work ethics and how they value
responsibility. Not easy to hide behind others.

- Teamwork That it worked better than expected. It is no different setting time schedules
for meetings, finishing tasks, meet deadlines and so on than working on site

Are project meetings and communication in real life-better, more efficient? Why/why

not?

- | don't see any difference to be honest. | think that online is my choice because I'm
more productive in this way

- | think a combination of both is best. But meeting in real life isn’t necessary unless the
physical aspect concerning hardware demands it

- yes, easier to not misunderstand each other

Have you used any agile methods like pair-programming, standup meetings? Why /

why not?

- Pair programming: because it can bring a subgroup together. If done right, it can make
members understand the code properly.

- Yes, did pair-programming somewhat (screen sharing) as it was easier to get in the
working mindset when someone is there forcing you to focus

- Yes, to practice together while making progress

Have you done your project work physically, digitally or both?

- Both, | have been working with the PM physically to review coming events and to code
together. | have also worked physically with hardware centred groups to support and
help them. The rest of the communication has mainly been digital.

- Both. We are the physical house group so the name kind of explains that we had to
meet in person as well :)

- | have only done it digitally, being part of a group that didn’t have to deal with hardware.
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5. Were there any conflicts in your project group? If Yes, did you solve it and how?

- In the subgroup we didn’t have any but in our whole group we did have. | rather not do
anything about it if it’s not about me

- No, really good team work all along.

- Yes. Big issues. through teachers, project manager and finally we solved it internally

6. Anything else that you think is of importance but is not covered in the questions
above?

- Ithink that it is important to keep in mind that no one in the group has worked in a larger
group before. It is therefore hard to compare this experience to what it would be if we
were working physically together.

- Personally, I loved this course and | enjoyed studying it a lot, except for the first two
weeks since we didn't understand what kind of project and requirements the course
cover. Thank you for everything and | appreciate your guidance during the past three
months.

- Think it was a good survey in all. Thank you! Interesting to work remote and | can only
see the benefits prior the negatives. I'm more productive when working remote.

RELATED WORK

Einarson & Saplacan (2017) shows how the course SE2 and its projects especially correspond
to CDIO Standards 7, and 8. In this specific case Standard 6 should also be highlighted, since
that standard especially relates to lab workspaces, but here especially interesting since the
concept of workspaces rather relates to an effective distributed context. Furthermore, Einarson
& Saplacan (2017) addresses a number of points from CDIO Syllabus, within Section 2, 3, and
4, that are clearly regarded through SE2. However, in this particular contribution, we would
especially like to highlight Section 3, regarding Teamwork and Communication, which has
been particularly critical. We can here address several points that are challenging, such as,
3.1.2 Team Operation, 3.1.4 Team Leadership, and 3.1.5 Technical (and Multidisciplinary)
Teaming. For the latter, we further exemplify with Distance, distributed and electronic
environments, and Technical collaboration with team members, as especially challenged.
Furthermore, non-native Communications in English, combined with bad communication links,
have led to significant challenges in e.g., 3.2.7 Inquiry, Listening and Dialog, 3.2.8 Negotiation,
Compromise and Conflict Resolution, and 3.2.9 Advocacy.

While the upcoming situation due to the pandemic certainly is unique, related work can still be
seen regarding online teachings. For instance, Norberg, Stockel, & Antti (2017) applied Agile
time tools found in industry, as a design for a preparatory level course which they moved online
and proved that with time tools, students could control their learning and could keep the pace.
Their course consists of small number of students which don’t know each other, and it is an
ordinary length of the course. In this article, we make a further contribution by observing larger
groups of students over longer period of time. In contrast, our students know each other at
least two years, also they have met physically before the pandemic. Our observations confirm
Norberg, Stockel, & Antti (2017 findings, despite our course consists of a larger sample of
students and a longer period between project meetings.

Lucke, Brodie, Brodie, & Rouvrais (2016)’s study is based on many references that have
proved that if carefully planned course/program curriculum, and by being prepared to use a
flexible way of working, it is possible to adopt CDIO for distance and online education. Our
observations motivate that it is possible to keep the quality of CDIO standards when moving
the CDIO campus course online, even though it was done rapidly because of pandemic
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situation. Many new digital tools are born every day which can be used to successfully cover
activities that maintains CDIO standards.

CONCLUSIONS

It was, in the name of honesty, with some degree of concern that the teachers approached the
course during the situation of the pandemic that arose. At the same time, we could see an
interest in how to complete a course, so dependent on a physical location, completely online.
The teachers, as well as the students, had to prepare to be patient and flexible before this new
situation. All in all, it can be said that the actual outcome of the course was clearly good. That
is, the migration from onsite-, to online teaching was not that dramatic. This can be seen as a
consequence of that the students (and also the teachers) over time adapted more and more
to the new situation, and saw how problems could be tackled in new ways. For instance, agile
methods, which are normally related to physical sites, can be partly performed online, and
development, integration and testing of technical solutions can be performed distributed.

All in all, the quality seems to have been maintained, with regard to course requirements, as
well as to CDIO Standards and Syllabus. This can be concluded through the outcomes of
student projects, as well as through the results of the formal course evaluations, and through
the teachers’ informal reflections. In addition to this, observations have included the fact that
we may face a game-changer, where we work more and more online in the future. From such
perspectives, the course can be seen as particularly interesting, and contributing to the
students and their future work careers, as well as to the teachers’ view upon how provide future
project-based courses.
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ABSTRACT

Yeungnam University (YU), South Korea, and Rajamangala University of Technology
Thanyaburi (RMUTT), Thailand, have collaborated internationally for a short-term exchange
program for students under the project titled Global Capstone Design Project (GCDP) since
2018. Its objectives are to provide students with an actual product design-build-test hands-on
experience, to enhance design capability for an Internet-of-Things (IoT) device, to interact with
students and faculty from different universities and countries, to develop a global mind-set and
effective communication skill, and to improve a global competence through international
teamwork. The program consists of 3 phases: (1) a 3-day on-site program 1 for project scoping
and planning held at RMUTT, (2) a 6-month online collaboration with coaching supports from
both institutions and (3) a 5-day on-site program 2 for project finalizing and presentation held
at YU. Ten teams of Thai and Korean students are formed and worked together for 8 months
on implementing Design Thinking and creating an loT product. The team’s projects are
assessed and awarded at the end of the exchange program. GCDP in 2018-2019 year has
finished successfully as planned. However, for 2019-2020, the last phase of the GCDP, which
was planned to be held on-site at YU, was changed due to the forbidding of travel to Korea.
The activities were re-designed to provide opportunities for the student to finalize and present
their projects using an online meeting platform. At the end of program 1 and program 2,
student feedback surveys were conducted using an online questionnaire. The results show
that the students experienced product design, production, and testing based on their
disciplines. They have strengthened their capabilities through the actual product design using
design thinking. In addition to improving personal and interpersonal skills when solving
engineering problems, they have developed international sense, effective communication
skills, and international teamwork skills.

KEYWORDS

International collaboration, design thinking, design-build-test experience, Standards: 5, 8
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INTRODUCTION

Internationalization and mobility requires commitments from the institution and study programs
to expose students to foreign cultures, promote curriculum transportability, enable qualification
portability, encourage joint awards, and support transparent recognition (Campbell and Beck,
2010). CDIO optional standards have been approved by the CDIO council since 2020, pushing
the participating institutions to expand their CDIO implementation in wider dimensions
regarding the evolving of the engineering education context (Malmqyvist et al., 2017, 2020).
The description of the internationalization and mobility optional standard is shown below:

“The institution demonstrates a tangible organizational commitment to
internationalization and student mobility. It enunciates the exposure, promotion,
facilitation, opportunity and scholarship of an internationalized curriculum,
qualifications and international mobility of students. Curricula which prepares engineers
for a global environment and exposes them to a rich set of international experiences
and contexts during their studies. Student learning outcomes include attributes and
competencies which are recognized through international accords. Authentic cultural
awareness learning experiences are embedded within the curriculum or social
activities. Opportunities are made available for students to learn second and third
languages. Studying abroad and other international experiences (including internships,
exchanges) are encouraged and recognized for credit. Institutional cross-credit for
study abroad is transparent. The institution establishes partnerships with international
universities, benchmarks programs internationally and is actively involved in
international engineering education scholarly activities.”

Even prior to the release of CDIO optional standards, there have been a number of
international collaborations among CDIO institutional members. Exchange activities are in
wide range; for example, student and staff exchange, workshops, camps, internship, co-
operative education, credit-transfer program, double-degree program, joint-degree program,
and joint research. When preparing the institution to pursue internationalization, Salti et al.
(2019) advised 3 phases of pre-institutionalization, institutionalization, and post-
institutionalization. The pre-institutionalization requires the understanding of policies, the
involvement of stakeholders and funding identification. The institutionalization phase needs
an internationalization structure with details of activities and mechanism for the
implementation. The post- institutionalization phase involves knowledge sharing lessons of
good practices, scales up and sustains the positive outcomes.

A number of literatures shared successful international collaboration activities, contributing the
benefits and challenges as learning lessons for others. Saisa et al. (2020) described the
international cooperation model between two project offices; "theFIRMA" at Turku University
of Applied Sciences (TUAS), Finland and AGILE@SoC at Singapore Polytechnic, Singapore
as learning environments that encourage hands-on learning activities with industry paid
projects. Hokkaido Information University, Japan and Rajamangala University of Technology
Thanyaburi (RMUTT), Thailand have evolved their international collaboration with more
exchange programs in ICT-based international workshops. A successful outcome of web
design contest resulted in involving more students, faculty members and staff and expanding
to short film contest and computer programming contest within 10 years (Anada et al., 2018).
Not only does the student develop personal skills; critical thinking, creative thinking, problem
solving, but they also progress in interpersonal skills in team working, communication and
communication in English language (Rian et al., 2019). With the Erasmus Lifelong Learning
Program, European universities organized numerous international intensive projects across
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the region. The students collaborated in multi-disciplinary teams with project-based learning
experience to solve engineering problems in a CDIO context. The projects provided chances
to deepen and strengthen partnership between universities, enhancing opportunities for future
collaboration in curriculum and course design within the international context (Piironen and
Karhu, 2017).

This paper aims to share how Yeungnam University (YU), South Korea and Rajamangala
University of Technology Thanyaburi (RMUTT), Thailand:

(1) Co-create a student exchange program “Global Capstone Design Project”.

(2) Provide both onsite and on-line experiences to participating students.

(3) Evaluate the program for future improvement.

INTERNATIONAL COLLABORATION

RMUTT, Thailand and YU, South Korea started their international collaboration in 2015 after
representatives from both universities met in the 2014 CDIO Asian Regional Meeting in
Kanazawa, Japan. From 2015-2018 academic years, YU invited RMUTT students to
participate in the International Capstone Design Project (ICDP) Camp hosted by Hub Center
of Engineering Education (HCEE). Each year, around 60 students from South Korea, Japan,
Singapore and Thailand were involved in a one-week intensive camp. The theme of ICDP
was to design, build and test autonomous electric vehicles, with the main objectives to (1)
promote teamwork among international students, (2) improve communications skills among
international students, (3) enhance problem solving capabilities on complex real engineering
problems, and (4) enhance multidisciplinary design, design thinking and making capabilities.
Figure 1 demonstrates ICDP activities in the past from 2015-2018.

Onemahan & Lectures | Tcebreaking I

Figure 1. ICDP activities from 2015-2018

At the end of 2018 ICDP, RMUTT and YU have initiated a new model for international
collaboration with a new pursuit: for two-way student and staff mobility compared to 1-way
mobility of ICDP. This two-way mobility program consists of 3 phases as shown in Figure 2:

(1) A 3-day on-site program 1 for project scoping and planning held at RMUTT.

(2) A 6-month online collaboration with coaching supports from both institutions.

(3) A 5-day on-site program 2 for project finalizing and presentation held at YU.
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The C-D-1-O (Conceive-Design-Implement-Operate) concept was applied when the organizer
planned the activities, so that the students could experience the emerging context of the
engineering profession nowadays.

6-month Online 5-day On-site

3-day On-site
RMUTT

YU

¢ Opening and ¢ Concept Design * Product and
orientation « Engineering system

* |ce-breaking, Design realization
Team building, « Plan for Product * Fabrication
fg‘l)?(c:tlon of Realization and e Test

N Fabrication « Final

* Design Thin Ing: ¢ List of materials Presentation
Empathy, Define,
Ideate, * Support by * Award ceremony
Prototype, Test coaches * Closing

* Presentation

Figure 2. GCDP Student Exchange Program

The new model is called a Global Capstone Design Project (GCDP). With an emerging
technology, GCDP focuses on the implementation of Internet-of-Things (I0oT) along with Design
Thinking and Engineering Design techniques. The objectives of GCDP consist of

(1) Providing students with an actual product design-build-test hands-on experience.

