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Foreword

It is a pleasure to present the proceedings from the International Research Symposium on PBL (IRSPBL2020), organised
by the Aalborg UNESCO centre for PBL in Engineering Science and Sustainability. The IRSPBL has moved around the world
to Australia, the United Kingdom, Malaysia, Spain, Colombia, China, and India. Twelve years after the first symposium,
IRSPBL 2020 returned home, to be organised in conjunction with the PAN-PBL annual conference, the PBL 2020. For the
first time, Aalborg University would host an entire week dedicated to PBL, the Aalborg PBL Week 2020.

Right from the start, the aim of IRSPBL 2020 has been to share experience and research results on the transformation
in engineering and science education to be more project-organised, and problem-based learning, i.e., PBL. The IRSPBL
has created communities and networks, and the amount of best practice and research has increased enormously all
over the world. The need for change has also increased during these years, from requests for engineers and scientist
who are able to contribute to the solution to societal challenges, such as the Sustainable Development Goals. Therefore,
competencies such as collaboration and leadership have to be learned in disciplinary contexts as well as in complex
problem-solving for society.

Research has proven the value of PBL and the question is no longer if PBL works, it is now a question of which type of
PBL works for which learning outcome? The variation of PBL is crucial to look into, as projects for entrepreneurship and
innovation might need a type of organisation of the student learning process other than projects for understanding the
theoretical foundation of a discipline. There is a variation in the use and integration of digital tools for the problem-solv-
ing process and the collaborative process. There is a variation in the educational cultures and adaptiveness for co-con-
structed and student-centred learning processes.

The theme chosen for IRSPBL2020/21 is, “Educate for the future: PBL, sustainability and digitalisation”. Even though
we were aware of the importance of the theme, we were far from knowing how relevant it would become in the months
to come.

In the spring of 2020, the COVID-19 pandemic disrupted our work conditions and spaces, forced us into isolation and led
to the cancellation of several activities, which were part of our daily (and annual) routine, such as teaching and learning
activities, research, and conferences. The pandemic forced the fast creation of a “new normal” with digitalisation. For
example, teaching and learning moved into virtual spaces, online, with synchronous and asynchronous activities from
one day to another.

The IRSPBL 2020 was no exception and we have chosen to postpone the physical conference, and the entire PBL week,
to August 2021. However, the COVID-19 pandemic also brought new opportunities for society to engage and remain con-
nected. Therefore, we have organised a series of online events in the advent of PBL week 2021. We start with a kick-off
seminar, entitled “PBL in a pandemic world”, on 18 August 2020. The seminar is organised in conjunction with the PBL
2020 organising committee and the PAN-PBL society.

In autumn 2020, a series of virtual webinars under the theme “Flipped IRSPBL 2020-21: moving towards a virtual PBL
community” will take place, starting on 28 October. Here, we invite the authors to present their contributions, and the
entire society to engage in new ways and spaces to share knowledge, discuss perspectives, and reflect on how PBL can
educate for the challenges and uncertainties posed by the future.

The IRSPBL 2020 has collected 51 contributions from 26 different countries, all compiled in this book. The contributions
cover a number of relevant topics: variation and understanding of problems and projects; implementation of new meth-
ods and programs (BIM); blended PBL learning environments; generating innovative and interdisciplinary knowledge
and practice; implementation of PBL around the world; PBL, industry and entrepreneurship; development and aware-
ness of future competencies and learning spaces, and assessment and the teachers’ role.

This book represents some of the newest results from research on PBL and best practice to inspire other practitioners
to innovate their teaching and learning activities. We hope that you will find the book useful and inspirational for your
further work.

The editors:
Aida Guerra,
Juebei Chen,
Maiken Winther,
Anette Kolmos
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Tech students’ perceptions of social media’s usefulness during
PBL group work

Thomas Bjgrner
Aalborg University, Department of Architecture, Design & Media Technology, Denmark, thj@create.aau.dk

Marius Cristian Mic
Aalborg University, Denmark, mariusmic.27 @gmail.com

Abstract

This study explores tech students’ perceptions of social media’s usefulness during PBL group work. In contrast
to much of the previous work, this study is not focused on effects; instead, it is aimed at determining the
extent to which students perceived various social media platforms as useful within the context of their PBL
group work. This study is based on 15 groups (45 tech students) enrolled at Aalborg University and uses the
principles of problem-based learning. The study’s procedures included a semi- structured interview guide and
a card sorting method. All participants in this study used social media for group coordination. Messenger,
Skype, WhatsApp, Snapchat, and Facebook were all used in dynamic, changeable, and different ways within
groups for coordination. Moreover, if social media platforms were used for non-academic purposes, they
were mostly perceived as not useful and distracting. However, if the social media platforms were perceived
as useful, they tended to contain group- and project-relevant content. The various social media platforms
were perceived differently and used for different purposes throughout the PBL stages, depending on the
individuals, and their use was not persistent or variable due to positive, neutral or negative perceptions. It
can also be concluded that real-time synchronous and collaborative platforms are important for facilitating
students’ group work and projects. In addition, the students perceived that a strongly focused group with
good group dynamics benefits more from using social media than does a more unfocused group with an
excessively friendly attitude.

Keywords: Social media, PBL group work, Tech students, Card sorting, Friendship pairs.

Type of contribution: PBL research

1 Introduction

It is well-known that students use social media platforms inside and outside the university context (Lau, 2017)
and that such platforms are used inside and outside of PBL group work (Fonteijn & Dolmans, 2019; Ryberg,
2019). However, previous studies reported considerably divergent findings regarding the usefulness of social
media within the PBL group work context, including positive, neutral and negative effects (Cheston, Flickinger
& Chisolm, 2013; Lau, 2017). From a theoretical and methodological perspective, these divergent findings
regarding social media use in PBL group work, including the difficulties of evaluating the effects, are quite
interesting. Some reasons for the complexity of evaluating social media’s effects on PBL group work might be
found in the many variables present in the users, contexts, and




8" International Research Symposium on PBL (IRSPBL), Aalborg, Denmark, 18 August, 2020

technology, as well as the rather complex perceptions, behaviors, and interactions between them. In previous
studies, researchers mentioned some of the many variables’ limitations (Lau, 2017; Lou et al., 1996; Ryberg,
2019). Some variables that could be considered within the context of evaluating social media’s effects on PBL
group work include e.g.: country, the university and its location(s), students’ ages, gender, semester, cultures,
languages, student diversity, study programs, fields of study, and PBL philosophies. Furthermore, the
participants’ individual motivations, presence, mental state, expectations, social skills, social relations, and
involvement all differed in terms of learning and social media use. Given so many variables, it is very difficult
to conduct comparative studies and provide generalized findings.

This study’s background supplements the numerous previous studies aimed at investigating students’ social
media use in the PBL group work context. However, this study avoids the complex effect evaluation and
instead evaluates the complexity of students’ perceptions of various social media platforms’ usefulness to
their PBL group work. The study’s research question is “What are tech students’ perceptions of social media’s
usefulness within the PBL group work context?” In this study, tech students are defined as students enrolled
in programs within the Technical Faculty of IT and Design at Aalborg University in Denmark. Almost all study
programs at Aalborg University use the principles of the Aalborg PBL model (Barge, 2010; Kolmos, Bggelund
& Spliid, 2019). The tech students must complete group projects every semester in collaborative teams of
two to seven students. The projects are assessed and account for half of the students’ European Credit
Transfer and Accumulation System (ECTS) points. From a philosophical and sociological standpoint, Aalborg
University’s PBL method also implies that the projects are unique, address real-life problems, involve new
and complex tasks or problems, and extend beyond traditional organizations and knowledge (Barge, 2010;
Kolmos, Bggelund & Spliid, 2019).

Perceived usefulness is defined as the degree to which the students believe that utilizing social media
platforms will improve their work performance, which is similar to how Davis (1989) defined usefulness
within the technology acceptance model (TAM). The TAM approach was previously applied to confirm the
acceptance and use of various information systems, including PBL and educational contexts (Bazelais, Doleck
& Lemay; Park, 2009). Perceived usefulness is a complex construct, so it might not be possible to measure it
directly; instead, researchers must rely mainly on inference. Perceived usefulness comprises affective
(feelings), cognitive (beliefs), and behavioral (actual) actions. This is similar to how Baron and Byrne (1984)
described attitudes toward specific persons, ideas, objects, or groups.

A social media platform is defined as an interactive software platform that facilitates the creation and
exchange of user-generated content and for which users must create service-specific profiles and identities
(Kaplan & Haenlein, 2010; Obar & Wildman, 2015). Furthermore, social media platforms are characterized by
the development of online social networks by connecting a user’s profile with the profiles of other individuals
and groups (Obar & Wildman, 2015). This definition of social media encompasses a large suite of software,
including messaging, video and photo sharing (e.g., Twitter, Snapchat, Instagram, Slack, Discord, Facebook,
WhatsApp, Messenger, YouTube, Skype, and e-mails), forum, discussion board and blogging (e.g., reddit,
LinkedIn, and Facebook), and management software (e.g., Trello, Asana, Google Drive, and Overleaf). This
definition and typology is also similar to previous studies’ approaches of social media (Lau, 2017; Obar &
Wildman, 2015; Ryberg 2019).

2 Previous work

In some studies, social media platforms have been found to support interaction and synergy between
personal and collective knowledge, including content generation (Ryberg, 2019). Through this supportive
facilitation, social media platforms create new knowledge and support innovation within teams and PBL
groups (McLoughlin & Lee, 2010; Razmerita & Kirchner, 2014; Ryberg, 2019). A large number of previous
studies found that social media can support offline engagement inside and outside the university context
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and had positive effects on factors such as integration, extracurricular activities, student retention, university
communities, and student groups (Barnes, 2017; Gray, Chang & Kennedy, 2010; Heriberger & Harper 2008;
Junco, 2012). Another positive effect of social media is found within PBL resource management, which
includes storing, sharing, and annotating references, bookmarks, documents, and pictures (Bacon & Mujkic,
2016; Ryberg, 2019). Within academic and cocurricular discussions, social media has been found to have
positive effects on grades and has led to higher levels of engagement (Junco, Heiberger, & Loken,2011).

Researchers have also found that social media has negative effects, and does not facilitate offline interactions
with peers (Berger & Wild, 2016). Furthermore, studies have shown that overinvolvement or hyperbonding
through social media has adverse effects on academic performance (Al-Menayes, 2014; Junco & Cotton,
2012). Several studies’ (Ravizza, Hambrick & Fenn, 2014; Junco & Cotton, 2012; Lau, 2017) results indicated
that social media multitasking for nonacademic purposes while working correlates strongly with negative
academic performance. Studies have also highlighted that social media can have highly addictive qualities
that can result in non-productive student behaviors such as group absenteeism, sharing old exams and
summaries via social media, or off-task behavior, resulting in peer groups that disrupt learning (Fonteijn &
Dolmans, 2019). Some studies have also reported neither positive nor negative effects from social media use
for academic purposes (Lau, 2017; Sendurur, Sendurur & Yilmaz, 2015).

3  Methods

The sampling method used was convenience sampling within the target group of tech students at Aalborg
University’s Copenhagen campus. The sampling took place in two rounds: April-May 2019 and November-
December 2019. During both periods, students were close to completing their semester projects. This study
was based on 45 tech students (38 male and 7 female) enrolled in PBL groups across various bachelor’s degree
programs. The 45 tech students were sampled from 15 groups of 4-6 students. Using friendship pairs (Bjgrner,
2015a), each of the 15 groups selected three students to participate in study. The first data collection period
included two groups from the ITCOM program and three from the medialogy program. All groups comprise
fourth-semester bachelor’s degree students. During the second data collection period, we sampled 10 groups
of third- and fifth-semester bachelor’s degree students. These included 6 medialogy groups, 2 sustainable
biotechnology groups, and two manufacturing and operation engineering groups.

We provided all participants with anonymized ID numbers, and this study required no personal information.
We applied special ethical considerations for this study in accordance with the ICC/ESOMAR International
Code (ESOMAR, 2016) and used a specific checklist from the university for research-related data processing.
Legal access, permission, and consent were made. We applied very special considerations when recruiting
students for this study, such as ensuring that recruitment was not performed by a researcher whom the
students knew and that the students were not enrolled in one of the researcher’s courses. This ensured that
they were not unduly pressured to cooperate with the research request. The informed consent form included
a description of the study’s aim and instructions for completing the study. In addition, it highlighted the right
to withdraw at any time, as well as the right to refuse to answer the questions. We were very aware that
interviewing students about their social media use within a group work context might bring up sensitive topics
and potentially expose their emotions (Dickson-Swift, 2017; Lee, 1993) and PBL group work conflicts.
Therefore, we considered it rather important to create a relaxed atmosphere in which the researchers and
participants felt at ease (Lee, 1993). We ensured a high level of integrity, respect, and empathy while
remaining professional.
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3.1 Procedure

The procedure for all 15 groups of 3 students followed a semi-structured interview guide, and all interviews
were performed using the friendship pairs method (Bjgrner, 2015a). The friendship pairs method is a
variation of the in-depth interview in which two to three participants who know each other well (family
members are excluded) are interviewed together. Friendship pairs can provide advantages because they
enable participants to feel more comfortable, thus facilitating a more open, spontaneous, and deep
discussion (Bayley & Nancarrow, 1998). We used this method because it enabled participants to confer with
one another and agree or disagree.

The semi-structured interview guide was divided into themes using five overall questions: 1. What do you
consider the main strengths of the AAU PBL model? 2. What do you consider the challenges of group work?
3. How do you coordinate work in your group? What happens if not everybody is present? 4. What are the
main distractions that emerge? 5. What can you say about the use of social media in your group?

Card sorting was performed using a coordinate system. The vertical axis had extremes labeled “Not Useful”
and “Useful,” and the horizontal axis has extremes labeled “Not Distracting” and “Distracting.” The
participants were then presented with cards or Post-it notes on which the researchers had written the names
of various common social media platforms. The participants could also write their own social media
platforms. The participants were then asked to arrange the various platforms using the coordinate system.

Yohidel i

Sap

!

S

Figure 1: Example of participant arranging various social media platforms using the coordinate system

The card sorting method was used to provide more specific and in-depth interviews about social media by
going from a potentially abstract level to more specific use. Within the coordinate system, the card sorting
method was also used to identify the tech students’ perceptions of the social media platforms’ usefulness
within the context of their PBL group work. During the card-sorting session, the participants were asked to
elaborate on their card arrangements to facilitate further insightful discussion based on their thoughts.

3.2 Dataanalysis

The interviews were analyzed using traditional coding (Bjgrner, 2015b) and content analysis. The interview
data analysis followed four steps: organizing, recognizing, coding, and interpretation. The first step was to
organize and prepare the data for analysis. The interviews were transcribed verbatim, and the visual materials
(sorted cards) were catalogued. The next step was recognizing; transcripts were read several times by two
researchers to establish the concepts and themes. This second step provided a general sense of the
information and an opportunity to reflect on its overall meaning. The third step was coding, during which the
researchers organized and assigned the data to categories and subcategories. The last step was interpretation,
which included Creswell’s (2014) question “What lessons have we learned?” as well as considerations of how
students perceived the usefulness of social media within the PBL group work context
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4 Findings
4.1 General perceptions of the PBL model and group work

There were various perceptions of the Aalborg PBL model and group work. However, most participants had
positive attitudes and experiences. Some students mentioned the social and work-related aspects of the PBL
model. In addition, the PBL model was perceived as helping students both better integrate into the study
environment and prepare for future jobs in the labor market. The negative perceptions were mainly related
to the specific group work. Several students mentioned that the project work could be very mentally
demanding and time consuming and that working in a group of 4-6 people required many social skills and
competencies. The majority of students recognized some pressure from the group work project. However,
the majority also perceived this pressure as a motivation to study. It is interesting that the students were
quite aware of the project’s process and synthesis. The participants perceived pressure and an inherent
requirement to be less distracted when approaching the project’s due date. This also appeared to correlate
with their social media use.

The distractions from social media go along with the project process. We tend to be much more
distracted in the beginning—for example, when finding our problem—and when doing state-of-the-
art research. We are more focused closer to deadline... | guess this also has something to do with the
group’s culture and what is expected and accepted. (ID34, Group 12)....Yes, which actually also caused
some major conflict in our groups regarding how much we use social media and become distracted
from the real project work, especially toward the end. (ID36, Group 13)

In general, the students perceived considerable distractions from social media, and they wasted a great deal
of time, but it is also interesting that this was considered part of group conflict and work culture management,
as expressed by ID34 and ID36. It is also interesting that almost all groups mentioned the correlation of useful
and non-distracting social media use with the importance of having a strongly focused group, strong
leadership, and good group dynamics. In contrast, most groups also mentioned examples of and experiences
with unfocused groups with excessively friendly attitudes, which led to more distracting use ofsocial media.

When we don’t have such a leader, people are pretty passive... (ID3, Group 1)
Due to good group culture...when we get together, we are also more focused. (ID5 group 2)

Someone in the group needs to set the standard and be the group leader. If this fails, we spend more
time on playing games and other things we actually shouldn’t do when getting together for group
work. (ID22, Group 8)...Yes, | have tried this previously. The problem is also if the group’s attitude is
too friendly. We should, in general, be more focused when we are here and watch stupid videos or
get on Steam when we are at home. (ID24, Group 8)

If we spend less time on crap on social media here in the group room, we can avoid stress in the end.
We could actually also go home earlier and get more leisure time....I don’t know why we always end
up spending so much time on Facebook and especially games. (ID37, Group 13)

4.2 Social media’s perceived usefulness

Based on the card sorting activity (Table 2), the participants arranged various social media platforms using
the coordinate system. The numbers indicate how many individual students selected the specific card, and
the bubbles’ sizes represent these numbers. Students could choose to place the same social media platform
in multiple locations using the coordinate system. The placement of the given platforms is a
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synthesis of their general placement, which ranged from highly useful to not useful at all on the horizontal
axis and from very distracting to not at all distracting on the vertical axis.

Google drive,

35 Mess-

enger,
10

Whats
-app,
’ 8
6
Face- Snap-
book, chat,9
6
Not

) . Distracting
distracting @

Facebook,
Mess- 30
enger,
® :
ee Instagram,
29

Overleaf, 30

Not useful

Figure 2: Aggregated social media positions within the coordinate system; n=45.

Most students positioned Google Drive (35 students) and Overleaf (30 students) in the upper left corner
because they considered these platforms both useful and not distracting. In the interviews, students
perceived these platforms as quite productive when used for group work. Google Drive and Overleaf might
not be perceived as the most common or typical social media platforms, but they are interactive software
platforms with specific associated profiles that enable students to create and exchange user-generated
project content. The participants elaborated that they use Google Drive and Overleaf to leave comments for
other group members and share documents, and that these platforms are not distracting because they
involve only project-relevant content.

| think Overleaf is good for giving feedback to each other, to see if something is missing or a
reference...then you can leave a comment. (ID5, Group 2)

Google Drive and Overleaf are good and not distracting, as they only cover project-relevant things.
(ID16, Group 6)

We use Google Drive not only as shared storage space for our various files and work-in-progress
papers, but also to produce, use, and comment on files simultaneously (ID29, Group 10).... In group
work, it is pretty smart to access files, write in them, and comment on them at same time. (ID30,
Group 10)

Google Drive was perceived more useful than Overleaf. Google Drive offers different features for internal
collaboration and is perceived as a good shared folder manager, whereas Overleaf is perceived as a “Power
tool that makes the project possible, enables us to print the project” (ID3, Group 1), and “helps us get a
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good overview of the project” (ID5, Group 2). It is also interesting that Skype, similar to Google Drive and
Overleaf, is perceived as useful and not distracting. Skype is used when holding meetings and coordinating
to include students who cannot be physically present. It is also used to share links.

Skype is very useful if you’re sick and have to be at the group meeting. (ID6, Group 2)

We use Skype during our group meetings to share and send links, including Google docs links. It’s
faster than e-mail, and everybody in the group can follow instantly. (ID17, Group 6)

However, some students perceived Overleaf as a bit more difficult to use, less user friendly, and requiring a
“programmer’s brain” (ID14, Group 5). Some students mentioned that they lacked technical support and
better overviews of social media platforms for managing their project work, as well as common standards for
project writing, on the platforms they used.

I know that some groups are using Asana as a project management tool, and they have spoken about
it very positively. | don’t know the details, but in general, we lack a better overview and sometimes
also help using Overleaf. (ID33, Group 11)

We are left a bit alone regarding how to use social media platforms in a good, academic way. The
supervisors must have some experience from their own projects. (ID22, Group 8)

Thirty students perceived and positioned Facebook as both distracting and not useful. However, they
provided mixed elaborations on this position. Seven students considered Facebook useful and distracting,
but 6 students labeled it useful and not distracting. Facebook was perceived as the primary group
coordination platform by 10 out of 15 groups. There seemed to be some omnipresent coordination habits
regarding the use of Facebook, and there were both positive and negative perceptions of Facebook use within
the group work context.

Facebook, for us, is used for messaging...it could be substituted, and we could use Slack instead... but
because of the network effect, | signed up for Facebook. (ID3, Group 1)

Even though Facebook was the most used platform for group coordination, the participants were also very
conscious of the distractions that Facebook might cause because it contains a great deal of non-project-
specific content. One participant (ID3, Group 1) had a browser extension that blocked Facebook from his PC.
Another regarded Facebook as “an awful time killer that I'm addicted to” (ID1, Group 1).

Facebook works because everybody uses it. (ID40, Group 14)

There are also events at Aalborg University that posted on Facebook. It is the main source for these
events. (ID4, Group 2)

The university also uses Facebook for communication. It is distracting because the content is not
group- and project-relevant. However, the content is also useful. There is also student-relevant
information on Facebook, but of course, there is also lots of other very useless content.... Maybe the
university should use Moodle or other channels for communication. (ID26, Group 9)

All 15 groups used social media for group coordination. Messenger, WhatsApp, Snapchat, and Facebook were
used in very dynamic and different ways within the groups. All social media platforms were perceived as
useful if they contained group- and project-relevant content. However, if the content lay outside the
academic context, it was perceived as not useful and distracting. Some students perceived Snapchat as a
useful platform for quick communication management and sending reminders to other members.
Interestingly, Snapchat was used in some groups to emotionally support group members using emotional
snaps. Twitter in general was perceived only as a distracting platform that was not useful, even though
Twitter could be used for group coordination and communication like Messenger, WhatsApp, Snapchat, and
Facebook. However, among this study’s participants, very few used Twitter for academic or group
management purposes. Discord, Steam, and Instagram were also perceived as not useful and distracting,
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and several participants used the same wording as “there is no project-relevant use” (ID13, ID14, Group 5;
ID22, Group 8; ID33, Group 11).

YouTube, like Facebook and Messenger, was perceived differently among the students. Nine students
perceived YouTube as useful and distracting, and five students perceived it as useful and not distracting.

YouTube is actually a very good platform for ideas, especially for how to do things with statistics,
programming, rendering videos, etc. (ID25, Group 9)...True, and it is sometimes also used for TED talks
and other relevant stuff. (ID26, Group 9)

YouTube can be good for ideas and introducing some content, but there are also lots of irrelevant
videos, which makes YouTube rather distracting as well. (ID41, Group 14)

Some students used Spotify to focus on work and used headphones to avoid disturbing other group members.
However, students also stated that loud volume could sometimes affect others’ work performance. Students
could choose pre-determined cards and write their own. Steam, Discord, Trello, Slack, and Spotify were listed
by the participants. However, it is interesting that others, such as Moodle and Dropbox, were absent.

5 Conclusion

Previous studies identified the benefits of social media within the PBL group work context, the strongest of
which include the following: a better perception of group work, support for offline engagement, interaction
support, group synergy and content generation support, improved knowledge exchange, and group and
resource management facilitation. However, social media platforms were also reported to have negative
consequences such as distraction, negative group performance, non-productive student behavior, obsession
over one’s self image, and negative correlation with academic performance.

All participants in this study used social media platforms for group coordination. Messenger, Skype,
WhatsApp, Snapchat, and Facebook were all used in rather dynamic, changeable, and different ways within
the groups. As in other studies (Ravizza, Hambrick & Fenn, 2014; Junco & Cotton, 2012; Lau, 2017), we found
that if a social media platform was used for non-academic purposes and contains non-project- relevant
content, it was perceived as not useful and distracting. However, social media platforms were perceived as
useful if they contained group- and project-relevant content. We also found that the students perceived that
having a strongly focused group with good group dynamics led to more benefits from using social media than
did a more unfocused group with an excessively friendly attitude.

Based on this study’s results, various social media platforms are perceived to have different purposes at
different PBL stages, depending on individual use, and their use was not persistent or variable due to positive,
neutral or negative perceptions. In addition, real-time synchronous and collaborative platforms are
important to supporting students’ group work and project facilitation. Google Drive, Overleaf, and Skype are
perceived as useful and not distracting. They are part of the PBL learning synthesis process and function
mainly as project writing and management platforms.

The findings from this study can serve as a reminder that today’s students have grown up with social media
multitasking. With a balanced facilitation, social media within PBL group work can be adopted to improve
group collaboration. Furthermore, our findings also highlight that social media can be used to motivate
students to learn and reinforce project materials, including literature and selected content for student
supervision. However, for both ethical and didactic reasons, differentiated access is needed, separating
students’ internal communication and work and the academic teachers’ access for e.g. student supervision.

In this study, we find the structured qualitative card sorting is a good method for encouraging participants to
talk about the rather abstract topic of the usefulness of social media within the context of their PBL
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group work. However, we recognize a limitation of this study is based on our only qualitative approach with
participants enrolled in few bachelor’s programs. In future studies, researchers can use the card sorting
method with more participants for a longer period of time. To increase the validity and provide a more
comprehensive data foundation, this study can be supplemented with a quantitative approach to gain
knowledge of what and how many types of social media each student has used, as well as their social media
time spent within specific PBL tasks. Observations of the actual social media usage during group work may
also be of interest. However, within the observational approach there is some additional ethical concerns
and potential participant bias that would need to be addressed.
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Abstract

The importance of problem-based learning and project-based learning (both abbreviated to PBL) which tackle
complicated problems is perceived in engineering education and in addressing the Sustainable Development
Goals (SDGs). Kanazawa Institute of Technology (KIT) applies PBL to its design and engineering program as
Project Design (PD) Program to grow up independently minded, actively engaged engineers. Although many
universities perform PBL in regular curriculum education, PBL contents depend on the teachers’ know-how
or their individual guidance.

To advance an educational reform, introduction of the online education system is promoted. In recent years,
the classes based on lectures can be taken on-line. MOOC (Massive Open Online Courses) has spread all over
the world. More than ten million learners use Cousera® or edX®. Other than MOOC, the flipped learning with
e-learning or e-Syllabus is carried out widely using PC. Furthermore, the trial which uses Al (Artificial
Intelligence) and Chatbot for education is studied.

How can the combination of PBL and digitalization realize the online PBL education? Based on the rich
instructional materials, students’ deliverables and questionnaire results of KIT PBL courses, the authors are
investigating the online PBL education system which uses Al instead of teachers’ direct instruction. At first
the system survey focused on digitalized design platform which students can use together to design online.
There are several web-based design platforms available. These tools may be useful when the design objects
are clear. However, we have noticed that more common communication tools are effective for our PD
Program. There are many free communication and collaboration tools: students use SNS more than e-mail.
We propose the on-line PBL education system using Slack and Chatbots. Since the system is still a
development phase, we introduce the outline and feature.

Keywords: PBL, Al (Artificial Intelligence), Online education, Text mining, Chatbot

Type of contribution: Best PBL Practice
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1 Introduction

The effectiveness of problem-based learning and project-based learning (both abbreviated to PBL) has been
accepted widely. PBL is the learner centred instructional method in which students work in collaborative
groups to identify what they need to learn (Hmelo-Silver et al., 2012). The teacher acts to facilitate the
learning process rather than to provide knowledge. Aalborg University in Denmark implements PBL as the
basic educational methodology throughout its engineering program (Fink, 1999). Worcester Polytechnic
Institute in USA put project courses in curriculum (Tohoku University, 2017). PBL is one of the key
components to guarantee the quality of engineering design education and to satisfy ABET (Accreditation
Board for Engineering and Technology) criteria set for the engineering education curriculum. ABET and JABEE
(Japan Accreditation Board for Engineering Education) define engineering design as the process of devising a
system, component, or the process to meet desired needs (ABET, 2020). CDIO also sets standards for
engineering education which includes design-implement experiences and active learning (CDIO, 2010).

Japan’s Ministry of Education, Culture, Sports, Science and Technology (MEXT) focuses on developing
students’ active learning ability to adjust oneself to changes proactively, explore a future goal of one’s own,
and evaluate that goal flexibly and generally from a broad perspective (MEXT, 2013). The education which
develops the competence to practice and apply the studied knowledge and skill is required. It is important to
bring up the ability to tackle problem detection and solution.

Not only the contents but also the education / learning methods are changing with progress in Information
and Communication Technology (ICT). Bill Gates said” Five years from now on the Web for free you’ll be able
to find the best lectures in the world. It will be better than any single university.” at the Techonomy
conference in Lake Tahoe, CA in 2010. In recent years, the classes based on lectures can be taken on-line.
MOOC (Massive Open Online Courses) has spread all over the world. More than ten million learners use
Cousera® or edX®. Although there are still many universities which give lectures in the old fashion class rooms,
students' attitudes have also been changing. Mark Prensky describes “Our students have changed radically.
Today’s students are no longer the people our educational system was designed to teach (Prensky, 2001,
2010).”

Aiming at loT application and realization of Society5.0, MEXT and the Ministry of Economy, Trade and
Industry (METI) in Japan are advancing the measure for Active Learning and EdTech (coined word; Education
x Technology). The Education Reform Committee of MEXT considered the innovation of the education
corresponding to progress of technology and the high school reform corresponding to a new era. The
Committee has proposed the following to the Cabinet; aiming at collaboration learning corresponding to
every person's ability and aptitude, empirical study about effective utilization of the technology like EdTech
is needed by collaboration of the school, corporations (Kyouikusaisei, 2019).

There are several web-based design platforms available. At the 7th International Research Symposium on
PBL (IRSPBL) in 2018, two papers were published on using the professional platform widely used in industry
(Sorensen et al., 2018), (Rodriguez-Mesa et al., 2018). Using the professional platform may be useful for
getting used to the tool which the students will use at work in the future. However, we have noticed that
more common communication tools are effective. There are many free communication and collaboration
tools.

Practical use of Al is raised as another side of progress of digitization. Al is already familiar as not only games
but speech recognition and text input assistance. There is education software which Al understands a user's
character and study results, and proposes the study method. The application of data mining or text mining
has been reported in education fields (Agrawal et al., 2013), (Ito et al., 2018).

What kind of composition and tools are required to realize online PBL education taking advantage of the
merit of digitalization? Digitalization differs from digitization: digitization just means analogue-to-digital
conversion while digitalization means transforming the system using digital technologies. The goal of this
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paper is to propose the digitalization tools which realize the online PBL education system using Al instead of
teachers’ direct instruction. Our proposing system is based on our education experience and the literature
review. Although most of the literatures extracted by the key word “PBL + Al” are about PBL for learning Al,
the application of the Al to education has been studied for many years: Japanese Society for Artificial
Intelligence published the special issue on “Collaborative Learning and Al” in 2008 (Japanese Society for
Artificial Intelligence, 2008). As the application of Al developed greatly in recent years, we have reviewed
many articles including commercial use. The proposed system is under construction which uses chatbots and
text mining tool as the Al engine. Students access to Slack and work on the project team channel. The Al
engine acts as the chatbots using the course materials and know-howdatabase.

