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ABSTRACT

In project-based, interdisciplinary engineering courses, teachers face the challenge
of not only imparting technical knowledge but also facilitating effective project- and
teamwork. In this study we conducted a thematic qualitative analysis of 11 teachers'
reflections on interdisciplinary project-based learning (PjBL). The results show that
teachers appreciated PjBL as a means to motivate students and that one challenge
was handling differences in terms of student disciplinary background. While most
teachers did not see a need for further training, teachers who did identify such needs
also seemed to already apply a wider range of PjBL teaching strategies. We discuss
the implication of our findings for both practitioners and researchers.

" Corresponding Author
M Kjellberg

malin.kjellberg@chalmers.se




1 INTRODUCTION

Over the last two decades, engineering education has increasingly been applying
more active, student-centered, and collaborative learning methods. Project-based
learning (PjBL) is one approach often chosen because it resembles the engineering
profession and confronts students with real-world problems that must be addressed
in teams, often across disciplines (Kokotsaki 2016, Mills and Treagust 2001).
Furthermore, PjBL offers opportunities for graduates to develop 21+ century skKills,
professional and transferrable skills, like creative thinking, communication, problem
solving, and understanding of the social context of engineering. (Andrade 2016).

Previous research has shown that despite several reforms in engineering education,
CDIO, PBL, PjBL (Crawley et al. 2007, Mills and Treagust 2001), these have not yet
resulted in a systemic change (Mitchell, 2019). One reason could be that teachers
experience challenges preventing them from engaging in PjBL despite the benefits
for student learning (Kokotsaki et al. 2016). Some of these challenges include
embracing a new role as a teacher (Hmelo-Silver et.al., 2007), designing project-
based teaching, fear of not covering enough technical or disciplinary content (Hung
2011), and tension between theory and practice (Crawley et al. 2007).

Additional challenges appear when courses are interdisciplinary, engaging student
teams across study programs (Kjellberg et al. 2015). These challenges include the
university organisation and the teacher role, not only as course examiner but also as
project manager, team facilitator, and student mentor. Previous research has
suggested that in an interdisciplinary course context, the teacher team need to cover
not only the disciplines involved, but also specific interdisciplinary teacher
competence (Van den Beemt et al. 2020). Other required teaching skills are
communication, leadership, project management and group dynamics (Kokotsaki et
al. 2016). Hence, interdisciplinary PjBL requires teachers, who come from traditional
engineering disciplines, to teach in a way that they in many cases have not
experienced themselves. While there are many studies that highlight the multiple
benefits of PjBL in engineering education (Andrade 2016, Hmelo-Silver et al. 2007,
Kokotsaki et al. 2016, Mills & Treagust 2003), there is a dearth of studies on how
teachers address, and cope with these challenges and reflect upon their experiences
(Mitchell 2019).

This study aims to explore teachers’ experiences of and reflections on teaching
collaborative interdisciplinary project courses with diverse project groups in a context
where teachers might have little experience and education with PjBL but where the
university has adopted a major change within its education. Tracks, a ten-year
initiative started in 2019, aims to encourage teachers to design and offer
interdisciplinary, collaborative, project-based courses, closely connected to current
research, industry, or the wider community. The 3, 7.5 or 15 credits courses are
based on proposals submitted by self-formed teacher teams of varying sizes across
disciplines. All courses are electives and available to bachelor and master students
as well as to professionals. The courses aim to be interdisciplinary in terms of the
projects’ topic and scope, and student and teacher backgrounds, although mostly



within STEM and particularly engineering disciplines. Currently there has been more
than 500 students active within Tracks, taking part in one or more of the so far 25
offered courses. Student numbers within a course vary between 5-40 and they work
in teams of 2-6 where the methods for forming teams vary between courses and are
decided by theTracks course teacher.

Research questions: How do teachers support students in content learning and
collaborative project work? When teachers evaluate the outcome of project-based
courses, what aspects do they pay attention to? What training or support do teachers
perceive they need?

In this text, we will consistently use the term "interdisciplinary," even though the
teachers in this study employed a range of practices, including cross- and
multidisciplinary approaches (Meeth 1978).