(2) Enhancing design capability for an Internet-of-Things (loT) device.

(3) Interacting with students and faculty from different universities and countries.

(4) Developing a global mind-set and effective communication skills.

(5) Improving a global competence through international teamwork.

Phase 1: On-site RMUTT Design Thinking and Project Scope

Phase 1 is scheduled in January right after the New Year holiday, where Korean students will
transfer to Thailand to meet their Thai team members. There are a total of 10 teams of 7-8
students with equal numbers of Korean and Thai students. The students are from different
disciplines; engineering, design, computer science, information technology, and technical
education. The engineering students come from different majors; automotive, aeronautic,
computer, design convergence, electronic and electrical, food, industrial, mechanical, network,
robotic. HCEE is responsible for arranging multi-disciplinary groups. The key objective of
phase 1 is to guide the student through the Design Thinking process; namely, Empathy, Define,
Ideate, Prototype and Test.

A 3-day intensive workshop encourages the students to work intensively from 9 am to 6 pm to
generate the project ideas. The detailed program is shown below:
Day 1:
- Opening ceremony and orientation of the program by the local host to welcome
everyone, explain the history of collaboration and the program in general.
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- lce-breaking and team building activities led by the local host.

- Lecture by HCEE professor on Design Thinking.

- Group work facilitated by coaches: The students can discuss and agree on a topic they
are interested in working on.

Day 2
- Group work facilitated by coaches: The students interview potential users of their

projects. The information is then used to define a user need statement. The teams

ideate several ideas, summarize an initial concept and make prototypes.

Day 3
- Group work facilitated by coaches: The students prepare their presentation.

- Presentation: The students present their prototype along with the test results with their
potential users. After each presentation, there is a 5-minute question and answer
available for feedback and clarification of the project.

- Lecture on Project Management by RMUTT professor to guide the students for the
upcoming online collaboration and progress reports with team coaches before meeting
again at Phase 3.

Phase 2: Online (Remote Collaboration)

Phase 2 is scheduled from January to June with 2 milestone checkpoints to assure continuous
collaboration remotely. Faculty members from both institutions are assigned to be coaches
for each team. The first check-point is in March, followed by the second check-point in May.
The students work remotely to finalize the concept after receiving feedback from users,
generate engineering design, plan for a real fabrication at Phase 3, list all materials needed
and submit the list to HCEE. At each check-point, the students and coaches arrange an online
synchronous meeting. The students present their team progress and receive feedback from
coaches.

Phase 3: On-site YU Project Finalization and Presentation

Phase 3 is scheduled in July, now Thai students’ turn to visit South Korea. A 5-day intensive
workshop focuses on product realization through fabrication hardware, complete software,
check on hardware-software integration and testing. The final presentation is the key event,
where the groups show how their product works in a real life setting. To celebrate these great
achievements of the students, different categorical awards are given to all teams, along with
certificates of participation at the closing ceremony. Figure 3 shows the whole journey of the
GCDP model. Figure 4 displays photos of phase 1 and phase 3 events.

Finished Point 4 _ &
GCDP Camp 2 \\.,,

N
July

Check Point2
Week 1-2 May

Check Point1

Week 1-2 March Starting Point

GCDP Camp 1
January

Figure 3. GCDP Journey
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EVALUATION

GCDP in the 2018-2019 academic year had finished successfully as planned. However, for
2019-2020, the last phase of the GCDP, which was planned to be held on-site at YU, was
cancelled due to the forbidding of travel to South Korea. The activities were re-designed to
provide opportunities for the students to finalize and present their projects using an online
meeting platform.

At the end of Phase 1 and Phase 3, student feedback surveys are conducted using an online
questionnaire. There are 4 parts of the questionnaire; (1) Basic information on gender,
university, major and year of study, (2) An open-ended question asking what the student expect
to improve most in this program, (3) A 5-scale rating score asking the student to rate the
importance of the program goals, (4) A 5-scale rating score asking the student to rate the
student achievement and (5) An open-ended question for the student feedback of the program.

There were 74 students in 2018-2019 and 73 students in 2019-2020 responded in the
questionnaires. Figure 5 shows distributions of basic information for 2018-2019 and 2019-2020
participants. In 2018-2019, there were 71% male and 29% female students. In 2019-2020,
there were 81% male and 19% female students participating in the GCDP. The majority of
participants were 3™ year students with 64% in 2018-2019 and 71% in 2019-2020.

Gender Gender
female

19%

female
29%

2018 - 2019 2019 - 2020

Study Year Study Year

a 3%

1
10%__em

4% —
4 —
——_2

) 3
64% 1%

Figure 5. Gender and Study Year of Participating Students
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Section 3 of the questionnaire asked the respondents to give a 5-scale score on the importance
of their goals to participate in GCDP. The scales are 5-extremely important, 4-very important,
3-important, 2-not important, and 1-not important at all. Figure 6 displays average scores of
pre-program and post-program data from 2018-2019 and 2019-2020. “Experience actual
product design, build, and test with major knowledge” received a highest score, becoming the
top rank, followed by “Solve engineering problems and collaborate in engineering design” as
a 2" place. “Improve global competencies through international teamwork” was the 3™ rank.
It is obvious that in the post-program, average scores were higher than the pre-program
scores, except the “Exchange with participating professors and students from other
universities” and “Improve global competencies through international teamwork” on 2019-2020
due to the change to online which prohibited on-site collaboration.
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Figure 6. Pre- and Post-program Data on the Importance of Goals

o CMlx oI Tl CRND CHER CAND COED

.l can 2.1can  3.lexperienced 4. | developed the 5. | strengthened 6. | achieved an 7. [ broadened
colaboratewith  Exchangewith  actual product  abiityto sove  mycapabiiies  international ~ my global
overseas  participating design buld, and engineering  throughactual  senseand  horizons bhased
students  professors and test basedonmy problemsand  productdesign  improved my  on intemational
students from  major knowledge  collaborafein  using design ~ communication  teamwork
other universiies engneering ~ thinking skills
design

2018-2019 Pre-program ~ w2018-2019 Post-program ~ 12019-2020 Pre-program  12013-2020 Post-program

Figure 7. Pre- and Post-program Data on the Achievement
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Section 4 asked the respondents to self-evaluate how much they achieved. The scales are 5-
totally agree, 4-somewhat agree, 3-agree, 2-somewhat disagree, and 1-disagree. Figure 7
demonstrates the average scores of pre-program and post-program for both 2018-2019 and
2019-2020 events. “I broadened my global horizons based on international teamwork” was in
the top rank of the achievement. However, when looking at the post-program achievement in
2019-2020, there were lower scores in achievement number 1, 2, and 6. This was due to the
change from on-site to online because of the travelling prohibition, disabling participants to
collaborate and exchange ideas face-to-face. However, achievement number 3 and 5 show
higher scores because the completion of the project and the overcome of challenges during
those 7 months.

Student Feedback

Section 5 asked the students to give feedback to the program. The student gained experiences
in improving their disciplinary knowledge, personal and interpersonal skills and widen their
international perspectives. Examples of their feedback are below:

“Taking a program on the theme of design thinking, as an engineer, was able to understand
the idea of a designer, and it became an opportunity to broaden the perspective of thinking. In
addition, since | had to make one high-quality IOT device, the ability to automatically produce
coding and hardware improved.”

“By sharing opinions with overseas students, we were able to conduct the Capstone program
from various perspectives.”

‘It was a meaningful time for me to participate in long-term team projects, to improve my
communication skills, improve my communication skills, solve engineering problems, and
improve my teamwork skKills.”

“Although the language spoken with foreign students is different, it seems that | have gained
a good experience to communicate as an engineering student.”

“It seems that | gained a global perspective by working on a project on the same social issues
as students from other countries.”

Teacher Perspectives

The GCDP implemented the CDIO concept to provide experiences to the students to practice
engineering problem solving [CDIO Syllabus 2.1] and engineering design in the
multidisciplinary team-based environment [CDIO Syllabus 3.1], so they are granted
opportunities to improve their interpersonal skills, as well as using English as a medium of
communication [CDIO Syllabus 3.3.1]. Throughout 7 months, the students practice and
develop their “conceive — design — implement — operate” skills [CDIO Syllabus 4.3-4.6] and
project management skills [CDIO Syllabus 4.3.4]. Moreover, students experience a different
working environment. On-site workshop enables face-to-face communication and team
bonding opportunity, while online working is more flexible in time and resource management.
Even with the pandemic situation causing initial plans to change, the students have still
developed strong learning attitudes [CDIO Syllabus 2.4].

The GCDP employed CDIO Standard 5 which provide design-implement experiences to
students working in projects. The GCDP activities based on active experiential learning
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methods [CDIO Standard 8] which engage students to think, generate ideas, solve problem
and encourage professional engineering practice. Moreover, the participated teachers as
coaches to the student teams viewed GCDP as a great opportunity for enhancing faculty
competence [CDIO Standard 9] to share their expertise, communicate in foreign language and
practice their coaching skills. GCDP was a good start for future expansion of the collaboration
between instructions, for example, on-the-job training, cooperative education and research.
The challenge that both students and teachers encounter was the language barrier which
slowdown or sometimes discourage the student to work effectively. The reassurance from
coach and team member can help overcome this challenge.

CONCLUSION

The GCDP project promotes internationalization, student and staff mobility. The survey results
show that the students have experienced a product design, production, and testing based on
their disciplines. They have strengthened capabilities through the actual product design using
design thinking. In addition to improving personal and interpersonal skills when solving
engineering problems. They have developed an international sense, effective communication
skills, and broaden their horizon based on international teamwork.

The 3" year of GCDP in 2020-2021 academic year started in January 2021. With the travelling
restriction, the organizer plans to hold the events fully online. Activities are, again, redesigned
to accommodate this challenging situation. The authors plan to share the outcome of the next
GCDP in the near future.
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ABSTRACT

This paper presents two experiences of collaboration between university and industry through
the implementation of the Project-based Learning (PBL) model in the University of Navarra.
One of them has been developed by third year students of the Industrial Management
Engineering Degree, and the participation is voluntary. The other one is carried out by students
of the Master of Industrial Engineering, and it is mandatory. In both cases, the students visit a
company, and it is the enterprise that poses them a challenge to solve or a project to be
developed. After working in groups for several weeks, students present their project to the
company managers. The main objective of this paper is to examine the benefits of developing
PBL in a company context. It also aims to analyze the development of students' skills,
motivation and commitment in comparison with other similar activities where the problem to be
solved is defined by the teachers. It pretends as well to know the opinion of the enterprises
regarding the university-industry collaboration and the work done by the students. The
students value this experience, in both cases, positively, as it allows them to work on a real
case, in which they test their knowledge and capabilities. The companies also appreciate this
experience, as it is valuable for them. Apart from all the advantages that active learning
methods entail for students, developing it in the context of university-industry collaboration
leads to many other benefits. We have verified that when the project consists of solving a real
problem proposed by a company, the engagement and motivation of students increases.
Moreover, this experience provides a rich learning environment, closer to what their
professional life will be.
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Project-based learning, university-industry collaboration, Standards: 2, 3, 7, 8, 9
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INTRODUCTION

Nowadays the job market is in a continuous change. This demands to the future professionals
the capacity of developing a continuous learning and adaptation to the new requirements.
Higher education must promote deep content knowledge but also professional and personal
skills that allow students to face professional life. Wager (2008) enumerates what he calls “the
seven survival skills”: critical thinking and problem solving, collaboration and teamwork, agility
and adaptability, initiative and entrepreneurship, effective oral and written communication,
curiosity and imagination. Other attitudes like honesty, social responsibility and professional
ethics must be promoted as well. In the context of Engineering Education, The CDIO Syllabus,
in addition to learning outcomes for technical disciplinary knowledge, specifies learning
outcomes as personal and interpersonal skills, and product, process, and system building
(CDIO, standard 2). Crawley et al. (2011) point out the Syllabus which can be described as an
adaptation of the UNESCO framework (Delors et al., 1996) to the context of engineering
education. Engineering accreditation bodies like EUR-ACE (2008) and ABET (2018) identify
as well the need of reinforce transversal competences.

Higher education is incorporating new methodologies that facilitate students developing
professional skills at the same time that acquire deep content knowledge (Smith et al, 2005)
“Active learning methods engage students directly in thinking and problem-solving activities.
There is less emphasis on passive transmission of information, and more on engaging students
in manipulating, applying, analyzing, and evaluating ideas.” (CDIO, standard 8).