The rest of the paper is organized as follows. Section 2 elaborates on the background for the proposal,
specifically focusing on PBL programs and pedagogical system in KIT. We also review trends of application of
Al to education fields. Section 3 proposes on-line PBL education system which uses Al. Some of the system
components will be introduced. Section 4 presents trial results of the text mining tool and Slack Apps. Finally,
section 5 summarizes conclusion.

2 Background
2.1 PBLProgram inKIT

Kanazawa Institute of Technology (KIT) sets PBL as the backbone of the curriculum and names it Project
Design Program (PD), which consists of 5 compulsory courses as shown in Table 1. These courses are held in
12 departments in all four colleges: College of Engineering, College of Informatics and Human
Communication, College of Architecture, and College of Bioscience and Chemistry (Ito et al., 2015), (Ito et al.,
2016). The focus of this program is the use of the design process to solve the problems, and at the same time,
to enhance students’ innovation skills rather than specific engineering theories. Each project team in each
PD course consist of four to six students and sets up their own project theme. That means more than 250
projects are set up in each PD course every year.

Table 1: Project Design Program Courses and Main Contents.

Grade Freshman Sophomore Senior
Course PD Introduction PD 1 PD 2 PDIO PD3
Mai E i t Verificati
ain Xperimen Idea creation: Idea into shape en I.ca on Graduation thesis
Contents methods experiments

The PD program also pays attention to “Ba”, a Japanese term for “a shared space for emerging relationships”
(Nonaka et al., 1998), (Nonaka et al., 2000). “Ba” can be a physical meeting space, a virtual internet space, or
a shared experience space. Individual and/or collective knowledge can be created through the spiral process
of interactions. KIT has 24-hour available study rooms, team work spaces and facilities for designing and
producing models/ prototypes.

2.2 e-Syllabus System inKIT

Each university shows its students the syllabus which shows the contents of learning of each course. Many
syllabuses show what kind of contents students study by the class of each week. However, they are only
shown at the time of course introduction or the first classes.
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Our university launched the e-Syllabus in 2016 (KIT, 2020). The teachers who take charge of their coursework
are utilizing the e-Syllabus as one of communication tools with students and as the system which is useful for
students' active learning.

The example of an e-Syllabus image is shown in Figure 1. E-Syllabus displays the contents of learning of weekly
classes with the guide of learning targets, scholastic evaluation method, and preferred achievement, etc. The
teacher in charge can upload handouts or visual contents, and carry out tests and questionnaires in the
contents area of weekly learning. Moodle (Modular Object-Oriented Dynamic Learning Environment) is widely
used as Learning Management System (LMS) in e-learning. Video streaming is also used as one of the learning
contents in e-learning. E-Syllabus can also carry out links with these contents.

Teachers can browse not only the e-Syllabuses of their own classes but also those of other classes. Teachers
can share the each other's contents of classes and the operation method through e-Syllabuses. E-Syllabus is
a powerful tool when carrying out flipped learning and active learning. The teacher uploads preparation
teaching materials and movies before the class, and gives assignments. Students prepare their lessons by e-
Syllabus, and participate in the class. The teacher does the quiz which confirms preparation results, receives
questions from students or guides discussion by students in school hours. He can carry out quiz and
guestionnaires by e-Syllabus in school hours, and can confirm degree of comprehension on the scene. The
usage of e-Syllabus can be measured by access log. Authors reported that the e-Syllabus is one of
communication tools with students and is useful for students' active learning (Ito et al., 2019).
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Figure 1: Example of e-Syllabus

2.3 Al System in Education

Al (Artificial intelligence) has accomplished remarkable development and attracts attention. Application of
Al to education fields is also progressing. A popular commercialized Al application in education is an
intelligent tutoring system that analyse students’ responses to specific questions and changes learning
contents based on the answers. For example, Media5 corporation provides learning materials for high school
students which use Al to support best learning methods for each student (Media5, 2020). Students answer
some questions before learning video materials, and Al navigates best learning methods to improve their
learning scores.
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Branislav Srdanovic wrote on eLearning Industry in 2017 that Al is quickly changing education and eLearning
and chatbots are becoming incredibly useful learning tools (Srdanovic, 2017). He listed the three most
important ways how Al and chatbots can improve education: essay scoring, spaced interval learning and
student feedback, and professor assessment.

Robin Singh wrote an article on Chatbots Magazine in 2018 (Singh, 2018). In the article he pointed that
chatbots with Al technology can be used to teach the students by turning a lecture in a series of messages to
make it look like a standardized chat conversation. The bot may repeatedly assess the level of understanding
of the student and present the next part of the lecture accordingly. He pointed out 7 ways in which artificial
intelligence and chatbots are influencing the education: Learning through chatbots, Enhanced student
engagement, Smart feedbacks, Efficient teaching assistants, Instant help to students, Better student support
and Up-to-date information for the institutions.

Areeba Khan announced Chatbot makers utilize artificial intelligence and the latest conversational design to
create bots that can communicate with students as well as teach them (Khan, 2019).

Asha Pandey mentioned more applications of Al for learning in 2020 (Pandey, 2020). The use of Al in learner
analytics is being leveraged to offer highly custom learning pathways for the learners. Based on the data of
their content consumption pattern, further recommendations can be made.

KIT uses IBM Al platform Watson to realize Cognitive Campus referred as “KIT COG”; Watson searches over
one million items in the archival records of KIT graduates to select a student with a similar academic
background and give appropriate advice to the student based on the data taken from the record. KIT has
accumulated students’ study outcomes and portfolio data using e-Syllabus for many years. Learning portfolio
data of 7,000 students accumulate every year. Based on these data, Watson APl can perform personality
diagnosis of students and teachers instruct students using their data (IBM, 2017).

3 On-line PBL Education System

Based on the background survey, we propose the on-line PBL education system which combines PBL and
digitalized learning. Taking advantage of the rich instructional materials, students’ deliverables and
questionnaire results of KIT PBL courses, the authors are investigating the online PBL education system
which uses Al instead of instructors. There are many subjects to be solved in the systems configuration: how
to prepare teaching materials, teacher know-how, and an ICT system and how to utilize Al in the system. In
usual lessons based on lectures, the video contents of lessons are distributed to students by Web server.
However, in PBL education, the role of the teacher as a facilitator is important and the bidirectional
communication between the teacher and students is needed. Completely different approach from having
a class on-line in lecture form is required for on-line PBL.

The composition of the education system under plan is shown in Figure 2. Students access to the digital
platform and work on the project team database. The Al engine acts as the facilitator on each project using
the course materials and know-how database. Text mining and chatbots serve as main components of Al
engine. Some components are already prepared and there are some programs and linkages under
investigation.
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Figure 2: Composition of the on-line PBL education system

3.1 Digital Platform

As for the digital platform, we considered a commercial design platform like Dassault Systems’ ILICE™ at first.
The professional platform is widely used in industry and it may be good for engineering students to be
accustomed with the platform. The pilot studies of using these platforms were reported in 2018 (Sorensen, ,
2018), (Rodriguez-Mesa, 2018). However, from carrying out 250 or more projects in each term, we thought
that the platform to which a student is more used is better. Projects of freshmen and sophomores are not
necessarily engineering or designing mechanical things. They do not need to use the professional design tools
in their projects.

We considered using the e-Syllabus system as a next candidate. As mentioned in 2.2, teachers and students
use it as one of communication tools. Some teachers make students register the results of team activities
into the e-Syllabus system, and comment on the result. However, it is the complicated system to make a pilot
user interface and an application on it.

We decided to try the chat system Slack (Slack, 2020). Slack is excellent in a user interface, and integration
with other services is easy. It can be easily accessed from the e-Syllabus. Use of Slack has spread not only
among companies but among students because of its ease of use and basically free of charge. A “Channel”
can be set up for each project and project members communicate and work in the channel. All of the
conversation and produced data are recorded as a searchable team data.

3.2 Course Materials and Know-how DB

More than 6,500 reports are stored in the web server as the students output of the four Project Design
Program courses from 2012 to 2018: about 1,500 PD Introduction experiment reports, 1,700 PD1 design
reports, 2,000 PD2 implementation documents and 1,400 PDIO project repots. The themes of projects are
various from an airplane or a car even to sightseeing and food. Keywords are extracted from each report by
text mining, and they are given to the report as index. There is also the database which teachers prepared
the principles and laws of physics and chemistry. Teachers’ instruction materials including PowerPoint class
slides are also on the e-Syllabus and the web server. These data can be saved as course materials and used
as the know-how database.

3.3 Al Engine

The Al engine facilitates project activities instead of teachers or helping teachers. It analyses course materials
and know-how data using text mining. It also analyses the ongoing project data in the team
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database. Matching these data, the Al engine recommends the course materials and references to the
project.

Chatbots are used to answer questions from the students, monitor their activities on the project and give
them feedbacks. Chatbots behave like teachers who take charge of the projects.

4 Findings and Discussion

Although the proposed on-line PBL education system is still in preparation for construction, there are some
achievements of the system components. We introduce some of the result: text mining analysis of the PBL
class questionnaire, and the example of application of Slack in extracurricular project activities.

4.1 Text Mining

Text mining has been hard to use for many teachers. However, there are some commercial based text mining
tools available that can be used to analyse voices of customers from surveys or social media. We have used
Mieruka-Engine™ for analysing the free descriptive answers of students who took PD courses. Mieruka-
Engine™ claims as No.1 text mining tool in Japan (Mieruka-Engine™ is a registered trademark of Plus Alpha
Consulting Co., Ltd.) (Plus Alpha Consulting Co.,Ltd., 2020). Word frequency is automatically calculated and
the word mapping shows the relationship between words visually. The size of the word circle represents the
word frequency. The relationships between words are shown as connecting lines. We can compare the word
frequency or word mapping using categories like departments or project themes. We can save the word
frequency results in Excel format.

The example which analysed the questionnaire of PD Introduction class by text mining is shown in Figure 3.
Extracted top ten word counts and word mapping are shown. The words of “team” “cooperate” and “ability”
are top three words which share 13.8%, 10.1%, and 9.8% respectively. Word mapping shows a close
connection of “team” and “cooperate.” The mapping also shows that “team” is connected with “assighment.”
“ability” is connected with “report”, “communication” and “presentation.” From the results of text mining,
the relationship between “communication”, “teamwork” and “team assessments” is verified. The word

mapping shows that students felt the importance of reporting, communication and presentationskills.

The example results show PD courses are useful for acquisition of special capabilities and basic abilities to
work in society.

250
iy WORL  ETE
200 .t .
survey ¥ iterature
‘g 150 | 5z
=
O 100 | -
B\ esenigns LidiE) *b
' presentation | B 1/ o=
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R report ; 9 b =7 moiu
A - LU TR .
ability .
= A\ ] e Team &  experiment
8 communication g W next W
sef | W BHTE WATE
R u AL
Word

Figure 3: Example of text mining results; word count and word mapping of PD Intro
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4.2  Chatbots and Applications

Chatbots can be used as the virtual facilitators. Using Slack as the digital platform, chatbots can be easily
integrated on the platform. Slack calls chatbots a Slack App and handles as one of regular applications. “PBL
teacher” chatbot is under preparation in order to reply to students’ questions instead of teachers. It will
extract keywords in the questions and find related materials which best match the keywords from the
database. One example question is, “How can we make a poster of our project?”. The chatbot answers “You
can find a template and a sample poster in this link ...” The chatbot may recommends “You can find some
posters relevant to your project here ...” Such a program will reduce teachers’ support work and students can
learn with the chatbot.

Slack also has the linkage with Trello which is the project management tool. Project members can share to-
do list and the schedule.

Although the on-line PBL education system is still a development phase, the students of the extra-curricular
smart city project used Slack and Trello as the communication and project management tool. Since the
students are accustomed with SNS, they used the tool comfortably and carried out the project even if they
worked in separate place. Because the program has not been made yet, the human teacher acted as “PBL
teacher” chatbot and facilitated the project. Once the program of “PBL teacher” is completed, it will be useful
as a facilitator of project activities.

It may be hard to construct “PBL teacher” combining Mieruka-Engine™ and Slack. We are planning to make
the application using TF-IDF (Term Frequency, Inverse Document Frequency) which extract keywords from
students’ exchange on Slack and make suggestions to promote their projects. TF-IDF is one of the algorithm
to find the most important words in a text document (Loria, 2013). PBL principles will be covered by “PBL
teacher”.

5 Conclusions

Progress of digitization and development of ICT are changing education. We propose the on-line PBL
education system, which consists of the digital platform, the team database, the Al engine, the course
materials and know-how database. Text mining and chatbots serve as main components of Al engine. The
system is still a development phase. However, some components are already prepared and some
achievements of the components are shown.

In PBL, the platform as the place of students' communication is required. Students get used and are familiar
with communication by SNS. As projects of Project Design Program Courses of KIT for freshmen and
sophomores are various not only in the engineering field, the on-line PBL education system using Slack and
chatbots is proposed instead of web-based design platforms. Chatbots can act as the facilitators. The students
of the extra-curricular smart city project used Slack and Trello as the communication and project
management tool.

The example of text mining usage is also shown. Combining these usages with chatbots based on course
materials and know-how database can be the on-line PBL education system.

Digitalization of the place of students' communication and teachers’ know-how can realize the online PBL
education. Furthermore, many works are required including the valuation method of project activities
besides chatbots program creation.
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Abstract

The increasing quest for tertiary education in Ghana has assumed an overwhelming magnitude in recent
time, mounting pressure on public university management to increase enrolment. Kwame Nkrumah
University of Science and Technology (KNUST), one of the highest ranked public university in Ghana and
West-Africa has been injecting resources to expand facilities to cater for the increasing student enrolment.
Various departments have had a quadrupling of student population, overstretching learning facilities.
Departments that run practical-based programmes in studio or laboratory environments are challenged
with the appropriation of best systems that can aid teaching and learning without splitting classes into
groups that negatively affect skill acquisition. In the Department of Fisheries and Watershed Management,
the system of e-learning has been adopted to blend the face-to-face traditional system of teaching and
learning. The impact of this blended approach on the smooth running of its programmes is what is being
shared in this presentation. This paper focuses on the digitisation of video materials on field practical
activities, documentation of relevant literature, the design of strategies adopted for the creation of the e-
learning site and the impact of this approach on students in developing skills for problemsolving.

Keywords: Increasing Student Enrolment; Practical-based Programmes; E-learning; Blended approach;
Digitisation of Video Materials

Type of contribution: PBL Practice
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1 Introduction

Most educational institutions in developing countries that run distance educational programmes relate
more with theory-based courses whose learning materials are easy to package and deliver on online
platforms. The print technology has been the predominant mode for delivering instructional and learning
materials of such theory-based courses to learners. Since this technology has a limitation on the capacity to
deliver practical skills effectively to the learner, it has been very challenging for institutions whose courses
are predominantly studio, laboratory or field practical based, to incorporate audio- visuals of their practical
activities to facilitate problem-based learning on online platforms. This was the motivation of the authors of
this paper who are members of the local task force in the Erasmus+ (EEISHEA) Project in Ghana, trained in
the areas of e-learning and sustainability.

This paper discusses the schemes adopted for bringing field practical activities of the Department of
Fisheries and Watershed Management into the classroom space to reduce the rate of field trips as well as
the turn-around time for students to acquire practical skills, and the impact of this system on the student’s
problem-based learning activities. Adobe Dreamweaver CS6, an Integrated Development Environment (IDE)
software and TechSmith Camtasia Studio version 2018 were used for this project.

Adobe Dreamweaver CS6 is a software with excellent tools for web designing and multimedia content
material development. It provides tools that enable web designers to develop simple interactive e- learning
sites that can deliver all the major learning elements, which are sound, video, text and still pictures from a
single interface. This project was made possible with the use of Frameset system and two language systems;
Hyper Text Mark-up Language (HTML) (Domantas, 2019 a) and JavaScript programming language
(Domantas, 2019 b).

Camtasia Studio is an excellent software for creating and editing videos for educational purposes because it
offers tools for incorporating annotated documents to facilitate Distance Learning on the Web platform.
The videos from Camtasia display with crystal-clear effect at any screen size on Web pages, blogs, CDs, or
portable devices like the iPod. It also offers tools for computer screen recordings that can capture cursor
movements, menu selections, pop-up and typing, and any other action seen on the screen. In addition to
screen recording, Camtasia recorder allows the user to draw on the screen and add effects while recording
(KSU, 2017). This is the justification for choosing Camtasia for this project against all the other available
video creating software.

2 Methodology
21 Adobe Dreamweaver CS6Capabilities

The framesets system in Dreamweaver was used for this project because there was the need to display
multiple views in the same interface so that some views will be made static whilst others will scroll
independently from the others or the content replaced without affecting the entire window. For example,
within the same window, a frame can be inserted at the header to display a static banner, one at the left or
right to serve as the navigation frame and a large area to represent the main content frame that can be
scrolled through (fig 1, examples 1 and 2). Developing a website with framesets not only make website well
organised but allows users to access the information more easily (O’Leary, 2000).

22 Techsmith Camtasia Studio Version2018

Edited videos were rendered in MP4 Smart player ‘HTML5’ format for easy accessibility on smart phones
aside the normal web browsers. Camtasia attaches to each MP4 video file, Cascading style sheet
document, an Extensible Mark-up Language (XML) Document and JavaScript to control the behaviour of the
video in the web browser.
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Example 1
Banner Frame
Navigation
Frame Main Content Frame
Example 2
Banner Frame
Navigation Right
Frame Sidebar

Main Content Frame

Figure 1: Frame Layout

23 Impacton Students Problem-based Learning Activities

A focus group discussion was conducted by the authors to solicit the views of students on this approach
to learning. Twelve students representing thirty percent (30%) of the entire class participated in the
discussion.

3 Results and Discussion

24 The Sitelnterface

Four frames characterised the interface of the site. The Banner frame, Navigation frame, Main content
frame and the Instructors frame. The banner frame and Instructors frame were static, whilst the navigation
and the main content frame were scrollable.
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Figure 2: Site Interface
Source: https://webapps.knust.edu.gh/Imat/FRNR Lmat/FRNR index.html

The ‘banner frame’ displays the identity of the institution. The ‘Instructors frame’ displays the identity of
the course instructor. The ‘main content frame’ loads the learning materials. The ‘navigation frame’ displays
a search engine that enables students to search from the database, topics on the subject of study by typing
in any keyword associated with the topic. The Hyper Text Mark-up Language was used to format the banner,
instructor and the content frames. However, search engine in the ‘navigation frame” was programmed with
JavaScript language, based on Adobe JS CDATA System.

25 Streaming ofVideo Materials

When the link to a video supporting any learning material is clicked in the content frame, that accompanying
video is loaded into a window (fig 3) to stream alongside the main interface. This action is powered by a
simple Hyper Text Mark-up Language script.
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e GMS Video Production - Internet Explorer
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Figure 3: Window displaying Video on production of Feed Pellets

26 The Search Engine Functionality

When any Keyword(s) relating to topics in "Fisheries and Watershed Management Course" including the
Course Code "Number" is/are typed in the search text box in the navigation frame, the system will filter
from the database, only reports that capture the keyword. When the Course Code ‘353’, ‘354’, 381’ or
‘382’ is entered in the search engine, it will filter all related topics in the database.

It is not automatic that any word keyed in the search engine box will filter a topic. "Topics" of
notes that contain the searched word(s) will populate below the search text box. The topics that are most
likely to contain the keyword required will populate at the top of the list. To display the notes in the
content frame, the user has to click the "topic" in the search results. The link to stream the video material
supporting the literature is pinned to the bottom section of the notes.

Guiding Principles on Keywords

e If one types more than one word separated by spaces, the search engine will populate topics that
contain the words typed. For example, if one types "fish net," the search engine will populate all
topics containing both "fish" and "net".

e The Search engine does not do word-stemming. For example, if you search for "fish" the search will
not match "fishing" or "fishers".

e Matches are not case-sensitive; so "Water" is the same as "water"

e Topics that include matches in their titles are ranked higher in the search results. The number of
matches in a topic also affects its rank.
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e The Search engine ignores all punctuation characters except periods within wordsand
underscores.

Short and Common words

The Search engine filters and ignores very common words you type in the Search text box. Often called
"stop words", these common words usually don't improve the search results. Examples of stop words
include "the," "of," "as," and "when." In addition, the Search engine ignores one and two- character words
(unless the 2-character word includes a digit). For example, if one types "weighing of fishes" in the text box,
the search excludes the word "of" and displays pages that contain only "weighing," and "fishes"

27 Impact on Students Learning Activities

The students were of the view that the adoption of the blended e-learning approach will have a positive
impact on their learning and skills acquisition. It had reduced the turn-around time for practical skills
such as feed formulation and preparation as well as water quality sampling and testing in the laboratory.
The videos of these practical activities are the first sources of instructional materials for students in
preparation for the conduct of practical and field activities.

Responses from the students on their assessment of the video materials and its impact on their learning
and problem-solving skills indicated that, the videos have become useful resources for promoting learning
and developing problem solving skills. However, they were of the view that the videos should not replace
the time needed for hands-on practice.

Critical issues that were raised from the focus group discussions were:

1) Duration/Timing: The videos have to be long enough to adequately explain the concept or process
being explained but not too long to lose the attention of the students. The release of these videos
have to be timed so that they come at the same time when the concepts/processes they cover are
addressed in class.

2) Feedback: The students pointed out that there are a lot of videos on-line which they use to support
learning, but a major limitation is getting answers to questions that arises while they watch these
videos. In instances where they could contact the instructors, the feedback was not timely. If the
videos are rightly timed, then some of these questions could be addressed in class to the benefit of
other students.

3) Scale: Images in videos have to be scaled appropriately for clarity in the procedures they seek to
demonstrate. For example one student stated that ‘before she ever dissected a fish to study the
pituitary gland for artificial reproduction, she had to watch several videos on the subject, but
when she had to conduct the practical activity in the laboratory, she was surprised at the size of the
gland she saw and how confused she was in handling the procedures’.

4) Other issues: Although, e-learning materials especially the videos are effective, it does not inform
students about some vital things. Examples include how fragile fingerlings are, common errors that
occur in practice and ways to deal with them. Another important issue raised was the potential of
the on-line materials to inculcate in the students, the ability to develop their skills in critiquing
existing methodologies with the view of improving on common methodologies applied
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in problem identification and solution. These on-line materials can help students gain access to
‘practices’ that they would have in no other way had access to.

This group of students are required to have only one industrial attachment in the entire four-year period of
study. It is actually difficult to find placement or bear the cost of financing more than the mandatory
industrial attachment. The students therefore admitted that these videos are useful resources for learning
about practices in the industry and advocated for the entire practical lessons in the programme to be
captured in videos.

3 Conclusion

Although there are appropriate technologies like video-conferencing that can facilitate distance- learning
activities in practically oriented tertiary institutions, it will be very challenging for practical based institutions
in Ghana to run or adopt these systems of learning. Financial capacity is the obvious difficulty that threaten
its success. The need for developing the technological acumen to appropriate simple but effective delivery
technologies that incorporate, Graphics, Sound, Video and Text documents in the development of course
materials for distance learners should be embraced. The adoption of this e-learning approach to enhance
the practical skills of students was timely in the wake of Covid-19, where the semester was truncated mid-
March and there was a mandatory presidential directive for all instructional and learning materials to be
delivered online. The authors have demonstrated that it is possible to develop a computer- based
educational technology that can help courses that dwell much on industrial attachment to build capacity for
in skills and knowledge base needed for problem-based learning, to bring the field practical activities into
the classroomdomain.

31 Recommendation

It is however worth noting that, the success of running this system of e-learning immensely depends on
high-speed broadband wireless facilities to enable smooth streaming of video materials. The current
state of slow internet speeds in small towns and rural communities and even on KNUST Campus is a
challenge that has to be surmounted for this approach to be effective.
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Abstract

MAREENE is an international Master programme on Reliability based structural MAintenance for marine
Renewable ENErgy, delivered at Université de Nantes (France). This Master programme is a one-year
programme that completes a first year to deliver a Master degree. It is developed in collaboration with
Aalborg University (AAU), Norwegian University of Science and Technology (NTNU) and the School of
Mechanical & Materials Engineering of the College of Engineering and Architecture of University College
Dublin (UCD). The programme curriculum is problem-based and project-organised (PBL), where small groups
of students solve real and authentic problems within civil and marine engineering through a project of two
ECTS per semester. Besides the project, students also have online courses, which provide technical
knowledge and support their project work, namely in PBL and project management. Université de Nantes is
running for the first time a Master engineering programme with a PBL curriculum, where both students and
staff lack, or have limited, experience on how to manage and organise learning in a PBL environment.
Therefore, the MAREENE programme includes a 15 h, fully online course on PBL and project management as
part of the project module, the overall goal of which is to provide students the knowledge and tools needed
to develop the skills and competences to carry out a problem-based project successfully. The course is
student-centred, problem-oriented and focused on students’ experiences and needs. This paper describes
the framework of the PBL online course, its learning principles and evaluation. The course evaluation targeted
students who participate in the course, and their responses were collected through a questionnaire
distributed through Moodle. Results indicate that course structure, materials and assignments support
student learning and have met their expectations from a moderate to a large extent. In addition, they also
consider the course and topics addressed relevant, including for future projects they will be involvedin.

Keywords: Online course, PBL and project management, student learning.

Type of contribution: PBL best practice

1 Introduction

The need for a more student-centred curriculum in engineering education is leading to the integration of
problem-based, project-organised learning (PBL) and the establishment of new teaching practices focused in
student learning and development. The popularity of PBL has been rising around the world and is mainly due
to the competences and skills students develop, namely problem-solving skills, communication,
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teamwork, critical thinking, self-directed learning and lifelong learning, among others. Social and professional
trends, such as digitalisation, automation and sustainability, call for the development of such skills to enable
future engineers to perform and operate in a globalised and volatile society and working environments
(Motyl, Baronio, Uberti, Speranza, & Filippi, 2017; Richert et al., 2016; United Nations, 2015). This means that
traditional, transmissive and teacher-centred curricula and practices are changing by integrating PBL and
developing a more student-centred curriculum. However, such transitions require a change in teachers’ and
students’ roles, type of learning outcomes, assessment, learning and teaching activities and learning spaces.
The development of resources and activities to support student learning and teachers are central for a
successful integration of PBL. Examples of resources and activities to support both academic staff and
students are face-to-face training workshops and online courses, which provide them with knowledge and
skills to manage and facilitate learning (Cheaney & Ingebritsen, 2005; Kolmos, Graaff, & Du, 2009; Savin-
Baden, 2000, 2007).

Furthermore, the future of education is digital, where the use of technology, digital media and social media,
namely computers, smart phones, online resources and platforms to collaborate, communicate and access
information is part of how 21 century students learn. Furthermore, the combination of continuous
emergence and innovation of communication technologies and the need for continuous learning has been
contributing to the boom of the digital learning. Digital learning enables autonomous learners to learn
anywhere (e.g. distance learning) and anytime (e.g. asynchronous learning). It has also been proved that
interaction, one of the most important components of any learning experience, is one of the major constructs
of distance learning. However, the “boom” of digital learning does not come without concerns, namely
effectiveness of learning settings and opportunities created, alignment between learning intentions,
assessment and development of skills (Garrison, 2000; Savin-Baden, 2007; Vrasidas, 2000; Warschauer,
2007).

In summary, as engineering education develops towards more student-centred learning and towards more
autonomous and independent learners, digital learning creates new learning spaces and possibilities. For
example, it provides the opportunity to develop resources to support academic staff and students integrating
and managing learning in a PBL environment, such as online courses. In addition, such courses can be
delivered by PBL experts and at international scale. This paper reports the example of a PBL online course,
called PBL and Project Management, which is part of MAREENE, an international Master programme.
MAREENE is the acronym for Reliability based structural Maintenance for marine Renewable ENErgy, and is
delivered at Université de Nantes (France) and developed in collaboration with Aalborg University (AAU),
Norwegian University of Science and Technology (NTNU) and the School of Mechanical & Materials
Engineering of the College of Engineering and Architecture of University College Dublin (UCD). It is a one-
year programme that completes a first year to deliver a Master degree. Its curriculum is problem- based and
project-organised (PBL), where small groups of students solve real and authentic problems within civil and
marine engineering through a project of two ECTS per semester. Besides the project, students also have
online courses, which provide technical knowledge and support to their project work, such as the PBL and
Project Management online course. The need for an online course on PBL and project management emerges
from Université de Nantes’ students and staff lack, or have limited, experience on how to manage and
organise learning in a PBL environment. This paper describes an online course and its learning principles,
followed by reflections of its implementation and evaluation.

2 Description of online course “PBL and Project Management”

The course is student-centred, problem-oriented and focused on students’ experiences and needs. Its overall
goal is to provide the knowledge and tools students need to develop the skills and competences to carry out
a team-based, problem-oriented project successfully. PBL and Project Management is a short, fully online
course, with a duration of 15 hours, and is part of a two ECTS project module per semester. The course
addresses the topics PBL, collaboration, project management, academic co-writing and
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documentation, which are core elements of PBL working processes. Table 1 presents the course learning

outcomes.

Table 1. Learning outcomes

e Define collaborative, problem-based project work

e Define group collaboration, problem formulation and project work, documentation and academic co-writing
processes in a PBL environment

e Identify challenges in collaboration, problem formulation and project work, documentation and academic

co-writing

e Develop strategies to manage learning and group working processes, namely collaboration, problem
formulation and project work, documentation and academic co-writing

e Implement the strategies to improve learning and group working processes, namely collaboration, problem
formulation and project work, documentation and academic co-writing

e Discuss and reflect on the strategies implemented to improve learning and group working processes

e Reflect on group practices and provide critical feedback to peers

The course is organised in four online seminars, with assignments in between that are carried out
individually and as a group (Table 2).

Table 2. Course activities and respective descriptions

Activity Description
Online seminar (OS1): - Introduction to the course: schedule, structure, goals and assignments
Kick-off and - Brief definition of PBL and its elements, namely collaboration, problem orientation and

introduction

project work.
- Overview of Assighment 1

Assignment 1:
Understand PBL
principles and practice

- PREPARATION:
Read the booklet about the Aalborg University (AAU) PBL model, pages 4 to 15.
(Booklet available: https://www.aau.dk/digitalAssets/148/148025_pbl-aalborg-model_uk.pdf
and in the course Moodle)
- INDIVIDUAL TASK(S):
After preparation, answer the following questions:
i) Define PBL in one word.
ii) What are the aspects of PBL you find hard to understand, or that lack concrete examples
for/in practice? (max. 20 words)
iii) What are the three aspects you find most positive about the AAU PBL model? Why?
(max. 30 words)
iv) What are the three aspects you find most challenging about the AAU PBL model? Why?
(max. 30 words)

Online seminar (0S2):
PBL working processes
and associated
challenges

- Summary of understanding and expectations of PBL

- Define PBL principles and practice

- Define collaboration, problem orientation and project work, documentation and co-writing
- Overview of Assighment 2

Assignment 2:
Observation of PBL
challenge in practice

- IDENTIFY YOUR PBL CHALLENGE

- GROUP TASK(S)
1. Why the challenge is a challenge?
2. Design an agenda, or framework, to describe how your group practises the PBL challenge.
(When designing the agenda, or framework, please consider the following: how the challenge is
practised in the group; what works and why; and what does not work andwhy)

- INDIVIDUAL TASK(S):
1. Observe the group practising the PBL challenge.
2. Write notes of your observations according to the above agenda (orframework)..