2 METHODOLOGY

A two-part questionnaire was distributed to 27 teachers teaching different PjBL
courses within the Tracks initiative. The first part of the questionnaire addressed
background and motivation to engage in PjBL, and the second asked reflective
questions concerning how teachers scaffolded students’ content and collaborative
learning; what worked well in their courses; what challenges they met; what changes
they wanted to implement; and finally, what support they need to continue teaching
project-based courses. We received 11 responses, on which we conducted a
thematic qualitative analysis (Braun & Clarke, 2006). First, the responses to each
prompt were coded inductively by the first author, paying attention to teachers’
individual experiences. This resulted in a large number of codes that were discussed
and revised together with the second author. Second, the whole material was coded
looking for common themes in teacher responses across the prompts resulting in
three overarching themes.

The responding teachers were diverse in form of gender and nationality, two females
and five non-Swedish. Their previous experiences within project-based teaching and
learning were primarily based on BSc and MSc theses supervision and small project
courses and most lacked experiences of interdisciplinary teaching. Two teachers
mentioned more than 10 years' experience of PjB teaching, although most of the
respondents were not that experienced. All respondents have fulfilled the university's
requirements of 15 credits of training in teaching and learning in higher education,
including a mandatory course in diversity and inclusion, but no obligatory course in
PjBL.

3 RESULTS

The results from the first part of the questionnaire shows that teachers were
motivated to engage in project-based learning because it is fun, inspiring, and
motivating for both students and teachers: “(...) an interesting way to teach”.
Furthermore, teachers were motivated by the opportunities to let students work with
open-ended problems, link innovative research to education, and explore topics



outside of core curricula. Two teachers valued the opportunity to start a new course
in the shorter time that Tracks can offer, compared to what is needed within an
established program.

Through the analysis of the responses to the second, reflective part, we saw the
following overarching themes emerge: (1) where teachers invested their effort in
supporting learning before, during and after the project course; (2) what they paid
attention to when reflecting on their teaching; and (3) what changes they wanted to
implement, including their need of (further) training and/or support.

3.1 Where are teachers investing their effort in supporting learning?

Teachers’ strategies for investing their effort in project-based teaching were
distributed on a spectrum between two course designs. The first one was to divide
the course into two parts, where the first part was aimed at knowledge acquisition via
lectures, seminars, or workshops. The second part consisted of industry or research
related project work, where students were expected to apply the knowledge from the
first part. Seven teachers used this approach, and it was predominantly chosen by
teachers teaching courses that introduce students to a specialized knowledge area.

In the second course design, the course consisted only of project work and students
were expected to acquire the knowledge needed to address the project task
themselves, guided by teachers. This course design was predominantly chosen by
teachers with more broad, general, and interdisciplinary project courses, where
students chose their own projects based on a general theme rather than within a
specialized area.

Across all course design types, there were several teacher approaches to support
students’ collaborative learning in their project- and teamwork. One aspect of this
was how teachers to a varying degree controlled how students formed project
groups. At one end of the spectrum, four teachers let students form groups entirely
by themselves. At the other end, two teachers created as diverse groups as possible
based on a set of criteria: disciplinary background, gender, interest, and scheduling.
Finally, four teachers shared the responsibility of forming groups with students by
letting them choose projects based on interest and adjusting the groups from there.

Ten teachers stated that they did not use specific models for the students to learn
how to manage the project, process and define their roles in the team. Two teachers
mentioned implementing course activities about project management, group
dynamics, diversity and inclusion, and how to work in an interdisciplinary team. Two
other teachers worked with reflective individual assignments. One of these teachers
described this as: “..a short reflection on the project progress and one’s role in it. We
hope that this will contribute to the project management-related learning objectives.”
However, none of the teachers expressed that they had specific requirements for
students to define and plan their project. Neither did they follow-up in any other way
than via supervisor meetings and one expressed instead “...students have to figure it
out by themselves”.



Interestingly, among the seven teachers implementing a divided course design
including lectures, seminars, and workshops, only two mentioned facilitation in
project management or group dynamics. However, most teachers mentioned varying
degrees of supervision to facilitate the project work. One teacher reported: “Project
management and teamwork was mainly facilitated by the main supervisor keeping
track of the project and making sure that all students participated and found a good
role in the project team”. However, only one teacher reflected on how the supervision
worked: “What | have experienced very critical for a good result is how to manage a
balanced supervision where the supervisor is neither too detailed nor too vague in
the instructions.”

3.2 What do teachers pay attention to when reflecting on their project-based
teaching?

When considering teacher reflections on what they experienced went well,

challenges they met and future changes they would like to implement, three

subthemes emerged: project outcomes, diverse student groups, and students’

knowledge backgrounds.