Project-based learning (PBL) is one of the pedagogical approaches that can be particularly
useful in the CDIO design-implement courses (Edstréom & Kolmos, 2012). In this method,
students develop a project or investigate solutions for a problem. It gives students the
opportunity to do something closer to what is done in real professional life, facilitates students
to apply their knowledge, helps them to connect key concepts and develop creativity and
critical thinking, often in a collaborative and interdisciplinary context (CDIO, standard 7).

Collaboration between university and industry is beneficial for the teaching-learning process in
higher education, especially for technical degrees, as their graduates probably will end up
working in industries. The creation of opportunities for students to interact with industrial
companies is a way to contribute for the development of the students’ competences (Mazini et
al., 2018). Different kind of activities such as visits to enterprises and factories, invited talks or
master classes by industrial experts, internships in companies, development of final degree or
master theses in enterprises, etc. can be organized to approach the students to the “real wold”.
Diaz et al. (2013) assessed the efficiency of the most common teaching-learning activities in
collaboration between academia and industry in terms of success vs. implementation cost and
success vs. implementation time and concluded the beneficial effects of PBL activities and of
students’ taking part in real projects for developing their final degree theses. This methodology
allows students to apply what they have learned in classrooms to real challenges instead of
problems proposed by teachers. It is very enriching for students to experience the limitations
of theories learned in class, the necessity of adapting models to real situations and
requirements, etc. Moreover, these kinds of activities are not only beneficial for the teaching-
learning process, but also for the company as the students can contribute to the enterprise
innovation (Buser, 2013).

This paper describes and analyzes two experiences of collaboration between university and
industry through the implementation of the PBL model, in undergraduate and master’s
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students. In both cases, the students visit a company, and it is the enterprise that poses them
a challenge to solve or a project to be developed. The objectives of this work are:

1) To explore students' perception of their skill development, motivation and engagement
using PBL activities in the context of a company compared to other similar activities where the
problem to be solved is defined by the teachers.

2) To know the opinion of the enterprises regarding the university-industry collaboration and
the work done by the students.

In the methodology section, we describe the experiences’ development, their phases and
surveys conducted by the students and enterprises. We summarize the main results obtained
from the surveys in the results section and finally, we point out the most relevant conclusions
that are derived from the study.

RESEARCH METHOD

This research has been carried out with the students from the University of Navarra, particularly
with the Engineering School (Tecnun) students. The degree and master's curriculums are
designed in such a way that the practical part of the subjects is obtained through laboratory
practices, work designed by the professor himself, visits to companies, teaching by guest
professors from companies, etc. However, in an internal and external analysis carried out in
2018, a weakness that came to light in this curriculum was "the scarce contact of students with
real companies".

In project-based learning, students work in groups to solve challenging problems that are
authentic, curriculum-based and often interdisciplinary (Solomon, 2003). Getting students to
work on real business projects also allows students to connect what they learn in class with
real business experience (Biedermann et al., 2017). Therefore, if we can get the students to
work on a real project facilitated by the company, the students will be able to better assimilate
the knowledge taught in class.

In order to implement this project, it has been decided to have one experience in a degree not
linked directly to any specific subject and another in a master program directly linked to a
specific subject.

Degree Project

This project has been carried out in a machine tool company. This company delivers value-
driven engineered solutions for their customers' manufacturing needs, becoming their partners
for advanced productivity systems.

As mentioned above, the work is not directly related to any subject. Participation is voluntary
and the objective of the activity is to perform a team project that solves a challenge proposed
by the company. Students visit the company and have the opportunity to learn about its activity,
processes, products and markets. During this visit, one of the managers presents them a
challenge that has to be solved in 6-8 weeks. The challenge can be related to different topics:
quality, production, people management, sales, etc. To better understand the challenge,
students receive information and data. After working in groups for several weeks, students
present their project to the company managers, who decide which is the best proposal. The
students that have developed the selected proposal receive a diploma and a cash prize.
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Master Project

On the other hand, the project that is carried out among the students of the Master of Industrial
Engineering is developed within the subject "Automated Manufacturing Systems and Industrial
Robotics ". In this case, the company proposing the project is part of one of the largest machine
tool groups in Spain and they are world leaders in blade grinding machines used on aircraft
engine rotors.

The project consists of the design of a machine for the manufacturing of an industrial
component, such as a railway axle or a tubular connection for the oil and gas industry. In order
to reinforce students’ understanding of the machine design process, students visit the
company and specific sessions related to precision engineering and manufacturing automation
are given by engineers of the company. This gives students opportunities to learn how the
industry faces real-life problems and to realize the connection between the technical content
they are learning at the university and the real work. Finally, students make an oral
presentation of the developed projects to the company’s engineers.

Surveys

In order to respond to the objectives proposed in the Introduction, the questionnaire proposed
by Biedermann et al. (2017) has been adapted to the context of these projects. Those
questions that referred to a specific activity have been modified (e.g., “The company has been
able to provide the key aspects to be applied to the design of the brand” has been changed to
“The company has been able to provide the key aspects to develop the project”). The first
questionnaire designed for the students aims to collect a comparison between this project that
they have carried out with a company and other projects that they have carried out throughout
their studies at the university. In this way, not only can we see that the PBL is a good option
for improving the skills of our students, but it is also better than traditional projects.

On the other hand, with a second survey, we have asked those responsible for projects in
companies about their satisfaction with these projects. The respondents were asked to indicate
the extent to which they agreed or disagreed with these statements.

In both surveys, a five-point Likert scale was used (1 represented “strongly disagree” and 5
represented “strongly agree”).

Table 1 shows the items in the questionnaire, related to the competences acquired during the
project (C*), the content of the activity carried out (A*), the collaboration provided by the
company (B*) and the motivation they have experienced when carrying out the work (M*). In
addition, the students were asked about the reasons that motivated them to participate in the
challenge, in the case of the Degree project, which participation is voluntary, and about the
positive aspects of the project in the case of the master project, within the subject Automated
Manufacturing Systems and Industrial Robotics.

On the other hand, with a second survey, we have asked those managers responsible for
projects in companies about their satisfaction with these projects. Table 2 shows the items for
this survey to company managers.
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Table 1. Questionnaire items (students)

Competencies

C1 Capacity for analysis and synthesis.

C2 To develop my social skills, leadership and communication skills
C3 To increase my responsibility at work with the group

C4 Ability to manage information

C5 Ability to apply knowledge to practice

C6 Decisions making

C7 To increase my capacity to generate creative and innovative ideas.
C8 To increase my ability of creative thinking

C9 To increase my ability to work in team

C10 | To increase my ability to solve problems

C11 | To acquire basic skills for my profession

Activity
A1 The activity has served to meet the needs of the company(ies)

A2 The activity has helped me develop my personal and professional skills
Collaboration

B1 The company has been able to provide the key aspects to be applied to the project
B2 This type of activity helps me to show potential business needs

This type of activity is a good way for bringing companies closer and gives the
B3 possibility to cooperate with them

Motivations

M1 The possibility that my project is implemented in the company

M2 | The fact that my project competes against others

M3 | To experience similar to professional life situations

M4 | The possibility to include a real project to my CV

M5 | Dealing with a real problem

| am encouraged to consider the possibility of starting my own business in the
M6 | future

M7 | To take part of an active learning process.

Table 2. Questionnaire items (managers)

Competencies

C1 Capacity for analysis and synthesis.

C4 Ability to manage information

C5 Ability to apply knowledge to practice

C6 Decisions making

C11 | To acquire basic skills for their profession
C12 | To concern about the quality

Activity
A3 The activity is an added value for the training of the students

A4 The activity has brought value to the company

A5 | would like the approach of this activity to be repeated in other subjects

A6 This type of activity helps to show students potential business needs

This type of activity is a good way of bringing companies and university closer and
A7 make them both to cooperate
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Collaboration

Students have been able to make the appropriate questions to extract key
B4 information to develop the project

B5 Students have been able to interpret the key issues to be applied to the project
B6 Students have contacted us to solve their doubts

B7 | would have liked to have more meetings with students

RESULTS

In the case of the degree project, a total of 37 students had participated over two last academic
years (2018 and 2019). A total of 16 students responded to the survey, that is a response rate
of 43 percent. This is considered acceptable given the response rate of similar studies. As can
be seen in Table 3, all items score higher in the case of the in-company project than in the
case of traditional projects, in subjects, except for item M6 (I am encouraged to consider the
possibility of starting my own business in the future). This could be explained by the fact that
students in this degree have specific projects related to entrepreneurship, within some of the
subjects of the degree. Those difference are statistically significant for most of the items (paired
t-test, p <0.05). The small sample size (16 responses) may explain that not all the items are
statistically significant. Furthermore, all the items score above 3.5, which indicates that the
project developed in the company is highly valued both in relation to the competencies
acquired, to the activity itself and to the collaboration with the company and to the motivation
they have in general to carry out the project.

In the case of the master project, a total of 54 students participated in the last academic year
(2019). A total of 42 students responded to the survey, that is a response rate of 78 percent.
As can be seen in Table 3, all items score higher in the case of the in-company project than in
the case of traditional projects. Furthermore, all the items score above 3.5 except for item M6,
which indicates that the project developed in the company is highly valued in relation to the
competencies, the activity, the collaboration with the company and the motivation. The
smallest differences in the scores correspond to items C4 (Ability to manage information) and
M6 (I am encouraged to consider the possibility of starting my own business in the future).
Those differences are also statistically significant for most of the items (paired t-test, p < 0.05).

When the students were asked about the aspects that they would highlight from the challenge,
their answers were very similar in both degree and master students. The answers were related
to the fact of being a different activity, working with a real case of a company and seeing its
application. Moreover, the students remarked positively the idea of exposing their solution to
the company, receiving feedback from managers and competing against their mates. The
students also consider that this type of projects is very useful for preparing them for their future
job, in which the problems of the companies arise in very different ways and are not easy to
solve. In the case of the master students, they also pointed out working in a multidisciplinary
project applying theoretical knowledge to practice.
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Table 3. Paired t test of assessment of attributes between traditional and company project

Degree (n=16) Master (n=42)

Traditional | Company Traditional | Company

project project p-value project project p-value

mean (SD) | mean (SD) mean (SD) | mean (SD)
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* p<0.05
** p<0.01

The results of the survey to the managers were quite high, in most cases above 3.5. In both
companies, two managers answered the survey. Table 4 shows the mean value for each
company.

The results obtained in the two companies are similar except for items A5 and B7. In the case
of item A5, we ask about the possibility of repeating this experience in other subjects. A
possible reason for the low value in the case of the master may be that the project is designed
to solve a specific problem to a particular subject, so it would not make sense to repeat this
experience in other subjects. In the case of B7, managers were asked about having more
meetings with the students throughout the project. In the case of the degree, they consider
that the students were self-sufficient enough to develop the project in a satisfactory manner
without the company managers.

Table 4. Response of projects’ managers

Mean (Degree) | Mean (Master)
C1 4 4.5
C4 3.5 3.5
C5 4 4.5
C6 4 4.5
C11 4 4
C12 3 3.5
A3 4.5 4.5
A4 4 4.5
A5 4 2
A6 5 3.5
A7 4.5 4.5
B4 5 3
B5 4 3.5
B6 3.5 4.5
B7 2 4.5

CONCLUSIONS

The two experiences carried out with undergraduates and masters’ students have allowed us
to analyze how students perceive that PBL helps to improve their skills. In addition, students
positively value the fact that the project is developed in a company's environment, knowing its
challenges and working on real projects.

It is also worth noting the difference between this type of project and those proposed by
teachers in traditional projects. In all cases, the score has been higher in the challenges posed
by the company with the exception of the item related to entrepreneurship in the case of
students of engineering degree in industrial organization. As mentioned above, these students
have taken courses and developed projects directly related to entrepreneurship.
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Finally, it should be noted that the students have felt positive towards the approach and that
these experiences have brought value to the companies (item A4).