Online seminar (0S3):
Develop action plans to
address PBL challenges

-Summary of PBL challenges and group practice
-Identify PBL challenges based on Assignment 2
- Identify tools and resources to improve collaboration, problem formulation and projectwork,
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Activity Description

documentation and academic co-writing
- Overview of Assighment 3

Assignment 3: - PLAN FOR IDENTIFIED CHALLENGE

Plan of action to - GROUP TASK(S)

improve PBL working 1. Go through the links and resources related with the PBL working process you want to
processes improve (list is in Moodle).

2. Based on examples of tools given in the links and resources, design a plan to improve a
PBL working process. Describe your plan here.
3. Implement the plan.
- INDIVIDUAL TASK(S)
Write down your reflections on how the plan worked in practice, considering the following:
1. What are the main problems the plan aimed to address?
2. What did the plan actually improve and why?
3. What did not work with the plan and why?
4. What can be improved further in your PBL working processes and how?

Online seminar (0S4):
Strategies to address
PBL challenges and
course summary

- Summary of online seminars and assignments
- Overview of “toolbox” catalogue to address PBL challenges
- Course evaluation

The online seminars comprises three parts: summary of assighments (e.g. main lessons from assignments,
peer-feedback), online seminar (e.g. introduction to session topics), and assignment overview. By their turn,
the assignments are also composed by three parts: go through materials and resources, carry out the
assignment, and submit assignment report. All the submitted reports and feedback notes are compiled and
made available to students. Figure 1 illustrates the overall structure of course’s seminars and assignments.

* Reflection and sum up of assignments
Summary of (with exception of 0S 1)
assignments

* Go through the material given in Moodle (e.g. literature,
webpages, videos, etc.)

Preparation

¢ Individual and group tasks (exception of assighment no. 1)
* Address OS topics and content PEl © Different tasks: namely take notes, develop strategies for

Online seminar assignment observations, do observations & register information, etc.

* At least two days before online seminar (see deadline in Moodle)
* Submission through Moodle
e Individual submission

* Presentation of next assignment (with
Overview of exception of 054)
assignment

Figure 1. Online seminar and assignment overall structure

3 Guiding principles to design the online course “PBL and Project Management”

Chickering and Gamson’s work “Seven Principles for Good Practice in Undergraduate Education” has been
one of the main works cited by educational journals and practitioners literature when it comes to the
effectiveness of distance learning (Hutchins, 2003). The seven principles are as follows (Chickering & Gamson,
1989, 1999):

1. Encourage student-faculty contact (e.g. frequent contact among teachers and students as core factor
for student involvement and motivation. Teachers support student learning by, for example,
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getting through rough times and keep working, foster intellectual commitment, think their own
values and plans, i.e. promoter of liminal learning).

2. Encourage cooperation among students (e.g. interaction among peers is a promoter of peer learning.
Good learning is collaborative and social; it increases involvement, deep learning and potentiates
students’ achievements (see for example Zone of Proximal Development, Vygotsky 1978)).

3. Encourage active learning (e.g. involve students actively in their own learning and carry out activities,
relatable with their experiences and applicable in their daily lives).

4. Give prompt feedback (e.g. students need appropriate feedback on performance to benefit from the
course and activities; need chances to reflect on what they have learned, what they still need to
know, and how to assess themselves).

5. Emphasise time on task (e.g. provide opportunities for students to practise good time management
by allocating realistic time to activities).

6. Communicate high expectations (e.g. expecting students to perform well becomes a self-fulfilling
prophecy when teachers and institutions hold high expectations of themselves and make extra
efforts).

7. Respect diverse talents and ways of learning (e.g. create variety and diversity of learning activities,
materials, resources, presentation formats that create opportunities for students to show their
talents and learn in ways that work for them).

The seven principles are set on a constructivist approach to learning, where students are co-constructors and
responsible for their own learning, and as a social activity increasing their involvement and development.
Furthermore, the teacher is not the “knowledge transmitter” but rather a facilitator who supports student
learning. In summary, distance learning can be student-centred, and Chickering & Gamson’s seven principles
for good practice constitutes a good framework to design student-centred online courses. However,
Chickering & Gamson’s principles are generic, and it is left to the teacher to develop a pedagogical approach
which integrates them. Problem-based, project-organised learning (PBL) is a student-centred learning
approach, which ticks off all the principles stated above and provides guidelines to design online courses.
Furthermore, the online course integrates a project module of a PBL curriculum; therefore, the most logical
step would be to design a course about PBL and project management aligned with PBL principles.

Kolmos et al. (2009, p. 11) define PBL as problem-oriented, contextual, exemplary, experiential, participant-
directed, team-based, interdisciplinary, project-organised and relating between theory-practice. The nine
PBL learning principles can be clustered in three approaches: cognitive approach, content approach,
collaborative approach, as Figure 1 illustrates.
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Cognitive appr
Collaborative approach Problem arien

- Team-based
- Participant-directed

Content approach:
Interdiscipli
Exemplary
Theory and practice

Figure 2. PBL learning principles, based on (2009, p. 11)

In the PBL approach, the learning starts with the formulation of a real problem (problem-orientation), which
is solved through projects (project-organisation). Learning takes place in relation to a real context (contextual
learning), and it is grounded in the learners’ experience (experiential learning). The content approach
concerns interdisciplinarity, exemplarity and the relationship between theory and practice. Interdisciplinarity
means that the learning process crosses traditional disciplinary boundaries, whilst exemplarity means that
the activities students undertake are exemplars of the overall objectives of the curriculum and through
reflection and generalisation generate knowledge. The learning process entails an analytical framework in
which theoretical knowledge is applied to formulate and solve problems (relation between theory and
practice). Collaborative learning refers to team-based and participant-directed learning, namely that it is a
social activity undertaken through dialogue and communication in which students learn from each other.
Participant-directed refers to students’ collective ownership of decision- making and learning processes
(Kolmos et al., 2009). Table 3 describes the relation between PBL principles and the course activities.

Table 3. Relation between the online course and PBL principles (Kolmos et al., 2009)

Cognitive approach
e Problem orientation — The point of the departure for student learning is on challenges they want toaddress.
e Project — Online course is part of a project module and aims that knowledge and tools are applied in the project
work.
e  Experiential — Several activities are developed and centred on students’ experiences, namely the definition of
challenges, the observation of the PBL challenge in practice and implementation of action plan, etc.
e  Contextual — By using students’ challenges in working in a PBL environment as point of departure, learning of
PBL and project management are placed in the context of their project.
Content approach:

e Interdisciplinarity — It is mainly addressed at content level.

e Exemplarity — The goal of the course is to provide knowledge and tools to manage learning in a PBL environment.
The assignments include different activities which are illustrative of PBL practice principles (e.g. collaboration, co-
writing and documentation, problem design, project management) and how they can be used
to develop strategies to improve design in a PBL working process. The assignments are exemplary of the
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procedures of how to constructively design a plan of actions to improve PBL working processes.
e Theory and practice — The online course includes diverse resources and materials that aim to provide students
theoretical knowledge to develop and apply a plan of actions to improve PBL working processesin practice.
Social approach:
e Team-based — It includes group-based activities.
e Participant-directed — Students have ownership over their learning and decide which challenge to address and
how.

In sum, the online course on PBL and project management adopts a PBL approach by using its principles as
guiding precepts for its design. Furthermore, the organisation of the course and some of its activities can be
illustrated using Kolb’s learning cycle (llleris, 2008), as Figure 3 illustrates. The cycle comprises four main
stages: concrete experience, reflection and observation, abstract conceptualisation and active
experimentation. Concrete experience involves carrying out activities such as Assignment 4 (implementation
of action plan). Reflective observation, the second stage of the cycle, entails participants taking a step back
from the “doing”, i.e. the group work and implementation of the action plan, and reviewing what has been
done, how it went and why. Examples are Assignment 1 (identification of challenges based on previous
experiences) and Assignment 2 (observation of challenge in practice). However, it is through abstract
conceptualisation that students give meaning to these activities by relating them to the “bigger picture”, such
as content delivered through the online seminars and the tools, which also provide the arguments for their
decisions and design of plan of action in Assignment 4. In the final stage of the learning cycle, active
experimentation, the students considered what it is needed to address a given the challenge, what they have
learned and how this will be put into practice. An example of active experimentation is the design of a plan
of action in Assignment 4. After this stage, a new cycle takesplace.

CONCRETE EXPERIENCE

Assignment 4
- implementation of action plan

ACTIVE EXPERIMENTATION REFLECTIVE OBSERVATION
Assignment 4 Assignment 1:
- Design of plan of action - Identification of challenges
Assignment 2:

- Observation of PBL challenge in practice

K ABSTRACT CONCEPTUALIZATION

Online seminars 2,3 and 4

- Definition of PBL principles and practice
- Definition PBL working processes

- Tools to improve PBL working processes

Figure 3. Relationships between Kolb’s learning cycle and the online course activities.
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4 Implementation and evaluation of online course “PBL and Project Management”

The online course was delivered from 11 September 2019 to 14 October 2019 to six students (i.e. total no. of
students enrolled in the Master programme). The course uses Moodle Extrac doc (name given by university
to the Moodle platform) as the learning management system (LMS) and Lifesize as the telecommunication
application. Lifesize is used for online seminars, whilst Extrac doc is used to organise the course and as
repository of resources. The online seminars were delivered synchronously, where students were together
in a physical space (i.e. classroom at university) and the lecturer was online, using the telecommunication
application. Three groups of two students carried the assignments out asynchronously, supported by
resources and materials uploaded in the LMS. The communication between students and lecturer was done
by email and in the discussion forum of the LMS. The course evaluation was conducted when the course
finished.

The literature on PBL and distance learning (see for example, Graham, Cagiltay, & Craner, 2000; Hutchins,
2003; Savin-Baden, 2007) serves as precepts to develop the course evaluation model, which includes three
main perspectives (Figure 4):

e Technological perspective (e.g. focus on digital tools and applications used, their functionality and
usability),

e Instructional perspective (e.g. focus on structure, organisation, material, online resources and
sessions of the course), and

e Learning perspective (focus on students’ expectations as well as relevance and impact, content and
assignments of the course).

LEARNING

Students’ expectations

Relevance/ impact of
course in their project

TECHNOLOGY

Content
(topics addressed)

Lifesize
(telecommunication application) Student Assignments

Learning

Extrac doc
(learning management system)

Structure & organisation

Online seminars

Course materials
(PWP and assighment reports)

INSTRUCTION

Figure 4. Three focus areas of evaluation and respective items.
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Following the evaluation model, a questionnaire is constructed. Ten closed questions, with four-point scale,
compose the questionnaire. Each closed question is followed by a text box for further comments. Besides
these questions, the questionnaire also includes one last open question to gather students’ suggestions for
improvement (Table 4). The questionnaire was delivered using the LMS features, and only two out of six
students have answered it.

Table 4. Evaluation perspectives and respective questions
Evaluation focus Questions

e To what extent has the course met your expectations?

e How do you evaluate the relevance of the course topics (i.e. problem orientation,
collaboration, project management) in your learning and project work?

e To what extent has the course structure (i.e. online seminars followed by group
assignments) supported your learning.

e How appropriate do you find the assignments to supporting your learning and project
work?

e To what extent do you consider that this course will affect your work in future projects?

Learning
(closed questions)

e How do you evaluate the way the online seminars were delivered and conducted?

e How do you evaluate the seminars’ slides and the assignment reports?

e How do you evaluate the no. of sessions, temporal organisation and delivery of the
course?

e How do you evaluate the tools, links and literature provided in the course?

Instruction
(closed questions)

Technology (closed

question) e To what extent the technologies used have impacted your learning during thecourse?

Other (open

. e  What overall suggestions can you give for the improvement of the course?
question)

Students’ feedback

Both the number of students attending the course and answering the evaluation questionnaire are very low.
For this reason, the evaluation information gathered through the questionnaire does not allow drawing solid
conclusions about the course quality and fulfilment. Nevertheless, we have decided to include the evaluation
results in this paper because we consider that it triggers reflections and points for further discussion. Table 5
shows students’ answers to the questionnaire.
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Table 5. Answers from students (n=2)

Evaﬂl:;tslon Question Response
* Towhat extent has the course met your expectations? (3) To a moderate extent; 2 (100%)
¢ How do you evaluate the relevance of the course topics (3) Relevant; 2 (100%)
(i.,e. problem orientation, collaboration, project
management) in your learning and project work?
* To what extent has the course structure (i.e. online | (3) To a moderate extent; 1 (50%)
Learning seminars followed by group assignments) supported your | (4) To a large extent; 1 (50%)
learning?
* How appropriate do you find the assignments to (2) Somewhat appropriate; 1 {50%)
supporting your learning and project work? (4) Very appropriate; 1 (50%)
*  To what extent do you consider that this course will {3) To a moderate extent; 1 (50%)
affect your work in future projects? (4) To a large extent; 1 (50%)
*  How do you evaluate the way the online seminars were (3) Good; 1 (50%)
delivered and conducted? (4) Very good; 1 (50%)
* How do you evaluate the seminars’ slides and the (2} Somewhat good; 1 (50%)
Instroction assignment reports? : (3} Good; 1 (50%)
* How do you evaluate the no. of sessions, temporal (2} Somewhat good; 1 (50%)
organisation and delivery of the course? (3) Good; 1 (50%)
*  How do you evaluate the tools, links and literature (4) Very good; 2 (100%)
provided in course?
*  To which extent have the technologies used impafted (3) To a moderate extent; 1 (50%)
Technology your learning during the course? (4) To a large extent; 1 (50%)

Overall, both students evaluate the course as relevant, with appropriate structure and materials from a
moderate to large extent (see Table 5). This indicates that the course fulfils its main goal in supporting student
learning in a PBL environment, which is also highlighted by following student’s statement:

“I think the course was really relevant and it has planted the seeds in my mind to develop the
approach throughout the next projects | will be part of. It’s a shame that we only had few

VAR

sessions because | feel like this is something that needs to ‘develop’ instead of simply ‘learn’.

The above also refers to the short duration of the course, which means that students might need more than
15 hours to develop competences to manage their project and learning. One possible explanation is that PBL
and project management are relatively new topics and out of the expected technical domain that
characterises the traditional engineering education. This might mean that students need to adjust to different
disciplinary domains and discourse that the innovative and PBL environment requires, namely
interdisciplinary knowledge and collaboration. This requires time, which is partly corroborated in the
following statement:

“If I can give you some kind of suggestions it would be to keep the quality of your sessions because
you are a big plus to this course but we need more time and experience to properly assimilate
the concepts for years to come.”

Regarding the instruction perspective, students also consider it good to very good (see Table 5). However, a
further comment suggests that more attention should be given to font size and amount of text put in the
slides when making online presentations, especially when using a videoconference style. One aspect brought
by students in the open question relates with “synchronism” between the course and project work. Note
that the course runs in parallel with project work, and it is part of the project module. It started one week
after the project starts however; a student considered that the course had a “fast pace” when comparing
with the project. The consequence is that the assignments and what is expected to be delivered as part of
the course and implemented in project work were not always clear, as the following statementhighlighted:

“The pace of the course was much faster than the pace of our projects |...]
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In addition, the students’ focus was in getting hold of what was expected from them and organising their
project overall, including the time and physical spaces for group work, as the following statements
highlighted:

“A part of explanation for these different paces is that here we do not have any room and
specific time to set meetings. We have to organise that according to our different personal free
time and we also need to find a place to work in small group (which is impossible in UniNantes)” .

“l also felt like it was too early in the development of this approach to give us projects that were
entirely open because even if the first objective was to make us steer the project in a direction
that we found to be the best, we were too much lost instead to do anything without thinking that
we would probably waste our time on irrelevant matter”.

Aligning better expectations and “slowing down” (e.g. starting later than the project work starts; or increasing
the time between online sessions) the pace of the course are two important points to consider, especially if
it is needed to increase students’ motivation in engagement in these type of courses.

Nevertheless, the technology used has a moderate to large impact on student learning. However, there was
no elaboration on how and why from the students’ side. These are two questions that should be further
explored and deepened in future evaluations in order to understand the impact of technologies used in
student learning with the aim to, for example, design better online learning experiences for students.

5 Final reflections

The paper describes a design and implementation of an online course on PBL and project management in the
international engineering Master programme MAREENE. The curriculum is problem-oriented and project-
organised. The PBL and Project Management online course integrates a two ECTS project module

per semester, and its overall aim is to equip students with knowledge and skills needed to manage their
learning in a PBL curriculum. The online course ran between September 11 and October 14, 2019 for a total
of six students. Its evaluation was voluntary, enabling to gather only two responses. Nevertheless, the results
gathered show that the course fulfilled its overall goal and was relevant to student learning in a PBL
environment. It also planted the seeds for the need for further experience and development for future
projects. The evaluation and students’ written responses to open questions also provided some more insights
and raised aspects for further reflection and discussion when it comes to online courses to support student
learning in a PBL environment, namely, the relevance of physical spaces as complementary to online courses
(at least in the beginning), course duration and its alignment with project duration and phases, clarification
of expectations and the impact of technologies on student learning. These could be also key perspectives for
future development of online courses for students that also are part of a curriculum change process, i.e.
change from a teacher-centred learning environment towards a more student-centred environment, such as
PBL. In addition, the paper also describes the use PBL and distance- learning principles to design online
courses (see for example, Table 3 and Figure 3). Independently of the content addressed in the online course,
these can constitute guidelines to design student-centred, flexible, exemplary, problem-oriented online
courses, where student learning and experiences are at the core.
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Abstract

The global sustainability crisis is growing by the year, and students are asking universities to increase
sustainability contents in their curricula in response. The Education for Sustainability literature suggests that
problem-based, interdisciplinary learning methods are well suited to imparting sustainability education. A
recent quantitative study on engineering education supported this claim, showing that engineering students
graduating from a systemic PBL university had increased sustainability awareness compared with graduates
from other universities. But how does this awareness develop and manifest during the students’ education,
and what is the role of PBL therein? Answering this question requires a qualitative approach and therefore,
we followed 16 PBL students across four engineering disciplines (mechanical engineering, electronic
engineering, environmental planning and medialogy) during three semesters using semi-structured
interviews and an interpretivist framework. We asked students to reflect on their awareness and interest in
sustainability issues, in their first month of study, the end of their first year, and the middle of their second
year. We were able to gauge the changes in their sustainability awareness and interest during the process of
acclimatisation within their engineeringstudies.

We found that in the first round of interviews, the majority of students, with the expected exception of
environmental planning students, were marginally aware of sustainability issues and not very interested in
the subject. By the end of the study, a notable shift towards overall increased awareness and interest was
observed. In this paper we use the interview data to explain and categorize the changes. The results
underpin and qualify a discussion of the role of PBL in fostering changes in awareness and interest in
sustainability.

Keywords: Sustainability Education, Engineering Education, Longitudinal Study, Qualitative Research,
Problem-based learning.

Type of contribution: PBL research paper
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1 Introduction

The United Nations Sustainable Development Goals (UNSDGs) aim to tackle some of the world’s most
“wicked” problems, including the climate crisis, plastic pollution, biodiversity loss, and chemical pollution in
the air and water. These problems are such that some scientists warn us that we are currently pushing the
limits of planetary boundaries beyond which human life of the planet would not be sustainable (Rockstrom,
et al., 2009). The awareness of the multiple sustainability crises and the necessity to educate the workforce
of tomorrow to actively contribute to resolving them has become an important goal for change in higher
education. In engineering education, diverse strategies are applied to that effect, ranging from add-ons to
existing courses, integration into a more coherent curriculum, and systemic curriculum change (Kolmos,
Hadgraft & Holgaard, 2016)

Education for Sustainable Development (ESD) scholars have been suggesting for decades that pedagogies
that foster collaborative problem-solving are a key component of sustainable education (Sterling 2001). In
Engineering education, several scholars have argued that one of the best ways to increase sustainability
awareness and engagement amongst engineering students is through group projects that are problem-based
(PBL) (Coral, 2009; Guerra, 2014).

A recent longitudinal study of engineering schools in Denmark indicated that when students entered
engineering studies nationwide in 2010, there were no significant differences between the students from
different institutions with regards to any of the specific sustainability variables measured (Kolmos &
Holgaard, 2017). These included self-reported “readiness” with regards to contemporary issues, ethics, the
global context, the societal context, environmental impact and social responsibility. However, by the 10t
semester, a significantly higher percentage of students from a systemic PBL university (compared to other
universities) assessed themselves to be very well prepared for tackling sustainability issues, and had
increased confidence in the above-mentioned sustainability competences (Kolmos, Holgaard and Clausen,
2020). All of the Danish institutions included in this study displayed elements of PBL within their curriculum.
But only one institution had a systemic approach. This means that PBL was done at the level of the curriculum
throughout the whole institution, rather than piecemeal in a course-by-course basis (AAU, 2020). This
includes a more explicit progression throughout the curriculum for both sets of competences. Key to the
findings of this study is that the observed increase in sustainability competences between entry into and exit
from the study programmes is reinforced within a systemic PBLenvironment.

What is difficult to gauge from the quantitative data of this survey, however, is how exactly the sustainability
competences develop from a similar baseline across all Danish engineering universities at the beginning, to
marked differences in favour of the project PBL approach at the end. It is therefore necessary to take a
magnifying glass to the experience of engineering students within the PBL system and find out how their
awareness of and interest in sustainability evolve as they immerse themselves in their studies. Such an
approach is best fulfilled through qualitative research methods in a longitudinal study, within the bounds of
a carefully restricted time period to avoid losing the richness of the detail in overwhelming amounts of data.

As an exploratory approach, we suggest it would be interesting to look at the period in which students
acclimatise to the PBL system throughout the first three semesters following the research question:

What are the patterns of change in students’ awareness of and interest in sustainability issues during the
process of acclimatisation to their engineering studies. Do we see differences across different engineering
programmes?
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2 Literature Review

2.1  Background

In this paper, we aim to present different patterns of change for students’ development of sustainability
awareness and interest during the process of acclimatisation within their engineering studies. This will help
us to create a frame of reference for supporting engineering education for sustainability, and raises important
concerns about the role of engineering education in the push for sustainable development. As noted by
Svanstom (2018:36):

First, it is perhaps important to mention the elephant in the room - should behavioural change be a
goal of education? To discuss this, it first needs to be established what behaviour is considered. It is
uncontroversial that we want students of engineering to adopt appropriate behaviour with regard to
the profession and the different situations that may appear, for example to behave in a safe way in the
laboratory and to behave towards collaborators and other people in an ethical manner. However, when
it comes to the personal sphere, it might be considered controversial to aim for behavioural change, at
least in higher education. Arguments against such approaches would be that they are normative and
instrumental and that they therefore clash with ideals of ‘Bildung’ in universitystudies.

In pointing to the “elephant in the room”, this quote highlights the tension between the personal (private)
and the social (public) formation processes within higher education, and the potential clashes that this
creates between ideals of a more theoretically-oriented ‘Bildung’ tradition on the one hand, and imperatives
of behaviour change for sustainability on the other. It seems that, taking into consideration the urgency of
addressing the sustainability crises, taming the elephant in the room might become a question of redefining
the ideal of ‘Bildung’.

Lange (2004) suggests that one way to do this is through the use of dialectics, in particular through the
importance of a dialectic relationship between transformative and restorative learning. He argues that these
two types of learning together constitute the pedagogical basis for sustainability education, which can
revitalise citizen action. Whereas restorative learning adds stability by providing insights into, or at least
interpretations of, dominant cultural scripts; critical transformative learning attempts to foster an individual’s
consciousness of himself or herself as situated within a larger societal context. Therefore, adding
sustainability perspectives to an engineering curriculum not only adds introspection into one’s own role in
sustainable development, it also increases the complexity of one’s social sphere.

To address this complexity, several scholars in engineering education for sustainability have called for
system-thinking (e.g. Dowling et al., 2009) and trans-disciplinarity (e.g. Byrne & Mullally, 2016). In
engineering education for sustainability, this is related to the increasingly distributed innovation process,
the increasing complexity of technological systems as well as the complexity of the sustainability challenge
as outlined by the UNSDGs (UNESCO, 2017).

2.2 Sustainability competences and engineering education

A recent UNESCO report (Riekman, 2017) emphasizes new types of sustainability competences cutting
across the SDGs as an important learning outcome for students to achieve:
1. System-thinking, critical thinking and strategic competences which are based on knowledge of the
field;
2. Integrated problem-solving and collaboration competences which are based on knowledge and
skills.
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3. Anticipatory, normative, and self-awareness competences which are all competences based on a
combination of knowledge, skills and personalawareness.

According to the US accreditation unit for engineering programmes, ABET, engineering students need “the
broad education necessary to understand the impact of engineering solutions in a global, economic,
environmental, and societal context” (ABET, 2017: 5).

Based on a comprehensive study of 10 engineering education institutions, Coral (2009) concludes that
problem-solving prepares students to be responsible, which is likely to require introspection about their
values, ethics and beliefs. Furthermore, Coral (2009) concludes that project-based learning linked to real
transdisciplinary projects is the most adequate pedagogy to learn sustainability competences. Other studies
(e.g. Guerra, 2014) conclude in a comparable way that problem and project based learning can be seen as a
promising strategy in terms of embracing the personal (introspection, responsibility, agency — linked to
competency 3 above) as well as the social (distributed, real-world, transdisciplinary — linked to competences
1 & 2 above) aspects of sustainability.

Taking the above into consideration, we aim to broaden the study of students’ awareness and interest to
work from the assumption that the dialectic relationship between the personal (private) and the social
(public) spheres play an important role in defining patterns of change in students’ awareness and interest.
Furthermore, as problem and project based learning is highlighted as a promising approach for education for
sustainability, we will study these patterns of change in an institutional case founded on this approach.

3 Methodology

Given the existence of prior quantitative surveys on the subject, this paper use a qualitative thematic analysis
approach (Braun & Clarke, 2012), characterised by relatively small sample sizes (between 10 — 30
participants), rich data analysis and a focus on transferability rather than generalizability. Given how little
has been written on the subject, we chose an inductivist approach to theme construction rather than a
theory-driven one, meaning that the themes emerge from the data rather than from a pre-determined
theoretical framework. We operate within a social-constructivist epistemology, meaning that we are not
looking for “objective” descriptions of social phenomena with essential qualities, but for the ways in which
participants construct meanings and understand their place within social phenomena whose interpretation
is subjective to participants and researchers alike (Bailey & Douglas, 2014).

3.1  Participants

As with most qualitative studies, we used purposive sampling to gather participants (Etikan, 2016). We
specifically looked for participants from three different types of engineering studies: “classical” engineering,
for which we contacted students from electronic engineering and mechanical engineering, tech-oriented
engineering, for which we contacted students in a computer science and design programme called
medialogy, and more “soft” sustainability-oriented engineering, for which we contacted the students from a
planning programme in environmental management (BEM). Within those categories, we recruited male and
female participants, in proportions which reflect roughly the proportions within the student population. We
therefore had only had one female participant in the “classical” engineering category, one in the “tech-
engineering” category, whereas the majority of the participants in the BEM programme were female. We
were looking to recruit between 7-10 participants in each engineering programme, but due to the time-
consuming nature of qualitative interviews, 6 participants signed up in each programme, and two dropped
out in between the first and second interview in mechanical engineering and BEM, bringing the total number
of participants to 16 over the entire study.
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Table 1: Participants in the longitudinal sustainability study.
Grouped per engineering degree programme

Student Age (at the Gender Degree Programme
start)

EE.1F 19 Female Electronic Engineering

EE.2M 33 Male Electronic Engineering

EE.3M 23 Male Electronic Engineering

ME.1M 32 Male Mechanical Engineering
ME.2M 29 Male Mechanical Engineering
ML.1M 19 Male Medialogy

ML.2.F 22 Female Medialogy

ML.3M 20 Male Medialogy

ML.4M 22 Male Medialogy

ML.5M 19 Male Medialogy

ML.6M 19 Male Medialogy

BEM.1F 21 Female Bachelor Environmental Management
BEM.2M 18 Male Bachelor Environmental Management
BEM.3F 21 Female Bachelor Environmental Management
BEM.4F 20 Female Bachelor Environmental Management
BEM.5F 22 Female Bachelor Environmental Management

3.2 Interviews

The participants were informed by email of what the study was about, provided with a slide deck explaining
the purpose of the study, the number of interviews they were expected to attend, the approximate duration
of the interviews, and how the data would be handled. They were asked for their consent to record the
interview and use the data anonymously for research purposes before each interview, and agreed on record.
There were three rounds of interviews: one round at the beginning of the bachelor programme during the
introductory PBL project period known as PO, one round after students completed their first fully fledged
project, in the beginning of the PBL project period known as P2, and a final round at the end of P3, by which
point students are considered to be “acclimatised” to their PBL studies. The questions of the final round were
sent in advance to the students to provide them with some time for reflection. We noted that this increased
the quality of the answers.

Table 2: Interview rounds andstructure

Interview Round Interview Structure Question themes
R1 (Start PO) Semi-structured, same structure Personal history;
for all students. Questions not Reasons for choosing engineering;
sent in advance. Sustainability awareness and
interest;
Sustainability actions
R2 (Start P2) Unstructured, following on from Students asked to reflect on previous
answers from R1. Questions not responses, and anonymous
sent in advance. responses of others.
R3 (End P3) Semi-structured, but structureis  Sustainability awareness and interest
personalised for each student [If increased, reasons for increase]

Sustainability actions
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based on previous answers. [Reasons behind (in)actions]

Questions sent in advance. Reflections on relationship between
students’ specific field of
engineering and sustainability
Future perspectives on sustainability

3.3 Analysis

Unlike phenomenological or phenomenographic work, thematic analysis does not require verbatim
transcripts, so the researchers listened through the audio recordings of the interviews several times. The first
time, no notes were taken so that a full picture could form in the researchers’ head. The second time, the
researchers noted down all the key points and interesting quotes in the interviews, then transferred this into
a spreadsheet in a 3 x 16 matrix where all of the interview notes could be compared across participants, and
across the rounds of interviews. The interview notes where then organised thematically in response to the
research question. We classified the student responses into four thematic categories that form “levels” of
awareness and interest.

4 Data Analysis

If we define awareness as knowledge and understanding of the sustainability crises, and interest as the
propensity to seek out information about the sustainability crises, we see that students fall into four basic
categories of awareness and interest.

4.1 Category 1:nointerest, little general awareness

The first category indicates that students express no interest and very little knowledge or understanding of
sustainability issues. For instance, ML.6M said:

ML.6M R2: | know it’s a thing, but | don’t know what to do about it... well, it’s partly my own fault
because | haven’t looked up what | could do about it, but | don’t know, if the world... this global
warming, | don’t know what | could do to help... ignorance is bliss.

