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ABSTRACT

Challenge-based learning (CBL) engages students in complex, real-life challenges, promoting responsibility for
their learning. Existing research has identified several factors that contribute to students’ motivation in CBL environ-
ments. However, prior studies have focused primarily on cognitive and metacognitive learning functions in active learn-
ing environments in higher engineering education. Further, affective/motivational functions regulate behaviors and emo-
tions that arise during learning and stimulate affective responses that may positively, negatively or neutrally influence
students’ learning process, performance, and well-being. Thus, using Self-Determination Theory (SDT), this qualitative
study examines engineering students’ motivation in CBL environments. Twelve Master’s level students from a research-
intensive university in Sweden took part in semi-structured interviews discussing their experiences during different CBL
courses studies. Analysis combined inductive and deductive approaches, identifying affective/motivational functions
emerging from the interviews and analysing them based on SDT concepts. The qualitative thematic analysis identified
motivations that emerged such as innovation, entrepreneurship, designing learning, practical experience, real-world
problem-solving, and societal contribution through sustainability, grounded by Self-determination continuum. SDT’s
nutritient concepts of autonomy, competence, and relatedness were satisfied through structured tasks, mastery, learning,
feedback, and positive social relationships. However, problematic areas such as a lack of rationale in tasks, absence of
project choice, insecurity about professional rights, lack of feedback, limited growth opportunities, and negative social
relationships frustrated students’ psychological needs. The study suggests practical applications to support motivational
needs in higher engineering education, including regulating emotions during learning.

Keywords: Challenge-Based Learning; Self-Determination Theory; Student motivation; Higher Engineering Education;
Learning; Qualitative Study

*CORRESPONDING AUTHOR:
Panagiotis Pantzos, Department of Learning in Engineering Sciences, Royal Institute of Technology KTH, SE-10044, Stockholm, Sweden;
Email: pantzos@kth.se

ARTICLE INFO
Received: 9 April 2025 | Revised: 30 May 2025 | Accepted: 5 June 2025 | Published Online: 12 June 2025
DOI: https://doi.org/10.63385/ipt.v1il.45

CITATION
Pantzos, P., Pears, A., Buckley, J., 2025. Analysing Student Motivation in Challenge-Based Learning in Higher Engineering Education Using the
Self-Determination Theory. Innovations in Pedagogy and Technology. 1(1): 27-46. DOLI: https://doi.org/10.63385/ipt.v1il.45

COPYRIGHT
Copyright © 2025 by the author(s). Published by ZhongYu International Education Center. This is an open access article under the Creative
Commons Attribution 4.0 International (CC BY 4.0) License (https://creativecommons.org/licenses/by/4.0/).

27


https://orcid.org/0000-0002-4954-6747
https://orcid.org/0000-0002-5184-4743
https://orcid.org/0000-0002-8292-5642

Innovations in Pedagogy and Technology | Volume 01 | Issue 01 | June 2025

1. Introduction

The shift toward student-centered pedagogies in
higher engineering education has prompted increasing in-
terest in active learning approaches that support not only
cognitive and metacognitive development but also affec-
tive and motivational engagement. Further, Challenge-
Based Learning (CBL) has emerged as a promising
methodology that emphasises real-world, interdisciplinary
problem-solving, collaboration with external stakeholders,
and the development of self-directed learning skills .
CBL aligns closely with the goals of engineering programs
outlined in national policies such as the Swedish Higher
Education Ordinance ' and the Higher Education Act ",
which stress the ability of graduates to independently ad-
dress complex problems, apply advanced knowledge, and
consider social and environmental sustainability.

Despite growing evidence of CBL’s effectiveness in
promoting critical thinking and professional competencies **,
research on its impact on student motivation—a key deter-
minant of academic engagement and persistence—remains
limited ©'. Motivation is often taken for granted in higher
education settings, even though many students struggle to
meet the demands of self-regulated learning (SRL) without
adequate support """, This is particularly salient in CBL
environments, where the complexity and openness of chal-
lenges can be both empowering and overwhelming.

Self-Determination Theory (SDT) offers a well-
established framework for investigating student motivation
in such contexts. According to SDT, motivation is fostered
when three basic psychological needs are met: autonomy,

11-14

competence, and relatedness !'""'*!. The social and pedagog-
ical environment shapes these needs and influences wheth-
er learners adopt intrinsic or extrinsic goals, internalise
learning processes, and sustain engagement over time >,
While SDT has been widely applied in school-level edu-
cation, its application in higher engineering education—
particularly in CBL settings—remains underexplored.

This study addresses this gap by investigating how
engineering students experience motivation within CBL
courses and how their psychological needs are either sup-
ported or hindered by the learning environment, grounded
by SDT. Through this analysis, the study aims to provide

deeper insights into how motivation operates in complex,

real-world educational settings and to inform the design of
learning environments that not only develop competencies
but also sustain student engagement and well-being.

Specifically, this qualitative study with an interpre-
tive approach, framed by SDT, and by employing semi-
structured interviews with engineering students to explore
their lived experiences and perceptions, addresses the fol-
lowing research questions:

1. What motivational factors guide engineering stu-
dents’ study practices in a CBL higher education context?

2. How does the CBL approach facilitate students’
psychological needs for autonomy, competence, and relat-

edness?
2. Background

2.1. Challenge-Based Learning approach

Challenge-Based Learning (CBL) engages students
with real-world, interdisciplinary problems often posed by
external stakeholders. It emphasises applying theoretical
knowledge through teamwork and project management
'% 11 While students value the relevance and autonomy
of CBL, complex course structures and fragmented com-
munication can hinder motivation by frustrating autonomy,

1214 For instance, Dutch

competence, and relatedness
university students appreciated interdisciplinary work
but faced difficulties in disciplinary integration and team-
building, while teachers struggled to foster competence .
In CBL ethics courses, key motivational factors included
feedback, inclusivity, and ethical engagement. Teachers
had to balance content with stakeholder expectations, es-
pecially when ethics conflicted with business goals . Fi-
nally, CBL fosters motivation and skill development when
supported by clear guidance, alignment between stakehold-

ers, and structured learning environments.

2.2. Student motivation and teacher engage-
ment in CBL

Autonomy-supportive teaching enhances intrinsic

and identified extrinsic motivation, improving performance

and well-being "> '>**!, Teachers shape motivation through
23,24

their strategies > Market-driven education often fosters

extrinsic, credential-oriented goals, undermining satisfac-
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tion, engagement, and deep learning > CBL, by embed-
ding learning in authentic contexts, counters this trend and

192728 “However, high workloads,

enhances motivation !
vague outcomes, and poor communication can reduce
motivation "®*). Finally, supporting self-regulated learn-
ing (SRL) through responsive environments and engaged
teachers is essential " *!. Teachers’ motivation may also
decline under institutional pressure, weakening autonomy-

supportive practices "7,

2.3. Self-Determination Theory framework

SDT asserts that intrinsic motivation, personal devel-
opment, and overall well-being are realised by satisfying
three fundamental psychological needs: autonomy, com-
petence, and relatedness. The fulfilment of these needs is
shaped by social environments, which can either facilitate
or thwart their satisfaction !'> '],

In education, autonomy involves student choice and
ownership of learning, facilitated by interest, value, free-
dom, and positive engagement. It is undermined by exter-
nal controls such as rewards or punishments. Competence
is characterised by the sense of having achieved proficien-
cy (mastery) and success, satisfied in well-structured en-
vironments that offer challenges, feedback, creativity, and
problem-solving opportunities. Relatedness encompasses
a sense of connection and support (belonging), achieved
through mutual respect and empathy. Undermining any of
these needs damages student motivation and well-being """/,

Autonomy-enhancing environments provide choice,

optimal challenges, clear rationales, and structure ***.

Structure involves clear goals, consistent guidelines, and
effective feedback "', Addressing autonomy and compe-
tence is crucial for CBL courses, as supportive and con-
trolling behaviors impact student motivation and course
success.

Motivation is not static; it can be facilitated by a
learning environment that supports these needs, even if
intrinsic motivation is lacking. According to Self-Deter-

[

mination Theory’s Taxonomy of Motivation """, Figure 1,
amotivation occurs when individuals lack purpose, value,
or competence !'*'*. External regulation, the lowest level
of self-determined motivation, involves behaviors driven
by external rewards or threats, exhibiting an external lo-

12, 13, 35 .
1t 1. For instance, a student focused on

cus of contro
grades rather than problem-solving is externally regulated.
Introjected regulation is partially internalized but not fully
accepted, driven by ego and avoidance of shame, demon-
strating an external locus of control **'. Identified regula-
tion is more autonomous, where individuals value goals
personally and accept them as their own, demonstrating
an internal locus of control "> "***, For example, a student
working hard on CBL tasks for future success exhibits
identified regulation. Integrated regulation represents the
highest level of autonomy within extrinsic motivation,
where external goals align with personal values and needs,
leading to self-determined behavior "> **. While closely
related to intrinsic motivation, integrated regulation is
characterized by personal outcomes rather than inherent

enjoyment ",

Self-Determination Theory’s Taxonomy of Motivation

[EEIE  AMOTIVATION

| INTRINSIC
| MOTIVATION

Integration

Internalization

Regulatory External
Style Regulation
Attributes | Lack of perceived * External * Ego
competence, rewards or involvement
* Lack of value, or punishments * Focus on
* Nonrelevance * Compliance approval from
* Reactance self and
others
Perceived Impersonal External Somewhat
Locus of External
Causality

* Interest

* Enjoyment

¢ Inherent
satisfaction

* Personal
importance

* Conscious valuing
of activity

* Self-
endorsement of
goals

* Congruence

*  Synthesis and
consistency of
identifications

Somewhat Internal Internal

Internal

Note. From the Center for Self-Determination Theory © 2017. Reprinted with permission.