These results encourage us to continue promoting collaboration between the university and
the company in our degrees and masters that favors the stakeholders involved: university,
students and companies.
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ABSTRACT

The objective of this paper is to illustrate whether implementing the CDIO concept in the
Navaminda Kasatriyadhiraj Royal Air Force Academy (NKRAFA) can result in better air cadet
performance. Traditionally, the air cadets learn UAVs through several activities including in-
class learning, practical training, and also joining such UAV competitions as NKRAFA UAS
Contest. However, they could find solutions only for simple missions. The CDIO notion,
therefore, was employed in the academy via curricular planning using problem-based learning.
The concept has been implemented in the institute since 2015 through the tasks imitated from
the actual UAV missions operated by the Royal Thai Air Force. After implementing the CDIO
concept, the air cadets can better develop their strategies, as well as form their teams for
joining competitions both domestically and internationally. Consequently, utilizing the CDIO
concept can result in better air cadet performance regarding UAVs' mission planning.
Implementing the CDIO principle can also establish the foundation of the student-learning
method that could be more developed in other fields in the future.
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INTRODUCTION

Recently, Unmanned Aerial Vehicle (UAV) has been widely used in many domains e.g. freight
transport, telecommunication, precision agriculture, military, and so on. It normally refers to a
pilotless aircraft that can be deployed on missions that are considered too dangerous for pilots
to operate or ones that overcome regulatory concerns. UAVs were originally developed and
used for military purposes (Vacca and Onishi, 2017). The first generation of UAVs was "Ariel
Target" in 1916. After that, many remote-controlled aircraft followed. With the advancement in
technology, there is a growing interest in utilizing UAVs for military missions. It is considered a
combat machine that can be used to reduce the risk of the crew. In the first generation, it was
more like a surveillance aircraft. However, UAVs today are dangerous weapons that can carry
aircraft ordnance such as missiles, or bombs and are used for drone strikes. Moreover, UAVs
often carry out tasks that are more difficult and dangerous because of their agility with no life
on board to concern with. The flight of UAVs may operate with various degrees of autonomy:
either under remote control by a human operator or autonomously by onboard computers. This
makes them easy to use and they are allowing researchers to complete challenging tasks with
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few simple steps. Therefore, the use of UAVs has gained popularity among educators and
researchers around the world in recent years (Freeman & Freeland, 2019)

Navaminda Kasatriyadhiraj Royal Air Force Academy (NKRAFA) is an academy in which air
cadets are educated and trained to produce commissioned air officers with knowledge, ability
and military leadership for the Royal Thai Air Force (RTAF). The institute’s curriculum covers
both academic and military studies including theoretical and practical aspects, following the
needs of the RTAF especially in the field of aviation (Jantarachotigul, 2020). Thus, an excellent
educational framework is required for implementing along with the curriculum so that the air
cadets can deal with problem-solving more efficiently and effectively. To this end, the principle
of CDIO was brought to test in the NKRAFA's curriculum by firstly introducing in UAV mission
training, which is one of key policies of the RTAF. Thus, this paper aims to illustrate whether
the implementation of the CDIO concept in NKRAFA can result in better problem-solving
performance of the air cadets. The rest of the paper describes the pre- and the post- CDIO
concept utilization with the conclusion in the end of the paper.

PRE-IMPLEMENTATION OF CDIO CONCEPT

Before 2014, the UAV concept was delivered to air cadets via class lectures and in-class
activities. However, the number of participants in the UAV class was restricted since only 2 out
of 7 academic departments offered courses regarding UAVs; Aeronautical Engineering and

Mechanical Engineering Department. While the rest rather emphasized other study areas, e.g.

Civil Engineering, Industrial Engineering, Computer Science, and Material Science. Meanwhile

2014, UAVs have been received more attention from the RTAF as seen from an introduction

of the policy that encourages UAV applications by funding and supporting missions for which

UAVs were researched and developed (Royal Thai Air Force - RTAF, 2014). As a result, in

that year, the NKRAFA started a scheme that encouraged the air cadets to participate in a

UAV competition, calling ‘UAS Contest’. This competition has been annually subsidized by the

RTAF. In 2014, the participants were mainly from Aeronautical Engineering and Mechanical

Engineering Department because they were trained and educated in the UAV domain as

mentioned earlier. By joining this UAV contest, the objectives and rules are shown as follows:

Objectives

1. Air Cadets had knowledge and experiences with components and subsystems of the
unmanned aerial vehicles (UAVS)

2. Air Cadets were capable of flying UAVs autonomously

3.  Air Cadets were capable of planning the flight according to the assigned mission

4 Air Cadets could do the parameters tuning of the flight controller to control the UAVs
effectively

Rules

After Air Cadets finished the training to be able to take off and land the UAVs autonomously,

the mission of the competition was the following.

1. Split the air cadets into 8 groups and each group consists of 10 cadets (2 cadets from
each class)

2. Each group would have to search and identify the targets that were randomly placed on
the football field.

3.  Each group would receive the coordinate of 24 targets for flight planning. However, each
group would need to search and identify only 3 targets that had the number of their group
on that target.

4. Each group needed to specify the shape and color of the targets that had their group
number on (see Figure 1).
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5. Scores of the mission would be based on the correctness of the searched and identified
targets and the amount of time spent on the whole mission.

Figure 3. Air Cadets’ flight test during the competition
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After hosting the competition for two consecutive years, post-match results were not relatively
satisfactory. Although the air cadets from every department joined the race, the key players
were still mainly from Aeronautical Engineering and Mechanical Engineering Department. The
participants from other departments were mostly responsible for administrative tasks rather
than operating the field missions. As a result, those who were not in the field test did not have
any inspiration after the competition withessed from the post-competition questionnaire. Other
activities such as club establishment were also not found after the race. Furthermore, the UAV
team members (air cadets and professors) that joined other competitions held by other
universities were only from the two mentioned departments. The overall satisfaction in 2014
and 2015 are shown in Table 1. The overall rating is moderate. And there are some negative
comments about time-consuming and not having a background understanding.

Table 1. Overall Satisfaction in the year of 2014 and 2015

Year Number of O_veral_l SD Comments
Response Satisfaction

1. Time consuming

2014 75 3.9 0.51 2. Not having background understanding
3. A bit boring
1. Time consuming

2015 69 3.7 0.49 | 2. Not having background understanding
3. Unrelated to the field of study

COMPETITION WITH CDIO CONCEPT

Due to unsatisfactory feedback from the previous competitions, the CDIO concept was
introduced to the staff group. The idea was about providing air cadets the real-world situation
of which the cadets have to find the solutions. The academy then decided to change the rules
by focusing on the importance of using UAVs in military contents and Air Force missions.
Before the race, the air cadets were lectured about UAVs and the instructions of aerial use.
Then they acquired the concept of air operations and military doctrine in the next stage.

Procedures and Rules

The process began with the step of giving the air cadets lecture about aircraft design for 10
hours by using the Plane Maker aircraft design aid, which is part of the X-Plane 9 flight
simulator. This made the air cadets able to design wing shape, body, tail ring set, ground
control and also to simulate this aircraft by using the X-Plane 9 flight simulator. Then the
instructor introduced the theoretical concept of flight control for 10 hours including relevant
gauges in a flight control system such as speedometer, altimeter, GPS positioning system, and
tilt gauge. Subsequently, the air cadets conducted practical studies using the AutoPilot flight
control system to configure various connecting the flight control system to the aircraft’'s motor,
wireless communication system, and Ground Control Station (GCS). Once completed, the
unmanned flight system could be simulated using the AutoPilot Flight Control System in
conjunction with the X-Plane 9 flight simulator to simulate the system and practice proficiency
in flight control. Then, the cadets had an opportunity to install automatic flight control systems
with the aircraft to test a flight for achieving the positions that were originally planned for the
mission.
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After instructing how to design and use UAVs, the basic air doctrines were introduced to air
cadets. These included: 1. Strategic Attack: Destroy the strengths of the opponent, 2. Counter
Air: Offensive Counter Air and Defensive Counter Air, 3. Counter Land: Dominate the enemy's
ground environment, 4. Information Operation: Induction or protection of information, 5. Airlift:
Transport of personnel and air ammunition, 6. Intelligence: Analyze, evaluate, and interpret
news and data, 7. Surveillance and Reconnaissance: Systematic observation of the airspace,
8. Navigation and Positioning: Air Navigation and Coordinate Map, and 9. Military operations
other than war: resolving conflict, promoting peace, and supporting civil authorities in response
to domestic crises.

By using an air combat simulation model, air cadets were divided into two teams; the red team
and the blue team. Each team would have four sub-groups: 1. Intelligence Surveillance and
Reconnaissance (ISR Team) — responsible for linking all battlefield functions and information
collected from air surveillance to assist a combat force in employing its troops, 2. Command
and Control (C2) — responsible for directing all resources to achieve the goals, 3. Squadron
(SQRN) —responsible for air attacking and bombing based on the C2 command, and 4. Special
Forces (SF) — responsible for searching and rescuing the troops and civilians.

oo °

War of Heroes

2 Teams with 4 Sub-groups

iR (6)  1sr (6)

dem dem
 saon (6) O sapn 6
O sk O sk

Figure 4. Team with four sub-groups

The scenario arose with the boundary conflict between the two countries. The leaders of the
countries stated the negotiation. However, they could not make any commitment that led to
the deployment of arm forces. The prime minister of each country approved the deployment of
defensive forces and primarily focused on air and missile attack. The C2 team had 10 minutes
to plan and establish an air operation and 10 minutes to plot all necessary places (airport,
headquarter, school, etc.) on the grid provided. Then the ISR team began reconnaissance
operation for the first round (2 minutes) with the flight ceiling that was high enough to avoid the
sensor on the ground. The collected data was reported to the C2 team to adjust the flight
planning. The ISR team then had another chance for reconnaissance operation. Afterward, the
air attack operations were activated. When the team dropped the bombs (flour bags) into the
strategic targets such as headquarter and airports, the 20 million Token (created currency)
was transferred to that team. However, if the bombs dropped into civilian targets such as
temples and schools, 20 million Token was withdrawn. And if the sensor could detect any flight,
10 million Token was withdrawn as well. At the end of the scenario, life bags were dropped to
help alleviate the war effects. This stage was called military operations other than war.
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Figure 5. Competition Environment

Consequences of the Competition

All air cadets were able to take part in all competition processes. Although some cadets did
not have any background on using UAVs, they had choices of participating in Command and
Control as well as other field-operated functions. This led them to understand the missions of
the RTAF as well as the military doctrine. When they received the given problem, they were
keen to run brainstorming as a team. The necessary information (i.e. avoidance ceiling for the
ground sensor, resolution of the UAV camera, the weight of flour bag, and so on) were not
given to them at first; therefore, they had to figure out themselves by going through series of
trial and error. They took every minute as a treasure and eager to find the solution when they
faced the problem. This cannot be seen in the usual class environment especially when the
students are in the military. The overall satisfaction raised from below 4 to 4.47 (SD 0.63).
Surprisingly, comments from the questionnaires were that the competition should have been
longer. Furthermore, they requested more participants to join the competition as shown in
Table 2.

Table 2. Overall Satisfaction in the year of 2015

Year Number of Overall SD Comments
Response Satisfaction

1. The competition should have been longer

2. More cadets should have participated

3. The rules should have been well organized to
avoid confusion

2015 65 4.47 0.63

After receiving good feedback in 2015, the competitions were conducted in 2016 and 2017
continually with the same rules. And overall satisfaction scores were both higher than 4.5. The
number of air cadets joining the competition rose to 120 cadets in 2017. The rivalry lasted two
days. The first day was for testing and rehearsal and the second day was the competition day.
There was an increase in the number of cadets interested in UAVs and wanted to join other
competitions held by other universities. This led to the establishment of the NKRAFA UAV Club
in 2017.
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The Impact of the competition

As mentioned before, the cadets interested in UAV who joined the competition outside the
academy were all from Aeronautical and Mechanical Engineering Departments. After the club
setting, the number of cadets from other departments has increased gradually. In 2017, the
two teams from NKRAFA won the first and second prizes of Autonomous Aerial Vehicle
Challenge 2017 (AAVC 2017). Additionally, the team members were from different
departments and classes (freshmen, sophomore, and junior). The professors from other
departments also joined as team members. This causes the attentiveness of UAVs in the
academy. More cadets have joined the club and the number of professors taking part in such
activities increased as well as the number of research regarding UAVs as shown in Table 3.

Table 3. Number of cadets, professors and researches relating to UAV

Year Number of cadets in Number of professors | Number of researches
the club

2017 20 7 12

2018 24 10 12

2019 39 15 17

In 2018, cadets in the UAV club found that there was an international UAV competition called
UAV Challenge 2018 held in Australia and they asked professors for permission to join this
competition. It was a big surprise since it was a rare occasion that cadets asked to join the
competition themselves. However, there was no budget at that time because it needed at least
one year in advance to do paperwork. All professors in the academy were firstly asked for a
donation, and later on, they received a special budget from the Commander in Chief of the
Royal Thai Air Force to join this competition. They contacted the organizer of the event
themselves. They also sent an email to the commercial firm to acquire information about the
UAV parts shown in Figure 6 (note that the company name was censored). The team contained
members from various departments (Aeronautical Eng., Mechanical Eng., Electrical Eng., Civil
Eng., and Material Science Departments). They also had all classes (freshmen, sophomores,
juniors, and seniors) on the team. Although they won the fourth rank out of 55 qualified teams,
they were the only team that received the Airmanship award. This award was judged by the
decision-making of the team members.

