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ABSTRACT

This study aims to deepen our understanding of how KEYWORDS
participation in an engineering-oriented student team shapes

students’ learning experiences and supports learning gains Extracurricular, engineering,
during an extracurricular, challenge-based learning project in student teams, challenge-based
higher education. We conducted an artifact analysis workshop learning, active learning
with seven team members and semi-structured interviews with

four team members and two team advisors. The data were coded PUBLICATION

and analysed using deductive and inductive thematic analysis.

The findings reveal that the learning experience enabled Submitted:

students to achieve deeper knowledge and understanding of 30% April 2025

specific technologies, the design process, and hardware o
manufacturing techniques. Additionally, this experience Agcepted after revision:
improved their management and leadership skills. Participation 2™ September 2025

in the project also strengthened their ability to leverage external
networks and engage with diverse stakeholder and industry
partner perspectives, while increasing their awareness of these
stakeholders' expectations. Students came to appreciate the
value of building alliances with companies and addressing the
needs of stakeholders, which in turn enhanced their negotiation
skills and improved their capacity to design technological
products. Finally, engaging with real-life contexts clarified their
future goals and professional aspirations.

Introduction

Extracurricular activities enrich students' educational experiences, facilitating their learning in various
areas such as initiative, teamwork (Larson et al., 2006), and management skills (Thompson et al.,
2013). Research has indicated that students' awareness of their professional identity and career
prospects increases through such activities (Seow & Pan, 2014).

Extracurricular, engineering-oriented teams offer students opportunities to develop innovation-related
knowledge, skills, and competencies. Studies have shown that students gain hands-on prototyping
experience (Dominguez-Ramos et al., 2019; Mariasiu & Raboca, 2017) and acquire technological
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expertise that enables them to transform ideas into technological solutions (Huerta et al., 2022; Sorici
et al., 2023).

Despite these findings, to the best of our knowledge, qualitative research on the impact of
extracurricular, engineering-oriented, challenge-based learning projects on student learning remains
limited (Bravo et al., 2024; Doulougeri et al., 2024). This study aims to bridge this gap by exploring the
learning experiences and the learning gains of student team members through their participation in
designing and constructing a technology-based art installation for a light festival in the Netherlands.

Theoretical Background

Challenge-based learning (CBL) has emerged as an active learning pedagogy, primarily developed in
engineering education (Doulougeri et al., 2024). CBL is a hands-on approach that empowers students
to use technology to address global, real-world challenges emphasizing collaboration with peers,
academia, and external stakeholders to ask questions, deepen knowledge, solve problems, and share
experiences (Gallagher & Savage, 2020; Nichols & Cator, 2008). Three aspects have been outlined to
define an educational intervention as CBL: (i) real-world, authentic challenges; (ii) the integration of
deep content knowledge with a broad understanding of engineering; and (iii) learning activities that
emphasize core engineering principles and skills (van den Beemt et al., 2022).

CBL focuses on relevant open-ended challenges, without a pre-made response (Membrillo-Hernandez
etal., 2019), as a way to trigger learning (van den Beemt et al., 2022). In these open-ended challenges,
students discover the problem and create the solution (Lammi et al., 2018). The process involves
identifying and analysing challenges, and designing solutions to socio-technical problems through a
multi- or interdisciplinary approach (Doulougeri et al., 2024). The main outcome is a proposed
actionable solution to the identified problem; however, the learning gains students achieve during the
learning process are equally important (Doulougeri et al., 2024; Gallagher & Savage, 2020).

In CBL, students collaborate with academic and external experts who take on the role of facilitator,
coach or even co-creator or co-researcher, and integrate their perspectives to design solutions
(Membrillo-Hernandez et al., 2019).