Figure 1. Self-Determination Theory’s Taxonomy of Motivation.
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3. Methods

3.1. Study Design

This study adopts an interpretivist paradigm with a
constructivist ontological stance, asserting that reality is
context-dependent and shaped through social interactions
B33 Epistemologically, it follows a subjectivist approach,
recognising knowledge as co-constructed through the in-
teractions between researchers and participants **. This
paradigm is particularly suited for exploring the complex
and subjective nature of student motivation °**"),

Data were collected through semi-structured inter-
views with twelve participants, guided by a protocol that
included general questions on study motivation and tar-
geted queries based on self-determination theory. Thematic

9]

analysis " was employed to identify inductive themes,

alongside theory-driven coding based on SDT ',

3.2. Participants and Data Collection

Purposive sampling was used to recruit engineering
Master’s students with varied experiences in challenge-
based learning (CBL) courses at the Royal Institute of
Technology (KTH) in Stockholm. KTH was selected for
its diverse CBL offerings and its emphasis on interdiscipli-
nary, international, and sustainability-oriented education.
Participants were recruited via course instructors who dis-
tributed invitation letters explaining the study’s aims (see
Supplementary Material). Students were eligible if they
were enrolled in one of four CBL courses, which spanned

innovation, urban development, ergonomics, and product
development.

Twelve students (7 female, 5 male) participated in
the research study after finishing their CBL course stud-
ies at the end of the Autumn semester 2024. To ensure
diversity, participants were drawn from different course
groups. Recruitment continued until theoretical saturation
was reached, defined as the point at which no new themes
emerged /).

Interviews were conducted in English via Zoom,
lasting 48-60 minutes. Before each session, participants
provided written informed consent. Interviews followed
a flexible structure that allowed participants to guide the
conversation, with the interviewer ensuring that all rel-
evant topics were addressed. All interviews were recorded,
transcribed verbatim, and anonymised. Data collection and

storage complied with the university’s ethical guidelines.

3.3. Teaching and Learning Activities

All four elective CBL courses shared a focus on
self-regulated learning (SRL), requiring students to take
initiative in group and individual work. Projects tackled
real-world challenges, often in collaboration with external
stakeholders, and included elements of sustainable devel-
opment and innovation. Students applied methods such as
design thinking, lean start-up, and the triple-layered busi-
ness model canvas. Outputs included prototypes, business
plans, and reflective learning logs. More detailed CBL

courses’ descriptions are provided in Table 1.

Table 1. CBL courses’ descriptions.

CBL Course I Course I1 Course III Course IV
Ergonomics in Project Sustainable Urban
Innovation & Product & . Innovations for the Emerging City, ! . “ .
Course Challenge Driven e . Planning — Strategies for Urban
Development Openlab Multidisciplinary Project .
Product Development and Regional Development
1
Openlab (KI, KTH, SH, SU collab-
University KTH KTH pentab (KI, KTH, N TH
oration)
Disciplinary field  Mechanical engincering Technology and Mecl.la.nic.al .engineering and Archi.tecture, ur.ban and regio'nal
Health multidisciplinary planning or environmental science

’ One academic semester > One academic

Duration & credits

22.5 ECTS semester 7.5 ECTS
Course form Elective Elective
Swedish and
Students’ Swedish and international . e 1s' an
K international students,
backgrounds students, mainly enrolled

inl lled i
& language of in MSc program [xxx]/ matily enrofed in

English (En) Master’s Programme

I
fnstruction [xxx]/ English (En)

One academic semester 15.0

"?One academic semester 15.0 ECTS
ECTS

Elective Elective

Students from Sweden and other Swedish and international

countries, enrolled at any academic  students, mainly enrolled in
level at one of [xxx]'s partner Master’s Programme [xxx] /

universities / English (En) English (En)
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Table 1. Cont.

CBL Course I Course I1

Course I11 Course IV

Number of
students per group

5-7 multidisciplinary
group

In the manufacturing

5-7 multidisciplinary
group
Municipalities in the

sector, private industries
’ " Stockholm area and

Typical key public organizations, and .
. Municipalities in
external occasionally students are it versitics”
artner universities
stakeholders afforded the autonomy to P .
. . areas. Pre-determined
generate their own project
challenges
concepts
Digital platform for the Public and private

mining and ore processing
industry/developing
industry tools for
managing products

industrial ergonomics
focusing in
Sustainability and
health

Challenges’ themes

Lab assignments
. . and reports; Project,
Project, oral and written p ? )
oral and written

presentation; written

Assessment forms .
presentation

examination

5-8 multidisciplinary group 5-8 multidisciplinary group

The Stockholm’s municipality
or the Stockholm’s region. The
external stakeholders present the
location for urban planning. The
students come up with on their

The Stockholm’s municipality or
the Stockholm’s region (Openlab
partners). Pre-determined challenges

own challenge ideas

Urban, transport, and
environmental planning and
design

Design an organisation (health
sector, transportation, safety, etc.) for
multidisciplinary project cooperation

Written and oral presentation of . ..
. . . .. . Group work-project; Individual
innovation project; Individual written . )

. assignment; Seminars
reflection

Note: 1: Karolinska Institute, Royal Institute of Technology, Sodertérn University, and Stockholm University, all located in the Stockholm Municipality and Region; 2:

Sometimes also participating students from KTH Global Development Hub partner universities: Strathmore University of Kenya, UDSM of Tanzania, and Botho University

of Botswana.

Seminars and supervision sessions supported project
progress and encouraged critical reflection. Weekly coach-
ing and written reflections facilitated professional and
personal development. Students received feedback from
teaching assistants, instructors, and stakeholders throughout.
Assessment formats and accommodations for students with

disabilities are detailed in the Supplementary Material.

3.4. Interview Protocol

The semi-structured interview guide included open-
ended questions on students’ learning motivation and spe-
cific prompts informed by self-determination theory (SDT).
Topics covered include educational background, motiva-
tion for choosing CBL courses, and perceptions of au-
tonomy, competence, and relatedness. Follow-up questions
explored perceived facilitators and barriers to motivation.
The guide was piloted with a peer and iteratively refined.
All interviews allowed flexibility for participants to elabo-
rate on their experiences. The full protocol is available in

the Supplementary Material.

3.5. Data Analysis

Qualitative data analysis was conducted through two

approaches: (1) inductive thematic analysis ™ to identify
motivational patterns, and (2) deductive coding based on
SDT constructs "*). NVivo software supported the coding
process.

The first phase involved multiple readings of the
transcripts by the main and secondary authors, followed
by initial coding focused on motives for engaging in CBL.
Descriptive codes were refined collaboratively to ensure
rigor and compiled into a shared codebook (see Supple-
mentary Material). Emerging codes were grouped into
broader themes using pattern coding, and a thematic map
was developed to visualise interrelations.

In the second phase, themes were categorised accord-
ing to the three SDT needs: autonomy, competence, and
relatedness. Each need included both positive and negative
themes—satisfaction and frustration—depending on par-
ticipants’ experiences. Sub-themes were developed induc-
tively by clustering similar statements.

Autonomy: Themes included structure, rationale, task
choice, and perception of professional roles.

Competence: Categories involved mastery, learning
outcomes, feedback, and performance opportunities.

Relatedness: Included interpersonal dynamics among

peers, teachers, and stakeholders, both supportive and
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challenging.

All coding was initially conducted by the main author
and reviewed by co-authors. Regular discussions ensured
agreement on theme categorisation. The team assessed
findings in light of SDT literature to distinguish general
motivational drivers from those specific to engineering
students in CBL environments. Representative quotes were

selected to illustrate each theme P

3.6. Trustworthiness

To ensure credibility and trustworthiness, the re-
search process was thoroughly documented "', and find-
ings were illustrated with participant quotes. Participants
were involved in validating the data through follow-up and
debriefing sessions. Feedback from all authors helped re-
fine the categories and improve analytical rigor ****.

Confirmability was supported by applying the expert
assessment framework of Creswell & Plano Clark . The
full research design, implementation, and results were re-
viewed by academic experts in engineering education, edu-
cational sciences, and the social sciences, who provided

independent and ongoing feedback.
4. Findings

A variety of motives for studying and learning
through participation in CBL courses were identified. The
students reported several motivations for learning and dif-
ferent types of regulation guiding their behaviors. These
motivation categories allow us to address the first research
question— what are the motivational factors that guide
engineering students studying in a challenge-based HE
educational context? The analysis examines the motives
behind students’ engagement and commitment to various
CBL courses. The preliminary qualitative analysis catego-
rised these motives into five distinct sub-categories. In the
subsequent phase, these motivational factors were system-
atically arranged along a self-determination continuum
informed by SDT, ranging from the most extrinsically
motivated behaviors to those characterised by high levels

of intrinsic motivation. This approach of situating motiva-

tions on the continuum facilitates a nuanced understanding
of their relationship with students’ self-determined motiva-
tion for learning. The findings, illustrated in Table 2, also
contextualise students’ behaviors (attributes) to the CBL
environment and show how these are regulated by external

or internal locus of causality /.