+ and 900x cannot commu
nfortunately

There are significam differences in the firmware
between the modems

Yours sincerely,

Figure 6. Email sent by cadets
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CDIO STANDARDS

To teach cadets, the hardest thing is that they do not have any inspiration to learn because
they already know their career path. Therefore, they do everything just enough to pass the
criteria. Moreover, a military person will follow the order from his commander by nature that he
is taught to be a follower. And cadets have a bit of this nature from military training and the
environment (Jantarachotigul, 2020). However, the academy has the mission to produce
commissioned air officers that will be leaders of the Air Force. One of the most vital skills for
leaders is critical thinking. This contrast makes it challenging to teach cadets at the academy.

When we looked back to what happened, this practice seemed like the first step of CDIO
Implementation. Traditionally, problems were given to air cadets with a platform for solving.
They did it unintentionally in the same manner as the air cadets did in1960s. Soldiers passed
their traditions from generation to generation with very little difference. This implementation
can be the first step of behavioral change. The authors have taught air cadets in this academy
for more than 10 and 16 years, and we have never seen this scenario before. This transition
brings alertness to the academy. The air cadets have willing to study and find the solution
themselves, which is the key to educating people.

The academy is now interested in the idea of implementing the CDIO concept by encouraging
all departments to carry out the CDIO concept into a new curriculum submitted to the Ministry
of Higher Education, Science, Research and Innovation by 2024. The academy has set up a
series of problem-based learning workshops since 2018. Based on Self-Assessment of CDIO
Compliance projected by CDIO Initiative (2014), this complies with Standard 1 - CDIO as
Context. The chief commanders of the academy now understand the need of implementing
the CDIO concept in the academy. They also have willing to create an internal environment in
which everyone can take part in the program. Not only ones in the academy, but also alumni
and stakeholders participate in the program. There are several meetings between the academy
and the representatives from every directorate in the air force to evaluate the learning
outcomes. The necessary results they need are problem-solving skills, interpersonal skills, and
technological skills. They appreciated that cadets could produce microsatellite. This was after
the competition and the establishment of the UAV club. Apart from designing and
experimenting with UAVs, they expand their knowledge by gathering information about
satellites, designing, and producing it by themselves. The academy now recognizes that
multidisciplinary education is a need. Therefore, instead of studying military sciences, the new
curriculum (2020) allows cadets to choose a group of elective courses to learn (for 15 credits)
in three domains: Air Power, Space, and Cyber. These comply with Standard 2 - CDIO
Syllabus Outcomes and Standard 3 - Integrated Curriculum.

Beyond the first three standards, the competition is the first step that inspires cadets to think
systematically and logically and act intentionally. It relates to the fifth standard of CDIO -
Design-Implement Experiences. When cadets conceived the problem, they developed their
strategies based on previous knowledge and brainstorming. They have to integrate all
technical information and military procedures. After designing, they have to test whether it
works in a given situation. We have increased the complexity of the rules every year. Although
the rules for 2015-2017 were the same, the detail of objects was different such as the side of
the target got smaller. In 2018, the rule for the competition was revised based on the rules that
the team encountered when they joined the international competition. These included UAV use
in medical function and evacuation.
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To accomplish the competition goal, space for cadets to work and test their UAVs is a must.
After the first year of the competition, the academy set up the laboratory called CDIO Room
for Aviation and Space Technology (as shown in Figure 7) that opens 24 hours, and all cadets
can use this room to discuss and exchange their knowledge with others. The activities that
occurred in this room are not limited to the projects relating to UAVs. It is student-centered,
user-friendly, accessible, and interactive. This creation of new workspaces conforms to the
sixth standard - CDIO Workspaces.

T = - |
| soqufjiins cDIO maTulalinriul
-~ MATYIAINTINATON :

Figure 7. CDIO Room

CONCLUSION

UAVs have been received more attention for both private operations and military missions.
The NKRAFA encouraged air cadets to learn the UAV concept not only in-class lectures but in
field competitions. Thus, the air cadets would receive more understandings of UAV operations
via assigned missions. The competition, however, did not convince the air cadets to show their
problem-solving ability resulting in unsatisfied performance. The NKRAFA, therefore, has
employed the CDIO concept for applying the UAV learning technique, with the hope that the
air cadets would able to improve problem-solving performance. By implementing the CDIO
concept in UAV competitions, the air cadets have satisfactory results as expected. Therefore,
this excellent educational framework is certainly suitable for implementing along with the
curriculum in order that the air cadets are able to deal with problem-solving circumstances
more efficiently and effectively. The principle of CDIO would be more vital for educating
implementation in the future particularly in UAV mission training, which is one of the key
policies of the RTAF.
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ABSTRACT

Among factors that a university can control, teaching faculty plays the most crucial role
(Hammond, Berry & Thoreson, 2010). This may explain why professional teachers at higher
education institutes are generally required to possess essential competencies for the benefits
of students. While many educators have agreed on the distinctive nature of higher education
as compared to K12 levels, there seems to be no consensus on what competencies are the
most fundamental. This paper in the first place argues for the necessity to formulate a lecturer
competency framework for the teaching faculty at Vinh University, which has recently launched
its newly designed CDIO curricula. The university has undergone a significant transformation
since it joined the CDIO Initiative in 2005, thus being determined to reset its policy on requisite
attributes for the lecturers. The paper also discusses the elements of competency, advantages
of lecturer competency frameworks, and principles of formulating lecturer competency
frameworks. In addition to that, reviews of teacher competency frameworks currently used by
schools and universities around the world are provided. Finally, the paper describes the
components included in the proposed framework together with explanations for the inclusion
of those competencies.

KEYWORDS

faculty competence, teaching competence, CDIO competencies, CDIO competency
framework, Standards: 9, 10

INTRODUCTION

Teacher competence is an essential factor in the education process (Tanguihan, 2016). A
teacher has to perform various roles and thus is required to own specific skills, knowledge and
attitudes in order to facilitate student learning. Previous studies have shown that of all the
factors that a school can control, teaching faculty has the most significant impact on learner
success (Sanders & Rivers, 1996; Izumi & Evers, 2002; Babu & Mendro, 2003; Leong, Singh
& Sale, 2016). Several scholars assert that teachers who own standardized teaching
certifications and attend professional training courses more frequently tend to produce better
learning results (Hammond, Berry & Thoreson, 2010). Along similar lines, Gee (2018) found a
positive correlation between teacher competence and student satisfaction.

An educational institution may require its teaching faculty to have certain qualifications and
competencies depending on the economic, social and political context as well as its
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educational needs. Although requirements may vary, they should be formulated in such a way
that they would contribute to the teacher development process and facilitate the building of a
strong and high-quality teaching community. Ministries of education in different countries have
developed national teacher competency frameworks, which are commonly used as a compass
to direct teachers' professional development and to assist them in their job performance.

Since it joined the CDIO Initiative, Vinh University has faced new challenges in innovating
curricula and teaching methods. The implementation of the newly designed CDIO-based
curricula has urged our lecturers to develop their personal and interpersonal skills, product,
process, and system building skills as well as instructional skills (Binh, Thai & Nguyén, 2016).
Although the university has issued institutional personnel regulation that points out several
requirements for the lecturers, those statements are too generic and thus can barely be used
to assist any stakeholders. A lecturer competency framework should, therefore, be established
in order to provide the teaching faculty with a guideline for professional development
throughout their careers. This type of document would also offer the administrators a useful
reference for the process of recruiting, training, and evaluating the university's personnel.

LITERATURE REVIEW
Teacher Competence

The term teacher competence has been defined by various scholars. According to the
European Commission (2003), teacher competence is a "complex combination of knowledge,
Skills, understanding, values and attitudes, leading to effective action in situation". For Houston
(1985), teacher competence means skills and knowledge that a student must demonstrate
upon completion of a teacher education program. Other researchers believe that teacher
competence refers to skills and knowledge that teachers need in order to be successful in their
career (Jackson, 1990; Spencer & Spencer, 1993; Boulter et al., 2003). This concept has also
been defined as the combination of knowledge, skills and behaviors used for improving
teaching quality or for performing an educational task (Tompea, 2011).

Past research has identified specific competencies that a teacher needs to gain in order to be
qualified, including intellectual ability (Krauss et al., 2008), management skills, interpersonal
skills (Hong et al., 2008; EU), proper contact with the audience (Huntley, 2003), problem
solving skills and assessment methods (Peklaj, 2015), research and reflection skills (European
Commission, 2013), critical thinking (Mac Laughlin & Talbert, 2001), the ability to create new
knowledge (Cochran-Smith & Lytle, 2009) and the ability to adapt the curriculum to meet the
learner's needs (Hatano & Oura, 2003, Vogt & Rogalla, 2009). In this study, we define teacher
competence as the combination of knowledge, skills and attitudes to successfully perform
teaching tasks in the contemporary educational context.

Developing a Framework of Teacher Competences

Teacher competency frameworks are valuable to almost all stakeholders of an educational
system. The list of teacher competencies allows the stakeholders to be assured that all
teachers have attained minimum standards and might serve as the basis for institutional or
national recognition of the quality of teaching. The parameters in those frameworks can be of
great use in recruitment, human management, evaluation and training processes. Without this
set of teacher standards, these processes may be intuitive and inconsistent.
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A few educators have attempted to formulate teacher competency frameworks. Selvi (2007),
for instance, proposes that a teacher competency framework should comprise such
components as technical competence, research competence, curriculum design and
development competence, technology competence, communication competence and
environment competence. More recently, Wing Institute (2020) has reported that the four most
agreed aspects of teacher competency are teaching competence, classroom management
competence, formative assessment competence, and interpersonal competence. However,
Peklaj (2015) advocates a three-dimension framework that organizes teacher competencies
into three groups: teacher competencies for promoting cognitive processes, teacher
competencies for promoting affective-motivational processes, and teacher competencies for
promoting social processes in students. Along similar lines, Vijay (2013)'s framework consists
of three categories of competencies (teaching competence, organization competence and
assessment competence).

Previous studies have discussed key features of a teacher competency framework. The
European Commission (2013) contend that such parameters should be grounded in the culture
of the country; be based upon a negotiated consensus about the purpose of teaching and
about what constitutes successful teaching and learning; be based on the university's
educational philosophy; accommodate all the dimensions of teachers’ professional work, in an
integrated way; be based on the understanding that teaching involves a cycle of self-evaluation
and improvement; be consistent with (but not limited by) the desired learner outcomes (e.g. in
national curriculum guidelines); and have the key attributes of stability, durability and flexibility.
Likewise, the Australian Ministerial Council on Education, Employment Training and Youth
Affairs (2003) lists eight principles for developing a national teacher competency framework as
follows: acknowledge the link between quality teaching and improved student learning
outcomes; ensure consistency and enable recognition of quality teaching; reflect authentic and
extensive knowledge about teaching and learning; encourage teachers to aspire to a higher
level of performance; have regard for the future but are grounded in current effective
professional practice; reflect the theoretical knowledge of specific content and pedagogy and
the practical application of that knowledge to improve student learning; are outcomes—based
to ensure strong links between standards for teaching, their evaluation and professional
learning; reflect teachers’ professional experience and growth on a continuum from
undergraduate preparation to professional leadership; and, promote, support, recognise and
reward quality teaching in the full range of social and cultural contexts in which teaching occurs.

Teacher Competency Frameworks around the World

Many countries have declared their ways of defining teacher competences through either a
simple linear or a multi-dimensional framework. These approaches to teacher competency
framework development range from a light touch description such as government decrees on
university qualifications (Finland), guidelines for broad outcomes expected of a teacher
education curricula (Croatia), legislation describing teacher competences and skills that
teacher education curricula must meet (Denmark) to complex description such as detailed lists
of competences broken down into skills, knowledge, attitudes or values, together with
indicators or can-do statements (Netherlands, Belgium, Scotland). Many of these frameworks
are distinguished by school level and expertise level too (Australia, New Zealand)

A scrutiny into competency frameworks used in different countries has shown that although
many countries have a national competency framework for K12 teachers. For example, the
Western Australia's framework outlines competency standards for effective teaching across
three broad phases of teacher's work and is based on a construct of five dimensions of
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teaching (facilitating student learning, assessing and reporting student learning outcomes,
engaging professional learning, participating in curriculum policy and other program initiatives
in an outcomes-focused environment, forming partnerships with the school community). The
Southeast Asia Teachers Competency Framework (The 11 Southeast Asia countries, 2018),
which was endorsed by the SEAMEOQO High Officials Meeting in 2017 and later adopted by the
Council of Ministers of Education from 11 countries in the region, consists of four essential
competencies (knowing and understanding what to teach, helping students learn, engaging
the community, and becoming a better teacher everyday) and twelve general competencies
teachers must possess.