The learning process in CBL projects involves students identifying knowledge gaps, acquiring
knowledge from different disciplines, and iterating through divergent and convergent phases to develop
solutions (Jensen et al., 2018; Kohn Radberg et al., 2018). These CBL projects have been implemented
in both curricular and extracurricular settings. They can involve collaboration across departments,
faculties, or institutes in intensive, short-term projects lasting a few weeks (Charosky & Bragods, 2021;
Charosky et al., 2018), longer term bachelor’s or master’s degree projects (Kohn Radberg et al., 2018;
Valencia et al., 2020), or take the form of extracurricular initiatives such as competitions, hackathons
(Arrambide-Leal et al., 2019; Gama et al., 2018), and engineering-oriented student teams (Bravo et al.,
2024). To understand how students learn in extracurricular challenge-based learning (CBL),
constructivist theories provide a valuable foundation. Constructivism emphasizes that learners actively
build knowledge through meaningful interaction with their environment, rather than passively receiving
information (Piaget, 1952; Vygotsky, 1978). Building on this perspective, Kolb’s Experiential Learning
Theory (1984) introduces a cyclical model of learning comprising four stages. The cycle begins with
Concrete Experience, where learners engage directly in a new task or situation. This is followed by
Reflective Observation, in which they step back to examine what occurred, considering the experience
from various angles. In the third stage, Abstract Conceptualization, learners draw conclusions and
develop generalizations or theories based on their reflections. Finally, during Active Experimentation,
they apply these insights to new situations, testing and refining their understanding. The cycle then
repeats, supporting continuous learning and skill development.

Vygotsky’s (1978) concept of the Zone of Proximal Development (ZPD) enriches this framework by
highlighting the crucial role of social mediation in learning. The ZPD defines the range of tasks a learner
can perform with guidance but not yet independently, emphasizing the importance of scaffolding, peer
collaboration, and mentorship — key elements in challenge-based engineering education. Building on
this social dimension of learning, llleris (2007) expanded previous theories by integrating both external
environmental influences and internal individual processes into a comprehensive model. He identified
two essential learning processes: inferaction, which involves social engagement with the environment,
and acquisition, which takes place within the individual. Moreover, llleris outlined three key dimensions
of learning—content (knowledge, skills, and personal qualities), incentive (emotions, motivation, and
will), and social and societal factors—highlighting that motivation, particularly within the incentive
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dimension, significantly affects learning outcomes, comprehension, and knowledge acquisition, while
also being susceptible to conflicts. Together, these perspectives offer a holistic understanding of
learning that balances social context with individual psychological factors.

To investigate learning, scholars have introduced the concept of learning gains, which has been defined
in various ways in the literature (van Uum & Pepin, 2022). For instance, Rogaten and Rienties (2021)
conceptualized learning gains as improvements in knowledge, skills, and personal development
throughout higher education. From a broader perspective, Vermunt et al. (2018) defined learning gains
as changes in students’ knowledge, skills, attitudes, and values throughout their academic journey.
These can be subject-specific, focusing on content knowledge, or non-subject-specific, involving
transferable skills, competencies, and personal development.

Studies on CBL in curricular settings have reported learning gains such as the acquisition and
application of engineering knowledge, improved teamwork and communication skills, enhanced
professional behaviour, and a deeper understanding of the business world (Kohn Radberg et al., 2018;
Membrillo-Hernandez et al., 2019). Gathering evidence of students’ learning in the context of
extracurricular CBL is relevant, as it highlights the educational value of such experiences and informs
the development of more effective strategies to support student growth (Bravo et al., 2024). However,
qualitative research on extracurricular CBL projects remains limited. As a result, scholars have
emphasized the need for further investigation to deepen our understanding of student experiences and
learning outcomes within team-based settings in this context (Doulougeri et al., 2024; Gallagher &
Savage, 2020; Leijon et al., 2021). This study specifically addresses that gap, aiming to contribute new
insights to the existing body of knowledge.

Research Questions

This study explored the experiences and learning gains of an extracurricular CBL project team,
examining what and how they learned after a one-year commitment. It addressed the following research
questions:

RQ1: What learning gains do students achieve by participating in an extracurricular, engineering-
oriented CBL project?

RQ2: How do students achieve these learning gains through participation in an extracurricular,
engineering-oriented CBL project?

Context of the Study

At the University of Technology (pseudonym), approximately 30 interdisciplinary student teams
participate annually in an extracurricular engineering program, engaging over 500 students. Each team
typically consists of 10 to 30 members and works in distinct technical and innovative challenges that
require self-directed learning. These challenges include, for instance, developing sustainable mobility
solutions or accelerating the development of biosensors for health care. Students from various
academic backgrounds voluntarily apply to join part-time or full-time, driven by personal interests and
skills. Selection is carried out by existing team members through application reviews and interviews,
ensuring a diverse mix of disciplines and alignment with the team’s goals. Once formed, teams operate
autonomously, with members taking on roles in technical, managerial, or communication-focused sub-
teams to support effective collaboration. The program provides coaching, workspace, and guidance on
financial and legal matters. Teams handle tasks ranging from system design to device development,
fostering a shared understanding of objectives and promoting deep learning through hands-on
experience.