4.1. Motivation to study CBL courses posi-
tioned on the Self-determination continu-
um

Extrinsic motivational aspects in student statements
identified through the thematic analysis are positioned pri-
marily on the extrinsic part of the scale of SDT continuum.
Findings are presented in decreasing order of external
regulatory power. An illustrative Self-determination con-
tinuum is presented as Table 2. format at the end of this
section, summarising as well the findings, including direct

students’ quotes.

4.1.1. Development of innovation and social
entrepreneurship skills, the goal of em-
ployability

In this category, students’ behavior is driven by an
externally imposed reward and compliance with the exter-
nal stakeholders to achieve this goal is highly prioritised
in Table 2. Students’ motivation concerns an ‘External
regulation’ behavior positioned into the self-determination
continuum, indicating a form of extrinsic motivation expe-
rience. Students’ learning and study were done for reasons
such as eventual future employability, and not for their

inherent satisfactions.

“I thought that the course would be a
good opportunity because it was quite a
long course, and you can develop some
social entrepreneurship competencies for
your further job... And this I think is how
innovation usually works, when you have
multidisciplinary... that you can... differently
work together” (Student 2).
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Table 2. Emerging themes and quotations, aligned with the stages of the self-determination continuum as proposed by SDT

[11]

Extrinsic Motivation

External Regulation

Introjected Regulation

Identified Regulation

Integrated Regulation

Intrinsic Motivation

Development of innovation and

social entrepreneurship skills

“I felt I had to do something that

would give me a job. Maybe

there’s an opportunity here...so, I
felt I needed to know more maybe
social entrepreneurship, and this
was like a nice bridge between
academic studies and something
that you actually get to meet a

proper challenge-provider, or

someone who can give you work,

or a job” (Student 6).

Attributes:

future employability and

compliance with the stakeholders

Designing a service

“I thought this would
be a good change so |
could also experience
designing a solution

or a service. However,

I didn’t want to give
something to the
challenge-provider that
they wouldn’t use or not
helping them.” (Student
D).

Attributes:

public self-
consciousness and
focus on approval from
both self and external
stakeholders

Gaining practical
experience

“I was hoping this
time to get practical
experience on how to
tackle urban planning-
related projects. Me
being interested in
transport, but also
planning in general,
decided to go for this
course.” (Student 11).

Attributes:

personal significance
of investigating the
conscious appreciation
of the nature of CBL
courses, the self-
endorsement of goals,
and the willingness to

Problem-solving attitude
“As a student in innovation
management and product
development, I had to help
them innovate their processes,
coming up with some better
features and a business plan,
and to suggest improvements
to their product development
process... [ would say
precisely that I motivated

to be a problem solver,
involving into brainstorming
new solutions” (Student 4).

Attributes:

alignment of CBL course
values with students’ future
professional identities;
synthesis of identifications
such as current students’
selves as being engineers and
future selves

Contributing to society
through sustainable
solutions

“The challenge that was
given to us, it was definitely
enjoyable. The challenge
was to come up with a
solution in order to help

the waste collectors in
Gaborone city...the waste
was containing some germs.
I found the challenge as an
opportunity to contribute to
our society, people’s health,
and environment through

a sustainable solution”
(Student 5).

Attributes:

interest and enjoyment;
inherent satisfaction of
students’ contribution to the
society through the CBL
courses

take action is crucial

4.1.2. Designing a service, goal competence in
designing services

This theme also includes an internal motive, indicat-
ing ‘Introjected regulation’, valuing the positive effect of
learning new knowledge (e.g., design thinking, project-
based design) offered by the challenge-driven courses.
Students expected to learn and develop design thinking to
design a solution or service for different societal problems,
which would be accepted immediately by the challenge
stakeholders for deployment.

“I thought that it was, like, interesting to
work with a municipality. . . it was more
that I wanted to do like a good project for
the municipality more. Because we should
present it for the municipality and not just
for the class. So, it was that motivated me

the most.” (Student 12).

“I wanted to learn more about how we apply
design thinking for solving like non-medical
problems and the problems that have more
to do with society. So, it was a good thing
to reflect on how we do it in healthcare and
innovation for tangible products that have a
lot of like engineering components to it. So,

that was the motivation.” (Student 3).

4.1.3. Gaining practical experience, goal per-
sonal career enrichment

In this category, students’ experiences have been in-
ternalised, shaping an internal dialogue that aligns with the
perceived value of CBL courses. This process reflects an
“identified” form of extrinsic motivation, where students
recognise and appreciate the value of engaging with real-

life problems as a means to gain practical experience. Mo-
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tivation under external regulation has been internalised and
made relevant to the individual through explicit connection

to the course or personal learning goals.

“So, for me it was: how can I bring
biodiversity conservation and these kinds
of nebulous, very academic things I’'ve
been loosely kind of exposed to, into a
practical context, and how can that become

a project.” (Student 9).

4.1.4. Problem-solving attitude

This theme is focused on a problem-solving attitude.
In this category, informants not only personally recog-
nised and identified with the value of challenge-driven
education. In addition, they expressed interest in innova-
tion management and product development, finding these
values to be congruent with other core interests, such as
problem-solving.

Despite objections from external stakeholders about
the limited project budget, the personal importance of the
implication of socio-real-life problem-solving motivated to
take the CBL course.

“Especially, I became more sensitive and
said to myself that it deserves to contribute
somehow to their hard hands work, ignoring
sometimes companies’ interests and budget
limitations. The fact that I would engage
with a real problem of workers regarding
their health, their lives and sustainability at
the same time motived me to go power and
design the whole research process with my

team smoothly” (Student 7).

Students’ synthesis and consistency of professional
identifications as an engineer identity concerns an ‘Inte-

grated regulation’ behavior.

4.1.5. Contributing to society through sus-
tainable solutions

Finding meaning and making a contribution was the

only motive to pursue CBL courses identified by students.
Meaning was typically associated with the specific tasks
and functions carried out. A student identified the chal-
lenge as very interesting and enjoyable during his engage-
ment in the CBL course.

Student 10 enjoyed the idea of being free to choose
a challenge that engaged with a specific municipality and

where he could make a clear contribution.

“I found those two courses to be the most
interesting and enjoyable. And I really
liked the idea of getting to work with a
municipality and contribute to its local
society and in a more project-based form.
The challenge was the development of
stakeholders’ collaboration with the
municipality through social sustainability.
.. Helping the municipality of [xxx] to be
in charge with real-estate companies in a
sustainable way” developing the area of
[xxx]” (Student 10).

This category emphasises a sense of personal mean-
ing, in these cases resulting in a contribution to society
through a sustainable solution. In this category of experi-
ence, the student 5 values the challenge as a worthwhile
contribution to public health and environment, as well as
to the development of a public benefit. This is associated
with ‘Intrinsic motivation’ in the self-determination con-

tinuum Table 2.

4.2. Students’ Psychological Needs

This section addresses the second research question:
How does the CBL approach facilitate students’ psycho-
logical needs for autonomy, competence, and relatedness?
Drawing on SDT, the study explores how specific course
elements and learning experiences either supported or
hindered the satisfaction of these needs. The findings are
structured according to SDT’s core components—autono-
my, competence, and relatedness—and are illustrated with
participant narratives to highlight the motivational dynam-
ics within CBL environments.

According to SDT, the self-determination continuum

captures the degree of internalization of motivation, with
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intrinsic motivation being optimal for well-being and
engagement. This form of motivation is sustained when
individuals experience autonomy, competence, and related-
ness. The satisfaction of these needs fosters psychological
growth and intrinsic engagement, while their frustration
can lead to diminished motivation and disengagement **'.

Participant responses demonstrated clear connections

to these three needs. When autonomy, competence, and
relatedness were supported, students expressed positive
experiences and increased motivation. Conversely, when
these needs were thwarted, they reported frustration and
decreased engagement. Table 3 presents the key factors
that influenced the fulfilment or frustration of these psy-

chological needs in the context of CBL.