There were three rationales offered for this lack of interest and awareness, the first, as exemplified by
ML.4M, is that the sustainability crisis is too frightening and calls upon such changes in attitudes and
behaviours that it is better not to know and not to deal with it:

ML.4M R1: | think we did a project once [in high school] about some environmental stuff, and it was
scary... [it made me feel] sad and worried, I’'m afraid for the next generation.

The second, as exemplified by ML.2F, is that the students are devoting so much cognitive bandwidth to their
studies that they don’t have time or energy to get informed about sustainabilityissues:

ML.2F R2: | think I’'m much less considerate to things happening outside my studies because it takes
up all the space.

The third, shown by EE.3M, is that personal issues mean that the students are more focused on their
immediate worries than about global problems:

EE.3M R1: | don’t really know what | would do if, like, my house was submerged in water and things.
I mean it’s not really things that | worry about daily. | have other things to worry about, like how do |
survive the end of the month.

The fourth is that in the absence of obvious strategies to solve the sustainability problem, students would
prefer not to know too much or worry too much about it, as exemplified by ME.1M:
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ME.1M R1: |, pfff, | haven’t really given it much thought, and | don’t... | try not to interfere with stuff
that’s out of my reach.

4.2 Category 2:little interest, basic general awareness

The second category indicates that students show a little bit of interest in sustainability issues, usually
triggered by postings on social media, and are curious enough to read up on the basics, as such being aware
of issues like the climate crisis and plastic pollution, some of the basic drivers of those issues like eating meat,
flying, consumption culture etc., and that these issues are getting worse. However, this basic knowledge
often seems to trigger feelings of cognitive dissonance that comes with this basic knowledge, as exemplified
by ML.3M:

ML.3M R2: | know about the effects that the meat industry has on a global scale, but | would never
really consider becoming a vegetarian because | like the taste of meat... | think it’s part of a healthy
diet and all the like, and perhaps it’s also a bit of... you kind of feel entitled to that, after this many
years of evolution, we have climbed our way to the top of the food chain, we have opposable thumbs,
we deserve to eat meat.

Cognitive dissonance can be defined as an attempt to reconcile incompatible beliefs and actions, and is a
common reaction to increased sustainability awareness (Stoll-Kleeman et al, 2001) In this case, believing the
meat industry is a sustainability problem, but continuing to eat meat. As shown in this quote, one strategy to
resolve cognitive dissonance is to provide mitigation to the belief system to make it “fit” with the actions —
in this instance, a moral justification for eating meat, “we deserve it”. Another reaction to this level of basic
awareness is conflicted emotional feelings, and technological escapism —the idea that we can escape to Mars
was particularly prominent in the medialogy and classical engineering groups, as exemplified byEE.1F:

EE.1F R2: I've been in this denial thing, “oh this will affect my children, my grandchildren", but then
I've learned that it is happening now so it is affecting me, so I’'ve gone to “I sort my plastic, | sort the
waste and | don’t use plastic straws and all that stuff”. It’s not enough to make it OK. Just because |
do it. So, I’'m also a bit in despair, well, we’re kinda screwed, let’s go to Mars!

4.3 Category 3: basic interest, basic general awareness and advanced domain-specific
awareness

The third category shows that students have a basic interest in sustainability issues, meaning that they are
sufficiently driven by the issue to read news on the subject, to pick up on the issue when it is raised in their
studies, and to involve the issue in their PBL projects. As such, while they have a good basic awareness of the
major sustainability crises, they also have some advanced domain-specificawareness.

One of the principal drivers for increased interest in sustainability issues up until this level seems to be the
prominence of sustainability issues in mainstream media, and in particular the media presence of the Swedish
climate activist Greta Thunberg, and the American green tech-entrepreneur Elon Musk as explained by EE.2M
and ME.2M.

EE.2M R3: | think it’s great to have someone with a network like Greta Thunberg has got now. The
network she has built, the organisation around her, it moves something, especially when she... like,
the Nordic Council, just refused to take an award, so in that way | think it’s great.

ME.2M R2: Maybe I’'m listening too much to Elon Musk. He thinks we can solve all the world’s
problems by shooting rockets to Mars.

The result is a good general knowledge base on the sustainability crisis, as an interest in finding out more.
Interestingly, for some students, the presence of these “media heroes” generated paradoxical reactions, on
the one hand getting them more interested in the subject, but on the other leading them to vehemently
disagree with the solutions offered by these public figures, as exemplified by BEM.2M and EE.3M:
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BEM.2M R3: [Me and my fellow students] are more likely to do their own research or express motives
or incentives on the basis of actual peer reviewed articles, rather than sources or information through
these propagandist “nonviolent civil disobedience” environmental movements “Extinction Rebellion”,
“Greenpeace” or Danish “Den Grgnne Studenterbevaegelse”.

It should be noted that this student disliked the sustainability attitude and modes of engagement of BEM
students so much that he switched to the environmental sciences programme instead after P2, and these
new classmates are who he refers to when he refers to his “fellow students”.

EE.3M R3: | thought a lot about people like Greta Thunberg and Alexandra Ocasio-Cortez, that came
up with the Green New Deal, and | don’t agree with their approaches. | do believe in climate change
and it’s an important issue but the way they do it, | simply don’t agree... | still have hope that we can
find a technological solution.

In this category, there is also specific, in depth knowledge and interest in one or several particular domains.
Usually, this specific interest appears to be triggered by an interesting PBL project on a relevant sustainability
subject, or a class on sustainability within the curriculum, a situation encountered by ME.1M andML.2F.

ME.1M R3: We had a lot on the mechanical properties of plastics, we had a lot on microplastics - the
lecture definitely was an eye opener for me. I’'m definitely thinking about it more than | usedto.

ML.2F R3: In the 2" semester we had the options of working with exercise or food waste, and | was
very excited about working with food waste and | actually got to do that and that sparked an interest
in how I could continue to work with these things.

4.4 Category4: highinterest, advanced “systemic” awareness

The fourth category covers students who are actively interested in sustainability issues, and actively try to
integrate these issues in their studies and as part of their lives — this relates to the competences identified in
the literature review (Riekman, 2017). These students show a good understanding of the scale and scope of
sustainability problems, and have both broad and deep awareness of major sustainability problems. It could
be said that they have a “systemic” awareness because they are aware of the systemic problems that cause
systemic sustainability issues. Almost all the students who have this level of interest and awareness were
already interested and aware at the start of their degree programme, but pushed it further during their
degree programme. This level of awareness correlated strongly, but not always, with political engagement,
as we shall see.

ML.1M R3: I've realised how much of a huge deal it is, it’s bigger than all of us.... When | saw how
close we are, that we have a deadline, by 2040, we need to change. And that kind of woke me up,
like, yeah, this is really messed up. We’re killing ourselves! We need to change quick.

BEM.3F R2: There still needs a lot of things being done with sustainability... there’s a lot of individual
people, or small groups, especially with plastic or with how you need to stop using plastic straws or
something, there’s a lot of small, individual groups of people saying — “this is bad”, or making reusable
straws, or, yeah, a lot of small groups doing that, but it’s not only the plastic straws that need to be
dealt with, it’s the whole plastic industry.

The systemic awareness was most prominent in the BEM group, and BEM.5F credited the study programme
for this:

BEM.5F R2: | think there’s a lot in my personal life, but also, | think also the studies because you read
about all these things that are being done and the possibilities on what more can be done, and that
motivates you.
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But there was most probably also a selection-bias at the start of the programme, as we know that students
who are already aware and interested in sustainability are much more likely to opt for environmentally-
oriented studies, as described by Prevot, Clayton and Mathevet (2016).

5 Discussion

In terms of the evolution of the responses over time, we see clearly in Figure 1 that the classical engineering
students and the medialogy students start at a different level of awareness and interest than the BEM
students, which can be attributed to the above-mentioned selection bias. We see an increase in awareness
in the vast majority of students between R1 and R3, regardless of their starting position. Four students did
not change their awareness and interest levels.

Basic interest /
No interest / Little Little interest / Basic awareness + advanced
awareness Basic awareness domain-specific awareness

EE.1F [ .
EE.2M ¢
EE.3M &

ME.1M (] ¢
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Figure 1. Evolution of sustainability interest and awareness between R1 and R3
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We can propose the following explanations for the exceptions:

e ML.6M is truly afraid to delve into the subject and lives by his motto than “ignorance is bliss”. His
own powerlessness in the face of the sustainability crisis terrifies him and he would rather not know
at all, than knowing, and then needing time to build up sustainability competences to address his
anxiety.

e EE.2M was already fairly aware of the situation, but any further interest was limited by personal
mental health struggles, and he found the subject too depressing to gofurther.

e BEM.1F she was already extremely aware and involved at the start of the programme, and while her
engagement levels changed (she joined Extinction Rebellion), her awareness and interest remained
high.

e Student BEM.2M became less systemically aware of the situation, going from a situation of systemic
awareness and interest, to one in which he only focused on one specific domain, namely energy, and
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only from the standpoint of theoretical physics. This could be explained by his negative interactions
with his BEM project group, prompting him to leave the BEM programme altogether.

The overall shift in awareness and interest seems to have two main causes, as mentioned above:

e firstly, the increased media attention given to sustainability issues, particularly in the wake of actions
by Greta Thunberg, Extinction Rebellion, and Elon Musk, among other “big names” in the
sustainability debate. This is in line with what has been called in the mainstream media a “Greta-
effect” (Nevett, 2019), according to which the Fridays for Future movement led by the Swedish
teenager has spurred a world-wide increase in awareness and interest in sustainability among young
people.

o Secondly, the introduction of sustainability issues within the courses and projects. It was however no
clear whether the specific PBL project format had any advantage over regular lectures in introducing
students to sustainability issues since both were mentioned by students as factors triggering interest.
It may be, however, that the PBL format indirectly increases students’ interest in global problems,
and the “real world” nature of the project problems encourages domain-specific awareness. Thus,
while the previous quantitative study and this qualitative study present circumstantial evidence for
a “PBL-effect”, it might be suggested that more fine-grained qualitative approaches such as case-
study or diary studies, which include direct observation of the PBL work and in-the-moment
reflection would provide further insights that post-hoc qualitativeinterviews.

While our results show that an increase in sustainability awareness and interest is likely in a PBL environment,
it is not guaranteed. Therefore, we suggest that there is a need for both targeted and systematic initiatives
to increase the impact of education for sustainability in the curriculum for all students, even those that might
be less susceptible to the methods currently employed. To do this, the project format is a promising format,
but should be reviewed and improved in the light of emergent EESD innovations — for instance project types
have emerged to promote a comprehensive systemic approach: so-called “mega projects”, that have the
ambition of engaging several student groups from different disciplines to address wicked sustainability
problems.

6 Conclusion

This qualitative study presented further evidence to support the argument that engineering students in
systemic PBL universities are likely to increase their awareness and interest in sustainability issues over the
course of their degree programme. This seems to be the case across very different engineering disciplines,
adding further evidence to the argument that this is not a phenomenon only confined to “environmental”
engineering studies, but perhaps related to the PBL process itself as students orient themselves in the world
outside academia through their projects. However, the precise effect of the PBL was not widely apparent
from the interviews, and therefore it will remain as an argued hypothesis that project work adds sustainability
awareness and interest via the problems analysed by the students within academic knowledge domains.
Further research to investigate this could include diary studies during project work and field work
observations of project work.
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Abstract

Project management and collaboration are considered core competencies in engineering education, both in
relation to complex problem-solving and as part of the required professional skill set. The most common
way of learning both project management and collaboration skills is by introducing different types of team-
based projects in the engineering curriculum and letting students reflect on their skills development.
However, the student experiencing and learning during a project process depends on the team size and
duration of the project work, as well as the scope and organization of the project itself, ranging from a
narrower disciplinary approach to a more contextual one, incorporating interdisciplinary and inter-
organizational learning outcomes.

In this paper, we present a conceptual framework for understanding the variations in educational projects
and intended learning outcomes for project management and teamwork. The project typology is based on
two dimensions: 1) the scientific content and problem scoping, ranging from simple and complicated
problems to complex and interdisciplinary problems; and 2) the size and organization of the team(s)
implicitly involving project management processes on varying levels. Combining these two dimensions
results in four educational project categories: the discipline project and multi-projects, addressing single
discipline learning objectives on a scale from individual discipline teams to larger team clusters; and
interdisciplinary projects and megaprojects, which cover contextual, complex and interdisciplinary learning
outcomes on a scale from smaller interdisciplinary teams to larger ‘teams of teams’, or clusters in
collaborative networks. These four ideal types of project frame students’ learning of various complex
problem-solving competencies such as problem identification, analysis and solving, collaboration skills and
project management in different ways, all relevant in engineering education. Here, we focus specifically on
intended learning outcomes related to the different types of interdisciplinary projects.

Keywords: project types, complex problem-solving, interdisciplinarity, problem based learning

Type of contribution: PBL conceptual paper
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1 Introduction

Complex problem-solving competency is a relatively new requirement for engineering education, becoming
increasingly distinct in the accreditation criteria in the past ten years (Accreditation Board for Engineering
and Technology (ABET), 2014). Here, complexity is defined as a dynamic situation characterized by
interdependent variables. Therefore, establishing a system overview is a requirement to be able to identify
interconnections, dependencies and boundaries, which is a complex process involving many different
factors. It is an instance of knowing neither the problem nor its solution (Snowden and Boone, 2007). For
complex problem-solving, there is also a demand for actors to be able to handle complexity, and since
engineers are considered one of the main human resources in any technological complexity, this becomes a
requirement in the engineering profession (Attri 2018). A study of problems in the workplace indicates
clearly that complex and ill-structured problems are the most typical engineering problems. These
problems have multiple and often conflicting goals. They, can point to many different types of solutions and
success criteria and constraints are often outside the technical domain (Jonassen et al., 2006). “Complexity
of a problem manifests itself in a number of forms, including the breadth of knowledge required, the
difficulty level of comprehending and applying the concepts involved, the skill and knowledge levels required
to solve the problem, and the degree of nonlinearity of the relations among the variables within the
problem space.” (Jonassen and Hung, 2015:page 9). The more complex and boundary-less a given situation
is, the more options can be generated — and especially when dealing with real world problems, the
complexity extends beyond scholastic problem-solving skills (Dérner and Funkt,2017).

In the Problem Based Learning (PBL) model at Aalborg University, complex problem-solving is considered an
integrated and essential PBL competency (Holgaard, Sendergaard, & Kolmos, 2019). However, not all PBL
practices address complex problems and a more variated project-oriented curriculum is needed to include
complex problem-solving. Therefore, it is important to conceptualise various project types.

The term ‘PBL competencies’ covers four overall categories of competency; problem-oriented, project-
oriented, team-oriented and metacognitive competencies, to reflect and further develop other more
domain- or discipline specific competencies. These competencies are embedded within the curriculum, and
students are required to reflect continuously on them throughout their education. The four types of
competency are deeply interrelated. For one thing, different types of problem call for different types of
project with different team constellations. As a consequence of the increasing need for complex problem-
solving, there is a need to increase diversity in the types of project that students work on. It is not enough
to let engineering students focus on parts of complex systems; they also have to capture the
interconnectivity and dependencies of complex systems to address wicked problems. It is not enough to
work with projects from within a discipline, as complex problem-solving most often calls for
interdisciplinary synergy. Therefore, diversity and variation in the project experiences is fundamental for
developing PBL competencies (Fraser, Allison, Coombes, Case, & Linder, 2006; Pang, 2003).

A recent review of PBL in engineering education indicates that the most common application of projects is
within existing courses rather than across courses or at curriculum level (Chen, Kolmos, & Du, 2020). In this
review, the majority of the research reports single course project activities, whereas only a quarter of the
papers report a more systemic approach to project activities across courses or at curriculum level. At
course level, projects are mostly applied as means for students to deepen their understanding of the
lectures and to enhance students’ motivation for learning. The project types reported in the literature
review are characterized by problems mostly given by teachers, with few possibilities for the students to
identify problems themselves, with a duration of about a semester as long as the course is running, and
with smaller teams of mostly three to eight students (Chen et al., 2020). Reviewing the development from
2000 to 2019, the trend is an increase in the prevalence of project activities and students’ project
participation increasingly becoming the norm rather than the exception in engineering programmes.
However, if students experience the same types of project process throughout the educational programme,
there is a risk that it becomes routine, without any deeper reflection (Kolmos, 1999) and team
collaboration becomes a type of tacit knowledge or a set of non-verbal action skills, where action is not
necessarily based on discussion and knowledge sharing. Although the sharing of tacit knowledge through
collaboration may provide expertise otherwise difficult to obtain, non-verbal expertise might be less
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transferable to other situations, since the learning is created and tied to a certain situation. For the
experienced expert, according to Dreyfus and tacit knowledge and intuition will be at the highest level.
However, the students are in a learning situation, and it is crucial that this experience and learning is
reflected and conceptualized in order for it to be reconstructed in new situations. Experiencing variation
and articulating contrasts, similarities and differences is one way to encourage reflection and make tacit
knowledge and collaboration explicit. Therefore, we argue that it is important that students experience
variation in the type of problems and projects they participate in to break routine and to make explicit tacit
knowledge and competencies. In a PBL curriculum, this variation could include:

e Problem type (ranging from simple problems to complex problems)
e Project type (ranging from narrow discipline projects to complex megaprojects)
o Project scope varying from few credits to many credits

o Project length varying from shorter to longer courses, from one semester to xyears

Teams and collaboration
o Group size varying from smaller to larger groups and teams in networks
o Group composition varying from local to internationalteams
o Group formation varying from student-initiated to teacher-initiated ortheory-based

o Types of collaboration varying from specific division of labour to integrated collaboration

Facilitation

o Relationship between lectures and projects

o Supervision and collaboration forms

o External collaborators varying from external project cases to project partners
e Variation in physical and digital facilities and learning spaces

Reflection on variation is an important source for learning how to carry out problem analysis and problem
definition in a professional way, and not least for learning process skills to be able to enter into and handle
problem-based project collaboration—in other words, PBL competencies. Through reflection on variation,
the learner becomes aware of the characteristics of the experience and its relation to other educational
experiences. For instance, if a student has experience with project management only in a single discipline
group, that is the experience and knowledge this student carries, whereas having experience with two or
three different types of group collaboration will most likely increase the ability to be flexible and adaptable
to new situations (Pang, 2003). Although there are many ways to create variation in a curriculum, in this
paper we focus specifically on the structural components of projects by focusing on problems and teams.

2 Types of Projects: The Problem and Team Dimensions

A project is defined as a unique endeavour with a specific goal to solve problems, which can be divided into
sub-tasks. Projects range from small teams to hundreds of people depending on the issues to be solved and
the defined tasks (Algreen-Ussing & Fruensgaard, 2006). However, in many engineering curricula, students
are not offered the opportunity to reflect on variation, since the types of project students are working on
are similar in terms of both scientific approach and team size, two important dimensions for scaling up and
expanding projects. Scaling up the scientific approach concerns expanding the range of project types from
single disciplines to interdisciplinary projects, in principle determining choice of discipline and method to
match a similar range from narrow discipline problems to complex problems.
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Figure 1: Types of interdisciplinary projects

The terms ‘multidisciplinarity’ and ‘interdisciplinarity’ are often used interchangeably in the literature.
However, to understand variations in collaboration and complexity, we can benefit from a distinction
between multidisciplinarity, understood as the cooperation of disciplines applied in parallel to a particular
problem, and interdisciplinarity understood as the integration of discipline specific knowledge into one
common project or solution (Klein, 2010; Szostak, 2004). Particularly within engineering education,
interdisciplinary problem-solving will often result in a common product, and while the degree to which
each discipline is integrated into the product will vary, all elements of the product will have to be adjusted
to one other, which is considered a specific type of integration.

As illustrated in Fig. 1, another beneficial distinction can be made between narrow and broad
interdisciplinary collaboration (Klein, 2006, 2010). Narrow interdisciplinarity covers collaboration within a
shared knowledge paradigm with similar methods, while broad interdisciplinarity refers to collaboration
across knowledge paradigms and scientific approaches. Within a narrow interdisciplinary team (such as
chemistry, chemical engineering or biotechnology) a shared basic understanding of common
methodologies, methods and data is more likely compared to a broad interdisciplinary team across e.g.
humanities, social science and engineering with a larger variety of knowledge paradigms and thus increased
complexity in the understanding, dialogue and negotiation of problems and problem-solving approaches.
While collaboration and organization in any team, interdisciplinary or not, may bring conflicts and issues, a
team collaborating across disciplines, compared to collaboration in teams with members from within the
same discipline, is more likely to encounter difficulties in relation to understanding differences—e.g. in
scientific paradigms and methodologies— and thus approaches to problem analysis and problem-solving.
Furthermore, when the collaboration is of a considerable size (e.g. in ‘teams of teams’), this can create
challenges in how to organize work and collaboration across distance and time zones.

The team dimension refers to the number of students in one project. Smaller teams are usually considered
easier to manage than bigger teams with more students. However, the type of discipline specific and
interdisciplinary approach might add to the complexity of the project management and collaborative
dimensions of the project regardless of how many students are involved in a project. Within traditional
course structures, where the single discipline project is most common, the team size is usually about three
to eight students working on a simple, single discipline problem in a project. For interdisciplinary projects,
the number of team members will most likely increase, requiring the team (e.g. of eight to ten people) to
reorganize in smaller sub-teams with specific parallel tasks and internal management processes both within
and across all sub-teams working on the same project, making it a different learning experience compared
to a single group working on a single-discipline problem.




8" International Research Symposium on PBL (IRSPBL), Aalborg, Denmark, 18 August, 2020

2.1 Project Variations

Within the two dimensions, interdisciplinarity and team size, four basic project types can be identified; the
single discipline project, the multi-project, the interdisciplinary project and the megaproject. This distinction
of four project types is made for prescriptive purposes: real-life practice would provide more variations.

The single discipline project, usually carried out in a single project group, is well known and the most widely
used both at course and curriculum level, where students within the same educational programme apply
knowledge, theories and concepts to a simple discipline specific problem. An example can be a group of
students applying control theory while developing an anti-sway system for a ship to shore crane.

The multi-project is less common and occurs in bigger courses or clusters of sub-disciplinary courses, and is
characterized by a number of project groups working on the same or complementary elements (work
packages) within the same or similar disciplines— e.g. in software development, or when groups work in
parallel on the optimization of prototypes. These types of projects emphasise coordination among project
teams to ensure the quality and feasibility of the common product and/or problem-solving methods. An
example is computer science students optimizing an app for children with autism (AAU multi-project,
2020).

Teams in network
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Figure 2: Ideal types of projects

The interdisciplinary project can be carried out in one project group of minor size. The team can be
composed of students from different disciplines but can also be students from the same programme taking
on an interdisciplinary approach to a particular problem or which is supported by a team of interdisciplinary
staff members. For instance, in engineering projects, the preliminary problem analyses are often
interdisciplinary in terms of academic scope, as students use e.g. sociological methods or participatory
action research to identify user needs, allowing interdisciplinary knowledge to be integrated into a project
with students from the same educational programme. An example can be students for media technology
designing a sustainable city game for primary school, for which they need to have knowledge of both
learning in primary shool, sustainable cities and game design.

The megaproject has recently been introduced into engineering education as something new (AAU, 2020).
The general term ‘megaproject’ covers large, long-term and highly complex interdisciplinary projects (broad
or narrow), normally characterized by a large investment commitment in development and implementation
mostly by public funds, (infrastructure projects in cities, logistics such as high speed trains, aircrafts and
airports, space technologies and renewable energy systems etc.) and great collaborative complexity
(especially on an organizational level), with a long-lasting impact on the economy, the environment and
society (Priemus, Flyvbjerg, & van Wee, 2008; Hu, Chan, Le, & Jin, 2015). Many future megaprojects will
respond to global crises such as that of the COVID-19 pandemic and the grand challenges related to climate
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change and the UN Sustainable Development Goals (SDGs), which can be challenging to integrate into
education; thus a framing of societal megaprojects to feasible educational megaprojects is necessary.

2.2 Megaprojects in Engineering Education

To frame the concept of megaprojects to be applicable within engineering education, we argue that it is
necessary to work with the concept of ‘black boxes’ in the megaproject, with systems, or parts of a system,
only considered in terms of inputs and outputs. Black boxing thereby refers to the process through which
users (in this case engineering students) can have a general understanding of the system and its function
without necessarily knowing all of its specificities. An example could be working with electricity grids and
how to store energy from wind turbines, while not necessarily knowing the details of the wind turbine
itself. In engineering, this is a well-known phenomenon, and to be able to bring real world problems and
grand challenges into engineering education, this is a necessary part of the megaproject design. Advantages
of this approach includes students learning to analyse relations in a system and to situate their specific
knowledge, design or product within the overall system as well as an overall understanding of its relation to
other disciplines beneficial for future interdisciplinary collaboration.

Since megaprojects require more resources than are usually available within a course or semester project,
as well as more time to mature scientifically, technically and socially, it will be necessary to operate not
only with black boxes in a system, but also with ‘black phases’. Here, we refer not to a black box in the
technological system, but instead a black box in the process of engineering. Most likely, students are part of
just one or a few project phases—e.g. problem identification, problem analysis or problem-solving—
essentially subjecting other project phases to black boxing, through which students hand over the results of
a specific project phase to another team to continue the work into the next semester.

Problem analysis Problem identification and specification Problem solving

I Il I

Black boxes

Black phases

First group of project Second group of Third group of
teams project teams project teams

Figure 3: Black boxes and phases in projects

The phases can be defined and overlap in different ways; however, overall the process can be divided in
two comprehensive phases: the problem phase, consisting of problem analysis and identification, with the
aim of reaching a requirement specification; and the problem-solving phase, with the aim of develop a
solution to the identified problem. Thus, when megaprojects run for several semesters, the first cohort of
students works on the initiation, analyses and definition of the problem, while the second cohort works on
requirements as part of the definition and design phase, and so on. The phases are equally important, and
through experiencing different projects, students accumulate learning experiences related to all phases.

In a megaproject, a phase is not necessarily running for a single semester. Sometimes problem analyses or
solving is done in iterations or for a longer periods of time, and for each phase several project groups join,
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These project groups might work on various tasks which will represent various credit points and thus with
different workloads.

While a megaproject can be a feasible way to address complex problems such as those defined by the
SDG’s, there are many inter-related problems and a broad solutionspace. In this sense, the megaproject
helps shed new light and new perspectives on challenges where we do not yet have a full understanding of
the problem or limited current technical solutions to address it. While the students are expected to take a
certain perspective in a megaproject and work only in one phase (e.g. problem analysis) in detail, it is
considered a core competency to be able to understand and contribute to the alignment of different
phases in the particular megaproject to help maintain an overview. This is particularly relevant when
educational megaprojects relate to and collaborate with real-life megaprojects and external partners,
either involving student projects over longer periods of time with several student teams and clusters
involved, or where students work e.g. on one specific requirement in a sub-project but still need to
understand its relation to other phases, as well as the overall aim of the project.

2.3 Interdisciplinarity in Megaprojects: ASpectrum

Whereas real-life megaprojects are most often considered broad in terms of interdisciplinarity, educational
megaprojects can be modelled within a narrow inter-discipline scope, e.g. by dividing certain phases of the
project across semesters. One such example is the AAU satellite project, which started up at the
Department of Electronic Systems at Aalborg University. The project combine electronics and physics
(space science) to build a fully functional satellite, and it has run through several phases, each
corresponding to one semester (Larsen, Nielsen, & Zhou, 2013). In comparison to other narrow
interdisciplinary megaprojects, this project is unique in adding a further ‘product in operation’ phase to the
usual development of models and prototypes in PBL projects (Larsen et al., 2013; Zhou, Kolmos, & Nielsen,
2012). Another example is AAU Racing, where students, with a few exceptions, design all parts of a racing
car. The product of each project is developed into a prototype and, in some projects, the engineering
design is supplemented with a business plan and cost analysis (AAU Racing, 2020). There are many more
variations and options, but characteristically, for the more narrow interdisciplinary megaprojects in
engineering education, the focus is on a common product.

SDG frame with problems and challenges Problem solving and results

Interdisciplinary
product
developed for
and with people

Narrow

interdisciplinary
Process: Collaboration - Leadership and management >

Broad
interdisciplinary

Figure 4: Types of narrow and broad megaprojects

The broad interdisciplinary megaproject that involves multiple disciplines, like the narrow, can span several
semesters. For example, at AAU the megaproject ‘Simplifying Sustainable Living’ spans two years (AAU,
2020), with different focus areas highlighted (e.g. waste, green consumption and transportation). The first
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phases can involve identifying, analysing and even redefining a complex problem (for instance, the
challenge ‘Eat Locally’ was renamed ‘Eat Sustainably’ as project groups found that locally produced food
and sustainability did not necessarily correlate). Other phases can focus on specifying criteria for solutions,
potentially defining additional narrow interdisciplinary megaproject proposals.

Compared to narrow interdisciplinarity, the broad interdisciplinary megaproject has a more complex
organization, combining multiple disciplines that do not necessarily share the same knowledge paradigm,
scientific methods or even scope. Thus, while an engineer and a social scientist may disagree on knowledge
definitions and methodologies, it is much more critical if one understanding of the problem and aim of a
sub-project within a megaproject conflicts with, or even counteracts, the aim of another. Therefore, even
though the problem and solution phases and their products (black-boxed or otherwise) are equally
important in broad interdisciplinary megaprojects, they must be modelled to , emphasise the precise
contribution of different (and perhaps even conflicting) academic approaches and perspectives to improve
and nuance the project’s success criteria. The endpoint is a combination and interrelation of different
systems, rather than one specific common product.

2.4  Complex Problem-Solving in Varying Project Types

Complex problem-solving competencies can ideally be achieved in all complex project processes, including
discipline-oriented multi-projects as well as narrow and broad interdisciplinary projects (Attri 2018). The
following Table 1 outlines the variation in some of the complex problem-solving competencies. Moving
from left to right in the table, there is an increase in complexity in the contextual scope of the problem
analysis, as well as the approach to design innovation.

Disciplinary approach Narrow interdisciplinarity Broad interdisciplinarity
Project types Discipline and Interdisciplinary projects Broad interdisciplinary
multiprojects Narrow megaprojects megaprojects
Problem Understanding the Understanding problems Understanding problems in
analysis problems in the related to parts of a system a comprehensive system
discipline domain and or parts of a process by perspective by making a
how the discipline combining a few core synthesis of different
relates to other disciplines discipline approaches
disciplines
Problem- Incremental Product/service innovation System innovation
solving product/service (design to substitute) (design to change)
innovation
(redesign what is)
Project From stable teams and structures - to - agile systems/flexible structure with ad hoc
management groups
Collaboration From simple collaboration within same knowledge paradigm - to -

difficult collaboration with different knowledge paradigms

Table 1. Combining problem-solving competencies and project types

Table 1 stresses that increased complexity in problem-solving not only influences the content dimension,
but also complexity in terms of collaboration and project management processes. The collaboration and
organization of the project groups can vary greatly from having a simple and fixed structure of coordination
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to one that is fluid with emerging ad hoc groups and a focus on agile project management methods to
involve more sub-teams in decision-making processes. However, as the complexity increases from a
complex discipline specific project to narrow and even a broad interdisciplinary project, the need for agile
systems and flexible structures increases due to the increased uncertainty related to both knowledge
domains and potential solutions.