The currently available competency frameworks for university lecturers, however, are
institutional rather than national. These frameworks were developed by universities to be used
by their own stakeholders and thus merely share a common structure. For Vrije University of
Amsterdam, the teaching faculty of this university is expected to possess five core
competencies, namely didactic flexibility, social flexibility, developing teaching, cooperation
and conscious lectureship. Meanwhile, Algonquin College (2013) established a competency
framework for professors of the 215t century across three expertise levels (0-2 years' teaching,
2-7 years' teaching and 7+ years' teaching). As per this set of standards, a professor should
attain seven competences (modeling professional practice within the discipline of teaching,
creating engaging learning environments for individuals and groups that support academic and
personal growth, using a variety of teaching/learning strategies, evaluating learning using a
variety of valid and reliable tools and techniques, working independently and with others to
develop and/or adapt learning materials, using technology to enhance productivity and helps
students learn, designing and developing effective curriculum to support student success).

CDIO LECTURER COMPETENCE

The CDIO Standards 9 and 10 emphasize the importance of enhancing lecturer competence
in personal and interpersonal skills, product, process and system building skills, providing
integrated learning experiences, using active and experiential learning methods and assessing
student learning. In the light of these standards, CDIO advocates have confirmed the necessity
for lecturers to possess these competencies. For instance, Malmqvist, Gunnarsson and Eigild
(2008) propose a list of situations in which CDIO lecturers have to possess professional skills
so as to help students obtain those skills. The researchers found that the faculties members in
their study agreed that proficiency in professional skills, and the skills to teach project-based
courses and relate their research to the industrial context are essential for their work. Along
similar lines, Crawley (2014) asserts that since lecturers have to teach personal and
interpersonal skills, product, process and system building skills, they should be assisted to
obtain those skills.

Although the importance of CDIO skills for lecturers has been emphasized, research in
developing frameworks for CDIO lecturer competency is still in its infancy. Among the
published works related to this topic, Leong, Singh and Sale (2016)'s is probably one of the
most influential studies. These authors mentioned the Lecturer Competency Framework
developed by 5 Singapore Polytechnics and the professional development programs in
Singapore Polytechnic. The framework contains 11 subsumed competencies grouped into 6
domains of competencies, namely curriculum design and development, facilitation of learning,
assessment for and of learning, holistic student development, dual professionals and reflective
practitioners.
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OUR CONTEXT

In Vietnam, studies have shown that the CDIO approach can be applied to non-engineering
disciplines given that a general description of CDIO is applied, a professional context of the
education can be identified, and that the CDIO standards are translated to the context in
question (Poan & Nguyén, 2013; L&, 2019). There is a growing body of literature on how
universities in Vietnam adopted the framework for their educational programs (Pham, 2016;
Pham, 2017).

Vinh University has unceasingly endeavored to improve its offerings, the most obvious
manifestation of which is its continuous innovation in curriculum development and teaching
quality assurance. The university’s most recent educational revolution embarked in 2016,
when the CDIO framework was selected to be the underpinning for the curriculum design of
all the programs, including the non-engineering ones. During the period from 2016 to 2018,
the then existing programs were redesigned. At that time, our main working team members
had almost no previous experience with curriculum design, nor were they familiarized with
contemporary educational trends. In order to overcome this obstacle, the university sent
members from both academic and administrative departments to visit leading CDIO innovative
universities while workshops for faculty by well-known experts in the field of curriculum design
and CDIO framework were organized on campus. This was unfortunately a slow and laborious,
but ultimately very rewarding process. The new curricula were yielded after two years and
launched in September 2018. After four years of experimenting, struggling and learning, we
have found that CDIO framework is probably the one-type-fits-all approach to designing the
university educational programs.

One of the major challenges the university has had to face is overcoming faculty resistance to
teaching skills outside of their subject specialty. This is perhaps due to the deep-rooted
traditional view of lecturers as purely knowledge presenters rather than learning facilitators. In
order to successfully execute the CDIO-based programs, the lecturers have to attain new
competencies, including personal and interpersonal skills as well as product, process and
system building skills. The changing society at the same time requires them to design and
adapt the curricula periodically, which in turns, demands them to possess competencies in
curriculum design and development. However, back in 2016, most of the staff members had
rather little knowledge of these fields. Many of them were puzzled not knowing what they would
have to obtain in order to effectively implement the CDIO programs. The fact that
administrators were not sure who among the staff needed how much training in what areas
worsened the problem. These obstacles would be overcome if there existed a lecturer
competency framework that allows stakeholders to be sure what is needed for a lecturer to
accomplish their mission. For this reason, the university management board requested the
most prestigious experts to come together and develop a framework for lecturer competences.

THE PROJECT

The project commenced in March 2019. First, a group of experts met to determine the
principles that would govern the framework development process. First, the framework has to
be grounded in the university's cultural and educational context. Our first and foremost
contextual consideration is that most of our teaching faculty, although had gained some
knowledge about CDIO, were not competent in designing and implementing a CDIO program.
Many of the lecturers had no degree or previous training in teaching methodology and thus
were not familiar with such concepts as active learning, integrated learning, and experiential
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learning. Another contextual consideration we had to keep in mind is that the university has
been striving to be included in the Asia University Rankings, which uses research as one of
the judgment criteria. This means the teaching faculty should be encouraged to improve their
research competence. Therefore, this domain would have to be included in the framework.

The second principle for developing the framework concerns the purposes it will be used for.
Apparently the framework has to be developed in such a way that it can serve the process of
professional development and teacher quality assurance. Moreover, it should be used for
attracting competent teachers, managing but not hindering staff promotion or limiting
professional agency. The lecturer standards have to be described in a transparent manner so
that all relevant stakeholders can understand and make use of it. Finally, the framework should
not be something permanent and rigid but adaptable and flexible to fit the changing societal,
political and cultural context.

The expert team also agreed on the grounds upon which the framework would be developed.
These bases include the global, regional and national context; the educational culture of the
country and the University; the characteristics of higher education; the teaching faculty's
current competence; and theories on teacher competence and frameworks for teacher
competences. The Vietham Education Law and the national standards for lecturers were taken
into consideration too. It is required by the Ministry of Education that lecturers have to meet
the following criteria: have good morality, dignity and political stance; own a bachelor degree
and a certificate of teaching methodology; be competent in a foreign language and computer
skills; be healthy; have a transparent citizen record.

Additionally, the team took a careful examination into the University's vision, missions and
goals. The University envisions becoming a national key university and a member of the
ASEAN’s University Network. Its mission is to provide high quality human resources for society
through the pursuit of education and training at the national level of excellence; to deliver
teacher training and continuing professional development; and to function as a leading center
for educational, applied and basic research and technological transfer in the Northern Central
Vietnam as well as nationwide. The University's goal is to create a good academic environment
to develop students’ competencies and personal attributes that lead towards their success. In
order for the University to realize the vision, fulfill the missions and reach the goals, the
teaching faculty has to obtain certain competencies.

The team also used the University's regulations as a basis for determining a list of
competencies that the lecturers should possess. According to the University's regulations,
lecturers have to comply with the Law, the government's policies, and other national and local
regulations; fulfill all professional duties such as teaching, doing research, designing curricula,
instruct students to do research and other types of tasks assigned by the administrators.
Finally, the University's Strategic Development Plan for the years 2018-2020 and vision for
2030 were taken into consideration. In this plan, a list of strategies are grouped into different
domains such as training program, research and innovation, external collaboration,
educational environment and resources, teaching and learning support. We were fully aware
that the framework must contain competency elements that would help the University to
execute its strategic development plan.

Proceedings of the 17" International CDIO Conference, hosted online by Chulalongkorn University &
Rajamangala University of Technology Thanyaburi, Bangkok, Thailand, June 21-23, 2021. 162



THE FRAMEWORK

The draft of CDIO lecturer competency framework was sent to all relevant units and cells within
the University around October 2019. Modification was made based on the feedback results
before another version was sent out again. This procedure repeated and it was not until a year
later that the final draft was presented in front of all key lecturers and administrators. The final
version of our CDIO lecturer competency framework comprises seven domains of
competencies together with the suggested evidence for each domain. Table 1 illustrates the
rationale for choosing each domain.

Table 1. Domains of the CDIO lecturer competency framework

Domain of
competency

Rationale/Basis

Work ethics
(Morality and
political stance)

- This is to meet the lecturer standards regulated by the Viethamese government.

Field
(competencies
regarding the
subjects lecturers
teach)

- Field competencies are a prerequisite for the teaching profession.
- This domain would help the University to accomplish its mission to produce high
quality human resources.

Pedagogy
(competencies
involved in making
pedagogical choices
throughout the
process of teaching)

- Pedagogical competencies play an influential role in the teacher profession. The
University's vision is to become a national key university and a member of the ASEAN’s
University Network. In order to realize this vision, the teaching faculty has to do their
teaching job effectively. Competencies in pedagogy enhance the lecturer's teaching
quality.

- This allows the University to reach the second objectives stated in the strategic
development plan (the University will gradually increase the number of high quality
programs), to fulfill its mission of building a high quality academic environment for
learners to develop personal and professional attributes necessary for success.

Foreign language
and information -
technologies
(competencies of a
foreign language
and information-
technologies)

- Competencies of a foreign language and information-technologies allow lecturers to
effectively implement the curricula, carry out research and promote international
relationships.

- This domain of competency also facilitates the development of competencies in other
domains, such as research, communication with the industries and international
collaboration.

Research
(competencies of
research methods
and techniques,
designing and
carrying out
research)

- Competencies to design and carry out research are fundamental in higher education.

- This domain of competency is said to affect the development of other domains of
competencies.

- This group of competencies are necessary for the University to realize its vision of
becoming a member of the ASEAN's University Network and its mission to function as a
leading center for educational, applied and basic research and technological transfer

CDIO curriculum
(CDIO curriculum
development
competencies and
CDIO curriculum
implementation
competencies)

- Competencies in CDIO curriculum development and implementation are essential as
the University has joined the CDIO Initiative and started to implement the newly
designed CDIO curricula for all the programs.

- This domain of competency assists the lecturers in providing constantly improved
teaching quality to the learners.

- These competencies are necessary to accomplish its educational goals and strategic
development plan (All the programs are periodically adapted and improved).
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Domain of

Rationale/Basis
competency

- In order to implement the CDIO curricula effectively, lecturers have to be competent in
communicating with the industries. They should be able to collaborate with other
stakeholders to create chances for students to practice skills (Malmqvist, Gunnarsson
va Eigild, 2008).

- A good partnership and relationship with the industries assists lecturers in designing
the content and selecting appropriate assessment methods, and instructional
techniques for the courses they deliver.

- This is in agreement with the University's educational philosophy (collaboration).

- This domain of competencies is also important for the third and six objectives in the
strategic development plan to be reached (to enhance partnership with enterprises and
employers to connect the education process with the industries, to tighten the
relationships with enterprises and international associations to extend the network of
internship, labor exportation and job orientation for learners).

Communication with
the industries
(competencies of
interacting with the
industries and other
stakeholders)

Table 2 presents the domains of competency and components of each domain, together with
the evidence for each component. The provision of evidence allows the competencies to be
recognizable hence offers the administrators a basis for staff recruitment, management and
evaluation. This will also provide the lecturers with a tool to determine and prioritize their
professional growth.

Table 2. CDIO Lecturer Competency Framework for Vinh University's teaching faculty

Domain of Component Evidence
competency
" - Annual staff evaluation sheet
Political stance
. - Feedback from managers and colleagues
Work ethics - — —
Teacher conducts - Professional training certificate
- Feedback from managers, colleagues and students
Field Knowledge Master degree in the field
Skills Relevant degrees or certificates of training
Planning the course Course plans
Designing and developing materials | Coursebooks, lesson plans, books
. . - Diplomas in teaching methodology
Usmg. teaching methods and - Certificates of participation in pedagogical training
techniques
Pedagogy workshops
Assessing student learning Certificates of participation in training workshops on
assessment.
- . . - Feedback from learners
Building the learning environment . o
- Evaluation from administrators
Foreian Using a foreian lanquage and - Certificate in information-technology as required by
9 ) g aloreig guage the Ministry and the University
language and | information-technologies in . . .
) : . - Products showing competence in a foreign language
information - teaching, research and

technologies

communication

and information - technologies (e.g. articles written in
English, E-learning lesson plans, etc.)

Designing and carrying out
research and technological transfer

Research products

Research Instructing learners to carry out
9 y Research products by the learners
research
A . CDIO-based course syllabi that have been designed
cDIO Designing CDIO curricula and implemented
curriculum Implementing and developing CDIO

curricula

Improved CDIO-based course syllabi

Communication
with the
industries

- Setting up the network of
enterprises and/or associations
- Communicating with partners

- An established network of enterprises and/or
associations

- Results from partnership with enterprises and/or
associations
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CONCLUSION

The CDIO lecturer competency framework for Vinh University's was developed based on a
relevant theories and grounds concerning competence, teacher competency, competency
frameworks and CDIO lecturer competencies. Considerations of the economic, political and
cultural context, the Vietnamese government's and the University's regulations were also
made. The selection of the competencies was done with careful reference to the University's
vision, mission, goals and strategic development plan for the period of 2020-2035. The
framework, however, is not supposed to be something permanent and rigid. Since it was
developed in regard to the social, cultural and political context, it may be adapted if future
contextual changes require lecturers to possess new competencies.

