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ABSTRACT

Challenge-based learning (CBL) exposes students to the complexities of open-
ended and real-life challenges and encourages them to be in the lead of their
learning. The role of teachers remains important but shifts from being the expert to
the role of a coach who gradually scaffolds students into becoming independent
learners. Accordingly, the interplay between teachers' and students' regulation of
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teaching and learning can result in friction and influence students' learning
experience. This study explores incidents of constructive or destructive friction
between student and teacher regulation during a 9-week CBL course for first-year
engineering students. Thematic analysis is employed to identify critical incidents of
friction during students' learning via analyzing students' weekly learning portfolios.
Results suggest that students' experience in CBL is not linear, and there is a
constant interplay between students' ability to regulate their learning and teachers'
scaffolding. Initial exposure to CBL was characterized by friction in student and
teacher interactions. Several students increased their self-regulated learning skills by
resolving the initial friction by adopting a more proactive approach to their learning by
actively asking questions and feedback from their teachers. The findings of this study
are particularly relevant for CBL, where much attention is paid to students'
autonomy, self-directedness, and collaboration. Building on the insights of this
research, we make recommendations for further research and educational practice.

1 INTRODUCTION

Engineering universities are increasingly adopting active learning pedagogies to
foster students’ disciplinary and professional knowledge and skills [1]. Challenge-
based Learning (CBL) is a pedagogical approach that engages students in learning
knowledge and skills through open-ended and real-life challenges [2]-[5]. The
concept of self-regulated learning (SRL) is central to CBL [2]. Learners in CBL are
expected to show increased agency, autonomy, and self-directedness individually
and as a group [3].

Given the self-directedness expected by students in CBL, the role of the teacher is
different compared to traditional teaching approaches [2]. The teacher is viewed as a
coach and subject expert who guides students toward self-regulated knowledge
construction [2],[3].

Currently, little is known about students’ SRL in CBL and teachers’ role in this
process. A recent systematic review on the implementation of CBL in engineering
curricula highlighted that teachers have various roles in a CBL course. These include
designing the challenge and developing learning material to provide students with
theoretical input, coaching students and providing feedback, and assessing students'
achievement in terms of competency development and project outcomes [6].
However, one of the main challenges experienced by teachers and students was the
imbalance between expected SRL from students and teachers’ provided guidance
and scaffolding [6].

Thus the present study aims to assess how students experience the friction between
their regulation of learning and teachers' regulation in CBL.



1.1 Theoretical framework: interaction between students’ and teachers’
regulation of learning

In CBL, students are expected to be in the lead of their learning [1]. Self-regulated
learning is a process that describes how students manage their thoughts, behaviors,
and emotions in order to successfully navigate their learning experiences and attain
learning outcomes [7].

Vermunt and Verloop [8] identified three categories of learning functions that
students engage in during a course. These include cognitive, meta-cognitive, and
affective/motivational functions. Students engage in cognitive processing functions to
process the subject matter, and those activities can directly lead to learning
outcomes in terms of knowledge, understanding, and skills. Metacognitive regulation
functions are those used by students to regulate and steer their learning processes
and lead indirectly to learning outcomes. Finally, affective/motivational functions
involve regulating emotions that arise during learning and lead to affective states that
may influence students’ learning process and progress in a positive, negative or
neutral way.

SRL develops through the interaction between the student and the learning
environment [9]. The role of the teacher is crucial in students’ development of SRL
and influences students’ learning and motivation [8],[9]. The interplay between
students' self-regulation and teachers' regulation can have various forms. For
example, in complex learning environments, where the uncertainty and complexity of
learning tasks are high, tension and friction can arise [9].

This friction can promote (constructive friction) or hinder (destructive friction)
students’ learning [9]. For example, constructive friction can occur when students
experience the course requirements challenging enough but feel they have the
necessary skills to match the requirements. On the other hand, destructive friction
occurs when the learning environment does not provide support, but students have a
problem in self-regulating their learning.