3 Final Remarks

In this paper, we have presented a project typology based on two dimensions: 1) the scientific content and
problem scoping, ranging from simple and complicated problems to complex and interdisciplinary
problems; and 2) the size and organization of the team(s) implicitly involved in project management
processes on varying levels. Combining these two dimensions results in four ideal types of educational
project categories: single discipline projects, multi-projects, interdisciplinary projects and megaprojects. We
relate this to the distinction between narrow and broader interdisciplinarity and propose different
variations including discipline specific multi-projects with several groups; the narrow one-group
interdisciplinary project; the narrow interdisciplinary megaproject across groups (narrow by black-boxing
parts of the system/processes); and the broader interdisciplinary megaproject across groups, including a
comprehensive system perspective.

While the problem and solution phases of the project are obviously closely linked to the content, the
learning potential is very much linked to the generic competencies obtained through interdisciplinary
project work, both in terms of problem analysis, problem solving, collaboration and project management.
The broader the disciplinary team constellation is in a multi- or megaproject, the more emphasis is put on
students’ complex problem-solving and collaboration competencies within and across groups. Furthermore,
in comparison to narrow interdisciplinarity, a broad interdisciplinary approach will challenge the students
to understand and communicate the qualities and contributions of their own discipline, as well as its
boundaries and interaction with other disciplines.

In this paper, we have presented an overall conceptual framework for project types and complex problem
solving competences. Future work includes studies to elaborate on the dimensions of the different project
types, and explore how the framework can be appropriated to different problem solving competences e.g.
entrepreneurial competence, business competence or digital competence.

Educational megaprojects combine the challenges of complex technological systems and complex
collaboration patterns, and this type of project can be seen as bringing together competencies from other
types of projects and adding both a societal and an intercultural dimension to the learning experience.
Compared to the great challenges of our time, living in what has been coined a ‘global village’, where
citizens struggle to obtain sustainability, the broad interdisciplinary megaproject holds a consolatory
prospect for future engineering education.
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Abstract

Engineering Education for Sustainable Development (EESD) has been on the agenda for decades in order for
engineers to develop sustainable technology for future societies. Increased international attention to the
signs of an overarching sustainability crisis have further increased the sense of urgency in order to move
from sustainable discourse to actions — in industry as well as in educational systems. At Aalborg University,
several actions have been taken in order to highlight the importance of sustainability in engineering and
science education. As an example, in the beginning of the 1990s, all engineering students entering the
University were placed in inter-disciplinary groups and faced with sustainability as a crosscutting semester
theme. Likewise sustainability in different shades has been introduced as semester themes within
programmes initiating engineering and science students to identify, analyse, formulate and address
sustainability challenges in science and engineering. Furthermore, sustainability issues have been
introduced in workshops for students and staff, and sustainability has been an integrated perspective in the
developments of new prototypes and products in problem based projects. The challenges have however
been to balance the focus on sustainability with more domain specific perspectives — to foster engineers
with enough engagement and knowledge to contribute to a sustainable development in their everyday
practice, and knowing when to bring in sustainability specialist when needed. The comprehensiveness of
the United Nations Sustainability Development Goals have recently underlined the need for combining the
generic with the specific in meaningful ways in order to cope with the complexity of the sustainability
challenge. In this practice paper, we present an initiative to support staff in engineering and science to
integrate sustainability in their educational practice. The online resources are organised in three stages of
ambition supporting staff in: i) making students aware of the sustainability challenges in relation to their
study domain, ii) providing students with an entrance to know more about sustainability, and finally yet
importantly iii) empower students to do more and take action in their project to contribute to a more
sustainable development. As such, the on-line resources are presented as a way to frame education for
sustainability for engineering and science students, as a stepping-stone for staff to appropriate EESD for
specific programmes.

Keywords: Sustainability Education, Engineering Education, Online resources, Staff training.

Type of contribution: Practice paper
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1 Introduction

The discourse arguing for universities to play an active role in creating a more sustainable world is not new.
In the last decades, guidelines and procedures have been developed at the conceptual level, prescribing
how to integrate sustainability in universities - including education, research and management (Wright,
2005). Additionally, publications on education for sustainable development (ESD) have been increasing in
the last three decades. Such increase is partly due to research and practitioners’ publications on ESD,
covering its learning principles, integration, pedagogy, students’ perspectives, capacity building, and
campus management. Likewise the social and political sense of urgency to address sustainability problems
has increased, as for instanced exemplified by the United Nations Sustainable Development Goals (United
Nations, 2015) and the Paris Climate Accords (United Nations, 2018).. As a consequence, more universities
reflect what it takes for a university to integrate ESD at a systemiclevel.

Staff training programmes are part of a comprehensive strategy to implement ESD in higher education. The
integration of ESD and the institutional processes that can enable a systemic, transformative and deep-
rooted integration of sustainability depends largely on its staff, their willingness and capabilities to support
such processes. It is through staff training programmes that in-service teachers are able to gain an
understanding of sustainability by acquiring knowledge and developing competences to re-design their
courses for ESD . Such programmes present the possibility for institutions to ‘use’ their staff as starting
points to bring change from a bottom level (Barth & Rieckmann, 2012).

In engineering education, staff training seems to be inadequate, ineffective and does not reflect the
demands on engineering educators regarding ESD, including its conceptualisation, integration, learning
outcomes and teaching and learning activities (Barth & Rieckmann, 2012; Roberts & Roberts, 2008).
Furthermore, designing appropriate learning activities for staff training should follow an approach similar to
the one taken in developing the students’ curriculum. Additionally, according to Sharpe (2004, cited by
Roberts & Roberts, 2008) staff training activities should:

o Allow for knowledge construction both individually and in collaboration;

e Encourage knowledge to be applied effectively within professional roles allowing the ‘knowing that
to be updated;

e Encourage learners to interrogate and engage with their developing knowledge in order to
externalize and make explicit the ‘knowing how’, so that it can be shared and learnt from, to the
benefit of both the individual and the organization; and

e Incorporate the values and ethical practice of the profession to reaffirm how knowledge is used in
practice

4

Staff training activities should not merely be a platform for knowledge construction and development of
new communities of practices; it should also create opportunities for different, progressive, levels of
engagement and learning in engineering education for sustainable development (EESD). Additionally, the
staff training activities should be transferable, with immediate application in practice. This should include
activities that can be applied in teaching practices and facilitate students’ learning for sustainability.

This best-practice paper presents an initiative to support staff in engineering and science to integrate
sustainability in their educational practice. The initiative concerns an open online course for staff and has
been developed as and for a problem based learning approach. Problem-based learning (PBL) is one of
most suitable learning approaches to educate for sustainability, as learning principles that characterise
both PBL and ESD overlap, including learning principles such as problem orientation, exemplary learning,
contextual learning, experiential learning, interdisciplinarity, and collaboration (Guerra, 2014). PBLis a
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process-oriented and student-centred approach, where students have ownership of the learning process
and are primarily responsible for the decision making process (Guerra, 2017).

In the following sections, the overall conceptual design (section two) and the on-line material (section
three) will be presented, followed by concluding remarks (section four).

2 Developing a framework to design an online course — becoming aware, knowing
more, doing more

The overall aims of the course is to support staff in: i) helping students to become aware of the
sustainability challenges in relation to their study domain, ii) providing students with an entry point to
know more about sustainability, and finally, yet importantly iii) empower students to do more and take
action in their projects, to contribute to a more sustainable development.

To fulfil the aforementioned aims, we propose a
framework to design an online course organised in
three levels of ambition: 'becoming aware', 'knowing
more', and 'doing more' (see figure 1).

The framework and the three levels of ambition
emerge from our experiences and reflections as
lecturers and supervisors at Aalborg University, a PBL
environment at the system level. For several years,
we have been developing and delivering courses,
workshops, seminars and supervising students'
projects with, and for sustainability. The overall goal
has been to educate AAU engineering students for Knowing more
sustainability. However, the different learning

activities have been addressing different learning el

objectives and levels of development for ESD. For

example, in the B.Sc. on Media technology, 1st and Figure 1: The interplay of the three dimensions in the on-
2nd semesters, sustainability has been integrated into  line resources: getting aware, knowing more and doing
the project's sub-theme. In other programmes, more.

seminars and workshops took place to create

awareness and basic knowledge about how sustainability topics can be related to disciplinary fields.
Nevertheless, we soon recognised that the learning activities for sustainability as well as the learning
objectives needed to be organised and reflect progression in educating for sustainability.

We consider that the three levels of ambitions that compose the framework created to design the online
course address the aforementioned needs that emerge from our practice and reflections. ‘Becoming
aware’ aims to create awareness of the role that engineers have in addressing the sustainability challenge.
As a first step, there is a need to recognise why engineers, in general and within the expertise of study, can
contribute to a sustainable society. After such a recognition, there is a needed to expand and qualify
student knowledge about sustainability. This is the target of ‘knowing more’, where sustainability, its
complexity and principles, needs to be conceptualised and understood before it can be integrated into
practice. In this dimension, it is not expected that students will develop expertise in sustainability sciences,
but rather a ‘know what’: understanding how sustainability is defined within existing frameworks and
knowledge domains. Having established a knowledge base, students can start to re-construct and refine
their knowledge about sustainability to address real life sustainability problems, i.e. ‘know-how’ and the
knowledge thereby internalised might even become a platform for identity development, i.e. ‘know how to
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become’. With this ambition, ‘doing more’ implies that students engage in formulating and solving
sustainability problems in a competent way. They become agents for sustainability.

Even though the framework to design the online course emerge from authors' practice and reflections,
they relate with existent theoretical and empirical literature on ESD.

For example, a recently study published by Servant-Miklos et al (2020) "presents different patterns of
change for students’ development of sustainability awareness and interest during the process of
acclimatisation within their engineering studies", highlighting the interplay between affective, cognitive and
action-oriented dimensions of learning. Using a qualitative longitudinal study involving 16 students from
four different engineering programmes, four categories emerged from the study: (1) no interest/ little
awareness, (2) little interest/ basic awareness, (3) basic interest/ basic awareness + advanced domain
specific awareness, and (4) active interest/ advanced (systemic) awareness. In this context, awareness is
defined as "knowledge and understanding of the sustainability crises”, and interest as” the propensity to
seek out information about the sustainability crises".

Furthermore, Sterling (2005) refers to three levels of learning towards sustainability, which are seen as
consecutive and progressive. They are:

e  Basic learning, implying “doing things better” i.e. trying optimise technological sub-systems from
within a disciplinary knowledge domain. One can say technology is perceived as the solution and
remains within "disciplinary silos". This can be related to becoming aware of the sustainability
impacts from specific types of technology.

e  Meta-learning, implies "doing better things", i.e. requires stepping out and recognising the
relations between different knowledge domains within a wider social-technological perspective.
Students then have to become aware of how different stakeholder interests play a role in the way
technology is developed, understood and used.

e  Epistemic learning, can be interpreted as “doing things differently". Sterling relates epistemic
learning to a “helicopter view”, i.e. seeing things differently by reconstructing knowledge domains,
establishing new community of practices, and recognising the existence of alternative paradigms. It is
about re-thinking societies in what Mills (1959) termed sociological imagination, where students
need to create a “vivid awareness of the relationship between experience and wider society” (Mills,
1959).

These three levels underline the action-oriented approach (different levels of ‘doing’) of our course
framework, but it also underlines the progression in knowledge from disciplinary to interdisciplinary
knowledge; from silo thinking to embedded contextual awareness. This is emphazised in the on-line
resources by helping staff to facilitate students in rethinking their discipline from a sustainability
perspective. We do this first of all by making them aware of the inter-connectively between their discipline
and sustainability. Secondly, by using a case approach as a platform to further study and get to know more
about existing interrelations. Finally, we use a project oriented approach to get students actively doing
more in order to propose new interrelations and thereby new potentials for sustainable developments.
‘Knowing more’ without ‘doing more’ would lead to a weak response to the sustainability crisis, but at the
same time the consecutive nature of Sterling’s three levels of learning underlines that actions for
sustainability should build on a solid knowledge base.

The problem-oriented and project-organised learning approach includes the ’know why’, which is needed in
order to actually consider and validate that the paths taken are actually for the better or is actually making
a difference. The ‘know why’ is deeply related to the problem design approach in PBL (see Holgaard et al.,
2017). The problem identification and analysis which is a part of the problem design process requires the
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learner to reflect on both the personal and the context-dependent motivations to address the problem. In
that way, the learner doesn’t just construct or reconstruct their own knowledge — it is a triple loop learning
process, where ‘triple loop learning is learning that opens inquiry into underlying whys’ (Isaacs, 1993).

3  Presentation of the online material

The online course on PBL and Sustainability we present in the following section is for staff who want to
integrate sustainability in engineering programmes or courses and want to learn more about how PBL and
sustainability can be interrelated in curriculum design and practice. The course is both for teachers in
engineering programmes and curriculum designers in a PBL environment who want to integrate
sustainability in the curriculum. The course is however not to be mistaken for a course introducing staff to
sustainability science (or to problem based learning, for that matter). It is strongly recommended that such
courses supplement this course. In this course, the aim is therefore to help staff to combine PBL and
sustainability, rather than to teach about the domains as such. The team behind the course included
engineers, sustainability scientists, education philosophers, as well as PBL researchers in order to address
this crosscutting challenge.

The online material for staff on PBL and sustainability introduces different types of resources, including:
e Video materials to share ideas and experiences with education for sustainability.

e Recommended literature and links to share materials that have been beneficial for teachers as well
as students for self-study

e Examples of best practices - to inspire educational designs and the facilitation of activities in a
problem-based learning approach.

e Facilitating questions in order to initiate further reflections on PBL and sustainability.

In the next section, we elaborate on the online resources prepared for each of the three phases: becoming
aware, knowing more and doing more.

Becoming aware

The first process in educating engineering students for sustainability is to facilitate student awareness with
regards to the role of their future profession in addressing sustainability challenges. Although sustainability
is a discipline in itself, it is also an embedded part of engineering. At least in the professional sphere,
students to some extent see faculty as a role models. Therefore, it is crucial that faculty can argue why an
engineer, in general and within a specific domain, has an important role to play in creating more
sustainable societies. To support faculty in their argumentation, the online resources include a video
providing an example of such an argument for engineers for sustainability — in general and exemplified in
relation to specific domains. Furthermore, faculty can find links to recommended literature on Education
for Sustainable Development (ESD).

In a problem-based learning environment the ambition is however not only for faculty to present
arguments and express their own awareness about the interrelation between sustainability and particular
disciplines — it is just as much a matter of getting students to construct their own argumentations and
become aware of their personal role as engineering students and future engineering professional. In the
online resources, discussions about the role of sustainability are facilitated by providing a structure and an
example of how to facilitate this inquiry process (see example box 1). The idea of the inquiry process is first
of all to create reflection on the interlinkages of sustainability and engineering, which creates the baseline
for students themselves to point to potential knowledge gaps
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To maintain the momentum of interlinking sustainability and disciplinary perspectives, questions for further
reflection are provided, with core questions like:

1. What would you like to learn more about in studying the relation between your field of study
and sustainability?

2. Do you think you will solve sustainability problems in the future with the help of your
profession — and if so, how will you make sure that new solutions are more sustainable than
the previous?

3. What obstacles do you see when working with sustainability in relation to your specific field of
study?

BOX 1:

The workshop “Nanotechnology and Sustainability” was held for first year’s students at the Bachelor
programme Nanotechnology at Aalborg University. Approximately 25 students attained the workshop,
which is part of the course “Problem-based learning in Science, Technology and Society”.

The workshop consisted of two parts. In the first introductory part, students were asked to reflect on
why they chose to study nanotechnology and what they expect to work with when they finish their
education. In the second and main part of the workshop, focus was on sustainability: how do the
students define sustainability and to what extent do they think sustainability is relevant for a
nanotechnologist.

In order to structure the discussion on why students had chosen to study nanotechnology, Socrative
(socrative.com) was used. Socrative is an online tool to get instant feedback from students on questions
asked. With permission from the students, the answers where shown in class, which gave the possibility
to elaborate upon the answers given. Some of the answers could also be used in the second part of the
workshop, when it was discussed whether or not a nanotechnologist should work with sustainability.

In the workshop, the students had not been introduced to the concept of sustainability. Their input was
therefore based on their prior knowledge and understanding of the concept. The students were asked
to form small groups with 3 students in each group. Each group had to write their definition(s) of
sustainability on a poster. Afterwards, the groups had to present their definition of sustainability in
plenary. For most groups, environmental sustainability was most dominant in their sustainability
mindset, which was also reflected in the examples they gave: they could work on optimising the
utilisation of solar panels, help improving water purification technologies and so on. It was difficult for
them to relate to economic and social sustainability.

Knowing more

What Sterling (2005) calls education about sustainability implies that students expand their knowledge
base in terms of sustainability. The strategy has in many situations been to integrate courses on
sustainability in engineering programmes to introduce students to sustainability science. Such courses
however, need to consider that the target group is not comprised of sustainability specialists. So, before
moving into conceptual frameworks from sustainability science on how to deal with the sustainability
challenge in specific situations — it is recommended to foster an overall understand of the complexity of the
sustainability challenges as such. In the online resources we provide a specific example of a video
introduction to the grand sustainability challenge, which was recorded in partnership with Erasmus
University Rotterdam. The angle taken in this video sits at the intersection of ecology and political
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economy, bearing in mind a target audience of non-specialists. The video targets the sweet spot of the
sociological imagination, at the point where the personal (e.g. recycling your own trash) becomes the social
(i.e. the global plastic crisis). It is also possible to use videos for students’ preparation. Furthermore,
students can be encouraged to read and look up literature and film productions on the overall sustainability
challenge based on examples provided in the online resources; books such as Klein’s This Changes
Everything (2014), or Wallace-Wells’ The Uninhabitable Earth (2017), and films such as Al Gore’s An
Inconvenient Truth, Di Caprio’s Before the Flood, and A Plastic Ocean.

When the students have obtained knowledge about the overall challenges of sustainability, they have the
overview to contextualise sustainability to their particular domain of study. In the problem-based learning
environment at Aalborg University, teachers have experienced that the use of cases is effective to motivate
students to learn more about sustainability and study how sustainability relates to their particular discipline
of study. The cases are designed to stress the relevance of sustainability for the specific programme. The
approach has been to facilitate case-work on sustainability in specific disciplines, and in example box 2
there is a concrete example of how students were facilitated to interlink nanotechnology and sustainability,
together with reflections from the facilitator.

Another way of using cases is to mirror real life engineering practice and challenge students to face the
same dilemmas and challenges as in a real life sustainability project. We provide an online case mirroring a
sustainability project, the so-called Shanzu case (UCPBL, 2020). The Shanzu case follows a project where the
challenge is to improve the water and energy supply system for a school for disabled women in Shanzu,
Kenya. The students are faced with the same challenges as in real life at different stages of the project. It
can be used as a source of inspiration to create cases simulating the challenges of managing a sustainability
projects in progress.

BOX 2:

After the students nanotechnology had had the possibility to define the concept of sustainability
themselves (see box 1), the workshop changed focus. The teacher took over and presented, based on
literature, different ways to define sustainability. The students were introduced to the three pillars of
sustainability: the social, environmental and economic pillar. Throughout discussions subsequently, the
students realised that their examples also had an economic and social impact. These were discussed in
plenary.

After these discussions on defining the concept of sustainability, it had become time for the students to
apply their newly acquired theoretical knowledge on concrete societal problems. On the basis of five
concrete societal problems (water pollution, air pollution, energy efficiency, transport and health)
students worked in groups of five students each to explore how nanotechnology can contribute to
sustainable development within these fields. Relevant literature with regard to these societal problems
was made available online beforehand. Students had though the opportunity to collect more literature.
Each group was allocated one of the societal problems. They had to discuss two questions: 1) what are
the causes and consequences of the problem and 2) how can nanotechnology contribute to solve the
problem. The students had to make a short PowerPoint presentation to present their results. During the
group work, the teacher had discussions with the groups and asked them various reflective questions.
After the presentation the other groups had the opportunity to come with their comments and
reflections to the other groups. In the last part of the workshop, the teacher presented causes and
consequences of the societal problems and showed some YouTube movies that explained for example
how to purify water by using nanotechnology. After these presentations it was discussed whether or not
the solutions presented in the YouTube movies were sustainable or not.




8" International Research Symposium on PBL (IRSPBL), Aalborg, Denmark, 18 August, 2020

Doing more

When students can move from the specific to the general, to capture and interrelate the complexity and
the specifics, the students have created a knowledge-base to address real life sustainability problems. It
then becomes more than just a matter of knowing more, as the students will in fact be ready to do more to
foster sustainable development in a competent way.

A problem-based learning environment using real life problems creates a framework to push education
from education about sustainability to education for sustainability. In this latter perspective, students
actually make technological inventions, products, systems and environments for a more sustainable
development. Projects are furthermore an opportunity to challenge disciplinary boundaries and this can be
organised into more interdisciplinary projects such as for example mega-projects, where several student
groups from different disciplines work on a real life wicked problem. (Holgaard et al, 2019).

BOX 3:

Students in the Bachelor programme Nanotechnology at Aalborg University are not obliged to apply the
knowledge on sustainability acquired in the workshop in their project work. However, some groups
have been triggered by the discussions they had on sustainability in the workshop, so they also
integrated sustainability issues in the problem analysis of their project.

For example a group that wrote a project about the fabrication of aligned zinc oxide nanofibers via
electrospinning. The introduce their project as follows: “Environmental sustainability is an increasingly
prominent issue, as global warming is approaching an irreversible state and energy sources like oil and
natural gas are being depleted quickly. Thus, it is of interest to combat the threat of climate change and
find a new form of energy production that can replace fossil fuels (...). Solar energy is of great interest as
a renewable energy source (...). One promising type of solar cell is the thin film solar cell. Multiple thin
film layers are deposited on a substrate to form an electrode. Nanotechnology is of great interest in this
field, because when materials approach the nanoscale, the properties of said material change.”
(Westerkam, Kristensen, Christiansen & Jensen, 2018: page 1-2).

On this project, the group had two supervisors: a main supervisor who is responsible for
nanotechnology in the project and a co-supervisor who is responsible for putting the project’s problem
in a societal context, in this case a sustainable context. The co-supervisor was also the teacher of the
sustainability workshop. It has been a huge advantage, that there was good cooperation between both
supervisors. During supervision meetings with the group, in which both supervisors participated, the
expertise of both supervisors was used to help students to integrate sustainability into their project. An
additional advantage of this approach was that both supervisors got a better idea of the other’s
research competences.

However, to make such sustainable innovations, a careful identification and analysis of the problem to be
addressed is needed in order to provide targeted solutions, and a comprehensive assessment of new
solutions is needed in order not to create new (and maybe even more severe) sustainability problems. In
other words, the process of identifying, analysing, formulating, solving a problem and then assessing the
provided solutions in a comprehensive way creates the setting for integrating sustainability in engineering
programmes.

When a PBL and Sustainability project unfolds, sustainability knowledge, skills and competences blend in
with disciplinary competences to solve a real life problem — a problem that matters. In box 3 there is an
example of how students from Nano-technology at Aalborg University integrated sustainability in their
project work. In the on-line material, this and other examples are included for inspiration.
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4 Final remarks

In this practice paper, we present an initiative to support staff in engineering and science to integrate
sustainability in their educational practice.

The examples from Aalborg University show that the effort to foster education for sustainable development
can re-enforce student engagement for sustainability. The intention is that such an engagement will follow
students in future projects as an embedded way of thinking engineering. The strategy leads to an
interdisciplinary problem-based and project-organised approach supported by active as well as reflective
learning activities in courses.

It is important to note that this strategy is not limited to a one-project approach which could lead to
students developing a tunnel vision and a reductionist sustainability approach. In other words, becoming
aware and knowing more is not a one-time process — it is a continuous process of getting a conceptual
understanding of the complexity of the sustainability discourse. The UN sustainability goals for one thing
underlines this complexity. Another condition is that students are able to transfer their experiences to
other situations, and providing students with a conceptual understanding of sustainability is needed just as
well. It is the combination of theory and practice which qualifies the problem solving process, and quality
solutions are crucial tackling the urgency of the sustainability challenge.
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Abstract

Spain’s public universities agreed recently to contribute to the 2030 Agenda of Sustainable Development
Goals. The University of La Laguna (ULL) endorsed this agreement and launched INGENIA, which is a
competitive funding program for projects conceptualised and performed by high school and undergraduate
students, utilising a Project-oriented Problem Based Learning (PoPBL) strategy. This program addresses
needs of the society in the Canary Islands; it supports participating students’ development of knowledge and
skills regarding: (1) relevance of the problem each student team identifies, and the (2) viability, (3) impact,
and (4) endurance of each team’s proposed solution.

Forty-seven students were anticipated to participate in the program; these students would be supported by
13 academic staff alongside 11 postgraduate students who would participate in a student-facilitators sub-
program. INGENIA formally launched at ULL on 31 January 2020, but was interrupted in mid-March when
Coronavirus resulted in the closure of all Spanish universities. To date, academic staff have served as mentors,
advising student teams in choosing significant local SDG-related problems and writing proposals to address
the four aspects listed above. Student-facilitators would support these mentors to help keep undergraduate
students on track and motivated during their project work. INGENIA accomplished almost two of three stages
and started its third stage which has been restructured to be performed online after COVID-19 lockdown: (1)
informative and training actions for getting academic staff and students interested in participating; (2)
training of the student-facilitators; and (3) project development and presentation. In the first two months,
students worked on project proposal. In the subsequent three months the selected teams were to develop
and conduct their proposals, then report and present results. The final presentations would allow students
to pitch solutions to local companies and public institutions to help secure additional funding after the end
of the grant-funded INGENIA period.
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This paper provides details of the program, identifies methodological and pedagogical fundamentals upon
which it is grounded, reports results of completed phases, and identifies implications that may be of
relevance to other programs and in future iterations of INGENIA. The report may be of use to others wishing
to conduct PoPBL and/or hands-on sustainability projects.

Keywords: Sustainable development goals, project-oriented problem based learning, service learning,
students as facilitators, social student-projects.

Type of contribution: PBL best practice

1 Introduction

The public universities of Spain recently agreed to contribute to the Action Plan for the Implementation of
their country’s 2030 Agenda (Crue Universidades Espafiolas, 2018). This contribution involves generating and
transferring knowledge and skills linked to Sustainable Development Goals (SDGs) and including sustainable
values transversally in all actions. As part of this agreement, Spanish universities agreed to improve their
learning, teaching, and students’ participation processes to increase motivation for understanding and
addressing SDGs through an active and collective mobilisation. To contribute to the Action Plan of the Spanish
universities, the University of La Laguna (ULL) included in its 2019 governmental plan the support of the SDGs.
In particular, ULL wanted to support initiatives that enhance social, economic, and environmental
sustainability within the geographical context of the Canary Islands.

Aligning with the commitment of ULL, public universities, Spain, and United Nations, the authors developed
the INGENIA program to attract and prepare students to face SDG challenges through active learning in the
Canaries. INGENIA is focused on the needs of local society; it is fostering knowledge and skills development
among students who participate and building understanding of sustainability among members of the
community with whom they interact. The program uses Project-oriented Problem Based Learning (PoPBL)
learning strategies to motivate students to find and propose solutions to real problems linked to the SDGs
within their own environment. PoPBL is a coherent learning strategy to promote students’ involvement in
sustainability by helping them develop innovative solutions and take collective action (Haan, 2010;
Rieckmann, 2012; Wiek et al., 2011; UNESCO, 2017). The program has a transversal and open nature, given
that it is not linked to a specific degree, course, or problem. Moreover, it involves students and academic
staff at university and high school levels. INGENIA invigorates transdisciplinarity by encouraging, motivating,
and supporting students to find and analyse problems from various perspectives and work across disciplines.

Working within a traditional and slow-changing academic context, this program was not designed as part of
the existing curriculum, but as an extra-curricular activity for changing students’ awareness of SDGs and their
surrounds, which has been recommended as a first step toward achieving more comprehensive curricular
change (Lamborn, 2009). Program designers started by identifying best practices to educate students to
create positive impact on their local society. To ensure impact, INGENIA was developed as a competitive
funding program for students. Formal objectives of INGENIA are to:

e Train university and high school academic staff in using active learning strategies to supportSDGs.

e Educate postgraduate students, and academic staff, in facilitation techniques and strategies to guide
students in developing complex projects linked to SDGs.

e Implement, in real-life settings in the Canary Islands, student projects that have high potential for
positive impact.

These objectives are to be accomplished in three stages: (1) Informative and training actions, (2) training of
facilitators, and (3) project development. These stages are explained in more detail in section 4.
Unfortunately, the emergence of COVID-19 forced INGENIA to pause at the beginning of the project
development stage and the national lockdown delayed the third stage as of this writing. During the shut-
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down, the authors are pushing the project ahead by further analysing student-facilitator data collected in an
earlier pilot study (preliminary analyses of these data supported the design of INGENIA) and studying relevant
literature and creating web-based education resources aligned with the topics of INGENIA. In April 2020 the
program was restructured and adapted to work online. The following text provides detail regarding the
INGENIA program with the aim of sharing initial learning “takeaways” realized by the authors based on work
completed before the COVID-related university closure.

2 Description of the context

INGENIA is a program developed and executed by three entities working in collaboration: the ULL Vice-
chancellor of Students Office, the General Foundation of the ULL (FGULL), and the Cabildo of Tenerife (Canary
Islands) which solicited and funded the university’s participation. INGENIA is open to the participationby:

e ULL undergraduates and upper high school and vocational school students from academic institutions
located in Tenerife. These students form the core of the program collaborating in teams of 2-5
members to send proposals to the program. INGENIA was open to all ULL’s undergraduate programs
and any pre-university A level high or vocational school from Tenerife. Students could participate in
one of the following tracks: undergraduate students’ track (ULL) or high/vocational school track
(HS/VS). It was not possible to create mixed ULL-HS/VS teams, but undergraduate ULL students had the
possibility of creating teams with students enrolled in different programs (see table 1).

e ULL academic staff and high school and vocational schoolteachers participating as mentors of student
teams during preparation of proposals. These educators serve as student teams’ mentors and
guarantors for the execution of the various projects.

e ULL postgraduate students serve as learning facilitators. These students must complete a training
program before joining in order to most effectively support student teams.
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Table 1: Student teams and their proposals sent in INGENIA.

Team Track No. of participating students and programs involved
PO1 HS/VS 2 students from higher level vocational school program on education and environmental control.
P02 ULL 5 students from Accounting and Finance degree.

P03 ULL 5 students from Tourism degree.

P04 ULL 3 students from Education, Biology, and Environmental Sciences degrees.
P05 HS/VS 3 students from high school.

P06 HS/VS 2 students from high school.

P07 HS/VS 3 students from high school.

P08 HS/VS 2 students from high school.

P09 ULL 5 students from Tourism degree.

P10 ULL 2 students from Agricultural and Rural Environment Engineering degree.
P11 ULL 4 students from Tourism degree.

P12 ULL 2 students from Nursing degree.

P13 ULL 5 students from Accounting and Finance degree.

P14 ULL 4 students from Tourism degree.

P15 ULL 5 students from Environmental Sciences and Psychology degrees.
P16 HS/VS 5 students from high school.