This study examined the case of Team Airplane's (pseudonym) learning experiences while participating
in Shine (pseudonym), an annual light art festival in the Netherlands. Team Airplane, specializing in
innovative design, collaborated with artists, designers, and industry partners to create a system of 1,000
illuminated acrylic planes that served as road signs for the festival venue. They secured project approval
by presenting design options, justifying their decisions, and outlining construction plans to Shine's
organizers. Team Airplane also received support from two external advisors and industry partners.
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Methods

Research Design

This study employed a qualitative case study design to explore students' experiences and learning
gains. A case study was chosen for its ability to examine complex, real-world phenomena in specific
contexts (Savenye & Robinson, 2005; Yin, 1994). This method effectively captures the interaction
between an event and its environment, making it ideal for this research. The operational definition of
learning gains followed Vermunt et al. (2018), as detailed in the Theoretical Background.

Participants

This study involved nine of the eleven Team Airplane members who worked on Shine. Mostly
engineering students, they shared similar knowledge paradigms, while one nursing student contributed
a distinct perspective. Participants were bachelor's and master’s students from two higher education
institutions in the Netherlands. See Table 1.

Two Team Airplane advisors also participated in this study, each contributing distinct expertise to
support the students’ development. Advisor X provided guidance across managerial, technical, and
artistic dimensions of the project, helping students navigate complex design and coordination
challenges. Advisor Y, drawing on extensive industry and academic experience, facilitated networking
opportunities and supported team management practices. Both advisors met with the team on a flexible
basis, responding to the evolving needs and demands of the project. Their involvement was shaped by
the students’ initiative, allowing for targeted feedback and mentorship at critical stages of the project.

Data Collection

This study used self-reported data, a valuable method when direct measures are unavailable (Ro &
Knight, 2016). Based on students’ self-assessments (Picard et al., 2022), such reports are widely used
in higher education to evaluate learning gains from co-curricular activities (Davis et al., 2023). They
promote self-reflection (Hmelo et al., 2000), support self-regulation through self-monitoring (Schmitz &
Perels, 2011), and provide detailed insights into individual learning (McGrath et al., 2015).

Table 1: Information on study participants

Participant Role Academic background Participation
Student A Business manager MSc. Industrial design Interview
Student B Human resources BSc. Nursing Interview
Student C Team manager MSc. Industrial design Workshop & interview
Student D Technical manager BSc. Industrial design Workshop & interview

and board member

Student E Technical MSc. Industrial design Workshop
Student F Technical BSc. Industrial design Workshop
Student G Technical MSc. Electronic engineering Workshop
Student H Technical BSc. Industrial design Workshop
Student | Technical BSc. Mechanical engineering Workshop
Advisor X | Advice on management PhD. Industrial design Interview
and design
Advisor Y | Advice on management | PhD. Industrial Engineering Interview

and networking

Data collection spanned a two-month period. The process followed a sequential approach, beginning
with an artifact analysis workshop involving seven team members. This was followed by four semi-
structured interviews with students—two who had participated in the workshop and two who had not—
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allowing for a deeper perspective on the learning experience. Finally, two semi-structured interviews
were conducted with team advisors to gain insights into their observations of student learning. Semi-
structured interviews were chosen for their ability to reveal nuanced learning trajectories (Eichelman et
al., 2015; Immekus et al., 2005). This approach enabled triangulation of data and provided a
comprehensive understanding of both the tangible outcomes produced by the students and the learning
processes they underwent.

Students were recruited via a board-led campaign, while advisors were invited directly. Participation
was voluntary, and all students had completed their year-long commitment prior to the study. All
sessions were conducted in English and facilitated by the first author.

Artifact Analysis Workshop

During the 90-minute, audio-recorded artifact analysis workshop (with participants' consent), team
members reflected on their design and construction processes using their prototypes and one of the
final acrylic planes as discussion points. A custom-designed flip chart, divided into three sections,
guided the reflection. In the triggering factors section, students noted questions and prior knowledge
about the project's challenges. The critical steps section outlined the processes followed, shared
learning experiences, and identified helpful resources. In the learning gains section, participants
documented acquired knowledge, supported by sticky notes and written summaries.