1.2 Research objectives

In this study, we aim to understand better how students regulate their learning in a
CBL course and how they perceive their interaction with teachers in cases of friction.
The research questions we formulated include:

e What incidents of friction do students experience in a CBL course?
¢ How does the interaction between students’ and teachers’ regulation in
incidents of friction influence students’ development of SRL?
2 METHODOLOGY
2.1 Context and participants

This study focuses on one CBL course, taking place in Eindhoven University
of Technology. This course is part of the educational initiative E3 (Eindhoven



Engineering Education). The course E3-Challenge2 is a 10 ECTS course, with 5
ECTS on the ethics of technology and 5 ECTS on data analytics. The course took
place during the academic year 2021-22 and it lasted 11 weeks. Forty-three first-
year bachelor students from different engineering departments were enrolled.
Students were asked to apply and contextualize the data analysis skills and ethical
considerations to a real-life challenge related to smart grids, smart health, and smart
mobility. Students in E3- Challenge 2 course worked in multidisciplinary groups
consisting of 4-5 members.

2.2 Teaching and learning activities

SRL is a core principle of the E3- Challenge 2 course. Students were expected to be
proactive and act autonomously, individually, and as a group. The course consisted of
an interdisciplinary team of teaching staff (one ethics lecturer, one data analytics
lecturer, three coaches, five expert generalists, and nine teaching assistants (TAS)
supporting students in their learning process.
The course included different learning activities to support students’ learning. The
Ethics workshops brought in ethics materials and evoked ethics discussions. The
teaching assistants provided feedback to student groups. Students could ask the
remaining questions in the expert meeting and stakeholder meetings. An assigned
coach met weekly with each group of 4 students for 30 minutes to discuss matters
related to their professional development and individual and group learning process.
Fig 1, provides an overview of a typical week of the course. To support students' self-
regulated skills, students had to write at the end of every week a 1-page reflection on
a learning experience that was important for them during the week and discuss their
learning development with their assigned coach every week.
Monday (1h)
Lecture

(Content input)
All groups

. _ Tuesday (1h
Friday (30min) TA megti(ng)

gy (Comrt fodoack
2 groups working on

labtenyy same challenge

Thursday (1h)
Expert meeting
(Content input)

Fig. 1 Weekly cycle of learning activities in E3Challenge2

2.3 Data collection

Students participating in the Challenge-based course E3-Challenge 2 were invited to
participate. Forty-three students participated in the course, and thirty-nine of them



have permitted us to use their weekly learning portfolios as input for this research.
Each student's portfolio consisted of 9 weekly reflections and 1 final reflection, which
resulted in 10 submissions per student and in total in 380 submissions, as some
students skipped some submissions during the course. The Ethics Review Board of
the University has approved this study.

2.4 Data analysis

Thematic analysis was used to identify, analyze, and report patterns within data [10].
Our analysis included a balance of deductive coding (derived from the theoretical
framework developed by Vermunt and Verloop [8] and inductive coding (emerging
from a student's portfolio). For the analysis, the portfolios were read, and emerging
codes were assigned to segments independently by the first author. We identified 1)
all incidents of friction where students described their interactions with the teaching
staff, 2) identified learning functions that students described in those interactions,
and 3) reported tecahers’regulation of the aforementioned learning functions. The
data analysis was conducted using ATLAS.ti [10]. The main researcher analyzed all
portfolios, and an auditing procedure among all researchers was conducted to
discuss the results of the coding process.

3 RESULTS
3.1 Students’ SRL through their weekly reflections

The portfolios provided a good way to assess students' skills in regulating their
learning and their development throughout the course. For most students, the initial
weeks were characterized by a) uncertainty related to the content of the course
and how to apply ethics and data analytics in the challenge and b) uncertainty
related to the learning process and how to navigate such an open-ended course
individually and as a group.

Among the most frequently mentioned difficulties for students in the course included
1) establishing an understanding as to what is expected in the course 2) narrowing
down the broad challenge to a specific problem to focus on and setting clear goals 3)
applying content knowledge (ethics and data analytics) to the challenge 4) diving the
tasks among group members 5) managing the time 6) managing group processes.

3.2 Incidents of student-teacher interactions

We analyzed 92 reported interactions between students and the teaching staff
involved in the course. Students engaged with all teaching staff during the course,
but interaction with teaching assistants was the most frequently mentioned (see
Table 1).