Table 3. Emerging factors affecting the three psychological needs postulated by SDT "1,

Psychological Needs Experienced and Satisfied by Engineering Students in CBL Courses

Autonomy Competence

Relatedness

Satisfied by

consistency in Structure feeling of having Mastery sense of belonging Positive relationships
rules and guidelines control over the tasks and engagement with between students and
educators and external teachers/stakeholders
informational support self-fulfilment by stakeholders, coupled
being able to persist with mutual respect and a
to their own ideas nurturing environment
sense of success students’ group cultural
through students’ background and diversity
self-confidence
meaningful Optimal tasks development of Learning
choices and tasks provision Co_mpewnces and
skills
performance Feedback
feedback
Frustrated by
no meaningful justification =~ Rationale no informative or Feedback sense of Negative relationships
for the projects’ tasks constructive feedback disconnectedness or between students and
neither from teachers rejection because of teachers/stakeholders
highly specified work nor from external students’ conflicts into
descriptions stakeholders their groups & braking
promises and rules from
frequent teachers’ the external stakeholders
pre-defined challenges Choice rotation in the
classroom awkward relationship
lack of a conducive learning between students and
environment societal actors (e.g.,
municipality and private
companies)
lack of knowledge about Professional rights ~ restrictions caused Opportunities

who owns innovation rights

to limited data for growth and

provided by external  performance

stakeholders

restrictions due to
limited budgets for
optimal sustainable
solutions
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4.2.1. Autonomy

Structure

Autonomy is usually associated with self-determi-
nation. However, students also noted that autonomy can
be strengthened by having clear and consistent rules and
guidelines. Clear communication with information support
about what applies from teachers and stakeholders has a
further positive effect on autonomy. Without clarity, free-
dom becomes difficult to relate to, which means that the

task tends to become overwhelming.

“Freedom with the constraints of
practicality, and sort of reality. We want
solutions to work in real life. So, we do need
to listen to people who know the system
better, who know the realities better to

support us” (Student 1).

Rationale
On the other hand, one limit is reached where in-
structions and rules become too specific and detailed. Stu-
dents felt frustrated when the course management did not
provide any meaningful justification for the activities or
project tasks given. In some cases, a very specific descrip-
tion of what students should do was given, such as what to
read, monitoring of attendance, a daily study diary and a
tight timetable.
“I felt that they could have engaged more
into all the groups and guided us better
providing more clear rationale on our
work... Which I believe wasn't exactly
available from the professors and with the
industrial supervisor” (Student 4).
“It was a written exam. But it was limited
and tight. It was five hours to be precise”
(Student 5).
“Attendance sheet. And then write what you

learned every lesson. It's like almost as if

1 was in school, you know? . . . you failed
the course if you didn't fill in this thing.”
(Student 6).

Optimal task provision

Teachers and external stakeholders facilitated the

learning process by providing the students with a feeling
of autonomy through meaningful choices and tasks engag-

ing their interests.

“The teacher and the challenge-providers
welcomed our idea, and we could continue
to develop the final questions for the

interviews” (Student 7).

Choice

Sometimes, tensions among students or between
teachers and students arose depending on the choice of
challenge to work on. In the CBL courses investigated,
there are usually one or more stakeholders who provide
one or more challenges. The student groups can then
choose which challenge they want to work on, and here it
is difficult for the course management to give all students
their first choice. If a student did not feel that they had
been able to work on what they wanted, the feeling of au-
tonomy decreased, resulting also to some students’ dropout

from the courses.

“We weren't the ones choosing which
challenge to participate in... we were not
actively participating in choosing the
challenge and choosing our teams... So, I
frustrated... for example when they didn't
place me in this like... dietetics groups, for
fighting obesity” (Student 3).

“Then later on we became five in the
group... She was behaving a bit strange at
the beginning... the reason was... I think that
she did not like the challenge that gave to us
so much. It seems that she did not show so
much interested in and enjoyable on it and
she had other courses as well to pass, told
me!” (Student 7).

Students also claimed that in many cases there was
a lack of a conducive learning environment for the tasks
assigned to them. Specifically, health and safety issues and
laboratories’ distance from the main campus were men-

tioned.

“...did not provide a suitable environment to

36



Innovations in Pedagogy and Technology | Volume 01 | Issue 01 | June 2025

work well. And I would say that the location
of the M building, it’s at the far end of the
campus, which cost some extra time to
reach the project room. It was so stressful!”
(Student 4).

Professional rights

A feeling of reduced autonomy also arose when the
students felt that they were not informed in advance about
the rights and ownership of their ideas. The students expe-
rienced both uncertainty and anxiety during and after the

course as they could not influence the situation.

“We discovered that the clinic wanted to
take our project and present it to someone
else. And 1 felt like we can't do all this work
and then just give it to someone, if we want
to continue with it. . . In the end, we didnt
know anything about the... like, who owns
the rights? Felt stupid! If we pursue our
idea... so, now we don't speak. But if we’d
ended our course on terms that we knew
who owns the idea, the copyright, all these...
how do you say, judicial... like laws and
stuff, royalties, contracts would be better”
(Student 6).

4.2.2. Competence

Mastery
With regard to competence, satisfaction was ex-
pressed through a sense of mastery, showing students’ self-

confidence and commitment to their challenges.

“I think to do your tasks well that'’s a
very big motivational factor. It became an
obsession. . . because I wanted to illustrate
exactly what was in here [points to head],
not come with some like... oh, this is a piece
of paper and I draw it here. I wanted to
bring out the whole thing and: Bam! This is
what we are going to do. Yeah, it says maybe

something about myself” (Student 6).

A sense of competence also arose for the students
when they were able to persist with their ideas they devel-
oped. The fact that external stakeholders supported and/
or teachers listened to them with respect also increased the
students’ group self-fulfilment and strengthened students’

satisfaction.

“We surprised them with how hard we were
going to...work our ideas. And we found
some common ground with them. When
we came with our idea, we got a lot of like
respect” (Student 6).

Learning

Students’ competence need was also supported by
teachers’ ability to facilitate their development of compe-
tences and skills through providing them with new knowl-
edge.

“I learned new things like sustainability,
cognitive ergonomics methods, risk
management, and design thinking. But yes,
since all of these were great to study and
learn and very helpful when you integrate
all of these into the project and it was
very practical skills and competences and
knowledge” (Student 7).

Feedback

Students’ satisfaction was supported by teachers’
ability to facilitate their development of competences and
skills through providing them with appropriate tools and
performance feedback. External stakeholders facilitated
learning by providing guides on how to master the chal-
lenges’ tasks at hand. Some external stakeholders also
seem to downplay evaluation and reflection, promoting

students’ effectance.

“So basically, we always tracked our
progress, we always had meetings in person
or online. We continuously took feedback
from our professor, industrial supervisor,

and the other students’ groups.” (Student 4).

On the other hand, students felt a bit frustrated when
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feedback was neither informative nor constructive from

both by teachers nor external stakeholders.

“... Feedback, I think it wasn't as much
effective. Because it was mostly about:
Remove this and add this. But you can solve
that by just giving like five bullet points...
the ideas would have resulted in being better
if we decreased the feedback on the content
of the presentation and more like dig into the
problematics” (Student 3).

Finally, some students reported from a course where
their teachers rotated from one project group to another
every week, an act which created confusion. As the teacher
changes, they had to inform the teachers from the begin-
ning of their work which was seen as waste of worktime,
which was also problematic regarding the progress, syn-

thesis, and feedback of their challenges’ work.

“I think if they had assigned one of the
teachers as like a supervisor for the project
and not to change teachers every week, then
he would have been able to follow everything
and give a little bit better suggestions or
better guide and feedback to the team’
(Student 2).

>

Opportunities for growth and performance

Some students mentioned that they only had restrict-
ed data to work on as the external stakeholders did not
provide them with more, and the students were not allowed
to access their original resources, resulting in limited op-

portunities for growth and performance.

“... providing us more customer data, would
help us provide better solutions for their
project... But unfortunately, I would feel
that the team members at the end, when we
were not able to get the whole data that we
needed, we were a bit disappointed. And the
amount of care we had for the project went
down.” (Student 4).

However, students felt very frustrated when their

more radical, progressive and critical solutions to the chal-
lenges they were asked to work on were not accepted by
the external stakeholders and some teachers. It was experi-
enced in several cases that one had to accept to work with
the more consumerist/commodity solutions provided by
the external stakeholders, limiting the students’ free choice.
The change projects the students signed up for became
more of a developmental work where one was expected to

follow the given rules to be successful.

“We set up many critical questions that
would be solved... why can t the daily activity
center use other facilities that are in near
proximity that are in kind of like ownership
of the city? Of course, the stakeholders
found all of these said millions of times and
did not want us to work on that direction”
(Student 3).

“... We’ve tried it already; we can'’t do
anything about it. We need to focus on
spreading the awareness. And how are you
going to spread the awareness? Create
some marketing material. Which marketing
material? Brochure... I disappointed a lot!”

(Student 2).

4.2.3. Relatedness

Positive relationships between students, teachers,
and external stakeholders

Students’ relatedness need was satisfied by the sense
of belonging and connection. This was achieved when
all members in the group showed each other respect and
caring through their active engagement in the learning
process. Different students’ group cultural background and
diversity were highly appreciated by the students’ satisfac-
tion with teachers and external stakeholders’ relatedness

need as well.

“I felt belonging to the team, as I was
an active student. There was a good
communication among us and the teachers.
We care each other during the course and

we were aiming to study as a team and help
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the workers with the challenge- solution”
(Student 7).

“We had an exchange student from
Tanzania; And then we had a guy who came
from Ethiopia who lives in Sweden. And he
took us out to dinner, so we had a lot of fun
encounters in the group. We kind of build a
good team based on members’ interests and
background...it was funny and interesting to
work with!” (Student 6).

challenge that engaged with. Two girls
dropped out, and if more of us like left the
group it would really put others into an
uncomfortable situation making disorders in

the group” (Student 3).

Less good relationships were obtained when it was felt

that the stakeholders were not very interested in their work.