P18 ULL 4 students from Accounting and Finance degree.

P19 ULL 2 students from Nursing degree.

P20 ULL 4 students from Accounting and Finance degree.
P21 ULL 5 students from Accounting and Finance degree.
P22 HS/VS 4 students from high school.
P23 HS/VS 4 students from high school.

INGENIA started with a public promotion campaign on 10™ January 2020 and it was expected to finish with a
“pitch event” to present students’ solutions to the companies and administrative bodies in Tenerife on July
17™. The program was promoted by using social networks, e-mail, and presentations in ULL. FGULL also
contacted all high and vocational schools of Tenerife. As a result, the program received 23 proposals at the
stated deadline, 8 March 2020. The program also involved 23 mentors (one mentor linked to each proposal)
and 24 postgraduates received specific training to become facilitators. According to the initial timeline of the
program, an open call was planned that would offer 11 fellowships in March for individuals wanting to work
as facilitators. However, the program was paused before the call opening due to the confinement measures
linked to the COVID-19.

In April 2020 the program was restructured and adapted to work online through ULL's Google Education
services and the dates for the selection of facilitators, student work, and final pitch events were postponed
(see section 4). The call for facilitators was reopened in April right after the restructuring of the program.
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3 Pedagogical framework

The INGENIA program is not linked to existing curriculum subjects. Consequently, it has not been constrained
by regulations and legal requirements governing the curriculum. However, participating in INGENIA has been
increasing the students’ workload. As a result, INGENIA might not appeal to all students, but rather to
students concerned about sustainability and social issues who wanted to volunteer. The program encouraged
students to address SDGs by implementing active learning strategies like Project-oriented Problem Based
Learning (PoPBL) that have been proposed as effective to achieve this purpose (Lamborn, 2009; Strobel &
Van Barneveld, 2009). The PoPBL model is widely used in engineering education and its features are
applicable to the main needs of the program: (a) it is a collaborative and cooperative learning, (b) it requires
the identification of a relevant problem, and (c) it is focussed on developing a product, process or solution to
create positive impact on the local society. In an a highly structured synthesis of meta-analyses on PBL
learning outcomes, generated by others over a 15-year period, Strobel and Van Barneveld (2009) found that
PBL was superior to traditional classrooms “when it comes to long-term retention, skills development and
satisfaction of students and teachers, while traditional approaches were more effective for short-term
retention as measured by standardized board exams” (p.44).

In INGENIA, implementation of PoPBL was to be applied throughout the project development (third stage) of
the program. Because INGENIA is a funding program for students, student teams were required to dedicate
significant effort to designing and writing about their proposed concepts. It was expected that all
participating students, who were self-selecting, would thus be intrinsically motivated. It was recognized that
just having a good idea would not guarantee success, and this is why mentors were assigned to help students
teams at the beginning of the process. The staff mentor has been the expert who guides the students in
finding the right problem, focussing on their solution, writing up and submitting the proposal idea with
consideration given to the relevance of the problem as well as the viability, impact, and sustainability of the
proposed solution. These four criteria are part of the evaluation process of the proposals and are explained
in more detail in section 5. Mentoring was to be complemented by facilitation, and some of this was achieved
prior to the COVID lockdown. It was recognized that during implementation of the successful proposals,
students would need guidance and motivation to keep on track and not give up when encountering obstacles
and challenges. Mentors selected for the INGENIA scenario were experts, but they did not necessarily have
all the skills or time needed to fully support the students’ projects. This is why INGENIA included a facilitator
sub-program, for postgraduate (PG) students who could act as guides, and help overcome challenges. PG
facilitators were expected to support students while planning their projects, by helping them limit
procrastination, stay motivated and focused, and limit and resolve conflicts.

4 Implementation of the program

The INGENIA program was designed in three stages for (a) informing and attracting the potential participants
(successfully completed), (b) training and preparing facilitators to support students (successfully completed),
and (c) finding relevant problems, proposing achievable solutions and developing projects to implement
those solutions (in-progress). The program was expected to run during the second semester from January to
July 2020. However, the INGENIA program was altered after the COVID-19 lockdown to give additional time
for the development of students’ projects, until October 2020. Figure 1 shows the activities and the
interactions between the three participating collectives (students, mentors andfacilitators).
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Figure 1: The three stages explaining the implementation of INGENIA

institutions

The three stages of INGENIA were designed as follows:

1) Informative and general training actions. Informative actions included a conference held at ULL on
January 31%, the Changemaker Day, that showed how students can change the world. A total of 250
attendees, including ULL students, high school students, academic staff, and teachers, participated
in this event. General training actions included: one workshop for academic staff and high school
teachers interested in becoming mentors (with 12 assistants); and four workshops for undergraduate
and high school and vocational students interested in participating in the program (1. SDGs and
university, 2. Collaborative creativity for sustainable development, 3. Lean methodology, and 4.
Funding and investing to create social impact) with a total of 100 attending students. These students
participated also in networking actions with local companies and associations linked to social and
environmental innovations. One goal of this phase was getting academic staff and teachers
motivated to help students in writing their proposals. Each of these teachers was serving as mentors
and guarantors for a team of students. Mentors were to assume financial responsibility for the
project each of them backed. The primary goal, however, was getting students motivated to
participate in the program and helping them to build new perspectives of the SDGs and building
networks for finding relevant problems and proposing realistic solutions.

2) Training of facilitators. In a first phase, a group of 24 postgraduate students received specific training
in participative methods to agree upon strategies and SDGs and facilitation processes and techniques.
In a second phase, a fellowship call was open to all students who participated in the first training phase.
Nine students passed the selection process (which consisted in the evaluation of merits and a personal
interview by a selection committee) to get a fellowship to work as facilitators. The second phase also
included specific training on PoPBL and academic motivation before the start of the fellowships. The
goal of this phase was having a group of facilitators ready to work with students during the
implementation of the students’ winning proposals. Thus, facilitators did not participate in the process
of helping the students chose the problem and write the proposals, but they will start to work with
student teams during the implementation of their projects if their proposal is subsequently funded.

3)  Project development. The last stage started with the call for students’ proposals. The call was
open from February "™ to March 8" 2020. A total of 23 proposals were received (15 from
undergraduate students, 7 from upper high school students, and 1 from vocational students). Within
three pages, each proposal had to justify the relevance of the problem as well as the feasibility,
impact, and sustainability of the team’s proposed solution. Other aspects required in the students’
proposals were proper formatting, interdisciplinary, and equality. An evaluating committee
composed of university experts evaluated all aspects of the proposals, assigning a 0% to 100% score
based on the criteria showed in section 5. The threshold to have the possibility of getting a proposal
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funded was 60% and 13 proposals scored above this. Primary goals of this phase were: developing
students’ proposal writing skills in the context of SDGs, choosing the best proposals, and supporting
the students to maximise the probability of creating positive impact on the surroundingcommunity.

Table 2: Training and responsibilities of mentors and facilitators.
Training Responsibilities

Mentors . L e Helping student teams in choosing the right problem
e Evaluation of relevance, viability, impact, and . .
based on their common interests, background and

sustamabll.|ty (Feb. 202,0)' . INGENIA’s program criteria: relevance, viability,
e Transforming leadership (April 2020). impact, and sustainability

* Projec.t planning and managing (April 2920)' o Advising students in writing their proposal.
e Technical meeting about INGENIA funding e Managing oroiect’s fundin
management and PBL process (April 2020). ging proj &

e Providing scientific and technological support.
Facilitators o Keeping students motivated and on track.
e Solving conflicts between students.
e Participative methods, facilitation, and SDGs | e Having weekly meetings with student teams and
(Feb. 2020). mentors to support the process and comply with
o Participative methods, facilitation, and SDGs Il objectives and deadlines.
(May 2020). e Providing planning and managing support in
e Technical meeting about PBL process, team coordination with the mentor.
management and facilitators’ roles. o Collaborating with INGENIA’s managing team in
e Social communication linked to SDGs. getting info from student teams and mentors.

o Performing research and disseminating tasks in
coordination to INGENIA’s managing team.

It was expected that winning teams would receive up to €1500 depending upon the amount required in the
proposal and the criteria of the evaluating committee (the total budget available for students’ proposals was
€20,000). Students’ projects were to be executed between March 23" to May 22", but the pandemic caused
by the COVID-19 affected this stage. At the time of this writing, the ULL Students’ Vice-chancellor office and
the FGULL have implemented adjustment measures to continue the project development stage by
integrating online activity and work from home. At the end of the project-execution period, each team is to
write a report to identify the impact of their solutions. Originally, it was expected that, after this report,
students would participate in July 2020 in a public exhibition and in a pitch event to show their solutions to
companies and public institutions with the aim of securing additional funding to continue their projects.
However, the adjustment measures mean that student teams will be allowed to work on their field tasks
during July, August, and September; this pushes the public exhibition and pitch events to October 2020. These
events can be held online, if such is recommended by the healthauthorities.

5 Description of the proposals’ evaluation process

There were two phases to evaluation of proposals by experts. Initial scoring was done by two experts who
evaluated separately each proposal. The scores they proposed were then calibrated in a second phase,
involving an online meeting. The weights and evaluation criteria (translated from Spanish, below) were use
to score the proposals; this information was accessible to the participating students prior to submission of
proposals:

C1. Presentation and structure (5%). Format, headings, and margins are adequate and follow the
template. The text is clear and easy to understand and it is coherent with headings. References are
included and used along the proposal. References have a coherent format (APA, Vancouver, etc.)
Small details like isolated punctuation mistakes will not be penalised.

C2. Relevance of the problem (20%). There is a theoretical framework or a valid precedent linked to the
problem. The relevancy of the problem is explained by explaining its causes, previous experiences




8" International Research Symposium on PBL (IRSPBL), Aalborg, Denmark, 18 August, 2020

and/or previous interventions. The problem is clearly connected with one or more of the SDGs and
this connection is clearly justified and documented.

C3. Viability of the solution (20%). Objectives are clearly formulated (they are particular, evaluable,
feasible, and are described in terms of improvement) and linked to the theoretical framework. The
viability of the solution considers the local community in contact with the problem (e.g., the solution
arises after a dialog with the affected persons or considers previous attempts to solve it by analysing
its failures). The proposal considers the time available to perform the project, and has a realistic
planning of tasks and resources.

C4. Impact of the solution (20%). The future impact is assessed by using an efficiency index (e.g., number
of beneficiary persons, recovered surface, estimated incomings, etc.). Efficiency indexes used in the
proposal require a clear justification. It is not necessarily that the proposal presents a final solution,
so prototypes will be accepted. However, proposals should include tests to ensure impact if the final
solution is executed after the INGENA program ends. The solution must be well connected to the
problem, and solves it credibly.

C5. Sustainability of the solution (20%). The solution can be maintained over time. The financing required
to maintain the solution over time is affordable. Additional funding resources are considered to support
the solution after the INGENIA program ends. The solution does not require complex resources that may
cause that the community to which the solution is offered could not make use of it.

C6. Interdisciplinary aspects (5%). The proposal requires different disciplines. These disciplines are clearly
integrated in the project.

C7. Integration of equality criteria (10%). The proposal clearly considers the equality of opportunities,
with independence of identity, gender, or the origin of any person. It is clearly specified how the
solution affects equally to the improvement of opportunities to all persons.

Proposals were assessed by experts in a double-blind assessment process. Each proposal was assigned to two
experts who evaluated each criterion with an accuracy of one decimal place by using this scale: Fail (0.0),
Poor (1.0), Regular (2.0), Good (3.0), Very good (4.0), and Excellent (5.0). The second phase of the evaluation
was conducted via an online meeting of the same experts to reach consensus. At this stage, the score for
each proposal was achieved by factoring in final score, using the following equation:

(5-(C1+C6)+20(C2+C3+C4+C5)+10-C7)
5.0

Score (%) =

Proposals with scores below the 60% threshold were rejected, and the evaluation committee elaborated a
ranked the proposals over this threshold. In this phase, ranking was split in two separate tracks:
Undergraduate students’ proposals (ULL track) and High school and vocational students’ proposals (HS/VS
track). The budget allotted for track (a, university) was €17000 and budget for track (b, HS/VS) was €3000.
Initially, it was not expected to receive a high number of proposals in the HS/VS track; however, the program
allowed transferring budget between tracks if there were not enough successful proposals.
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6 Results of the evaluation process

After the evaluation process, 13 proposals obtained a score over 60% threshold (8 from ULL, 4 from three
different high schools, and 1 from one vocational school). The following table shows the ranking of the
proposals after the evaluation process and the budget approved for each one.

Table 3: Ranking of proposals and allocated budget after the evaluationprocess.

Proposal Track C1 Cc2 Cc3 ca Cc5 C6 Cc7 Score (%) Budget
P11 ULL 2,0 2,0 1,5 1,0 2,3 1,0 0,5 31,0 0
P14 ULL 2,3 2,0 1,8 2,0 3,0 0,5 0,8 39,3 0
PO7 HS/VS 2,5 3,5 1,3 1,8 1,5 1,0 2,0 39,5 0
P08 HS/VS 1,8 2,0 2,5 2,0 2,5 0,0 3,0 43,8 0
P09 ULL 3,0 3,3 2,3 3,0 1,3 0,5 1,3 45,0 0
P06 HS/VS 3,0 2,0 1,0 3,0 2,5 2,6 4.0 47,6 0
P13 ULL 3,3 3,8 2,0 2,0 1,8 1,0 3,0 48,3 0
P20 ULL 4,0 4,0 1,5 3,5 2,0 0,5 3,0 54,5 0
P18 ULL 1,5 3,5 2,3 3,3 2,8 0,0 3,5 55,5 0
P17 ULL 45 3,5 2,8 2,8 2,8 0,5 2,0 56,0 0
P05 HS/VS 2,0 3,0 2,8 4,0 2,0 2,0 4.5 60,2 1500
P02 ULL 2,8 3,8 3,3 3,0 2,8 2,3 2,3 60,5 500
P15 ULL 2,8 3,5 3,5 3,5 3,0 3,5 2,8 65,8 600
P03 ULL 3,8 4,5 3,0 4,0 3,3 1,8 1,8 68,0 600
P21 ULL 3,5 4,3 3,8 3,7 3,3 1,8 1,8 68,6 1000
P16 HS/VS 3,5 4,5 3,8 3,0 4,5 4,0 1,3 73,0 800
P22 HS/VS 3,3 4.0 4.5 4,0 4,3 1,8 1,7 75,4 1500
P23 HS/VS 3,3 4,0 4,5 4,3 4,0 1,8 1,8 75,5 1500
P10 ULL 4.8 4,0 4,0 4,3 3,0 4,0 3,5 76,8 1500
PO1 HS/VS 3,3 4,3 4,5 4,0 4,3 2,8 2,3 78,5 1000
P12 ULL 4.8 4.5 4.5 4,0 3,8 4,3 2,8 81,5 1000
P04 ULL 5,0 5,0 4,3 4.5 3,0 4,0 4,0 84,0 1130
P19 ULL 5,0 5,0 5,0 5,0 2,0 3,0 5,0 86,0 1300

The total accumulated budget for ULL track was €7630; for HS/VS track it was €6300. As such, all proposals over
threshold in both tracks were accepted. Vertical boxplots in fig. 2 show the distributions of HS/VS and ULL scores
and the median value of the proposal scores for each track. The median score of rejected proposals was 43.8%
(HS/VS) and 48.3% (ULL). The median score of accepted proposals was 75.4% (HS/VS) and 72.7% (ULL) (see
Figure 2). P-value of Mann-Whitney Test between the two tracks for rejected proposals was 0.974, and for
accepted proposals it was 0.998, so the median score did not vary significantly across tracks.

Score distribution of accepted proposals Score distribution of rejected proposals

4 T 4 i —

80 50—

1 % 754 1
72,7 43,8
70 40
. ] 1
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Figure 2: Score distribution of accepted proposals (left) and rejected proposals (right).

NOTE: Base of the box represents 1% quartile and the top of the box represent 3 quartile.
Whiskers represent variability under the 1t and over the 3™ quartile. Median values are indicated
in each box and open dots represent outlier values. Shaded blue boxes represent 50% of data.

Regarding the allocated budget, the median of the proposals presented to the HS/VS track was €500 higher
than those presented to the ULL track (see fig. 3, left). The budget claimed by proposals seemed to increase
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along with the quality and higher score given by the evaluating committee. However, the proposals with
highest scores did not claim the maximum budget allowed (see Figure 3, right).

Distribution of budget by track Score by budget of accepted proposals
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Figure 3: Budget distribution of the accepted proposals (a) and score by budget of proposals over threshold (b).

The results of the criteria evaluation of the accepted and the rejected proposals showed the weakest aspects
of the documents sent to the program (see figs. 4 and 5). There were significant statistical differences
between accepted and rejected proposals in criteria C2 (Relevance of the problem), C3 (Viability of the
solution), C4 (Impact of the solution), C5 (Sustainability of the solution), and C6 (Interdisciplinary aspects) (see
table 4). These results reflect the evaluation process: it was expected that scores below threshold had
significant differences in most criteria from those overthreshold.

However, C1 (Presentation and structure) and C7 (Integration of equality criteria) evaluation results did not
manifest significant differences. Medians for C1 (2.8 and 3.5) and C7 (2.5 and 2.3) (see figs 4 and 5) were similar.
It was expected that accepted proposals would have better quality documents, as well as better integration of
equality aspects. In this case, however, values for C1 and C7 were unexpectedly low for accepted proposals. In
the case of C6 (Interdisciplinary aspects), the significant difference triggers not because C6 is very good or
excellent in accepted proposals (median 2.8), but because it fails, or it is poor in rejected proposals.

Distribution of evaluation results by criterion
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Figure 4: Criteria evaluation of rejected (a) and accepted (b) proposals.

Table 4: Mann-Whitney test P-value for each criterion between
accepted and rejected proposals (Significant values in bold).

C1 Cc2 c3 c4 c5 Cé Cc7
0.143 0.002 <0.001 <0.001 <0.001 <0.001 0.995

7 Discussion

The INGENIA program motivated students from both target populations (university and high- and vocational-
school) to participate, with the majority of submissions (15 of 23) coming from university students. It appears
that the training sessions that were provided did increase students’ motivation to go out and find relevant

problems in the local community but, unfortunately, roughly half of the proposals failed to propose viable and
realistic solutions.
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Quality of submissions by university students was not higher than those submitted by pre-university; there
was no significant evidence of difference between proposals received from high school and vocational
students and those received and accepted from university students. Regarding the funded proposals, there
was not a statistically significant difference between proposals coming from pre-university students and ULL.
Even though university students were required to be more independent (meaning that they have less
experience to draw from), and pre-university students were more dependent and their teachers were more
involved and had more overall experience, these facts didn’t cause a significant difference in the quality of
the accepted proposals. However, the authors cannot generalize this finding more broadly to future
iterations of the project given that the sample size was not large enough, and it was a firstexperience.

Even though the program was presented to all students from all degrees, and the most relevant keynote of
the Changemaker Day was presented by an engineer from MIT, the presence of engineering students
participating in the program was marginal. The presence of a higher number of proposals from Tourism and
Accounting and Finance degrees had to do with the involvement and active participation that academic staff
has had with SDGs. In the Tourism, Accounting and Finance realm, involvement of the academic staff had a
relevant effect in the involvement of students, and even though university students were required to be
more independent than their HS/VS counterparts, building consciousness among the academic staff seems
to be a key factor in the involvement of the institution with the SDGs.

As for program and evaluation design, the criteria used, the scoring process, and the threshold used to accept
proposals were revealed to be effective because the significant differences in the majority of the criteria.
However, the results revealed that students need more support to write quality documents and integrating
interdisciplinary and equality aspects. Mentors should consider these weaknesses because students’
enthusiasm was not enough to build a solid proposal to solve real-life problems linked with SDGs. Reinforcing
mentoring and supporting the academic staff to improve their motivation and mentoring skills could be one of
the keys to create impact through students. The authors believe the opportunity of real-life implementationvia
(1) appropriate funding and (2) mentor support was significant in the take-up and engagement by student
populations. However, the delays and interference caused in the program due to the COVID pandemic
—requiring students, facilitators, and mentors to work from home— is of interest and it is being studied.

The authors’ future research will investigate the factors influencing student involvement in the initiative, and
future iterations of the INGENIA program will integrate findings of this study.
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Abstract

The growth of the student numbers in the Department Mechanical and Aeronautical Engineering at the
University of Pretoria, South Africa over the last 15 years has not seen equal growth in staff or support. The
current curriculum based on the CDIO framework, in combination with the student numbers become
resource expensive and ineffective in its attempt to increase students motivation for learning and to
develop professional skills (communication, collaboration, innovation, creativity and project management).
In order to explore ways to resolve this challenge an interdisciplinary, multi-national, vertically integrated
engineering design project called AREND was developed as a co-curricular project.

Global collaboration in the aerospace industry is central to its existence and the AREND projects tries to
replicate this structure with its international, intercultural and industry collaboration, spanning across 5
engineering disciplines. The paper describes the complex and ill-defined problem within the context of a
technological solution for rhino poaching prevention as well as the sub-system breakdown into smaller
diverse projects. The integration with the existing curriculum within the Department is described with the
assessment criteria for each level from 2" year to 4™ year students and visiting international post graduate
students.

Logistically the co-curricular structure has been successful and students can seamlessly enter and exit the
project at any stage. And based on the experience of the staff members involved it seems the students are
better prepared and more mature than those who have not worked within such a complex project and
diverse group. There has been no interviews with either the staff or students to assess and determine the
value of working in such complex and integrated projects across disciplines and year groups. This paper
highlights some of the initial lessons and insights of practically implementing a PBL of this scale.

Keywords: co-curricular, project based learning, problem based learning, vertically integrated,
interdisciplinary

Type of contribution: PBL best practice
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1 Introduction

In order to address the shortage of engineering skills in South Africa, the School of Engineering at the
University of Pretoria embarked on a growth strategy over the last 15 years. Although this endeavour was
supported by creating additional teaching and research facilities for the School, the growth of the staff
complement did not keep pace and very few venues were developed for Conceive, Design, Implement and
Operate (CDIO) type activities.

The Department of Mechanical and Aeronautical Engineering follows the teaching framework of CDIO while
stressing the importance of teaching engineering fundamentals in the context of real-world systems and
products. The current curriculum in combination with the large student cohorts are resource expensive and
can easily become ineffective. In addition, requirements for 4th industrial revolution transformation and
globalisation of engineering curriculums intensifies the urgency to develop professional, communicative
and innovative engineers for a diverse workplace. However, the risks of a full re-curriculation as well as the
lack of time and staff to do so, leads staff to create and explore alternatives. One such alternative is the
cross-disciplinary, multi-national, vertically integrated engineering design project called AREND which runs
as a co-curricular project and problem based learning (PBL) program.

2 Theoretical/ pedagogical frameworks

Various institutions have implemented integrated PBL programs either on a co-curricular or curricular level.
Some of the most notable efforts have been the Vertically Integrated Projects (VIP) Consortium a not-for-
profit initiative birthed from the success of the VIP program at the Georgia Institute of Technology (Coyle et
al, 2006; Abler et al., 2010; Coyle et al, 2014), the Integrated Engineering Program at University College
London (UCL) (Fung, 2017) and Megaprojects based on global problems as formulated in the United
Nations’ 17 Sustainable Development Goals at Aalborg University, Denmark (Aalborg University, 2020).

The suitability of PBL in engineering education has been discussed in literature (Heitmann, 1996; Mills and
Treagust, 2003; Perrenet et al., 2000; Kolmos, 1996; Edstrom and Kolmos, 2014; Guerra, 2017). Project and
problem-based pedagogies both stem from active learning theory where the student is at the helm of
knowledge creation with the lecturer acting as a guide and encourager, rather than an instructor. However,
there is a distinction between project and problem-based learning. The descriptions in this paper are based
on the influential work of Savery (2006).

Problem-based learning presents students with an ill-defined problem that is relevant to a real-world
scenario. The problem is structured in such a way that collaboration and multidisciplinary knowledge will
be necessary to solve the problem. Students collaboratively define the goals and objectives of solving the
problem. They are then responsible for charting and executing their own learning path to achieve these
goals. In the end their learning must be consolidated and applied to the resolution of the problem.

The primary difference between problem and project-based learning lies in the definition of the goal and
the emphasis on correct procedure (Savery, 2006). In project-based learning, the goal is also shared, but
there are specifications that define the product that would achieve the goal. This places boundaries on the
solution exploration. Defining solution specifications also places more emphasis on the following correct
procedures.

In the classroom, it is difficult to distinguish between purely project and purely problem-based approaches.
Lehman et al. (2006) explain that within a learning project, students frequently encounter problems which
create teachable moments. AREND is absolutely a blend of the two pedagogies. The overarching problem
definition is stated as:

“Team AREND will design a technological solution to aid Kruger National Park (KNP) rangers in the
protection of black and white rhinos from poaching. The solution shall constitute, but not be limited to, an
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unmanned aircraft (18kg, 4.2m wingspan, cruise speed 20m/s, stall speed 15m/s) capable of conducting,
efficient, quiet and remote surveillance of large park areas such as KNP. The drone shall be operable from a
central base within KNP, have extended flight endurance (~120 min), and be able to detect/distinguish
humans and animals with on-board sensors. Design modularity is encouraged.”

Working towards this goal has been a multi-year, multi-project journey. While the product of each project
(such as the catapult launcher) has specifications and there is emphasis on the mechanical design process,
many ill-defined problems emerge along the way.

3 Description of context

What started out in 2014 as a short-term student initiative aimed at entering the Wildlife Conservation UAV
Challenge (www.wcUAVc.com) has grown into an ongoing co-curricular innovation project. The so-called
AREND project was established as an international team of students at four universities on three
continents. The original participating universities were: the University of Colorado (UC) Boulder, United
States; the Helsinki Metropolia University of Applied Sciences, Finland; the University of Pretoria (UP),
South Africa; and the University of Stuttgart (US), Germany. These four teams provided complimentary
technical skills, while the Pretoria team had the additional contact to the Kruger National Park organization.

US had existing funding for collaboration projects, but the other partners did not. The team ran a
kickstarter funding initiative to collect funding for the materials and sensors required by UP and CU. The
funding was mainly to buy materials and build the drone which was part of the technological solution
developed by the team.

The primary task that the UP team started with in 2014 was to develop the concept of operations based on
information obtained from a wide variety of specialists, ranging from biologists to rangers to pilots, to
understand the challenges and difficulties surrounding poaching prevention in the Kruger National Park.
This gave the UP team the ability to set up a unique strategy and defined the specific design requirements
for the drone. In 2014 the UP team consisted of two part time Mechanical and Aeronautical Engineering
PhD students who were full time staff members in the department. They took the roles as project lead and
design advisor. In addition there were 6 final year students who volunteered on the project. The
competition, which originally unified the team never took place but, towards the end of the year a student
from US, who designed and built the wing for the drone for his Masters degree, joined the team at UP for
initial flight tests.

In 2015, the leadership of the project was moved to UP. In order to facilitate and assess student
participation the project was embedded within PBL modules from 2" year to 4" year level in Mechanical,
Aeronautical, Electronic and Computer Engineering. The intention with the integration into curriculum was
initially merely to have students spend dedicated time on the project and we had 9 students (one 4™ year,
four 3™ years, two 2" years and 2 student volunteers) and 1 Master level student from UC. There was still
participation from US to some degree but no formal student involvement took place during 2015.

The existing PBL modules UP has are: a 6 month capstone design module in the 4th year and a 1 year
capstone research project in the 4th year. These are managed by individual staff members, each receiving
10-20 final year students per year. Both the project lead and design advisor of the team allocated some of
their final year students working on these capstone projects to the drone and auxiliary systems.
Conveniently these projects are then directly assessed on Engineering Council of South Africa (ECSA) level
outcomes 3 (Engineering Design), 6 (Professional and technical communication) and 9 (Independent
learning ability). Within the supervision of the project ECSA outcomes 8 (Individual, team and
multidisciplinary work), 10 (Engineering professionalism) and 11 (Engineering Management) were also
facilitated, but nor formally assessed.
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The second set of PBL modules were the 2" and 3" year practical training modules where students, as part
of the outcomes for an Engineering degree at the UP, must gain 240 hours of industrial experience. The aim
is to develop insight on the practical application of engineering science in industry and the related human
relationships and safety aspects. Supporting students to develop skills, an agreement was established with
the Council of Scientific and Industrial Research (CSIR) to train them in composite design and manufacturing
and airframe integration. After which each of these students are assigned to smaller design and
manufacturing portions of the greater AREND team (Smith et al., 2018). Figure 1 shows the specific
structure of the University of Pretoria team and the interface with industry and international universities.

Finally international Master students are able to join the team for 6 month internships, completing their
thesis requirements, gaining practical training experience and acting as deputy project managers in the
local team.

Local Industry
interface
Team Leader
i (Staff)
i L 2
Stuttgart University i Electronic integration
(Germany) : Deputy project advisor - Electronic
i manager (aircraft) - Dept (staff)
] 4™ year student design
— - and research projects
Ecole Nationale i
Superieure de i l
Mecanique et . A y
d’ Aerotechique . | 3™ year student 3w year student |
(France) : ?| internship (Mech) internship (Electronic) [~
i 1|
I 2nd year student
: internship
] (Mechanical)
[

Figure 1: Local team structure and curriculum integration at University of Pretoria.

The project evolved into a co-curricular framework which incentives were to integrate development
of innovative attitudes, cultivation of professional skills and facilitation of early cross-subject synthesis. To
do so with as little as possible resources, but with a great impact on student experience. In addition
these projects are aligned either with core research within the Department or with local industry to foster
global awareness and civic responsiveness as part of a global collaboration amongst Universities in
South Africa andabroad.

4 Co-curricular framework
Table 1 provides a brief summary of the five phases of AREND’s evolution from 2014-2020.

Table 1: Five phases of co-curricular development in the AREND project at University of Pretoria.

Phase 1 | 2014 | Full international collaboration with three institutions and no co-curricular
alignment.
= Four final year students working with 2 permanent staff members as volunteers
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at UP.
=  Weekly engagements with international teams via online platforms.
=  No formal task allocation to the UP students.
= Integration phase with US post graduate student visiting UP for first flighttests.

Phase 2 | 2015 | Reduced international collaboration with two institutions and pilot co-curricular

alignment with PBL modules.

= Nine students working with 2 permanent staff members at UP, with projects
embedded in 4 different existing PBL modules across three disciplines. Formal
task allocations.

= Off-campus lab space to work on the drone with no lab assistants orsupport.

= Manufacturing training at the CSIR for students in their 2" and 3year.

= |ntegration phases with CU post graduate student visiting for sensor integration
and testing of the drone.

Phase 3 | 2016- | Local industry involvement, flexible international collaboration and stronger co-

2017 | curricular alignment.

= Sixteen students working with 1 permanent staff member at UP, projects
embedded as in Phase 2.

=  Two smaller sub-teams forms within the main team to develop sub-systems for
launching and landing for the drone.

=  First international undergraduate students internships on the project

=  Three local drone companies engage with the team and offer a variety of 1-2
week internships for 2" and 3™ year students to build capacity and skills within
the team.

= Dedicated lab space provided for the team members on UP campus with
machine lab training.