Table 1. Summary of reported interactions between

students and teaching staff

Student- Teacher N
interactions

Teaching Assistants 67
Coaches 13
Experts/lecturers 12
Total 92

3.3 Experienced friction in CBL

After carefully analyzing the 92 reported interactions, we identified sixty-six incidents
that offered in-depth information about friction experienced by students. When
analyzing the incidents of constructive and destructive friction, we identified which
learning function students needed support with and what was teachers' regulation.
Table 2 summarizes the most important

Table 2. Reported frequencies of learning functions and teachers’ requlation
activities as reported in students’ weekly reflections

Learning function N Teacher regulation
Cognitive 89 |e Feedback on reports, and presentations (N= 22)
e Answering questions related to the challenge
purpose (n=19)
¢ Helping students narrow down the problem they had
to tackle (N=9)
e Providing support on data analysis or ethics
applications (N=16)
¢ Providing explanations of concepts/examples/ (N=9)
e Teaching new concepts (N=9)
e General discussion on topics related to ethics and
ethics application (N=5)
Motivational/affective | 10 |e Dealing with students’ frustration (N=6)
¢ Dealing with students’ lack of motivation (N=4)
Meta-cognitive 15 |e Provide support in goal setting (N=7)

e Provide support in the planning of tasks and
activities (N=5)

¢ Provide support/coaching on team functioning and
task division (N=3)




The majority of incidents represented incidents of constructive friction. They were
related to a) perceived unclarity of the course in terms of what was expected from
students and how to apply content knowledge and b) perceived lack of guidance by
teachers. More specifically, the openness and freedom of the course were
appreciated by students but in reality, in combination with the limited time frame,
many of the students wished for more guidance and clarity on what they were
expected to deliver.

We identified 89 references to cognitive functions where students received support
from teaching assistants and experts/lecturers. The most frequent topic of interaction
among students and teaching assistants or experts/ lecturers was asking for
feedback on ongoing progress and deliverables or asking questions. Teachers
supported students by asking questions, clarifying concepts, teaching new ones, and
helping students with knowledge application. Support from experts and lecturers was
experienced as helpful in learning.

| did not know where to start so | asked for help during the TA Session. TA and
some fellow students explained the concept of business ethics and gave me
the hint to start with writing down the vision of XXX. In that way, | could write
an ethical issue based on XXX vision. This was a good tip that helped me to
get started. Eventually, | wrote about how to protect the users' privacy and
how to prevent discrimination when tracking the users' data because in my
understanding, business ethics is about the rules a company has to follow to
be ethically responsible. However, when finishing my first draft, | still doubted if
| did implement business ethics in our report as it should be. Therefore, |
asked [the ethics expert] for feedback (Student 1, Challenge A, week 5).

When students reported difficulties related to motivation and metacognitive
functions, students discussed that with teaching assistants or the coaches. In these
cases, teaching assistants and coaches provided support to students to make
necessary changes in the working plans, discussed different ways to deal with team
processes, set goals and make appropriate plans, and define all necessary tasks to
be completed. For example, one student reported

My learning experience occurred during the coaching session: my teammate
and | had a key discussion with our coach. We were explaining how confused
we still felt about the course, not knowing clearly in which direction to move
forward. We were suggested to take the initiative of choosing our own
challenge, rather than waiting for precise instructions from the professors, as
in most courses. This gave us the freedom to choose our own goals: we
decided on two main objectives, one ethics-related and the other concerning
the data analysis. As the week evolved, we gathered feedback from the
experts about our ideas (Student 2, Challenge B, week 2)



Teachers emphasized the importance of self-regulation, but many students,
especially at the start of the course, were not capable of demonstrating SRL skills.

Incidents of destructive friction were mainly reported in the first few weeks due to
perceived uncertainty and stress related to the course's overall aims and inability to
go from a broad and vague challenge to defining a specific problem to tackle. Below
is an example of destructive friction where students feel that their concerns about
uncertainty are not addressed and that the provided set-up of the course does not
meet their need for clarity and guidance.

This course started, though, because we were all so confused about the goal
of the challenge and about what it was the client wanted from us. Therefore,
the first two/three weeks were a bit unpleasant. We did not really like the set-
up of the course, which resulted in less motivation for this course (at least
this was the case for me). The TA and expert sessions were very time-
consuming and not helpful (because we did not really have so much to share
at those moments) (Student 4, Challenge C, week 4).