“[ felt disappointed in the sense that we were

keeping on updating the stakeholders that

Positive relationships were also achieved when
teachers and stakeholders facilitated the students’ learning

process through their feedback.

on our final presentation it will be required.
So, they just responded that they accepted

the invitation, but then towards the end... it

“So initially the external stakeholder, she
was very nice, and we started enjoying
what we talked to her about and we enjoyed
getting the feedback from her... So, all our
conversations were very respectful and

very formal. No problems with like the

didn't happen as we expected. They did not
attend!” (Student 5).

Finally, negative relationships between public and
private stakeholders brought students into quite unpleasant
situations, resulting in a lack of trust and communication

among them.

professionalism that we had (Student 4).

Negative relationships between students, teachers,
and external stakeholders

Several factors contributed to student frustration.
Specifically, those who felt isolated or rejected by their
peers were more prone to disengage from the internalisa-
tion process and diminish their intrinsic motivation for
learning. Factors such as students’ conflicts in their teams
without teachers’ intervention, students dropping out of
students from their teams, and breaking promises and rules
from external stakeholders, seemed to thwart students’

social-relatedness need.

“I should have involved the teacher in this
conflict. But I know that teachers do not
intervene. However, they mentioned that they
could split a group into two, but I don't think
in this situation it was good. The student

written contract was never followed as

“We did have some mail-communication with
JM, a big company, but they... as I said, they
didn t really have time to talk to us... And we
never heard any more... We felt it was kind
of ironic since we discussed it during the
interview with the municipality. They were
like: Well, this is only our side of the story...
But yeah, I mean, private actors in a way...
Because they can gain something from this,
but I don't think that the private actors feel
that way. So, theres really no incentives for
them to help us... Yeah, I would definitely say

economical differences.” (Student 10).

5. Discussion

5.1. Students’ Motivational Functions and

Motives

well!” (Student 2).
“In our group, we were lacking two team

members, because they did not enjoy the

At the policy level, student motivation in higher edu-
cation is increasingly framed in instrumental terms—such

as employability, innovation, and entrepreneurship—rather
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than personal and disciplinary development . Dearing
B argued that universities adopting market-driven models
encourage students to see themselves as investors, seeking
a return on educational investment rather than pursuing
intrinsic academic goals. Morris ** found that this policy
orientation can undermine student autonomy and intrinsic
motivation, as it promotes decisions based on anticipated
income rather than personal interest.

Students who are motivated by the desire to produce
usable services and interact meaningfully with teachers
and stakeholders may find their autonomy constrained
when pressured to grasp concepts immediately and “get
things right.” In contrast, courses framed around optimal
challenges—where learning is gradual and consolidation
of knowledge is encouraged—are more likely to support
autonomy.

Motivations driven by a desire to apply theoretical
knowledge, gain practical experience, or solve real-world
societal problems appear to foster deeper engagement with
CBL courses. Students’ willingness to act, as defined by
higher-quality motivation and performance, is enhanced in
environments that support practical application and stake-
holder interaction """,

Moreover, some students demonstrate intrinsic mo-
tivation through their identification with engineering as a
problem-solving discipline and a desire to make a mean-
ingful societal contribution. Real-world and unsolved
challenges are particularly effective in triggering intrinsic

18, 54 .
I Competencies such as

motivation and engagement '
creativity, social entrepreneurship, and sustainability—crit-
ical for industry engagement—also serve as motivational
drivers >,

These findings align with Identity-Based Motiva-
tion Theory, which posits that when academic challenges
reflect students’ envisioned future selves, motivation and

persistence increase >,

5.2. Students’ Psychological Needs

Autonomy

Students’ autonomy was supported when they were
provided with meaningful choices, clear course objectives,
and opportunities for dialogue. Appreciation of real-life
challenges and freedom in the CBL process enhanced learn-

ing motivation ""*?"*". Consistent with SDT literature ****,

autonomy was undermined in overly controlled environ-
ments ®' or when teachers monopolised learning processes .

Conversely, autonomy was fostered when teachers
trusted students’ abilities, communicated the rationale be-
hind tasks, and encouraged exploration " . Predefined
challenges or excessive structuring diminished autonomy
and led to frustration *"*). Environments lacking psycho-
logical or physical support—such as poor facilities—also
negatively impact autonomy ®* .,

Students expressed frustration when denied profes-
sional ownership of their project work. Autonomy was
higher when students could explore their ideas, supported
by respectful and open communication ** *!. A lack of
ethical or legal frameworks to recognise students’ rights
over their work further limited autonomy !,

Competence

Students’ competence was supported by feedback,
iterative guidance, and opportunities to develop ideas in
collaboration with teachers and stakeholders. Effective
feedback and challenge management were crucial for skill
development !'%*" 227,

However, competence was hindered by limited in-
stitutional resources and incoherent external stakeholder
input . Students felt constrained when commercial in-
terests overshadowed the exploration of broader societal
solutions . These findings echo research suggesting that
external policies and market-driven education can suppress
inquisitive learning and perceived competence ™",

Relatedness

When students experienced mutual respect and
meaningful engagement with teachers and stakeholders,
their relatedness needs were fulfilled. Positive interperson-
al relationships promoted belonging, communication, and
care [10,21,27,57, 69]'

However, team conflicts negatively affected related-
ness and motivation. Students who experienced misalign-
ment in group efforts felt frustrated *'". Although proactive
conflict management is common in Swedish HEIs ", this
study highlights the need for improved group management
training for both teachers and stakeholders.

Finally, a lack of trust among the triad of students,
teachers, and external stakeholders diminished relatedness.
Trust is essential for knowledge exchange and collabora-
71, 72]

tion """ and is fostered through regular, open, and inter-
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active communication >,

6. Implications for Engineering Ed-
ucation

Research on dropout in engineering education, espe-
cially in CBL courses, reveals that students’ motivation is
often compromised when their autonomy, competence, and
relatedness needs are not met. Applying SDT provides a
framework for fostering intrinsic motivation and reducing
externally controlled behaviors > 77,

This study reinforces the significance of three roles in
CBL course design """, such as: (a) the academic teacher,
responsible for knowledge acquisition and assessment, (b)
the coach, focusing on skills and group dynamics, and (c)
the organiser, managing external stakeholder interaction.

Teachers and course designers can strengthen CBL
implementation by supporting students’ autonomy, struc-
turing learning environments around meaningful choices
and challenges, and providing constructive feedback.
Stakeholders must be prepared to understand student needs
and engage respectfully.

To foster competence and self-efficacy, higher edu-
cation institutions should offer access to resources (e.g.,
literature, digital tools), mentorship and coaching, and peer
learning networks.

Self-regulated learning (SRL) strategies, including
metacognitive prompts and self-assessment, can further
support students’ motivation. Emphasising mastery rather
than performance goals promotes deeper engagement “*!.
Ultimately, fostering environments that prioritise curios-
ity, confidence, and societal contribution helps engineering
students develop critical thinking skills needed for trans-

formative learning.

7. Limitations and Future Research

While theoretical saturation was reached, the qualita-
tive design limits generalisability. Findings are context-
specific to Master’s level CBL courses and shaped by par-
ticipant perspectives - engineering students - at a research-
intensive Swedish university. Each student articulated
multiple, interconnected motives for engaging with CBL,
which were not quantified but thematically analysed. Fu-

ture studies should incorporate quantitative methods using

validated SDT instruments to assess motivation and need
satisfaction across broader populations, conduct com-
parative studies of CBL implementation across different
institutions, explore equity and inclusiveness by assessing
accessibility for students from diverse backgrounds, and
investigate longitudinal effects of CBL and pedagogical
interventions on motivation over time. This would com-
plement the rich qualitative insights by providing broader
statistical trends. Such research can guide institutional
policies and instructional strategies, ensuring that CBL

practices support diverse learners and educational goals.

8. Conclusions

This study aimed to investigate how CBL environ-
ments in Swedish higher engineering education influence
student motivation. The study identified five distinct mo-
tivational profiles of students along the self-determination
continuum: (1) extrinsic motivation based on course re-
quirements (promote employability), (2) introjected moti-
vation driven by the desire to maintain personal standards
and stakeholder’s requirements, (3) identified motivation
through connection to meaningful work (gaining practi-
cal experience), (4) integrated motivation aligned with
students’ engineering identity, and (5) intrinsic motivation
for challenge and enjoyment (societal contribution). These
profiles revealed that students’ motivation was dynamic,
influenced by a complex interplay of personal values, peer
collaboration, course design, and the authenticity of the
learning experience. Thus, CBL environments can foster a
range of motivational orientations depending on how these
contextual and pedagogical factors are structured.

Further, addressing how the CBL approach facilitates
students’ psychological needs for autonomy, competence,
and relatedness, the study’s analysis showed that these
needs were variably supported within the CBL environ-
ment. Autonomy was generally enhanced by the open-
ended nature of projects, but sometimes undermined by
insufficient structure. Competence was strengthened when
feedback and assessment criteria were clear by the teach-
ers and external stakeholders, but vague expectations and
misaligned evaluation practices detracted from students’
confidence. Relatedness thrived in peer interactions, yet
students expressed a need for more consistent and support-

ive instructor engagement. These findings emphasize that
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while CBL holds the potential to meet core psychological
needs, intentional design and facilitation are crucial to en-
sure these needs are consistently addressed.