Phase 4 | 2018- | Local industry involvement, flexible international collaboration and attempted

2019 | integration onto the Vertically Integrated Projects (VIP) co-curricular platform.

= Nineteen students working with 1 permanent staff member at UP, projects
embedded as in Phase 2.

= Local industry assist with legislation documentation and offer training on flight
test safety procedures.

= Local industry internships remain.

=  First 6 months Master thesis project internship from SU.

= Two new international undergraduate interns join the team.

= Senior students take leadership roles within the sub-teams and direct the course
of the sub-systems with the project lead.

= First successful flight test with integrated system.

= Attempt to change team culture by integrating with the new VIP consortium
initiative at UP.

= First student-defined final year research and design projects related to AREND in
the 4™ year.

=  First industrial engineering students on the team.

Phase 5 | 2020 | Local industry involvement, flexible international collaboration and promotion of
the learning pathway concept for co-curricular alignment.
= 23 students working with 1 permanent staff member at UP, projects embedded
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as in Phase 2.

= Two international 6 months Master thesis students from Germany and Norway
on the team.

= Sub-teams are fully autonomous and report to the project lead rather than
directed by the project lead.

= Local University collaboration with University of Cape Town.

=  Multiple student defined projects for the final year capstone research and design
module.

5 Results and reflections

One of the key features of the vertically integrated co-curricular framework is the scaffolding of project
complexity based on level involvement. On a technical level students are assigned tasked based on the
requirements for the PBL modules they are receiving credits on through the project. Although all students
are required to go through an online training to have an overall understanding of the system and design
decisions made in the past, their individual tasks are customized to suit their level. Second year students
are involved with manufacturing training, designing for manufacturing and setting up CAD models and
manufacturing parts for the various subsystems. Third year students are tasked with small design projects
(example the housing for the battery packs in the drone, or development of the drone interface with the
catapult) and in addition has to participate in organisational decisions and contribute to ideas regarding
improvements. Fourth year students, design, build and test larger systems (catapult, emergency landing
gear, gimbal etc) as part of their capstone project. Therefore it is possible for a student to start in the team
as a manufacturer for a catapult system, to design subsystems for a greater system and in this experience
gain enough understanding to choose their own capstone project based on a new improved design or
technique. International Master students joining the team become deputy project managers, working
closely with the team lead. Their projects are typically related to novel contributions surrounding the drone
(redesign of a wing only configuration with optimisedstability).

Students are able to stay in the project over consecutive years, giving students the ability to work with
different junior and senior level students and encouraging peer-to-peer mentoring and learning. In this the
students become a supervisory resource themselves, and over time the supervision role becomes more
passive as the project becomes more student-centred in operation. The project also develops a level of
communication skill when students have to relate basic and complex concepts to junior or new “non-
experts” group members and communicate with others using a “common vocabulary”. These skills are
difficult to teach in a classroom set up without an authentic experiential learning process facilitated
through a vertically integrated PBL and are essential for workplace needs and demands.

There were a couple of unforeseen difficulties during the various phases that had to be addressed and the
lessons will be described in this section.

5.1 Experience with PBL and the integrationthereof

PBL has been proven to develop a wide variety of competencies in engineering graduates. Some of these
are self-efficacy, improved conceptual understanding, synthesis of information, ability to work in a team
and reasoning skills (Dunlap 2005; Mills, 2009; Prince, 2004; Felder, 2006; Gavin, 2011; Dochy et al. 2003;
Distlehorst et al. 2005). There are admitted shortcomings to the effectiveness of PBL pedagogies in
engineering education. The major criticism against PBL in engineering education is that it is insufficient in
developing all the required professional skills of an engineer (Heitmann, 1996; Mills and Treagust, 2003).
While students educated in a PBL environment might be more motivated and demonstrate better
communication and teamwork skills, they lack a deep understanding of engineering fundamentals (Mills
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and Treagust, 2003). To mitigate this shortcoming and to incentivise students, the AREND project is closely
aligned to engineering curricula.

A design stream of modules is inherent in all Mechanical and Aeronautical Engineering (if not all
engineering disciplines) and offers a simple avenue of vertical integration of PBL endeavours. Aligning PBL
to a real-world problem (ill-defined) and finding the right modules to integrate was simpler than
“managing” the PBL engagements. In Phase 1 and 2 the design advisor was very directive in terms of what
exactly the problem is and what best practice would be to solve it, leaving very little scope for students to
truly engage and grapple with the problem. They were also given allocated tasks without necessarily
understanding the full context of the project. The design advisor prioritised “focus time to complete a
workable” solution which in practice sounds good, but was found leaving students frustrated and unable to
engage.

In Phases 3-5 there was no design advisor in the team. The sub-teams’ projects were allocated in a vague
manner or developed by older students on the project out of perceived necessity or just curiosity. Design
reviews (4 per year) were the only time students received input from the team lead or industry partners. It
seemed that the absence of clear direction led to more self-direction, usually from older students but often
from younger students who really want to work. During Phases 4 and 5, students developed multiple
projects that don’t directly contribute to a solution for the existing objective but showed alternative routes
that could potentially be pursued with equal success. The surge of drone use led students to conceive
multiple alternatives uses of the drone and what design modifications could be relevant if such avenues
were required.

Participating in the AREND project is not compulsory, which could mean that students entering the
program already have a higher level of interest and need for engagement. It is not clear if this would be the
case if the project was made compulsory. Generally the experience has been that students want to engage
with the work only to the level that will allow them to pass well. In a school where typical class sizes range
from 280 to 1300, AREND provides a great opportunity for hands-on experiential learning and the
possibility to fail at the design objective or test, without failing a module. The modules the project is built
into all assess “process” rather than final product and so if there is a workable product at the end it is
perceived as a bonus to the team lead.

Students are frustrated by this since they are under the perception that their designs have to not only work
but be a significant contribution to the project, but as soon as they understand that that is not the case
they are able to create and experiment more freely. Fostering innovative attitudes (Trent and Smith, n.d.)
and cultivating autonomy amongst students unlike any other existing style of project.

Facilitating an effective PBL initiative seems to be an art. Teaching at an institution where staff are trained
to understand the learning outcomes and how to facilitate that is one part, but developing ill-defined
relative design projects that adhere to existing module learning outcomes could be a challenge. There are
various academics that do not have much experience in effective collaboration, multi-disciplinary
engagement or knowledge about facilitating a space where students can be guided to develop traits
associated with PBL. Careful consideration should be made before attempting a scaled up version. A group
of 20-30 students are manageable, but 250-450 becomes a different playing field. In addition, if you lose
student engagement and students only “work to pass” the value of PBL could belost.

5.2 Timelines, capacity and curriculum changes

During Phase 1, UP staff members (part-time PhD students) were responsible to keep to the international
deadlines for the competition. The progress was quite slow, since their personal teaching load and PhD
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work took priority. They were basically also volunteers, with a slightly larger incentive to participate in the
project. This became quite challenging since the deadlines for the competition was already embedded in
the UC curriculum as a single graduate design module. US and Metropolia gave Master thesis topics related
to their sub-projects allowing their schedule to be more flexible. This mismatch meant that UP members
had to strain to keep up with the deadlines since all subsystems were dependent on the concept of
operations and the aircraft configuration.

After Phase 1, it was clear that it was necessary to have a dedicated student team, who could work on the
subsystems and small tasks and they somehow needed to be incentivized. Incentive translating to assessed
and credited as part of their degree, because the volunteers had a true intention of contributing, but their
eagerness waned as module and course deadlines approached. It was critical to ensure continuity of the
project therefore the UP project manager and design advisor remained constant in the project.

Luckily the competition was cancelled, which relaxed the deadlines as the team decided to continue the
project as an innovative design education project to provide a solution for the KNP. This gave UP the
opportunity to schedule deadlines for the project to UP holiday periods at least until the project could be
integrated into the curriculum in 2015 (Phase 2).

5.3 Management of expectations

A focus on ensuring interpersonal communication of individuals with challenges of cultural and language
differences, did not include a focus on difference in engineering design approach which was the most
challenging. International meetings driven and dictated to follow a specific routine design procedure did
not align with this intention of producing a unique and innovative solution to the KNP. This had an impact
on team morale and effective use of limited time (Smith et al., 2018).

The undergraduate students who volunteered during Phase 1 were quite disappointed, having hoped that
they would actually get to build and fly the drone in the same year. Although in theory this would be
possible, the level of design and innovation associated with the solution developed did not allow for quick
off-the-shelf parts with easy integration. Even though their levels of enthusiasm was high, their real time
involved in the project was dependent on their available space in a fully loaded final year curriculum. Their
expectations were not expressed as volunteers and the project lead did not communicate any realistic
plans for the activities which impacted team morale.

5.4  Unclear structures and roles within theproject

In Phase 1, Metropolia never really understood their role in the team, it was unclear when and where their
capabilities would be used. The initial idea was to develop a ground network alarm system to act as a
trigger response for the UAV to be launched. They had two Master students volunteering on the team and
although they were keen to work, the work package only became clear quite late, they offered a theoretical
solution, but decided not to continue in 2015.

In order to mitigate these problems in Phase 2, members that volunteered or spent a short period on the
project outside of the integrated PPBL received task memos derived from the main objectives by the lead
designer. Through this all members of the group understood their responsibility and knew the overall
objectives and role in the global team at all times. This also led to more motivated individuals and greater
success in small manufacturing and integration challenges during the visits from the international
Universities to UP (Smith et al, 2018). It is important to note that although these memos gave context and
some background the design was still ill-defined without clear direction.

5.5 Available infrastructure and technicalsupport

During Phase 1 and 2 both US and UP had no dedicated infrastructure that supported the project. There
were also no dedicated technical support for these students. The context of the project is to contribute to a
technological solution for the rhino poaching problem inspired local support from South African drone
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industry who offered mentorship and lab spaces for technical support was offered by the design advisor
(Smith et al., 2018).

Phase 2 marked the integration into the UP curriculum, which had a couple of logistical challenges that had
to be addressed. The lack of formal lab space and technical support was the most challenging for second
year students who needs to gain experience in manufacturing. Even with the design advisors off-campus
lab space there were no technicians to guide students to do the work. This caused major delays in
manufacturing since students were at the mercy of the staff members to take time to go to the off-campus
location and teach them the manufacturing process (Smith et al., 2018).

5.6  Project continuity and sustainability

After the project leads sabbatical from the project in 2016, Phase 3 had some challenges to update new
students with the project vision and history. At the beginning of 2017, all previous students involved with
the project graduated and only the project lead knew the history and trajectory of the project. This meant
that a lot of time mentoring and guiding the new team was spent before they were able to work
independently. The project lead position is still done on a volunteer basis, so the team also spent a lot of
time reverse engineering what already exists, because contact time was limited. Some of the final years
naturally acted as managers and mentors to these students, where others were overwhelmed by the
responsibility and needed more supervision from the project lead.

Halfway through this phase new students entered and some old ones left, and the handover process was
not well documented. Since the PBL modules linked to this project only required documentation of what
was done, there was a lack of information on what the next phase should be. Students noticed this and
took initiative to develop a documentation framework to help new members.

The increased number of students in Phase 3 and 4 and the establishment of smaller sub-team lead to
project management challenges. Although the tasks were run through a global Google sheet to-do-list and
all members could make sure that overlapping tasks were completed within the timeframe allocated, all
members have different styles of engaging with the management and execution of projects. An additional
industrial engineering student was recruited to set-up lab structures and communication structures
between sub-projects.

The continuous challenge throughout the project was that the students had very limited time to spend on
the project during the semester. The practical training PBL modules require students to work during their
school breaks. A lot of meaningful progress were made during these periods, but the staff involved had no
break in between semesters. Ideally the project would run during a semester, but with an overloaded
curriculum progress were very slow if at all. Phase 4 attempted to solve this challenge by the migration
onto the VIP structure and allocate working hours during the semester. However the working culture of the
existing team struggled moving onto a new system they are not familiar with and had additional
requirements (keep detailed design notebooks and complete peer assessment every 3 months).

Progress over the 6 months of the attempted integration were a lot slower as the team attempt to work in
the semester and there is no bulk time to test and interface with industry. Three of the students working on
the project as volunteers quit halfway into the semester due to heavy workloads of the curriculum, and the
others were only sporadically active and useful. Although we have not had work periods in the University
break, there has also been an associated decline in productivity and enthusiasm. Both the project lead and
the students were too tied up in semester. So the integration into the VIP structure was temporarily
abandoned.

5.7 Client-student interaction

In a real-world design scenario there are continual changes and challenges from different sources (client
requirements, product viability, engineering method advances, manufacturing advances, etc.). The success
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of these projects lie as much in the students engineering skill and reasoning abilities as it does in the more
professional skills like project, time and risk management and conflict resolution. These professional skills
are difficult to formally teach but they are rather skills developed due to difficulties encountered within
these project structures.

The team functioned fairly independently during phase 3 with no formal design advisor and little input from
the project lead. The sub-system teams became very confident and each team had a natural leader arising
who took control of the outputs and assigning of different tasks. The lack of management actually lead to
better self-management. The first successful test flight took place in June 2018 after 4 consecutive failed
attempts during April 2018. The failures inspired new smaller projects amongst the students and they
worked towards a system and pre-flight check procedure that allowed for the eventual successful test. The
mentorship here given by AMS was also invaluable.

Phase 4 included the creation of a wiki, which will address multiple challenges experienced in the project
before. The problem of team hand overs and project history (once completed) will be reflected in this wiki
and all new members can follow what particular progress on sub-systems were and where the project is
moving next. This will potentially take the workload of the project lead and help new members coordinate
themselves in the greater team and know who to link to for what specific tasks.

6 Conclusions

The project is a continuously evolving co-curricular experiment. At the end of each semester students and
staff members involved reflect on the value and improvement of the project. The intention is to allow for
more projects like AREND that are supported and gives other staff members experience in working with
vertically integrated PBL groups. Real-time experience of staff members allows for a collective process of re-
curriculation of a School with large cohorts and limited staff resource. In this paper we comment on the
challenges at this small scale but also note the successes of the framework that was developed at UP for
students and staff to interact with a vertically integrated PBL. The next phase of the project involved a more
extensive study where students and staff are interviewed to establish whether the project was successful in
its aim to foster innovative attitudes, integrate cross disciplinary understanding and cultivation professional
skills.
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Abstract

The course “Not in my backyard! Public participation in industrial and infrastructure projects” is located in
the engineering faculties, but is aimed at students from all disciplines. It runs over the course of one semester
and contains lectures from practitioners, a 2-day seminar and weekly PBL-sessions. The course deals with
participation processes and conflicts in the planning and implementation of industrial and infrastructure
projects like e.g. Wind turbines, gas pipelines or industrial production facilities. The challenge of finding
appropriate solutions for the implementation of such projects is a socially relevant topic and is ideal for
raising awareness for questions of public participation and sustainability whilst also
strengthening competencies in data literacy and interdisciplinarity.

Within the framework provided by the VDI-Guideline 7000 (by the Association of German Engineers)
questions of acceptance and acceptability as well as legal provisions in formal participation processes
and the integration of early public participation in project development are dealt with. Contextual
knowledge from the fields of environmental and technical research is imparted and success factors of
accepted projects are presented.

The active engagement with roles and professions is fostered as well as dealing with online representations
of knowledge (such as citizens’ initiative platforms or company websites). The aim is to promote
interdisciplinary dialogue skills and a reflective attitude. Hence, the students are encouraged to change
their perspective in many ways through different formats: working on the PBL cases in heterogeneous
student groups, carrying out stakeholder analyses and participating in role play sessions in the 2-day
seminar. Here the students explore different roles as stakeholder discussions are simulated, which are
followed by rounds with feedback and reflection. The students are challenged to deal with complex
situations, to test techniques and methods and to develop an attitude that enables participation and
promotes joint solution finding.

Keywords: Cross disciplinary PBL, Interdisciplinarity, Sustainability, Public participation, Data literacy

Type of contribution: PBL best practice
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1 Introduction

The ability to look beyond the limitations of one’s own field of expertise and to think one’s way repeatedly
and readily into new processes and contexts, is of high relevance in the working life of engineers.
Strengthening interdisciplinary teamwork is thus a relevant objective in engineering education. In times of
globalization, digitalization and climate change, and the far-reaching transformative processes they entail,
societies are being challenged globally. They are challenged in ways that can only be solved in comprehensive
cooperation. For the educational sector the task arises to educate young people to be able and willing to
such transdisciplinary cooperation.

Against this backdrop, the promotion of interdisciplinary cooperation was set as one objective of the ELLI
project, which is funded by the German “Qualitatspakt Lehre”, QPL (since 2011, the Federal Ministry of
Education and Research (BMBF) has been supporting the improvement of study conditions and teaching
quality at German universities with the federal-state program Quality Pact for Teaching). To achieve this goal,
we set out to develop a lecture format that would reach across disciplinary and faculty boundaries while also
aiming at a curricular formalization that would bring students of engineering into an interdisciplinary dialogue
with students of humanities, social science, political science and economics. Over the run of the ELLI-project
the teaching format has been planned, tested and further developed constantly for six years. It is now in its
seventh run. This paper is organized as follows: Section 2 illustrates the challenges of interdisciplinarity and
explains why we have chosen public participation as the main topic of the course. In section 3 we describe
the concept behind this course and how the specific curricular integration was constitutive for the structural
developing of the course. Section 4 provides an overview of the implementation and in section 5 we report
and reflect on our experiences and explain the adjustments that were made as a result of these experiences.

2 The challenge of interdisciplinarity and public participation in engineering
education

2.1 Interdisciplinary cooperation and interdisciplinary competency

The ability to contribute constructively in interdisciplinary teams and to help solve complex problems is a
demand often put on university graduates of the 21 century. According to Lerch (2017), two central motives
can be identified in the context of demands for interdisciplinarity, namely the handling of complexity as well
as the wish for innovation. The relevance and challenges of interdisciplinary cooperation can be
substantiated following Brandstadter & Sonntag (2014):

Relevance

=  The subjects of research constantly increase in complexity

= One discipline alone cannot fully solve complexity

= High likelihood to find solutions to complex problems

= |ncreasing interest in subjects that cannot be assigned to a single discipline

Challenges

= Different disciplinary languages
= Different ways of thinking and points of view on the formulation of the problem
= Different methods
(objective, interpretative, explorative, deductive, inductive, paradigmatic vs. pragmatic)
= Different objectives, values, motives

For the most part, questions of interdisciplinarity are discussed in a research context. There is a number of
ways, forms and intensities to be differentiated (Lerch, 2017; Jungert, 2010). In the context of the teaching
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format we present in this text, the term interdisciplinarity is used following Jungert (2010) and the concept
of a “composite interdisciplinarity”:

= Urgent practical problems motivate the cooperation of different disciplines and compels the
inclusion of different perspectives.
= Between these disciplines subject matters and methods usually do not overlap.

This entails that a relevant issue is “needed” to learn interdisciplinary cooperation and to put it into practice.
The issue should be significant, relevant and complex in order to not only motivate interdisciplinary
cooperation but also to justify the demanding work load it involves. Accordingly, a teaching format was
developed that would apply challenges of inter- or transdisciplinary cooperation to a subject which refers to
social issues. Students are in consequence asked to deal with the subject in terms of content and on a
disciplinary level.

The desideratum of students being able to work well in heterogeneous teams does not yet determine what
is to be understood under the term of “interdisciplinary competency” or rather which abilities and skills are
specifically to be encouraged. The essential success factors for interdisciplinary cooperation are outlined
concurrently as an open and appreciative attitudes of the actors, basic knowledge of other disciplines,
cultures of professional socialization and methods, as well as social and personal competences, especially
the ability of team work and communication (Vollmer, 2010; Brandstadter, 2018; Lerch, 2014). However, the
guestion remains as to how interdisciplinary academic education can succeed or rather how we can introduce
the encouragement of these abilities and attitudes in academic teaching and learning scenarios. Boix Mansilla
describes “interdisciplinary learning” as a process in which “learners integrate information, data, techniques,
tools, perspectives, concepts, and/or theories from two or more disciplines to craft products, explain
phenomena, or solve problems, in ways that would have been unlikely through single-disciplinary means”
(Boix Mansilla, 2010, S. 289). Problem and project-based teaching-learning-formats are mostly chosen as a
method because implicitly they always address interdisciplinary competences. This problem-oriented
approach is described as a key element in interdisciplinary teaching-learning settings that encourages the
desired competency development. (Brassler & Dettmers, 2016; Lerch 2019)

2.2 Public participation as a subject in engineering education

The challenge of finding appropriate and sustainable solutions for the implementation of industrial and
infrastructure projects, is highly relevant for today’s society: “’Stuttgart 21’ has become a symbol for protests
against large-scale projects in Germany. The dispute over Stuttgart Central Station prompted ‘Spiegel’ in
summer 2010 to create a cover story about the ‘Against-Republic’. Especially infrastructure projects in the
areas of Transport and Energy often encounter resistance from parts of the population [...]. Not infrequently,
the conflict escalates, fronts harden, and there is hardly any factual exchange” (Brettschneider, 2011). In
Germany, the implementation of infrastructure projects is even more so of importance in the context of the
“The German Energiewende”, as it not only means change on a policy level, but also includes the expansion
of the electricity grid and the construction of plants and facilities for renewable energy production (above all
wind power). Against this backdrop, a number of guidelines and toolboxes have been developed, including
an array of recommendations concerning the kinds and forms of public participation in project planning
processes (BS, 2013; BMVI, 2014; MWEI, 2012; SMBW, 2014). The Association of German Engineers (VDI) has
extensively addressed the problem and chose it as their central theme for the German Engineers’ Convention
2013: “In order to sustain and better the high quality of our infrastructure in the future, it is not sufficient for
projects to meet technical, economic and legal criteria. In fact, the projects’ use must also be recognized by
society, and the citizens must take part in these projects. We have to face this huge challenge” (VDI, 2013).
The VDI-Guideline 7000 for early public participation in industrial and infrastructure projects was devised
through systematic analysis of successfully completed projects and in dialogue with experts for public
participation, practitioners in private and public project developers, regional and federal authorities, civil
society groups and associations (VDI, 2015). Based on the guideline’s analyses, methods and tools, our course
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was conceptualized in cooperation with the VDI and has been carried out each summer term since 2014.
Since the VDI is the biggest technical-scientific association in Germany and it is a representative speaker for
engineers, being the leading technical standards-setting partner in economy and science. Not least, the
cooperation with the VDI in this seminar facilitates a clear professional point of reference for prospective
engineers and marks the importance of the topic for engineering students.

The VDI-Guideline 7000 tackles the challenge of implementing industrial and infrastructure projects in a
sustainable and sustained manner on the operative level, however in the context of our seminar a number
of questions still remain up for well-founded discussion concerning the normative and societal anchoring of
these issues. We see a specific interrelatedness of the problem with Engineering Ethics and the Sustainable
Development Goals (SDGs), which serve as one possible framework for reflection and discussion.

From an engineering ethics point of view, professional responsibility is a central concern since their
profession requires engineers to deliver sound statements on technical feasibility, alternatives, risks etc. Not
only is technical expertise demanded but it is as important to create the necessary trust for cooperation
based on an ethically reflective and scientifically grounded statements and action (VDI, 2002). Moreover,
there is a need to engage with the fact that those involved pursue different interests. A complex
understanding of the term “trust” as a decisive precondition for developing and accepting joint solutions, is
discussed systematically in VDI 7000. One of the central objectives and purposes of early and systematic
public participation is “building and sustaining trust in actors and processes”. Demands such as transparency,
credibility and respect are being addressed and retrieved from a place of a purely personal attitude. They are
instead allocated to basic principles of early public participation which successful public participation should
be based on (VDI 2015, S 11).

In conclusion, the challenge of finding sustainable and sustained solutions for the realization of industrial and
infrastructure projects is well suited to address interdisciplinary competencies. Questions of cultures of
communication and comprehensive cooperation are explicitly dealt with as a challenge in terms of content
and are thus made accessible on different levels. The attitudes and competencies that are needed in order
to be professionally successful coincide in many cases with success factors of interdisciplinary cooperation.

3 PBL-framework

As mentioned above, interdisciplinary formats of academic teaching usually deploy problem and project-
based teaching and learning forms, because they address —to some degree — interdisciplinary competences.
A concept of problem-oriented learning was chosen as the main format for this course, which is also referred
to in literature as McMaster-, Maastricht- or 7- steps-method (Savery, 2006; Weber, 2007; Slemeyer, 2014;
Berbuir et. al, 2014). An “operational definition” was provided by Barret:

“1) First students are presented with a problem

2) Students discuss the problem in a small group PBL tutorial. They clarify the facts of the case. They define
what the problem is. They brainstorm ideas based on the prior knowledge. They identify what they need to
learn to work on the problem, what they do not know (learning issues). They reason through the problem.
They specify an action plan for working on the problem

3) Students engage in independent study on their learning issues outside the tutorial. This can include: library,
databases, the web, resource people and observations

4) They come back to the PBL tutorial(s) sharing information, peer teaching and working together on the
problem

5) They present their solution to the problem
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6) They review what they have learned from working on the problem. All who participated in the process
engage in self, peer and tutor review of the PBL process and reflections on each person’s contribution to that
process” (Barret, 2006)

The interdisciplinary course is designed to be attended by students of different disciplines as an optional
subject. While the humanities’ and social science’ curricula allow students to choose from a wide range of
subjects as optional subjects, the engineering curricula are much more restricted. In some disciplines there
are two different types of optional subjects which are defined by content requirements. The formal rules for
optional subjects are linked to the number of semester hours, the demanded workload, the examination
format to be used and the corresponding assessment scheme. As a feasible workload for an interdisciplinary
course emerged 150 to 180 hours for one semester. Amid the differing examination regulations and
recognition practices of the different disciplines, it is necessary to offer two variants of the course. They do
not differ concerning workload or content in the regular sessions but concerning the required assessments.
In order to be awarded 6 instead of 5 ECTS-points students have to pass a writtenexam.

Allin all, the performance assessment is established through three different elements:

1. Group presentations on the exam case: To finalize the course, students work on an exam PBL-case.
Each group presents their PBL-process as well as the results in the form of a (public) presentation.

2. Seminar paper: Additionally, the students review and edit the research findings of their individual
research question (“learning question”) into a written documentation. This documentation serves as
another element for assessment. In the text, students are asked to also lay out, in which form the
results of their research has influenced the group discussions and how the topical discourse (which
subsequently leads to recommendations on course of action, as presented by the group in the
presentation of the exam case) within the group has formed.

3. Written exam: In a written exam, the basic principles of VDI guideline 7000 and key elements in
participation processes are examined. The exam is mandatory for students of specific engineering
disciplines, due to curricular requirements. For students of other subject areas, the exam is optional
and entails the opportunity to gain six instead of the regular five ECTS-points for this course.

When discussing the concept of our course, it is important to note that Ruhr-University Bochum, as most
other German universities, has no binding strategic guiding principle for the development of curricula.
However, the university’s teaching mission statement and the program for inquiry-based learning at Ruhr-
University (RUB) are strong indicators to further establish and formalize inquiry-based learning in curricula.
Against this backdrop, problem-based learning, which addresses many aspects of inquiry-based learning, may
not be established in curricula as a guiding principle, but certainly there is considerable openness to such
formats. Generally, adjustments to existing structures and traditions are necessary. As Kolmos and De Graaff
write, “Owing to contextual conditions (cultural, national, institutional), specific curriculum models cannot
be transferred directly between countries, as any PBL practice is a social construction and what might work
in one cultural or institutional setting might not work in another” (Kolmos & De Graaff, 2014). For the context
of our course it means that students are not experienced at problem-oriented learning and must thus be
instructed intensively, especially in the beginning. In addition, the course deals with an interdisciplinary,
complex topic and students come from different disciplines, which can lead to insecurities. For this reason,
the PBL case processing is accompanied by a "classic" knowledge transfer in lecture format, which creates a
uniform knowledge base for all participants for certain basic concepts. These lectures have the character of
a lecture series in which internal and external experts give lectures on the topic. However, these lectures
deliberately do not discuss exactly the issues arising from the PBL cases, but rather students receive
information and insights into general issues in the context of public participation in the run of the semester.
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4 Description of implementation

The course “Not in my backyard! Public participation in industrial and infrastructure projects” is aimed at
students of all faculties and is recognized as an optional subject in different courses of study. The module
sessions take place for one semester and are formally divided into a lecture and PBL-practice part as well as
a 2-day seminar. The scope of the course is all in all four semester hours per week. Depending on type and
scope of performance, students can earn five or six credit points (ECTS). In the introductory lectures a basic
knowledge of public participation in Germany is presented by the instructor and aspects of social change, as
well as questions of acceptance and acceptability are introduced. Subsequently, different external speakers
are invited to provide insights into their vocational practice. These lectures take legal frameworks of formal
and informal public participation, as well as aspects of regional planning into account and assume
perspectives from project developers as well as environmental associations. The external lectures in 2019
e.g. dealt with “The structure of spatial planning in Germany”, “Involvement of nature conservation
associations in planning and approval procedures” and the project example of “The gas-pipeline ZEELINK
project”.

In the course "paper cases" are used, i.e. no real cases are worked on, but specially developed realistic case
descriptions. Those cases present situations from planning and participation processes. A special emphasis
is put on the course of action of the project developers. It is put up for discussion if and how they can react
to vocal interests and challenges in the planning process of industrial and infrastructure projects. These cases
are worked on by the students in groups. Participation in this course is limited to 24 students. To ensure a
heterogeneous distribution, admission to the course takes subject quotas into account. After getting to know
each other, the students divide themselves into 6 groups whilst considering that there should be no students
of the same or related degree program in one group. There is no fixed tutor for each group, but 6 groups
working in parallel are accompanied by 2 rotating tutors. The main PBL-tutor is the instructor, supported by
a research assistant who has been trained in the support of PBL groups. The students receive a form for the
7-step method as well as material to structure and document the PBL process. All groups are asked to work
with moderation cards and document their working process. As the work is done with small groups, only little
moderation of the group work is needed. All students are given cards and pens and are asked to write their
thoughts or aspects on a card and then to contribute these verbally and with the card also in writing to the
group process. In the PBL work phases, the students spread out round the seminar room, which for this
reason must be of sufficient size. Each group of four sits around one table. As a formal result of steps 1-5, the
students have to record their problem analysis on a flipchart paper. For this purpose, the moderation cards
created during the process before are structured and glued on. The learning questions must explicitly also be
written on a card and are documented in this form. These rather strict formal requirements serve to give the
students a grid in order to easier orient themselves in the new form of learning and teaching. These guidelines
relieve the group process of formal discussions and serve to ensure that students really work and think with
each other and not side by side.

During the semester, the students work on the PBL cases in a three-week-cycle. In the first the PBL case is
handed out and the group then works on the case, finalizing the session with the deduction of “study
questions” for further research. Each student individually researches these questions until the following
week. The students upload their findings to the accompanying Moodle platform course. In the second week
each student presents their findings to the other group members and discuss the new-found knowledge in
relation to the hypothesis they developed the week before. Based on the extended basis of knowledge the
students (re)evaluate the situation and develop recommendations for a course of action as well as possible
solutions. This is followed up in the third week with a discussion and reflection in the course plenum. One
after the other, each group presents their basic findings and solutions. Based on the comparison of the
different approaches, the findings and specific characteristics are discussed and reflected upon together. In
addition to the research tasks, derivate from the PBL cases, the students are asked at certain points to write
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a reflection of their work processes and to confront the challenges of a special teaching and learning situation
(cf. Fig.1 below).