In the subtheme achieved project outcomes, four teachers explicitly mentioned
that their student teams finalized their project, delivered satisfactory results, and
produced well-written reports and presentations. None of the 11 teachers expressed
any student team failing their project. Three teachers related the achieved outcomes
to their course design; that introduction lectures and other activities successfully
supported learning, and the application of knowledge in a project. One teacher
related the success of their course to the opportunity of offering a variety of project
topics based on real-world problems. Another one stated: “My overall impression
with teaching the project-based teaching Tracks course is positive, all students have
applied specifically to this course and are motivated. The projects | use have been
designed to allow students to use their respective backgrounds to go deeper into
specific areas of the course. In my course the projects compliment the more general
lectures and material in course in a good way.” Furthermore, one teacher mentioned
“... at least one of the projects led to real-world implementation in industry and
employment for one of the students.”

In the subtheme of diverse student groups, teachers evaluated the outcome in
terms of the student body taking the course. Two teachers expressed that they were
happy with the mix of students, and one of them stated: “... with good projects and
good supervisors this diversity can strongly benefit the projects and the learning
outcomes.” At the same time, another teacher mentioned being impacted by cultural
differences, for example in different student groups’ ways of asking questions. While
one teacher shared that their students formed diverse groups without any
intervention from the teacher team, another mentioned challenges in recruiting a
diverse interdisciplinary student group since the Tracks courses are not well known
in the educational program organisation. With few students and some dropouts,
group projects were difficult to achieve, even more so diverse groups. Finally, two



teachers saw less, or no, effects or issues related to diversity aspects like gender,
age, or nationality.

In the subtheme students’ knowledge background, seven teachers expressed that
their greatest challenge has been the diversity in student knowledge level and
background. Two of the seven teachers shared that they consciously tailored the
lectures and other learning activities to the diverse disciplinary and broad
educational background of the students. Another started with a quiz to identify
differences and designed specific learning activities for those not having the
prerequisites needed for the project. One teacher reported adjusting project scope,
goals, deliverables, and boundaries to the students’ background and interest.
Interestingly, one teacher reflected: “Some students were unhappy that the
background knowledge of their teammates was much less than their own. Next year
we’ll maybe create more homogeneous groups.”

3.3 Future changes and perceived needs of support and training

When asked about what they want to change in their future teaching, five teachers
planned to adjust their courses, although project outcomes were successfully met.
One teacher wanted to increase facilitation of teamwork using a student group
contract in the project start discussing roles and responsibilities, teamwork climate,
decision-making and conflict resolution. Furthermore, the same teacher wanted to
implement continuous peer assessment to support the students during project work.
Another teacher mentioned adjusting course length, based on student feedback, to
concentrate the project work during shorter time, and use the available makerspace,
“(...) to get better collaboration and learning cross groups (...)”. One teacher wanted
to include more hands-on activities and study visits, and yet another an exchange
with student groups within the same topic in a different context at another institution.

Of the eleven responses, only two teachers expressed specific needs of further
training in project-based teaching and learning. One teacher wanted to improve their
leadership skills to manage student project process better, and the other requested a
“pedagogical course joining outcomes from project-based teaching in different
disciplines”, since project-based teaching differed between disciplines.

Four teachers mentioned that they have sufficient knowledge already, and one of
them shared that it was being part of a well-connected teacher team that inspired
and developed their teaching skills. Three teachers mentioned missing the collegial
discussions they had in the required teaching and learning courses and wanted to
see opportunities for these to continue. One teacher shared that in their department,
they have several collegial discussions on project-based learning since their
research and education is often connected to industrial development performed in
team-based projects. Another teacher mentioned: “/ don’t feel | need training, but
best practice examples from other courses are always welcome.”



4 DISCUSSION

We set out to study teachers’ experiences with teaching interdisciplinary project-
based courses with diverse student groups. Our research questions were: How do
teachers support students in content learning and collaborative project work? When
teachers evaluate the outcome of project-based courses, what aspects do they pay
attention to? What training or support do teachers perceive they need?

We got 11 teacher responses from the questionnaire; hence this qualitative study
does not aim to get generalizable results. Rather, the open question design aims to
saturate the range of perspectives among teachers. Still, we do believe that our
results are transferable to universities in similar contexts with a limited experience of
systematic interdisciplinary project-based teaching.