By systematically linking our findings to both research
questions, this study contributes a nuanced understanding of
how CBL environments influence engineering students’ mo-
tivation. The analysis of data highlights that motivation is
not only a product of individual disposition but also shaped
by the educational ecosystem in which students operate.
Therefore, fostering sustained motivation in CBL requires a
deliberate balance between autonomy-supportive practices,
scaffolding for competence, and meaningful student - educa-
tor - external stakeholder relationships.

In conclusion, the effectiveness of CBL in promoting
student motivation hinges on thoughtful course design that
supports psychological needs and aligns learning experi-
ences with students’ academic and professional identities.
These insights offer valuable implications for educators
and curriculum developers aiming to enhance motivation,
engagement, and learning outcomes through challenge-

based approaches in engineering education.

Author Contributions

Conceptualisation, P.P., A.P. and J.B.; methodology,
P.P.; software, P.P.; validation, P.P., A.P. and J.B.; formal
analysis, P.P.; investigation, P.P., A.P. and J.B.; resources,
P.P.; data curation, P.P. and J.B.; writing—original draft
preparation, P.P.; writing—review and editing, P.P.; visu-
alisation, P.P.; supervision, A.P. and J.B. All authors have

read and agreed to the published version of the manuscript.

Funding

This work received no external funding.

Institutional Review Board Statement

The study was conducted in accordance with the
Declaration of Helsinki, and approved by the Ethics Com-
mittee’s guidelines of the ROYAL INSTITUTE OF TECH-
NOLOGY, KTH.

Informed Consent Statement

Informed consent was obtained from all subjects in-

volved in the study.

Data Availability Statement

The data that support the findings of this study are
available from the corresponding author upon reasonable
request. However, the extracted data from the analysis pro-

cess are available in the supplementary material.

Acknowledgments

The authors extend their heartfelt gratitude to the
student participants for their significant contributions to
this research study. Their commitment, enthusiasm, and
engagement in the CBL courses markedly enriched the

quality and depth of our work.

Conflicts of Interest

The authors declare no conflict of interest.

References

[1] Gallagher, S.E., Savage, T., 2023. Challenge-based
learning in higher education: an exploratory literature
review. Teaching in Higher Education. 28, 1135-
1157. DOI: https://doi.org/10.1080/13562517.2020.1
863354

Kohn, R.K., Lundqvist, U., Malmgqvist, J., et al.,
2020. From CDIO to challenge-based learning ex-
periences — expanding student learning as well as
societal impact? European Journal of Engineering
Education. 45, 22-37. DOI: https://doi.org/10.1080/0
3043797.2018.1441265

Malmgqvist, J., Radberg, K.K., Lundqvist, U., 2015.
Comparative analysis of challenge-based learning
experiences. 11th International CDIO Conference,
Chengdu University of Information Technology; June
8—June 11, 2015; Chengdu, China.

SFS 1993:100. 1993. Higher Education Ordinance.
The Swedish Higher Education Act. (2021: 1282).
Swedish Council for Higher Education. 2021.
Johnson, L.F., Smith, R.S., Smythe, J.T., et al., 2009.
Challenge-Based Learning: An Approach for Our
Time. The New Media Consortium: Austin, Texas,
USA.

Membrillo-Hernandez, J., de Jesis Ramirez-Cadena,
M., Ramirez-Medrano, A., et al., 2021. Implementa-
tion of the challenge-based learning approach in Aca-
demic Engineering Programs. International Journal
on Interactive Design and Manufacturing (IJIDeM).
15, 287-298. DOI: https://doi.org/10.1007/s12008-

(2]

(3]

(4]
[5]

(6]

42


https://doi.org/10.1080/13562517.2020.1863354
https://doi.org/10.1080/13562517.2020.1863354
https://doi.org/10.1080/03043797.2018.1441265
https://doi.org/10.1080/03043797.2018.1441265
https://doi.org/10.1007/s12008-021-00755-3

Innovations in Pedagogy and Technology | Volume 01 | Issue 01 | June 2025

(8]

[12]

[13]

[14]

021-00755-3

Membrillo-Hernandez, J., Ramirez-Cadena, M. J.,
Martinez-Acosta, M., et al., 2019. Challenge based
learning: the importance of world-leading compa-
nies as training partners. International Journal on
Interactive Design and Manufacturing (IJIDeM). 13,
1103-1113. DOI: https://doi.org/10.1007/s12008-
019-00569-4

Pantzos, P., Rosén, A., Buckley, J., et al., 2022.
Engineering Students’ Motivation for Learning
in Challenge-Driven Project Courses: A Qualita-
tive Pilot Study. SEFI 2022 - 50th Annual Con-
ference of the European Society for Engineering
Education. September 2022; Barcelona, Spain.
pp. 2115-2121. DOI: https://doi.org/10.5821/
conference-9788412322262.1178

Doulougeri, K., Bombaerts, G., Martin, D., et al.,
2002. Exploring the factors influencing students’
experience with challenge-based learning: a case
study. IEEE Global Engineering Education Con-
ference, EDUCON 2022. March 2002; Tunis, Tu-
nisia. pp. 981-988. DOI: https://doi.org/10.1109/
EDUCONS52537.2022.9766574

Ryan, R.M., Deci, E.L., 2020. Intrinsic and extrinsic
motivation from a self-determination theory per-
spective: Definitions, theory, practices, and future
directions. Contemporary Educational Psychology.
61, 101860-101860. DOI: https://doi.org/10.1016/
j-cedpsych.2020.101860

Ryan, R.M., Deci, E.L., 2002. Overview of self-
determination theory: An organismic-dialectical per-
spective. In Deci, E.L., Ryan, R.M. (Eds.), Handbook
of Self-Determination Research. pp. 3—33. University
of Rochester Press: Rochester, NY, USA.

Ryan, R.M., Deci, E.L., 2000. Self-determination
theory and the facilitation of intrinsic motiva-
tion, social development, and well-being. Ameri-
can Psychologist. 55(1), 68—78. DOI: https://doi.
org/10.1037/0003-066X.55.1.68

Ryan, R M., Deci, E.L., 2000. Intrinsic and Extrinsic
Motivations: Classic Definitions and New Direc-
tions. Contemporary Educational Psychology. 25(1),
54-67. DOI: https://doi.org/10.1006/ceps.1999.1020
Deci, E.L., Vallerand, R.J., Pelletier, L.G., et al.,
1991. Motivation and Education: The Self-Deter-
mination Perspective. Educational Psychologist. 26,
325-346. DOI: https://doi.org/10.1080/00461520.19
91.9653137

Vallerand, R.J., Losier, G.F., 1999. An integrative
analysis of intrinsic and extrinsic motivation in sport.
Journal of Applied Sport Psychology. 11, 142—169.
Zimmerman, B.J., 2002. Becoming a Self-Reg-
ulated Learner: An Overview. Theory Into Prac-
tice. 41, 64-70. DOI: https://doi.org/10.1207/
s15430421tip4102 2

43

(18]

[19]

(23]

(24]

[25]

[26]

(27]

(28]

Rosén, A., Hogfeldt, A.-K., Lantz, A., et al., 2018.
Connecting North and South through Challenge
Driven Education. Proceedings of the 14th Inter-
national CDIO Conference; June 28—July 2, 2018;
Kanazawa, Japan. Available from: https://urn.kb.se/re
solve?urn=urn:nbn:se:kth:diva-240881

Taajamaa, V., Rwegasira, D., Kelati, A., et al.,
2017. Challenge Driven Education in the Context of
Internet of Things. 9th International Conference on
Education and New Learning Technologies; July 3—
July 5, 2017; Barcelona, Spain. pp. 2490-2495.

Van den Beemt, A., MacLeod, M., 2021. Tomorrows’
Challenges for Today’s Students: Challenge-Based
Learning and Interdisciplinarity. SEFI 49th Annual
Conference; Sept 13—Sept 16, 2021; Berlin, Germa-
ny. pp.588-597.

Herzog, C., Breyer, S., Leinweber, N.A., et al., 2022.
Everything You Want to Know and Never Dared to
Ask - a Practical Approach to Employing Challenge-
Based Learning in Engineering Ethics. SEFI 2022
- 50th Annual Conference of the European Society
for Engineering Education; Sept 19—Sept 22, 2022;
Barcelona, Spain. pp. 1224-1232.

Ryan, R.M., Deci, E.L., 2000. Intrinsic and Extrinsic
Motivations: Classic Definitions and New Direc-
tions. Contemporary Educational Psychology. 25(1),
54-67. DOI: https://doi.org/10.1006/ceps.1999.1020
Entwistle, N., McCune, V., Walker, P., 2001. Concep-
tions, styles, and approaches within higher education:
Analytical abstractions and everyday experience.
Lawrence Erlbaum Associates Publishers: Mahwah,
NJ, USA. pp.103-136.