Methodical and =
C:I’ganlzatu.anal introduction Lecture series with experts
introduction |
PBL case
“example case” PBLcase 1 PBL case 2
Lecture series with experts written

exam
PBL case 3 PBL case 4 fBL o ’ Oral exarp /
examination case presentation
N 2 days-seminar
] (Simulation)
Week 9

Total: 4 semester hours per week

Fig. 1: Scheme of seminar structure

The problem-oriented approach is continued during the two-day seminar, the format also encompasses. This
seminar takes place in the second half of the term and serves as an exemplary application of learned
methods. It is also a deep dive into communication situations that occur in public participation. Based on
three different PBL-cases, the cases are then further developed through contextual narration, supplemented
by additional information and thus extended to a simulation scenario. Students must first apply certain
content analysis methods (such as stakeholder and topic area analyses) to a case scenario. In a second step,
the students should then plan a participation format, which is developed based on the results of the first step
and the repertoire of methods of VDI 7000 previously dealt with in the course. In a third step, a participation
format will be carried out as a simulated conversation (role play). The students are given specific roles for
the scenarios, such as “project manager” or “affected citizen”. They individually receive additional
information for each role that substantiates the structure of the role. These instructions allow the groups to
get into a prototypical communication situation. Communication patterns are analyzed, and reaction and
intervention options are discussed in the joint reflection followed by each simulation unit.

5 Discussion of experiences and reflection of method

The course has been offered in the summer semester since 2014. Over the last six years there has been a
great demand for this course from students of different disciplines and in different years of study. Most
participants come from engineering disciplines (civil engineering, mechanical engineering, environmental
technology and resource management, sales engineering and product management, logistics, industrial
engineering). In addition, there are students from a wide range of subjects (geography, history, biology,
philosophy as well as education, linguistics, social sciences and economics) with varying quotas. So far, a
heterogeneous composition of disciplinary backgrounds could be realized in all student groups.

The overall assessment of the course in the evaluation was good to very good in all runs. For the majority of
the participants, both the PBL method and the interdisciplinary cooperation were new experiences. The




8" International Research Symposium on PBL (IRSPBL), Aalborg, Denmark, 18 August, 2020

interdisciplinary cooperation is mostly emphasized as particularly positive and experienced as enriching by
students. Based on the positive assessment, we deduce that the chosen format enables central learnings as
students gain experience in PBL case work, joint discussion and reflection, and in the development of options
for action and their presentation.

Students evaluate the two-days-seminar particularly positive in each case. For many students this is one of
the rare opportunities to work intensively in groups over two days and to try out a different role. Especially
the change of perspective, which is also emotionally carried out in the role plays of simulation, leads to special
experiences. The students give each other differentiated and constructive feedback. The shared experiences
let the students grow together as a course during this time. The role play format gives the students the
opportunity to showcase and further develop their personal and social skills.

From the evaluations of the whole course in the follow-up feedback as well as from discussions during the
course, it is clear that both the interdisciplinary approach and the unfamiliar teaching-learning form and
method represent a new challenge, especially for students of classical engineering courses, which can
sometimes also lead to uncertainty among students. It is important to be aware of possible uncertainties and
to transfer them into constructive learning experiences. The instruction of work processes as well as the
reflection of the topic and content-related work results play a central role in this process.

Both the introduction and the instruction of the PBL work phases were adapted over the last six runs of the
course. In the first two runs the 7-Steps-Method was explained comprehensively and example cases from
other research fields were presented and prototypical work results of a model case were presented. In past
runs, there was an explanatory leaflet with a description of the individual steps and additionally a "protocol
sheet" with a table representation of the steps and given guideline times of the processing. In this sheet the
moderator of the group was supposed to document the time schedule of the processing. It served the
purpose of becoming aware of the time required and, in case of large deviations, to then reflect and talk
about why the deviation occurred and how this could be counteracted in the future. It turned out that this
small-scale documentation of the work process, in addition to the documentation of the content of the work,
was sometimes felt to be more burdensome than helpful. Therefore, the protocol sheet was dispensed with
and the instructional information sheet was adapted. For this purpose, the steps were reduced to keywords,
visualized with a pictogram and provided with a concrete instruction for documentation. During the first case
studies in the course, the tutors then announce the time frames for processing the respective steps and
control the processing procedure. Once the groups have made their experiences with the method, the groups
take over the time control themselves and only in the case of recognizable difficulties is support provided by
the tutors. This less formalized, at the beginning closely instructed and later more open approach has proven
itself in practice.

Regarding the interdisciplinary subject matter and the associated uncertainties, the nature and scope of
reflection on the results of the work was also changed. In the trial phase of the format, the PBL cases were
processed in a two-week cycle. The research results were then presented and discussed within the groups.
Over the course of the development of the module, the number of cases to be processed was reduced and
the processing cycle of a PBL case was extended from two to three weeks (as shown in Fig. 2). This allowed
the integration of a systematic, joint reflection with all students and a significant increase of the time it would
take up. In the third week, the plenum will now discuss for each case what learning outcomes have been
generated, which recommendations for action have been derived and how this can be placed in the context
of the overall topic area.

This corresponds to the importance of reflection as it is regarded as a key to success in PBL setting: "Reflection
is a precondition for problem-based learning, for setting up methodological frameworks, for being innovative
and, on the meta-cognitive level, for being able to systematically improve individual and organisational
learning processes" (Kolmos, Holgard, 2008).
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Furthermore, it is very important that the structure and degree of complexity of the cases are well adapted
to the methodological and thematic level of the students — as far as this is possible in an interdisciplinary
group. Thus, at the beginning of the course, cases are initially less complex than the later cases.

The following figure summarizes the special challenges and chances in using the PBL method in an
interdisciplinary course and with students who have no previous PBL experience.

Challenges
and chances

Interdisciplinary problem PBL method

Usually no experience
— Methodical
insecurity

high Disciplinary

Interdisciplinary

complexity HE e composition of PBL

are crossed
—> Insecurity
in terms of
content

groups

—> disciplinary
differences in approach

* Establish a sound Fharagte_r !s.tfc of * Instruct methodically
contextual interdisciplinary clear / close (pre-
framework problems defined processes,

»Develop PBL tools, i.e. forms)
cases with * Regular reflection of
appropriate level method, Teaching and
of complexity learning processes and

objectives

Fig. 2: Challenges and chances

Interdisciplinary problems are usually of high complexity and cross disciplinary boundaries, thus deliberately
entailing a methodical insecurity. In order to make use of such problems in learning environments, it is
important to establish a sound contextual and methodical framework. The PBL-Method is very useful to
handle complex and usually “ill structured” problems. The to some degree open-ended results of the cases
are both a challenge and a motivation. Especially for students of an engineering background who have not
yet worked with the PBL method and who are usually trained in basic science subjects to work out “the right
solution” for a specific pre-prepared learning task, dealing with this blurring of results initially means a great
deal of uncertainty. It is therefore very important to instruct the method well so that experience and security
can be gained here. Reflection is of particular importance in order to make the learning process and learning
success tangible for the students. For the development of PBL cases in this course, this also means that the
complexity and level of the cases must be adapted to the degree of experience of the students in using the
method.

Following these reflections and based on our experience of the past six years, this course has proven itself to
be an enriching experience for students and teachers alike in a stimulating teaching-learningsetting.
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Abstract

New trends and demands on engineering workplace call for more generic and employable competences
such as communication, teamwork skills, problem-solving skills, lifelong learning, and digital literacy.
Engineering education institutions are pushed to change and integrate more student-centred learning
methodologies in their curriculum, such as problem-based, project-organised learning (PBL). PBL enables
engineering students to develop knowledge and competences aforementioned. Furthermore, PBL provides
opportunities to increase and diversify the collaboration between universities and industry, fostering
innovation. Industry case examples have been proved to increase student interest and motivation.
However, this paper describes a step forward on that industry-university collaboration level: involving
companies in the project based learning experience. That is, involving the company in the tutoring and
evaluation of a project developed by different groups of students. This could be understood as a dual
training format more adequate for intermediate levels of bachelor degrees, when students are not mature
enough to do a job in a company and get paid for it. This paper describes the experience of the Faculty of
Engineering, Gipuzkoa (University of the Basque Country UPV/EHU, Spain) in supporting PBL integration in
curriculum and in building industry collaboration. This paper descries the strategy Faculty of Engineering,
Gipuzkoa (University of the Basque Country UPV/EHU, Spain) implemented with aim to develop a more
innovative engineering education by re-organising their courses around projects and in collaboration with
companies. Furthermore, the faculty’s strategy is compressive, meaning that includes different strategies
giving the students different learning experiences and contact with work place and employers in different
moments of their education.

Keywords: Academic staff training, PBL, company projects, dual training.

Type of contribution: PBL best practice
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1 Introduction

There are many attempts to reduce the gap between university and business, it is desired that the
university prepare students adequately for their profession and it is hoped that business will be part of the
solution. To this end, opportunities must be created for companies to get involved and work collaboratively
with teachers, being part of the process and contributing to the quality of student work.

Companies give great added value to the academic work when they help teachers to create real tasks and
projects. When students work on problems that matter, they get involved and make the problem their
own, achieving better results. The key to a good University-Business-PBL relationship is to create a
benchmark of what the university/university tutor will need from the company/company tutor, while at the
same time allowing the company to increase their degree of involvement if they wishso.

This article analyses the implementation of Projects in Collaboration with Companies (PCCs) in the Civil
Engineering Degree at the Faculty of Engineering in Gipuzkoa (San Sebastian, Spain) during the 2018/19 and
2019/20 academic years. Ten teachers and 30 students participated in PCCs projects. The teachers received
specific training in the field of PBL and industry involvement to support the implementation of these
projects.

1.1 Problem based, project organised learning (PBL): thetheoreticalframework

Traditionally, Problem Based Learning (PBL) has been defined as a teaching environment where problems
lead to learning (Woods, 1996). This methodology was first used at the Faculty of Medicine of the
University of McMaster (Canada) in the early 1970s. Usually, the acronym PBL is also used for Project Based
Learning, to emphasize the word project, which refers to "a problem of longer duration, with more facets
and which allows for the broad and in-depth exploration of the problem posed" (Jorgensen and Howard,
2000).

Throughout the literature on engineering education, it is evident that PBL should be considered as an
option to be studied in the development of new or in the modification of existing engineering programs
(Johnson and Ulseth, 2016). The extensive experience of Aalborg University (Kolmos et al., 2004), pioneer in
the systematic implementation of this teaching model, the UNESCO reports (UNESCO, 2010; Beanland and
Hadgraft, 2013), or the studies of Graham (2012) or Mills and Treagust (2003), which identify the PBL as a
key element in the design and implementation of more innovative engineering programs, clearly
demonstrate it.

As defined by Thomas (2000), projects are "complex tasks based on challenging problems that involve
students in design, problem solving, decision making or research activities, and that provide the
opportunity for students to work relatively autonomously for extended periods of time to complete
realistic products or presentations”. It also establishes the five fundamental criteria that must be met in
order to consider a methodology as PBL:

- Centrality. Projects are a fundamental part of the curriculum. That is, through them, students
learn and apply fundamental concepts. They are not complementary exercises.

- They are problem-driven. The problem to be solved becomes the thread of the subject.

- Constructive research. The central activities of the project must be a difficulty and, to solve it,
students must "build" new knowledge. Therefore, it is important to avoid the simple application of
established recipes or solutions.

- Directed by the students. Projects should incorporate a good dose of student autonomy, freedom
of choice and decision-making, unsupervised work and responsibility on the part of students.
Although the teacher is always behind to support and guide the process, the leadership must be of
the students.
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- Realistic. Projects should convey a sense of reality to students, which makes them more involved
and results better.

It seems natural, taking a further step, to add to these criteria a complementary one: collaboration with the
company, which only reinforces the sense of reality of the project, giving a professional context to the
academic work and reinforcing the motivation of the students by giving a justification to the need to
acquire certain theoretical and practical knowledge.

Although some experiences already incorporate the collaboration with companies in the design and/or
monitoring of teaching projects (Wang et al.,, 2012), there are no known experiences where such
collaboration is part of the curriculum of the subjects. At Aalborg University (Denmark), the collaboration
with companies is considered a key element of the project, being this collaboration included in their
educational vision (Aalborg University, 2015):

“External organizations are familiar with the Aalborg model and cooperate actively with the University on
students’ Project work.”

“The University’s collaboration with external organizations contributes to ensuring that students are able to
work with contemporary issues that are relevant to their discipline or profession.”

In this context, with the objective of involving companies in student training, and with the limitations
inherent in the structure of the Degrees involved, the Faculty of Engineering in Gipuzkoa proposes the
Projects in Collaboration with Companies (PCCs).

1.2 Reducing the gap between University and Companies: the goal for engineering education
at the Faculty of Engineering of Gipuzkoa

The Faculty of Engineering of Gipuzkoa located in San Sebastian (Spain) was founded in 1952 and was
integrated into the recent public university, University of the Basque Country (UPV/EHU), in the 1970s.
Today, the Faculty offers five B.Sc. degrees in Industrial Engineering (Mechanical, Electrical, Electronic,
Renewable Energies and double degree Mechanical-Electronics), two B.Sc. degrees in Construction (Civil
Engineering and Building Engineering) and four M.Sc. degrees.

Like many other higher education institutions, teaching methodologies have evolved greatly in recent
decades, moving from a teacher-centred model to a more diverse and flexible student-centred model, with
continuous evaluation and giving a major boost to teaching innovation. Specifically, with regard to the
UPV/EHU's model of curricular development of teaching, it is based on the IKD Irakaskuntza Kooperatiboa
eta Dinamikoa or Cooperative and Dynamic Teaching (www.ehu.eus/es/web/sae-helaz/ikd): a model that is
unique, cooperative, multilingual and inclusive, and which emphasises that students should be the owners
of their own learning and be trained in a comprehensive, flexible way that is adapted to the needs of
society. The IKD model was unanimously approved by the UPV/EHU Governing Board in 2010 and
developed in an operational manner in the Strategic Plan2012-2017.

In addition, University-Business relations have been one of the priority axes of the UPV/EHU. Euskoiker, a
non-profit organization, is a foundation, which has as its objective the development of relations between
the UPV/EHU and society. Since 1979, it has managed numerous research projects, made strategic contacts
and participated in several research presentation forums. As regards the Faculty of Engineering of
Gipuzkoa, this University-Business relation is clearly reflected in the internships and the Bachelor Final
Projects carried out in the industry. During the 2019-20 academic year 70% of the students did an
internship in a company and more than 50% carried out their Final Project in companies, or external
institutions.

This model is coherent with the priority axis University+Industry defined by the University Plan of the
Basque Government 2019-2022. Likewise, the UPV/EHU makes this objective its own, establishing the
following axis of action in the Strategic Plan 2018-21:
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"To promote learning in real professional contexts through dual training in undergraduate and
postgraduate studies, and the carrying out of internships, Bachelor final projects, Mater theses and
doctoral theses in collaboration with the public administration, companies and social entities".

With all this, the Faculty of Engineering of Gipuzkoa has recently committed itself to an educational model
based on university and industry collaboration. This model promotes the acquisition of skills by students,
involves the industry in the training of students and brings the university closer to the reality of the
professional and social worlds.

The educational model includes two different strategies to involve the companies in the engineering
programmes and students’ learning: training in the company and training in collaboration with the
company. The first strategy refers to an internship in the company, which is the most common one
employed in engineering education. However, this strategy has some disadvantages when is considered for
intermediate courses of scientific-technical qualifications, i.e. courses that compose the curriculum and
students take along their education. For this reason, the second strategy, collaboration with the company,
is developed and it is what the Faculty of Engineering of Gipuzkoa calls Project in Collaboration with
Companies (PCC).

The PCCs arise as an answer to the question: How can universities offer engineering students work place
learning experiences throughout their education and in collaboration with companies? The PCC
methodology is an adaptation of the Project based learning (PBL) methodology in which companies
participate in the design, development and evaluation of the project. Their implementation requires
redesigning various courses, which would integrate one or several projects and in which the company
collaborates. The company role takes special emphasis in certain key moments of the project development,
which are fundamental for strengthening the process of acquiring disciplinary knowledge and developing
skills.

2 Design, implementation and evaluation of PCCs in CivilEngineering

Today the Degree in Civil Engineering is taught in more than 25 Faculties in Spain, most of which are going
through a difficult time to attract students. The crisis in construction of 2008, the successive changes in
denominations of the Degrees and the expansion of the offer in technological degrees have had a strong
impact on enrolment. The Civil Engineering Faculties in Spain are joining forces to make their offer more
attractive, to disseminate the profession of the civil engineer, as well as to promote the visibility and
knowledge that society has about Civil Engineering. This is confirmed by the latest conference of directors
of Civil Engineering Faculties where the need to work on some of the following has been highlighted:

- To enhance the visibility and knowledge that society has about Civil Engineering
- Strengthening the university-business relationship
- Increase the versatility of civil engineers through multidisciplinary profiles

- To promote the figure of the Civil Engineer in work fields such as BIM methodology, Sustainable
Cities, Circular Economy, Energy Efficiency, Smart Cities data management, climate change
mitigation, etc.

- Disseminate the qualifications and the profession in order to awaken new vocations

Given the aforementioned, the Faculty of Engineering in Gipuzkoa considered appropriate to pilot the PCCs
model in Civil Engineering degrees, whereas it can address some of aspects highlighted namely

strengthening university-business relationships. Design, implementation and evaluation constitute the main
three phases of the pilot process of PCCs in civil engineering.
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2.1 Designing of PCCs for the Civil Engineeringcurricula

The Degree in Civil Engineering at the Faculty of Engineering in Gipuzkoa runs for 4 years and has 240 ECTS
credits. These credits are divided into 66 basic training credits, 144 compulsory (72 common to the civil
branch, 48 of specialty or specific technology and 24 of complementary subjects), 18 optional and 12 of
Bachelor Final Project. The proposal of the Faculty of Engineering of Gipuzkoa establishes that the 30
credits that are given in the last semester of the degree (optional credits and Bachelor Final Project) are
carried out in a company (internship in company, see table 1). Some students are already doing this in a
self-managed way. It is therefore a matter of facilitating the process and clarifying the procedure.

However, the main novelty comes from the PCCs. These projects will be offered in 2nd, 3rd and 4th year
courses, increasing their presence as the students move up the year. In 2nd year, students start with one
course, in 3rd year they take PCCs in two courses and finally in 4th year they take PCCs in 4 courses. In total
PCCs shall be implemented in 42ECTS (7 courses of 6 ECTS each).

Table 1: Distribution of ECTS given with industry collaboration and mechanism (Internship or PCC).

ECTS
Modules Total ECTS with Strategy
industry
Training 66 0 -
Civil Branch
Specific Technology 144 42 (29%) PCC
Complementary
Optional 18 18
100%
( 1 d Internship
Bachelor Final Project 12 (100%)

In the PCC methodology, the academic tutor (AT, university professor responsible for the subject) and the
tutor in the company (CT, person in the company who collaborates in teaching the group of students)
define a problem or project to be solved that becomes the thread of the subject. The problem must be
realistic, adapted to the level of the course but sufficiently complex to allow all the teaching activities of the
subject to be articulated around it.

The role of the CT is fundamental to guarantee the direct and updated contact with the professional reality.
On the other hand, this way of working is based on a relationship of trust and fluidity between the two
people responsible for teaching, the AT and the CT.

The process of adapting from a traditional teacher-centred methodology to a project-based, student-
centred methodology involves analysing the content or the time spent (hours spent in and out of class) by
the students. In addition, when there is a third party, the company, this adaptation requires a careful
analysis of the role of the company tutor, the key moments in their collaboration or the way in which they
interact with the students, among other factors.
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Figure 1: Participation scheme of the three PCC actors: academic tutor, student and company tutor. Source:
Garmendia, Pefialba & Ostolaza (2019)

The first step is the choice of a typical project, which fits well with the subject and the skills that students
must develop throughout the course. This is the key element for the success of the course. Ideally, from the
point of view of student involvement and continuity, the course should be structured around a single
project (although there may be several if necessary), thus making the project the main thread of the
course. The project, having to solve this project (competence), is the reason why students must acquire
certain knowledge. The project must be agreed with the company, so that the CT is clear about the skills
and learning outcomes that students must acquire as a result of the project. Also, the AT can listen to what
type of work the company partner does and problems that arise in that work, and together develop a
driving question or statement for the project.

In addition, it is necessary to carefully design the programme of activities throughout the term. It should
clearly establish the weekly tasks and activities of teachers and students, identifying deadlines, corrections,
feedback, etc. Later, the development of the different activities and depending on the progress or
difficulties encountered, this planning can be modified. In general, all PCCs follow the traditional structure
in the elaboration of any project:

- Information, analysis and diagnosis.

- Proposal, comparison and choice of alternatives.
- Project development

- Conclusions

Depending on the location of the subject in the curriculum and the specific case, some phases may be more
relevant than others. Thus, for example, in the second year projects, the first ones faced by the students,
more emphasis is placed on the first two without having too much impact on the development of the final
project; while in the third and even more so in the fourth year projects, the technical aspects of the
development of the project are much more important, although this does not mean that the analysis and
selection of alternatives are neglected.
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Throughout a course based on the PCC, the class hours are dedicated to all kinds of activities of various
kinds:

- Theoretical explanations by the responsible teachers or by the CT. They can be about some
technical aspect needed for the project, about some instrumental aspect (representation, structure
of documents, etc.), about some similar case to the project or about some general aspect of
interest, even if it is not directly related to the project's subject.

- Workshop sessions in which the project is elaborated, the students' work is reviewed, it is
discussed among students and/or with the teachers, etc. In these classes, teamwork iscommon.

- Scheduled revisions/corrections of the work, which usually include brief presentations or
deliveries by the students. Teamwork is common but individual submissions may also be
considered.

- Field visits to the project site or some other interesting place for the project.

The course is structured in different phases, usually divided into tasks related to the project. That is, it
facilitates the resolution of a complex problem (project) by breaking it down into simpler problems (tasks),
which in many cases may coincide with the phases of the project mentioned above (analysis, proposal,
development). For each of the tasks, the theoretical content that the students will need is analyzed. This
knowledge can be explained by the AT or CT or acquired through complementary tasks (for example,
bibliographic consultations or Internet searches). Finally, the AT has to clearly identify in which part or task
of the project each of the learning outcomes of the subject is worked on.

The CT can help to engage student interest and set the stage for a project from the very beginning. A visit
to the Faculty or a field trip to the company location will pose the project challenge, kick off student
inquiry, and provide an authentic “real-world” context for the project work that will follow. The role of the
company in the initial phase of the presentation of the project to the students is crucial, since it gives
veracity to the project, connects it with the professional reality of the students, and motivates and justifies
the need to acquire the knowledge related to the subject.

Throughout the project, it will be necessary to establish at least one revision session of the students' work
with the company tutor. Not only will partners be able to provide valuable feedback to students that is
grounded in deep expertise, they may even be willing to share the critique and revision processes that they
use in their own professional contexts. This revision is fundamental for the definition of the students'
proposal and its adaptation to the reality of the project.

Finally, it is convenient that the students present a final synthesis of the project, especially if the course is
organized around it. This final presentation summarizes the phases followed and includes the criteria used
in the definition of the solution and the justification of the proposal and its final design. This is the most
appropriate moment for the company tutor to make his last visit and collaborate in the evaluation of the
projects. Knowing that they will be sharing their work with an audience of experts motivates students to
create high quality work and validates the hard work that students put into their project development.

During this collaboration with the company, it is important to find a balance between the availability and
level of involvement of the company tutor and the needs of the project. The timely but continued presence
of the company tutor is essential to give the project a sense of reality and professional work and engage
students. Moreover, the discussions with the company tutor during the workshops, as well as his
comments during the students' presentations, enrich the learning of the students who receive feedback
from someone other than their teacher, who has a less academic and more professional profile, usually
more connected to the professional reality of the moment.
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2.2 Implementing PCCs in the Civil Engineeringcurricula

The idea of introducing dual training or collaboration with the company in the curriculum of some of the
degrees of the Faculty of Engineering of Gipuzkoa arose in the 2017/18 academic year. In this academic
year, some experts in the field were invited and the teachers of the Faculty and the departments involved
where invited to study the possibility of implementing this model in their subjects.

In the 2018/19 academic year, the Civil Engineering degree had a sufficient number of expressions of
interest to start the process. During this academic year, three training and reflection sessions were held
with a reference person in this field. The aim of the first three sessions was to tutor and help each teaching
team on the best way to adapt their subject to the methodology of the PCC. Thus, these three sessions
were distributed throughout the course (November, January and May) since at the end of May the EHU
requires the departments to publish the teaching guides of the subjects, which must detail the teaching
methodology to follow as well as the evaluation of the subject.

Besides, an agreement was established between the Aalborg UNESCO Centre for PBL in Engineering Science
and Sustainability (Aalborg University, Denmark) and the Faculty of Engineering of Gipuzkoa. The overall
goal was to inquiry the academic staff needs and expectations for pedagogical training and development in
engineering education. Specifically, the aim was to plan, run, monitor and research a pedagogical
intervention in shape of a crash course for academic staff at the Faculty of Engineering of Gipuzkoa. The
staff-training course on “PBL and integration of industry projects in curriculum” was problem-oriented,
exemplary and experiential, where participants developed basic understanding on PBL, PBL curriculum and
course design, and integration of industry projects. It was held in July 2019.

With regard to the participation of companies, each department/teaching team identified the company or
companies that could be most suitable to collaborate with the PCC. One of the criteria when selecting the
company/entity was the existence of some previous contact with it. In some cases, where there was no
previous contact, the principal of the Faculty established the first contact. Accordingly, throughout
2018/19, visits were made to the companies to agree or discuss the type of project in which they would
work as well as the conditions of participation of the companytutor.

Finally in 2019/20 most of the courses started with the PCC methodology. In table 1 the timeline of the
implementation process is shown.

Table 2: Timeline of PCCs implementation

2018 2019

i1 2 3 45 6 78 % 10 1 12 |1314151617181920212223 24

Setup
Meetings with staff to ask for proposals
Proposal analysis
Collaboration with industry

Visits and meetings with company partners

Training
Distance learning counseling sessions

Face-to-face counseling sessions .

Azlborg staff training course

Implementation

Beginning of PCCs
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2.3 Evaluating PCCs in Civil Engineeringcurricula

The evaluation of PCCs model focus in: (i) students’ self-perception about their learning and degree, and (ii)
course standard evaluation carried out to all courses carried out in a given semester.

Regarding students’ self-perception about their learning and degree, two questionnaires were distributed:
one before (pre-test questionnaire) and one after (post-test questionnaire) the winter semester of
2019/20. Questionnaires were distributed in class, so the number of responses is equal to the number of
guestionnaires distributed. At the beginning of the course 19 questionnaires were distributed and 12 at the
end of the course. The difference of responses before and after the course is due to students who drop out
the course. The scale used was in a 5-point scale. The aim of these questionnaires is to approach the
student's view of the degree and to check whether this new teaching method significantly improves the
student's perception of the degree. Figure 2 shows the results. In overall, results show that student's
satisfaction with his or her training improves significantly. Students give a more positive evaluation of the
complementary activities carried out, the acquisition of transversal skills, the applicability of what was
studied as well as the contact with the professional world (Figure 2). In conclusion, the PCC model address
two of highlighted priorities above, which are strengthening the university-business relationship, and
promote the role civil engineering has in addressing social and professional challenges.

The centre's equipment (classrooms, blackboards, corks, tables, computers, etc.}is suitable for the development of teaching-learning
The teaching staff of the degree strive to make me a good professional
Inaddition to the classes, throughout my career | have participated in numerous complementary activities such as visits or talks

The studies that | am doing favour that| getin touch with the professional world before finishing my degree

The studies | am doing meet the expectations | had before enrelling

Overall, | am satisfied with the training | am receiving at the EIG
Ingeneral, althoughthe degree has an important theoretical load, we have also seenthe usefulness or practical application of what we study
In addition to technical knowledge, throughout the courses | am acquiring other skills (public speaking, teamwork, writing a report or memoir, etc.)

Inthe degree|'mlearning to be proactive and take initiative in solving problems

‘When I finish schoel, I think I'll have ne trouble finding a job

Most of thetime, | understand how what | studied in the Faculty will be useful to me when | start working, and that motivates me
|
0

0,0 10 2,0 3,0 4, 5,0

Figure 2: Students’ self-perception about their learning and degree before (pre-test questionnaire in blue) (n=19) and
after (post-test questionnaire in green) (n=12) the PCCs course.

Every semester students must answer a teacher's survey, which inquiry about their learning experiences by
evaluating each one of the subjects they have studied. Figure 3 shows the comparison of the evaluation
results of one of the subjects which has been adapted to PCC: the 2019/20 (PCC) and 2018/19 (non PCC). In
2018/19, there were 25 students enrolled in the course and 15 answered the survey, whilst in 2019/20, 19
students were enrolled and only 10 answered the survey. In this case, the results on the teaching given also
improve significantly. All items improve except two (one is maintained, the other drops 0.1 points). The
improvement is particularly noticeable in the questions related to student self-assessment (i.e. that
students evaluate themselves better, in terms of the work done) and learning assessment, where it goes
from an average of 2.8 to 3.5 out of 5 (Figure 3). In conclusion, students’ have a better learning experience
when in a course using PCC model. Furthermore, the results are also aligned with students’ self-perception
of degree and their development.
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Student self-assessment
I have devoted enough time to studying this subject
| have actively participated in the activities involved in this subject
| have contributed to the good atmosphere in class
Opinion about the teaching imparted by teaching staff
Teaching planning
The subject syllabus contains the information needed to monitor it (objectives, competences, resources, teaching-learmning methods, .
Syllzabuses are geared towards developing competencies for our future profession
Teaching method
The practical activities proposed by this teacher facilitate the learning of theoretical content and vice -versa
The resources used by the teacher (biblicgraphy, materials, new technolegies, etc.) assist our learning process.
The teaching-learning methods (tutorials, master classes, seminars, workshops, readings, teamwork, etc ) are adapted to:
our learning needs
The nature of the subject
Characteristics of the group of students
Teaching development
The teacher:
Encourages participation
Encourages a reflective attitude
Proposes activities to encourage independent izarning [search for complementary information, research work, etc.)
Motivates students in erder for them to take an interest in their learning process
guides students” personal work both inside and outside the classroom [tutorizls, email)
Establishes links between this subject and other subjects related to the degree or diploma
Encourages teamwork {if classroom and group conditiens allow this)
Carries his/her teaching in a clear and orderly manner
has developed the subject by adapting it to what has been set out at the start of the course
Interaction with the student

Has guided me in my search for solutions when | have experienced leaming problems
Attends suitable to any consultations which may be made
|s open to dizlogue with regard to improving the subject
Encourages communication
Makes himself/herself available in order to deal with student demands {in class, in tutorials, via email)
Contributes to the developtment of a good group atmosphers
Learning assessment
Assessment was adapted to the work being carried out during the course
The assessment system enables me to find out whether | am progressively attaining the relevant competences
Takes in