The framework will offer several benefits to the stakeholders. First, it will provide a coherent
approach to planned professional learning to improve teaching quality and a reliable basis for
the University's budget allocation for lecturer quality priorities. Second, as it describes the
competencies and evidence for competencies, the administrators can rely on it for staff
evaluation and staff quality development planning. Apart from that, it establishes a common
understanding of what the lecturers need to obtain to improve student learning and realize the
University's vision. This will in turns encourage them to aspire to a higher level of performance.
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COMPUTER ENGINEERING COURSES
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ABSTRACT

This contribution addresses how two parallel courses during the last semester have been
synchronized, where one is a course for Degree project. This is to give students a greater
chance to complete the courses on time, and at the same time create a greater understanding
of complicated problems. Observations have previously been made where students found it
hard to take in, and finish the last semester's courses, at the same time as they complete their
studies through their Degree project. Extensive revisions have been made to the parallel
courses, where both basic course structures and contents have been taken into account. Clear
improvements have been seen, both through course results, and based on students'
comments.

KEYWORDS

Project-based education, Degree project/Thesis work, Computer Science and Engineering
studies, IoT projects, Embedded systems, Standards: 2, 3, 5,6, 7, 8

INTRODUCTION

The three-year Computer Science and Engineering program at Kristianstad University (HKR),
Sweden, has for several years suffered from difficulties during the second semester of the third
year, where students most often tend to miss significant deadlines. This semester, which is the
students' last, comprises a final Degree project of 15 credits (HEC), which corresponds to half
the work effort during the semester. Different approaches have been tested to give students
the best possible conditions to complete the Degree project on time. On the one hand, the
Degree project has been full-time during the latter part of the semester, with the first half
consisting of other courses. On the other hand, the Degree project has run in parallel with other
courses throughout the semester. However, both approaches have resulted in situations where
the students in many cases do not complete the Degree project, and that other courses during
the semester have also suffered.

A main revision of the Computer Science and Engineering program was made three years
ago. The difficulties with the last semester have then also been considered. An effort has been
made to develop synchronization opportunities between the courses during this semester. A
big project course of 15 credits (HEC), Systems Engineering, that previously was run at the
beginning of the semester, has been moved and improved so the content of the course, as
well as levels of learning objectives and examination forms have been considered to suit the
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parallel ongoing course for the Degree project (Thesis). Students have been offered
opportunities to develop and analyze advanced systems where the course Systems
Engineering has been based on development and the implementation of embedded systems,
while the course for Degree projects has been based on more theoretical and exploratory
perspectives.

In the Systems Engineering course, the students design the systems with both hardware and
software. At the same time, in Thesis course, they conduct literature studies, and investigate
suitable analysis methods. Examples of projects include:

- Drones. Processors for these, as well as software to give these flying properties, are
developed. Technical measurements are made, for analysis and evaluations. Measurements
made are based, e.g., on the placement of sensors, and performance on technical protocols.
- Body Sensor Networks. Here, too, both hardware and software are designed to put the
system into operation, and technical measurements are made to study at the usability of the
system.

Synchronizing the courses has generally given good results, where the opportunity to complete
the courses has increased drastically. A survey of the students' experiences has been made,
and this has shown high satisfaction.

The program is clearly CDIO-oriented, which is also expressed in the programme curriculum
(TBIT2, 2020). The perception is that the synchronization of courses described in this
contribution, and the effects of this, further increase the fundamental values pointed out by the
CDIO.

BACKGROUND

The Bachelor Programme of Computer Science and Engineering at Kristianstad University,
Sweden, is three years programme and is provided for both national (Swedish) and
international students. The program has existed since 2009 and has undergone three major
changes in recent years. In 2013, the program underwent an extensive restructuring that led
to a clearer focus on Embedded Systems. In 2017, further changes were made to the program,
with a clear progression between the courses as well as a progression in academic skills. The
focus has been changed to Internet of Things (IoT). New courses were introduced to
strengthen progressions in projects, mathematics, physics, programming, computer science
and computer technology as well as the main specialization in [0T. In the last revision, that
was introduced in 2020, a new course has been added, "Research methodology in computer
science" to ensure research connection and raise students' scientific attitudes as well as
prepare students for the Degree project (see Figure 1).

The Computer Science department has been a member of the CDIO initiative since 2014 and
the program is organized according to the principles of the CDIO initiative. Connections to the
industry are achieved in the program through Work-based education and "design-build-test" -
projects integrated in the subject courses. The learning objectives that are described in CDIO
syllabus, are divided into 4 sections: 1) knowledge in the discipline, 2) personal and
professional skills, 3) teamwork and communication, and 4) Conceive, Design, Implement,
Operate.
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The Systems Engineering course has been a part of the programme curriculum for more than
ten years. During the live span of this course the main purpose of the course has always been
to give the students a hands-on experience of prototype development of a system comprising
of both hardware and software development. The project model used in the course has evolved
from an iterative project model to an agile model over the years, with a formative assessment.
Before 2013/14 the course was running as a fulltime course during the first part of the last,
sixth, semester. From 2014/15 the course was running as a half-time course, for 20 weeks.

The course is organized in accordance with the principles of the CDIO initiative. The learning
outcomes are related to the four sections of the CDIO syllabus (DT336B, 2020).

The Systems Engineering course is the second and last project course within the curriculum.
The first project course, Computer Engineering, is held during the second year. The formative
assessment is similar to the Systems Engineering course, limited in implementation. The
prototype development project involves both hardware and software aspects as the Systems
Engineering course. The scope of the project is small and introductory. Both hardware and
software development are present, as well as agile project managing model, but in an
introductory level.

Bachelor Thesis /Degree Project/ in Computer Engineering Course

The aim of the course is for the student to develop in-depth skills with independently planning,
realizing and presenting an in-depth project within a defined area in computer engineering and
technology. After completing the course, the student must:

e be able to explain and show understanding of matters within the field of computer
engineering, including its scientific basis and applicable methods, along with an in-depth
study of some selected part, plus have knowledge of current research issues (1)

e Dbe able to explain their knowledge in computer engineering and technology, as well as
relevant knowledge in mathematics and science at an in-depth level (2) (DT339B,
2020).
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Degree project was previously running as a separate course at the end of the education, as a
full-time course for 10 weeks. From 2014/15 the course was running as a half-time course, for
20 weeks, last semester.

An idea to join the last two courses came in 2017/18 with a new course coordinator of the
Degree project course. The course coordinators discussed the idea with the students one
month before the courses” starts. The response was clearly positive. Most of the students
chose to join both courses. As a result, 7 of 10 students passed both courses on time. Those
3 students that did not pass on time, explained that their projects were too ambitious, and they
needed more time to do more experiments and measurements. These students passed their
theses one year after with very good grades.

During the latest revision (2019/20), the grading was updated with a clear assessment of all
learning objectives. The students receive one grade for all parts, i.e., written report, oral
presentation and written and oral opposition. This facilitates work for assessing teachers and
course coordinator who reports the grades in the system.

RELATED WORK

It is important to see that educational programs should contribute to a scientific basis, as well
as a high degree of employability for students. An integration of these two perspectives was
addressed in Einarson & Lundblad (2014) where an industry-related project is seen as a case
study of a scientific area being studied. This integration is carried out within the frames of a
degree project of 15 credits, while the integration of two separate courses of 15 credits, as
mentioned in this article, implies greater challenges, as well as greater values, with respect to,
scientific basis and employability.

In most universities the Degree project course comprises 15 credits. Some universities provide
separate course in research methodology just before the Degree project as well as separate
project courses, also before the Degree project. For our knowledge, we did not find any
university in Sweden, that combine the project and Degree project courses in computer
engineering in one. There is one university (Umea University, 2020) that combine the project
course (laboratory) with a Degree project in molecular biology.

In Hakkala & Virtanen (2019) the authors present the structure model and visual tool for
systematic thesis planning for engineering Master students at Turku University, Finland. The
main concept is to efficiently bring the topic area of the thesis into focus while at the same time
improving the readability, coherence and overall impact of a thesis. Teachers from Mongolian
University of Science and Technology (Batdorj, Purevsuren, Purevdorj, & Gonchigsumlaa,
2018) present their experiences on teaching and learning activities as well as the assessment
results of four project courses taught during the 3 years period. The program is based on CDIO
syllabus and the Degree project is the last project in this progression line.

There are as well other aspects like quality of the Degree thesis. O. Svard (Svard, 2014)
focuses on the concept of quality of the Degree project. He posts an interesting question
whether an assessment of the quality of a Degree project can be used for evaluating the quality
of the entire programme where it forms a part. The subject is partly initiated by the design of
the quality evaluation system in Sweden introduced in 2011. In Sweden, engineering education
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is discussed, among other things, in the Swedish Engineers Group, represented by
representatives from all engineering educations in Sweden. Ten of them offer bachelor
engineering education in computer science, while some of them are based on CDIO syllabus.

IMPLEMENTATION

Both courses begin during the spring semester in January. The courses” coordinators meet

with students about 2-3 months earlier. During the information meeting, opportunities and

difficulties are presented as well as reflections and recommendations (see Table 1) from

previous year's students. The message about joining the courses is:

¢ Work on the same idea

e Design and build a prototype software and the hardware system in the Systems
Engineering course

e Use the prototype system for research and evaluation in the Degree project course.

However, both courses are treated separately with different learning outcomes. The students
are even informed that they are graded in two different ways. It is worth to mention that
Systems Engineering course is the last project course in project-progression line while Degree
project is the last one in an academic skills progression.

Table 1: Recommendations and reflections from students
“Both courses are time consuming, it is important that you do not just work on one part and forget the
other. | can imagine that it is easy for the Systems Engineering course to become a major focus in
the beginning - but that the Thesis is a bit on the side. But we were careful to work on everything
theoretical, literature study, all writing and a clear picture of the appearance of the Thesis itself, even
though we worked towards a fully functioning system in the Systems Engineering course.”
“This is tricky. It didn’t feel like that when we realized that we wouldn'’t finish the Degree project in
time but now that everything is said and done and we finished and passed both courses | think it was
a good idea.”
“In order to manage both courses, it is good to consider both projects as separate, because the
Systems Engineering took more time to get approved and start working. This will delay the thesis.”
“Communication with your partners. Set up priority due to the different timeline. Try to finish everything
ASAP, instead of postponing it.
We have a strong motivation to finish everything, my partner need to pursue further study(master)
and | need to start working in June, so we have no choice (sadly [1). That's the driven power for us
to try to finish everything. It was a bit hard due to the COVID-19situation and also high volume, but
both the teachers from the university and the company are really helpful and understanding.”

Systems Engineering Implementation

The teaching in this course consists of lectures, laboratory exercises and mandatory project
meetings, and furthermore help sessions (informal project meetings). The course has two
parts, where part one consists of lectures and laboratory exercises. The purpose of part one
is to give the students practical experience of hardware design and manufacturing together
with a lecture series in project management.

The second part consists of mandatory project meetings and help sessions (informal project
meetings). The mandatory project meetings evenly distributed over the whole semester. The
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seven project meetings are assessed in connection with the meetings themselves, thus giving
the student instant feedback of their progress in the project. This is the main procedure for the
formative examination which is a part of this course.

The course consists of three examinations, hardware development, software development and
project management. The students can by themselves decide which grade they are aiming for,
regarding the hardware and software development examination. Together with the examining
teacher, the student group decide the hardware and software requirements for the project. The
grade is predetermined depending on the extent of the requirements. Thus, the students are
well aware from the beginning of the course how to archive the different grades.

The project management assessment is done continuously during the course run in
conjunction with the mandatory project meetings, i.e., this assessment is not predetermined (if
the agreed requirements are fulfilled) as the other two, instead it assesses the whole project
cycle.

The students conduct tin soldering, design, and prototype manufacturing of printed circuit
boards during the hardware development part of the course. The Software development part
incorporates software for several separate embedded units, where the units communicate
wirelessly. These both parts include design, implementation, test and integration of software
modules and hardware modules. The project management part embodies agile project
planning during the course, written documentation, and a final presentation of the project.