Niemiec, C.P., Ryan, R.M., 2009. Autonomy, compe-
tence, and relatedness in the classroom. Theory and
Research in Education. 7(2), 133—-144. DOI: https://
doi.org/10.1177/1477878509104318

Bunce, L., Baird, A., Jones, S.E., 2017. The student-
as-consumer approach in higher education and its
effects on academic performance. Studies in Higher
Education. 42(11), 1958-1978. DOI: https://doi.org/1
0.1080/03075079.2015.1127908

Pantzos, P., Gumaelius, L., Buckley, J., et al., 2023.
Engineering students’ perceptions of the role of work
industry-related activities on their motivation for
studying and learning in higher education. European
Journal of Engineering Education. 48(1), 91-109.
DOI: https://doi.org/10.1080/03043797.2022.2093167
Doulougeri, K., Vermunt, J.D., Bombaerts, G., et
al., 2022. Analyzing student-teacher interactions in
challenge-based learning. SEFI 2022: 50th Annual
Conference of the European Society for Engineer-
ing Education; Sept 11-Sept 14, 2022. Barcelona,
Spain. pp.252-262. DOI: https://doi.org/10.5821/
conference-9788412322262.1389
Lazendic-Galloway, J., Reymen, .M. M.J., Bruns,


https://doi.org/10.1007/s12008-021-00755-3
https://doi.org/10.1007/s12008-019-00569-4
https://doi.org/10.1007/s12008-019-00569-4
https://doi.org/10.5821/conference-9788412322262.1178
https://doi.org/10.5821/conference-9788412322262.1178
https://doi.org/10.1109/EDUCON52537.2022.9766574
https://doi.org/10.1109/EDUCON52537.2022.9766574
https://doi.org/10.1016/j.cedpsych.2020.101860
https://doi.org/10.1016/j.cedpsych.2020.101860
https://doi.org/10.1037/0003-066X.55.1.68
https://doi.org/10.1037/0003-066X.55.1.68
https://doi.org/10.1006/ceps.1999.1020
https://doi.org/10.1080/00461520.1991.9653137
https://doi.org/10.1080/00461520.1991.9653137
https://doi.org/10.1207/s15430421tip4102_2
https://doi.org/10.1207/s15430421tip4102_2
https://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-240881
https://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-240881
https://doi.org/10.1006/ceps.1999.1020
https://doi.org/10.1177/1477878509104318
https://doi.org/10.1177/1477878509104318
https://doi.org/10.1080/03075079.2015.1127908
https://doi.org/10.1080/03075079.2015.1127908
https://doi.org/10.1080/03043797.2022.2093167
https://doi.org/10.5821/conference-9788412322262.1389
https://doi.org/10.5821/conference-9788412322262.1389

Innovations in Pedagogy and Technology | Volume 01 | Issue 01 | June 2025

[29]

[30]

[31]

[33]

[34]

[35]

[36]

[38]

[40]

M., et al., 2021. Students’ experiences with chal-
lenge-based learning at TU/e innovation Space.49th
SEFI Annual Conference; Sept 13—Sept 16, 2021;
Berlin, Germany. pp. 1005-1015.

Viau, R., Joly, J., Sherbrooke, U., 2001. Understand-
ing university students’ motivation to succeed for
taking better action. Acfas: Quebec City, Canada.
Vermunt, J., 2007. The power of teaching-
learning environments to influence student learn-
ing. British Journal of Educational Psychology
Monograph Series II. pp. 73-90. DOI: https://doi.
org/10.1348/000709906X 162424

Vermunt, J.D., Verloop, N., 1999. Congruence and
friction between learning and teaching. Learning
and Instruction. 9(3), 257-280. DOI: https://doi.
org/10.1016/S0959-4752(98)00028-0

Pelletier, L.G., Séguin-Lévesque, C., Legault, L.,
2002. Pressure from above and pressure from below
as determinants of teachers’ motivation and teach-
ing behaviors. Journal of Educational Psychology.
94(1), 186—-196. DOL: https://doi.org/10.1037/0022-
0663.94.1.186

Kusurkar, R.A., Croiset, G., Ten Cate, O.T.J., 2011.
Twelve tips to stimulate intrinsic motivation in stu-
dents through autonomy-supportive classroom teach-
ing derived from Self-Determination Theory. Medi-
cal Teacher. 33(12), 978-982. DOI: https://doi.org/10
.3109/0142159X.2011.599896

Ten Cate, O.T.J., Kusurkar, R.A., Williams, G.C.,
2011. How self-determination theory can assist our
understanding of the teaching and learning processes
in medical education. AMEE Guide No. 59. Medical
Teacher. 33, 961-973.

Deci, E.L., Ryan R.M., 2000. The “What” and
“Why” of Goal Pursuits: Human Needs and the
Self-Determination of Behavior. Psychological In-
quiry. 11(4), 227-268. DOI: https://doi.org/10.1207/
S15327965PLI11104 01

Guba, E.G., Lincoln, Y.S., 1994. Competing para-
digms in qualitative research. Handbook of qualita-
tive research. Sage Publications Inc.: Thousand Oaks,
CA, USA. pp.105-117.

Schwandt, T.A., 1994. Constructivist, interpretivist
approaches to human inquiry. Handbook of qualita-
tive research. Sage Publications, Inc: Thousand Oaks,
CA, USA. pp.118-137.

Lincoln, Y.S., Guba, E.G., Pilotta, J.J., 1985. Natu-
ralistic inquiry. International Journal of Intercul-
tural Relations. 9(4), 438—439. DOI: https://doi.
org/10.1016/0147-1767(85)90062-8

Braun, V., Clarke, V., 2006. Using thematic
analysis in psychology. Qualitative Research
in Psychology. 3(2), 77-101. DOI: https://doi.
org/10.1191/1478088706qp0630a

Creswell, J., 2009. Research design: Qualitative,

[41]

[42]

(48]

[49]

[50]

[51]

[53]

44

quantitative, and mixed methods approach (3rd ed.).
Sage: Thousand Oaks, CA, USA.

Bryman, A., 2016. Social research methods / Alan
Bryman. Fifth edit ed. Oxford University Press: Ox-
ford, UK.

MacFarlane, A., O’Reilly-de Brun, M., 2012. Us-
ing a Theory-Driven Conceptual Framework in
Qualitative Health Research. Qualitative Health
Research. 22(5), 607-618. DOI: https://doi.
org/10.1177/1049732311431898

Ryan, R.M., Niemiec, C.P., 2009. Self-determination
theory in schools of education. Theory and Re-
search in Education. 7(2), 263-272. DOI: https://doi.
org/10.1177/1477878509104331

Sandelowski, M., 2008. Theoretical saturation. 2 ed.:
Sage: London, UK. pp. 875-876.

Clarke, V., Braun, V., 2013. Successful Qualitative
Research: A Practical Guide for Beginners. SAGE
Publications Ltd: London, UK.

Jackson, K., Bazeley, P., 2019. Qualitative data
analysis with NVivo. 3rd ed. Sage: London, UK.
pp.349-349.

Buckley, J., Adams, L., Aribilola, 1., et al., 2022.
An assessment of the transparency of contemporary
technology education research employing interview-
based methodologies. International Journal of Tech-
nology and Design Education. 32, 1963—-1982. DOI:
https://doi.org/10.1007/s10798-021-09695-1
Bryman, A., 2016. Social Research Methods. 5th ed.:
Oxford University Press: NY, USA. pp.8§24—-824.
Creswell, J.W., Plano, C.V.L., 2007. Designing and
conducting mixed methods research. Sage: Thousand
Oaks, CA, USA.

Molesworth, M., Nixon, E., Scullion, R., 2009.
Having, being and higher education: The mar-
ketisation of the university and the transforma-
tion of the student into consumer. Teaching in
Higher Education. 14(3), 277-287. DOI: https://doi.
org/10.1080/13562510902898841

Dearing, R., 1997. Higher Education in the learning
society. Report of the National Committee of Inquiry
into Higher Education. Her Majesty’s Stationery Of-
fice: London, UK.

Morris, K.V.A., 2022. Consumerist views of higher
education and links to student wellbeing and achieve-
ment: an analysis based on the concept of autonomy
as depicted in self-determination theory. Journal of
Further and Higher Education. 46(6), 836—-849. DOI:
https://doi.org/10.1080/0309877X.2021.2011842
Van den Beemt, A., Vazquez-Villegas, P., Gomez
Puente, S., et al., 2023. Taking the Challenge: An
Exploratory Study of the Challenge-Based Learning
Context in Higher Education Institutions across Three
Different Continents. Education Sciences. 13(3), 234.
DOI: https://doi.org/10.3390/educscil 3030234


https://doi.org/10.1348/000709906X162424
https://doi.org/10.1348/000709906X162424
https://doi.org/10.1016/S0959-4752(98)00028-0
https://doi.org/10.1016/S0959-4752(98)00028-0
https://doi.org/10.1037/0022-0663.94.1.186
https://doi.org/10.1037/0022-0663.94.1.186
https://doi.org/10.3109/0142159X.2011.599896
https://doi.org/10.3109/0142159X.2011.599896
https://doi.org/10.1207/S15327965PLI1104_01
https://doi.org/10.1207/S15327965PLI1104_01
https://doi.org/10.1016/0147-1767(85)90062-8
https://doi.org/10.1016/0147-1767(85)90062-8
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1177/1049732311431898
https://doi.org/10.1177/1049732311431898
https://doi.org/10.1177/1477878509104331
https://doi.org/10.1177/1477878509104331
https://doi.org/10.1007/s10798-021-09695-1
https://doi.org/10.1080/13562510902898841
https://doi.org/10.1080/13562510902898841
https://doi.org/10.1080/0309877X.2021.2011842
https://doi.org/10.3390/educsci13030234