Destructive friction was also experienced when students showed reluctance to share
with their teachers their uncertainty and ask for guidance. Below, a student
described an incident of destructive friction arising from his fear of asking questions.

During the coaching session, the question that was brought up was, "Why
didn't you talk to the TA?". | find this question very difficult to answer, but the
first answer that comes to mind (I also learned this is often the best one) is
"respect”. | always look up to teachers and TAs and they deserve a lot of
respect in my opinion; that's why there was (and probably still is) some
mental barrier that is stopping me from just reaching out and telling them my
concerns or struggles (Student 3, Challenge B, week 3)

3.4 Resolving the friction and development of SRL

Several students increased their self-regulated learning skills by resolving the initial
friction and by adopting a more proactive approach to their learning. Students
realized the importance of being proactive in asking questions to get better feedback,
showing a proactive attitude as a group, spending time establishing a common
understanding with other group members, and establishing teamwork processes
early in the course.

The first week was intimidating in terms of the lack of structure provided by
the organizers. The expected outcome was not clear, and | was expecting
more input to proceed. However, this week | figured that this was not the right
approach. During the TA Session, | stepped out of my comfort zone by asking
guestions and suggesting ideas without worrying about their quality of them.
The improvement in my understanding was significant. | now have a direction,



and | am aware that | will not be fed with the information that | need. This
acknowledgment taught me to be confident in my opinions also when talking
to authorities. (Student 4, Challenge B, week 2)

Final reflections were analyzed for references to students' interactions with teachers
and SRL development. Students mentioned a positive overall experience with
teachers as supportive during the course and they appreciated the multiple
opportunities and sources of feedback they had on a weekly basis.

4 DISCUSSION

This study aimed to explore the student-teacher interactions reported in students’
weekly portfolios in a CBL course. The role of teachers was very important,
especially at the beginning of the course, when students needed more scaffolding in
terms of content and working processes. The greatest need for support was related
to students’ cognitive functions, This finding can be explained because the content
students had to learn as well as the challenge they had to tackle was new to them.
On the other hand, students reported fewer incidents of interaction with teachers
related to motivational/meta-cognitive functions by the teachers. This can be
because students who selected this course were already intrinsically motivated and
had prior experience with group work and planning group work from previous
courses or because they relied on themselves and their peers to regulate those
functions and did not expect teachers’ support.

The majority of students gradually adopted a more proactive attitude by asking
actively for help when things were unclear, going better prepared for meetings with
teachers, and using the feedback more critically.

Within the duration of 11 weeks course, it is not possible to identify significant
changes in students' SRL, but the portfolios revealed that students at the end of the
course were much more aware of the proactive attitude students need to exhibit in
CBL as well as how to make use of all the available resources.

To conclude, the interplay between teachers’ regulation and students’ self-regulation
in CBL can be complex [11], [12]. Friction can arise especially if students have no
prior experience with the increased autonomy that CBL entails. Given the autonomy
and self-regulation expected from students, the role of teachers is also different
compared to traditional teaching approaches [6]. The teacher in CBL is viewed more
as a coach than an expert who guides students through the process [3], [5], [6]. The
role of teachers in CBL courses is essential to reduce the gap between teaching and
learning by providing the right amount of scaffolding and guidance by supporting
cognitive, meta-cognitive, and motivational aspects of students’ learning [12].

4.1 Recommendations for practice

The study suggests that SRL is important in CBL, but students need more support
and scaffolding in regulating their learning, especially cognitive functions. Therefore,
the study highlights the importance of teachers' role to support students' regulation of



learning via frequent feedback activities, especially at the early stages of learning
[14]. Depending on students’ educational level and prior experience with CBL,
teachers should set clear boundaries in the project and within those boundaries
adapt the amount of support and scaffolding they provide to students [12]

In addition, we found that reflective assignments can provide opportunities to dive
deep into the processes that allow students to take control of their learning [13].

4.2 Limitations and Future directions for research

The study focused on a specific course, and the included sample was small. Thus
more general conclusions can not be drawn. Another limitation of the study is the
focus on SRL within the limited time of one course. In addition, learning in CBL is not
only individual but also collaborative. Thus, other forms of regulation, which occur
with a group of students, are also relevant and should be explored. Future studies
should explore the influence and experiences of the aforementioned social types of
regulation as well [15]
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