Degree Project Implementation

The course is conducted in the form of an independent project (Bachelor thesis / Degree
project). The work takes place in pairs of two students, unless there are special reasons for
doing otherwise. This includes independently planning, conducting, and reporting back an
empirical research study both in writing and orally. In connection with the Degree thesis project,
the students receive an academic supervision. The students must define the task in writing at
an early stage, conduct an analysis of the hypothesis or problem description and produce a
schedule in collaboration with the academic supervisor. The students have also a possibility
to choose to do the thesis at a company. In that case the students have also an external
supervisor. Each Degree project is assigned also an examiner at HKR.

The course coordinator coordinates the course with all involved persons: students,
supervisors, external supervisors and examiners to allow the Degree projects being carried
out successfully. The responsibilities of the course coordinator include informing students
about the policy and guidelines for the Degree projects, where they can find information about
the course, as well as organizing and implementing the activities of the course (submission
deadlines for project ideas, project plans, mid-way seminar and final presentation). The course
coordinator acts also as a supervisor and examinator. The main challenge for the course
coordinator is a communication between all partners, i.e., students and teachers. The course
coordinator discusses each project plan as well as each thesis with both the supervisor and
the examiner.

The course material consists of a document called Study guide, where students find all
important dates (deadlines), description of all roles (and responsibilities), explanation of
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course’s contents as well as guidelines to written report, presentation and opposition. To help
students, the course page consists the examples of theses from previous years.

According to the Study guide students should:

e Develop a project idea and submit it in time (with the support from course coordinator).

e Develop a project plan based on the project idea and submit in time (with the support from
supervisor).

e Discuss with the supervisor to decide how the supervision will be implemented.

o Keep regular contact with the supervisor, report the progress and discuss encountered
problems.

e Send the initial report draft (60% of the work) in good time (2-3 weeks before midway
seminar) to the supervisor for feedback/comments. Based on the recommendation from
the supervisor, upload for the midway seminar. It is also recommended to do an oral self-
evaluation based on the learning outcomes of the course.

e Discuss with the supervisor on project report outlines at early stage to make sure that the
report is well structured and organized.

o Do the self-evaluation based on the learning outcomes of the course and send the report
draft together with the evaluation to the supervisor (latest one week before the final
upload). Based on the recommendation or feedback from the supervisor, upload the final
presentation.

e Submit various reports (mid-way seminar, final presentation and opposition reports) in
time.

A self-evaluation is an important document that mainly helps students with the formality check,
if all parts of the thesis are fulfilled according to the Degree project plan, if the thesis meets all
the learning outcomes, and if it is in acceptable status and ready for presentation.

INVESTIGATION AND RESULT

In recent years, we observed that engineering students graduated but with a certain time delay.
Since we did not have many students on the program, we wondered the reason for this delay
and how can we improve it. In Sweden the students evaluate the course, but even in this
evaluation we could not find any hints for improvement.

Investigation 1: Results from both courses during last 9 years.

During 2012-2014 both courses were offered as full-time studies, where the Systems
Engineering was given before the Degree project. A reason behind that structure was that the
students could concentrate only on one course during the time. However, students could not
finish Degree project on time, mainly because 4 of 10 weeks were waiting time for an
assessment of the project plan as well as the uploading final version two weeks before the
presentation. It was not possible to go through literature study, implementation, experiment,
measurement, analysis and summarizing the theory in practice in a written report during 6 full-
time weeks. Most of the students did not catch a deadline for the first presentation.

From 2015 — the courses were run in parallel. For the Degree project, the waiting time was the
same as previously, but the students had 16 half-time weeks (=8 full-time weeks) to work on
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the thesis. We could observe, that because the examination for Systems Engineering was held
before the summer, the students put more efforts on this course and therefore more students
finished Systems Engineering course compared to the Degree project course.

During 2015—-2017 Degree project had three examinations possibilities: two before the summer
and one during the autumn. From 2018 one examination before the summer has been moved
to after the summer (to give the students the opportunity to gain access for the master’s
programme).

Figure 2 shows the number of students that passed both courses. There are three staples, the
first (blue) represents Systems Engineering course, the second (orange) and the third (grey)
represent Degree project with “Thesis - same year” (all three presentations) and “Thesis - later”
(later year presentation) respectively. There are more students that completed Systems
Engineering course. Only in 2017 all students passed both courses “on time”, i.e., in the same
year. However, these students presented the Degree projects in the last, autumn presentation.

From 2018 the students have a possibility of joining the courses. Already in 2018 most of the
students presented the thesis on time. As mentioned, three remaining students put too many
efforts on themselves and presented the theses one year after. We could observe similar
behavior of ambitious students even during the 2019 presentations. In 2020 most of the
students follow the recommendations from older students and we could see that most of them
presented the thesis on time.

Investigation 2: Survey

The survey was conducted in the Spring term 2020. All engineering students were asked for a
reflection after the presentation of the thesis. Furthermore, 8 students completed the survey.
The overall reflection on merging both courses was very positive. The students agreed that it
was a very good idea because they could concentrate on only one subject. The biggest
challenge was to complete both courses on time. It is interesting to mention that the students
agreed that if they were to repeat the courses, then they would do the same. Table 2 presents
feedback from students about benefits and drawbacks of joining the courses.
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Figure 2: Number of students that passed two courses
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Table 2. Benefits and drawbacks of joining the courses

Benefits

Drawbacks

Yes, because it's fun to really be able to immerse
yourself in one and the same area, to be able to
plan the entire semester with a purpose, and the
successes become clear.

No, because it can be too demanding, hardware
is difficult, and a lot can go wrong. In theory it is
easy, but in practice it can be tricky and
sometimes impossible - and in some cases
absolutely not as you had imagined.

The benefits we observed was that we could
spend more time thinking about the topic of the
thesis. We got a lot of insight while working on
the Hardware as much as when we were doing
literature studies. This means we became well
versed in the whole topic the limitations and
needs of our project. This is why our thesis ended
up lengthy as well because there was a lot of
insight and knowledge we learned while working
on the subject.

The drawbacks would be that if we failed one, we
would very likely fail the other. As the two projects
go hand in hand and the thesis depends on us
having two functioning devices, we were taking a
big risk. If we failed to finish the hardware it would
be impossible to progress and evaluate its
performance.

Able to focus full time on one project.
Go deeper in one subject instead of half depth on
two projects.

It was hard two divide the project in two, to
separate what belonged to the SE and what
belonged to the thesis.

For joining the courses together, we think it could
be beneficial as we believed that it could give us
more practice over multiple blades.

However, to be honest, the time that we spent on
the courses have been way much more than we
expected, sometimes, we have to study for more
than 12 hours and even study during weekends
(not kidding).

We think with the combination, we can save
some time and effort on collecting information,
carrying out the research to a deep Degree.

We believed we definitely benefit a lot from the
joint project, especially by working with the
company, the social and business experience
benefit us a lot and with the combined course, the
research can be carried much deeper and wider
in some Degree.

SUMMARY

This contribution addresses problems related to the completion of a Computer Engineering
program. Revisions of that program have been made, where this contribution in particular
focuses on a conscious synchronization of courses during the last semester. By having a
project course in parallel with the thesis, technical/practical aspects are integrated with more
scientifically oriented aspects, and where a larger project connects these aspects. The results
have shown a positive outcome in terms of number of students completing the last semester,
as well as the quality of the performance. Furthermore, a survey shows satisfaction among the
students, where the following quote gives a good summary: In the end, it was a really good
summary of all the courses [...] included in our program. You got proof that you have been
able to use the knowledge you have learned over the past 3 years - and done a big and
demanding project with it all. As we aim to push the students to conduct the courses, system
engineering and thesis, outside the university in companies, we plan to involve these
companies in future evaluations of the courses.
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SUSTAINABLE DEVELOPMENT IN CHEMICAL ENGINEERING
CURRICULUM: REVIEW AND MOVING AHEAD

Sin-Moh CHEAH
School of Chemical & Life Sciences, Singapore Polytechnic
ABSTRACT

The Diploma in Chemical Engineering (DCHE) introduced the teaching of chemical product
design into its 3-year curriculum in 2009, which prepared the foundation for the subsequent
integration of sustainable development into the curriculum. This paper presents a critical
review of the changes in education for sustainable development (ESD) for the last 10 years,
including the advent of Industry 4.0 and how it can impact ESD. The paper first outlines the
general two-prong approach in DCHE, aimed at simultaneously satisfying the needs of the
chemical processing industries for competent graduates, while at time same time made
dual-use of available curriculum hours to enable students to use knowledge in chemical
engineering to contribute to sustainable development using the CDIO Framework, with
chemical products that meets the needs of the less-privileged at the bottom of the pyramid.
The paper summarizes literature reviews of recent developments in ESD, why previous
efforts did not lead to the desired results, as well as new challenges and opportunities
afforded by Industry 4.0 technologies. The paper also discusses current view on sustainable
development using a systems perspective; whereby sustainability is viewed as a dynamic
system whose equilibrium is always disrupted. The framing on how ESD can be delivered
also shifted towards a more transformative approach, by focusing on more on empowering
the students, to prepare them in shaping their own views on the wicked nature of
sustainability issues by taking into considerations the different and often-conflicting
perspectives of various stakeholder, etc. An emerging approach in transformative learning
is based on the theme of sustainability as a discourse. The paper then shares the findings
from a recent survey of DCHE students on their learning experiences in chemical product
design which had remain unchanged since the topic was introduced into the DCHE
curriculum. The result showed that we had much to update in our approach to ESD in light
of recent changes. The paper then presents an updated thinking on how DCHE can revised
its coverage of sustainable development to move forward. The emphasis on teaching
sustainable development is now directed towards preparing the learner, by equipping them
with the knowledge, skills and attitudes that they need to negotiate and navigate the ever-
changing sustainability landscape on their own. While retaining the same two-prong
approach, the learning experiences will now be enhanced using the CDIO Framework to
include competencies in using Industry 4.0 technologies in chemical processing as well as
developing graduates with sustainable mindset who are able to contribute to sustainability
well beyond their study in DCHE.
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NOTE: Singapore Polytechnic uses the word "courses" to describe its education "programs". A
"course" in the Diploma in Chemical Engineering consists of many subjects that are termed
"modules"; which in the universities contexts are often called “courses”. A teaching academic
is known as a "lecturer", which is often referred to a as "faculty" in the universities.

Proceedings of the 17" International CDIO Conference, hosted online by Chulalongkorn University &
Rajamangala University of Technology Thanyaburi, Bangkok, Thailand, June 21-23, 2021. 179



INTRODUCTION

The Diploma in Chemical Engineering (DCHE) in Singapore Polytechnic (SP) is a 3-year
course that aims to prepare graduates for the chemical processing industries, taking up various
position as process technicians, engineering executives, technical support officers, etc. DCHE
introduced its revised curriculum redesigned using the CDIO Framework for the first time in
April 2008 and had been finetuning the course content ever since. DCHE added chemical
product design and development into its curriculum in 2009, to broaden the application of
chemical engineering principles in response to changing roles of chemical engineering in the
21%t century, and to enhance the employment prospects of its graduates (Cheah & Ng, 2010).
Recognizing the need to better prepare the students to be able to contribute positively to
sustainable development, the curriculum was revised again in 2011 to emphasize chemical
product design that focus on sustainability issues (Cheah, 2014; Yang & Cheah, 2014; Cheah,
Yang & Sale, 2012). The enhancements include the adoption of design thinking (Cheah, 2012;
Ng & Cheah, 2012) and the use of appropriate technology in students Final Year Project (Chua
& Cheah, 2013). Readers interested in the design principles and pedagogical approach are
encouraged to look at these earlier papers.

The approach taken in the abovementioned changes used a 2-prong strategy, aimed at making
“double duty of teaching time” (Crawley et al., 2007) to maximize students learning not only in
technical know-how, but also acquiring the skills needed and developing the right mindset and
attitudes — the “dual impact learning”. In short, the 2-prong strategy, designed using the CDIO
Framework, resulted in an integrated curriculum with 2 pathways, one — termed the “chemical
process pathway” that prepared students in chemical plant design and operations, and another
— termed the “chemical product pathway” in chemical product design and development. For
the latter, we introduced a project-spine in the curriculum, which consist of a basic-level design-
implement experience in Year 1, and 2 modules in Semester 1 and Semester 2 of Year 2
respectively, that focused on chemical product design and development, with flexibility of
allowing students to propose the types of project that they wanted to work on as their capstone
in Year 3. DCHE students henceforth are required to complete 2 major projects in their year 3
of study: a chemical plant design project and a capstone project (based on chemical product
design). Students learnt various chemical engineering principles that support both pathways.
Figure 1 represents our approach to Education for Sustainable Development (ESD) using a
project-spined that is sustainability-themed. And more recently, we also included the explicit
teaching of self-directed learning skills in students, with the aim of making them more
independent in their study, to prepare them to become lifelong learners (Cheah, 2019).
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Figure 1. Integrated Curriculum for Chemical Product Design via Project-spine

As shown in Figure 1, various skills are als