Innovations in Pedagogy and Technology | Volume 01 | Issue 01 | June 2025

[54]

[55]

[57]

[58]

[59]

[60]

[62]

[64]

[65]

Hung, W., 2016. All PBL Starts Here: The Problem.
Interdisciplinary Journal of Problem-Based Learning.
10(2). DOLI: https://doi.org/10.7771/1541-5015.1604
Landau, M.J., Oyserman, D., Keefer, L.A., et al., 2014.
The college journey and academic engagement: How
metaphor use enhances identity-based motivation.
Journal of Personality and Social Psychology. 106(5),
679—698. DOI: https://doi.org/10.1037/a0036414
Oyserman, D., Destin, M., 2010. Identity-Based
Motivation: Implications for Intervention. The Coun-
seling Psychologist. 38(7), 1001-1043. DOI: https://
doi.org/10.1177/0011000010374775

Doulougeri, K., Vermunt, J.D., Bombaerts, G., et
al., 2024. Challenge-based learning implementation
in engineering education: A systematic literature
review. Journal of Engineering Education. 113(4),
1076-1106. DOL: https://doi.org/10.1002/jee.20588
Reeve, J., Jang, H., 2006. What teachers say and
do to support students’ autonomy during a learn-
ing activity. Journal of Educational Psychology.
98(1), 209-218. DOI: https://doi.org/10.1037/0022-
0663.98.1.209

Reeve, J., Jang, H., Hardre, P, et al., 2002. Provid-
ing a Rationale in an Autonomy-Supportive Way as
a Strategy to Motivate Others During an Uninterest-
ing Activity. Motivation and Emotion. 26, 183-207.
DOI: https://doi.org/10.1023/A:1021711629417
Temple, P., Callender, C., Grove, L., et al., 2016.
Managing the student experience in English higher
education: Differing responses to market pressures.
London Review of Education. 14(1), 33—-46. DOLI:
https://doi.org/10.18546/LRE.14.1.05

Girelli, L., Alivernini, F., Lucidi, F., et al., 2018.
Autonomy Supportive Contexts, Autonomous Moti-
vation, and Self-Efficacy Predict Academic Adjust-
ment of First-Year University Students. Frontiers
in Education. 3. DOI: https://doi.org/10.3389/
feduc.2018.00095

Howard, J.L., Bureau, J.S., Guay, F., et al., 2021. Stu-
dent Motivation and Associated Outcomes: A Meta-
Analysis from Self-Determination Theory. Perspec-
tives on Psychological Science. 16(6), 1300-1323.
DOI: https://doi.org/10.1177/1745691620966789
Jeno, L.M., Danielsen, A.G. Raaheim, A., 2018.
A prospective investigation of students’ academic
achievement and dropout in higher education: a Self-
Determination Theory approach. Educational Psy-
chology. 38(9), 1163—1184. DOI: https://doi.org/10.1
080/01443410.2018.1502412

Sogunro, O.A., 2014. Motivating Factors for Adult
Learners in Higher Education. International Journal
of Higher Education. 4(1), 22—-37. DOI: https://doi.
org/10.5430/ijhe.v4n1p22

Mulder, K.F., Ferrer, D., Segalas, C.J., et al., 2015.
Motivating students and lecturers for education in

45

[66]

[67]

[68]

[69]

[71]

[72]

[73]

[75]

[76]

sustainable development. International Journal of
Sustainability in Higher Education. 16(3), 385-401.
DOI: https://doi.org/10.1108/1JSHE-03-2014-0033
Steiner, S.D., Brock, D.D., Pittz, T.G., et al, 2018.
Multi-Disciplinary Involvement in Social Entrepre-
neurship Education: A Uniquely Threaded Ecosys-
tem. Journal of Ethics & Entrepreneurship. 8, 73-91.
Mohedas, 1., Sienko, K.H., Daly, S.R., et al., 2020.
Students’ perceptions of the value of stakeholder en-
gagement during engineering design. Journal of En-
gineering Education. 109(4), 760-779. DOI: https://
doi.org/10.1002/jee.20356

Tomlinson, M., 2017. Student perceptions of them-
selves as ‘consumers’ of higher education. British
Journal of Sociology of Education. 38(4), 450—467.
DOI: https://doi.org/10.1080/01425692.2015.111385
6

Gaskins, W.B., Johnson, J., Maltbie, C., et al., 2015.
Changing the Learning Environment in the College
of Engineering and Applied Science Using Challenge
Based Learning. International Journal of Engineer-
ing Pedagogy. 5(1), 33. DOI: https://doi.org/10.3991/
jjep.v5i1.4138

Borg, M., Kembro, J., Notander, J., et al., 2011. Con-
flict Management in Student Groups - a Teacher’s
Perspective in Higher Education. Hogre utbildn-
ing. 1(2), 111-124. DOI: https://doi.org/10.23865/
hu.v1.860

Bruneel, J., D’Este, P., Salter, A., 2010. Investigat-
ing the factors that diminish the barriers to uni-
versity—industry collaboration. Research Policy.
39(7), 858—-868. DOI: https://doi.org/10.1016/
j.respol.2010.03.006

De Wit-de Vries, E., Dolfsma, W.A., Van der Windt,
H.J., et al., 2019. Knowledge transfer in university—
industry research partnerships: a review. The Journal
of Technology Transfer. 44, 1236—1255. DOI: https://
doi.org/10.1007/s10961-018-9660-x

Plewa, C., Korff, N., Johnson, C., et al., 2013. The
evolution of university—industry linkages—A frame-
work. Journal of Engineering and Technology Man-
agement. 30(1), 21-44. DOI: https://doi.org/10.1016/
jjengtecman.2012.11.005

Steinmo, M., 2015. Collaboration for Innovation: A
Case Study on How Social Capital Mitigates Collab-
orative Challenges in University—Industry Research
Alliances. Industry and Innovation. 22(7), 597—624.
DOI: https://doi.org/10.1080/13662716.2015.110512
7

Clavert, M., Jaana, S., Lenagu, G., et al., 2004. In-
creasing interest towards engineering in the context
of Nordic STEM outreach activities. European Jour-
nal of Engineering Education. 1-17. DOI: https://doi.
org/10.1080/03043797.2024.2440080

Pantzos, P., Gumaelius, L., Buckley, J., et al., 2019.


https://doi.org/10.7771/1541-5015.1604
https://doi.org/10.1037/a0036414
https://doi.org/10.1177/0011000010374775
https://doi.org/10.1177/0011000010374775
https://doi.org/10.1002/jee.20588
https://doi.org/10.1037/0022-0663.98.1.209
https://doi.org/10.1037/0022-0663.98.1.209
https://doi.org/10.1023/A:1021711629417
https://doi.org/10.18546/LRE.14.1.05
https://doi.org/10.3389/feduc.2018.00095
https://doi.org/10.3389/feduc.2018.00095
https://doi.org/10.1177/1745691620966789
https://doi.org/10.1080/01443410.2018.1502412
https://doi.org/10.1080/01443410.2018.1502412
https://doi.org/10.5430/ijhe.v4n1p22
https://doi.org/10.5430/ijhe.v4n1p22
https://doi.org/10.1108/IJSHE-03-2014-0033
https://doi.org/10.1002/jee.20356
https://doi.org/10.1002/jee.20356
https://doi.org/10.1080/01425692.2015.1113856
https://doi.org/10.1080/01425692.2015.1113856
https://doi.org/10.3991/ijep.v5i1.4138
https://doi.org/10.3991/ijep.v5i1.4138
https://doi.org/10.23865/hu.v1.860
https://doi.org/10.23865/hu.v1.860
https://doi.org/10.1016/j.respol.2010.03.006
https://doi.org/10.1016/j.respol.2010.03.006
https://doi.org/10.1007/s10961-018-9660-x
https://doi.org/10.1007/s10961-018-9660-x
https://doi.org/10.1016/j.jengtecman.2012.11.005
https://doi.org/10.1016/j.jengtecman.2012.11.005
https://doi.org/10.1080/13662716.2015.1105127
https://doi.org/10.1080/13662716.2015.1105127
https://doi.org/10.1080/03043797.2024.2440080
https://doi.org/10.1080/03043797.2024.2440080

Innovations in Pedagogy and Technology | Volume 01 | Issue 01 | June 2025

On the role of industry contact on the motiva- FIE43999.2019.9028621

tion and professional development of engineering [77] Eldebo, K., Lundvall, C., Norrman, C., et al., 2022.
students. 2019 IEEE Frontiers in Education Con- How to make good teachers great in Challenge-Based
ference; October 16—October 19, 2019; Coving- Learning.18th International CDIO Conference; June
ton, USA. pp.1-8. DOI: https://doi.org/10.1109/ 13-Junel5, 2022; Reykjavik, Iceland. pp.793—808.

46


https://doi.org/10.1109/FIE43999.2019.9028621
https://doi.org/10.1109/FIE43999.2019.9028621