In general, teachers recognized and motivated their project-based teaching with key
benefits that coincide with the project-based learning literature. These benefits
include enhanced student motivation, better application of interdisciplinary theoretical
and practical knowledge through authentic work- and research-related problems, and
the development of essential generic and transferable skills (Shin 2018, Kokotsaki
2005).

Related to support of students’ content learning, teachers chose course designs with
varying degrees of openness with some focusing entirely on project work, but most
adding more traditional lecture- and/or seminar-based activities, coinciding with
findings by (Hung 2011). Interestingly, we were able to identify a link between the
course content and the learning design, where more specialized research-based or
industry-connected courses tended to utilize traditional methods to a higher degree
compared to more broad and general courses. It appears that in these courses,
teachers used lectures and seminars as a strategy to level the knowledge base
among students before or during the project implementation. One interpretation is
that these courses have knowledge specific learning objectives, like introducing a
particular technology, and thus less effort can be put into training of generic and
transferable skills to conduct interdisciplinary, collaborative projects. Courses also
varied in their degree of student self-directed learning. While PjBL models typically
stress a high degree of student autonomy (Hung 2011), this leads to the discussion
of the role of enhanced self-regulated learning skills, which is an outcome of PjBL as
a teaching approach. But these skills are also a pre-condition for students to
effectively engage in PjBL, and that needs to be supported by the teacher and the
learning design (English & Kitsantas 2013, Van der Beemt et al. 2020).

While teachers typically put a lot of effort into content learning in their course design,
it appears that they paid less attention to questions of whether and how to scaffold
collaboration during the project work. No explicit support was given for the definition
and planning phase of the project, except for regular supervisor meetings in some
cases, or how to monitor and evaluate their learning as a group. Furthermore, very
few teachers report that they use models for project and team facilitation. Rather, an
unstructured approach where students “need to figure it out themselves” appears to
be the standard. While these kinds of “desirable challenges" (O’Connell et al. 2021)



can foster student learning and problem-solving capabilities, we argue that a full
hands-off approach can be problematic, particularly in interdisciplinary, diverse
groups. This concern is partly supported by our results; although teachers
homogeneously assessed their course results as very positive, their evaluations
primarily pay attention to project outcomes, not the collaborative learning outcomes.
Thus, it is left to chance that the group composition, individual management and
regulation skills of its members result in high quality learning.

While researchers and the teachers in this study see group diversity in general as
beneficial to student learning (Bergman et al. 2023), many teachers found it
challenging to create learning benefits in project teams of students from different
disciplinary backgrounds. If not adequately supported, there is a risk that avoidance
strategies by both teachers, e.g., through forming homogenous groups, and
students, e.g., by splitting tasks, to maximize independent work without joint
monitoring, compromise the expected learning benefits of interdisciplinary PjBL (O’
Connell et al. in review). Thus, instead of leaving collaboration to chance and
assuming that the expected benefits of collaborative learning will emerge, we
suggest that interdisciplinary diverse student groups in particular benefit from
scaffolding, explicitly addressing aspects of group dynamics, project management
and social regulation of learning. Research shows that students need help in forming
diverse groups, both in terms of cultural and disciplinary background but that such
groups are likely to be more creative, dynamic, and productive (Rientes et al. 2014).
However, the success of diverse groups is more dependent on scaffolding,
especially during the project start up (Bergman et al. 2017).

We noted that teachers, when asked about what training they need, focus on
collegial discussions. Very few teachers see a need for formal training in how to
support student collaborative learning or teamwork. This might be due to teachers
not being aware of the resources and research that exist on how to support PjBL.
Interestingly, those who reported a need for further training, also used a wider range
of scaffolding strategies in their project-based course design.

In conclusion, the overall positive teaching experiences reported here can serve as
encouragement for other teachers to engage in interdisciplinary PjBL. As shown, a
variety of learning designs can thereby be effectively used to engage students in
PjBL. Based on our results though, we call for more attention to the group aspects of
PjBL. It could be argued that teachers just need further training or education, but as
our result show this is not easy when teachers themselves do not see the need.
Hence, we need further research into best practices and interventions to scaffold
collaborative learning, to support teachers in developing the necessary awareness
and skills to facilitate students’ project- and teamwork, particularly in interdisciplinary
project courses with diverse student groups.
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