Interviews

Four semi-structured individual interviews were conducted with team members who volunteered to
participate; see Table 1. These hour-long interviews, recorded with consent, focused on members’
perspectives regarding their perceived learning and the processes that facilitated it.

Finally, two team advisors participated in individual one-hour interviews, which were audio-recorded
with their consent, to explore their perceptions of students’ learning throughout the project phases.

Data Analysis

To address the first research question, workshop and interview data were transcribed using Otter
software. The first and second author reviewed the dataset to gain an overall understanding, then
identified and categorized quotes related to skill mastery or knowledge acquisition as learning gains.
This process involved deductive coding and manual classification using the CDIO Syllabus 3.0
(Malmgqyist et al., 2022), which outlines learning goals for undergraduate engineering programs,
including fundamental knowledge, personal and professional skills and attributes, interpersonal skills,
the innovation process, and leadership in engineering and entrepreneurship.

The CDIO framework is particularly well-suited to capturing learning gains in engineering education.
Unlike other models that focus on cognitive, metacognitive, or affective dimensions of learning (Vermunt
et al., 2018), CDIO integrates technical knowledge with personal, professional, and interpersonal
development across the entire engineering lifecycle. This integration reflects the multifaceted nature of
the engineering profession, encompassing, among other things, problem-solving, teamwork,
innovation, leadership, and entrepreneurship.

By providing learning outcomes aligned with industry expectations, CDIO Syllabus 3.0 offers a robust
framework for assessing diverse forms of student development beyond the classroom. It enables a
nuanced analysis of complex learning processes in engineering education, particularly in real-world,
project-based contexts.

For the second research question, inductive coding was used to identify factors influencing student
learning. The first author generated initial codes from recurring themes, which were refined through
collaborative review with the second author. After several iterations, the final code list was applied to
the dataset. Inter-rater reliability, assessed with 60% of the coded quotes, showed an 80% agreement
rate, considered very good (Huberman & Miles, 1994).
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Results
What Do Students Learn?

Students' learning gains were analysed using the CDIO 3.0 syllabus (Malmqvist et al., 2022), with
quotes highlighting their experiences. The analysis starts at the team level and then shifts to individual
perspectives.

Team Level

Personal and Professional Skills and Attributes: Students reported learning gains in time and resource
management. They expressed that, throughout their participation in the project, team members became
aware of the importance of defining roles based on individual motivation and expertise to effectively
tackle the project's challenges. They also recognized the value of leveraging their network of industry
partners to obtain the technical resources required for implementing their design. In addition, they
deepened their understanding of the trade-off between finishing on time and increasing the
sophistication of their designs. For instance, they had to adjust their planning and exclude certain
features from the final design to meet the deadlines and the Shine festival's requirements (installing
fully functional LED-illuminated acrylic planes before the start of Shine).

Interpersonal Skills: Students expressed that they increased their awareness of the importance of
stakeholder engagement. They realized that ineffective communication with stakeholders can be
challenging and may lead to misunderstandings, resulting in reduced stakeholder engagement.

In addition, students reported learning gains in communication strategy, becoming aware of how the
information they provided influenced suppliers' responses. For instance, they noted that suppliers
responded more quickly to technical questions once they understood that the students intended to
purchase more than 1,000 devices.

The Innovation Process: While adapting products from a supplier, team members faced the challenge
of creating waterproof connectors for the planes’ LEDs, due to the extremely wet conditions. This
experience led to learning gains related to hardware manufacturing, arising from the real-world
implementation of the solution.

In addition, the team had to test different settings for integrating the hardware and software associated
with the LED system. They aimed to establish the technical specifications required for the components
before placing a purchase order, thereby minimizing technical and financial risks. Through this process,
they gained a deeper understanding of how the testing process works and why it is important.

Finally, students indicated that they applied knowledge from previous courses throughout various
project activities, depending on their roles and backgrounds. The integrated knowledge included
modelling and basic electronics, and they utilized a software package for 3D visualization and
animation.

Leading Engineering Endeavours and Entrepreneurship: During the design phase, students faced
challenges with data communication between the LED system and its controller. Under time pressure,
they contacted multiple cable suppliers to inquire about the suitability of their products for wet, outdoor
environments. This experience helped students realize the value of supplier advice, which they
incorporated into their final design, thereby enhancing their understanding of conceiving products
around technology.

Individual Level

Fundamental Knowledge and Reasoning: Student A (business manager, interview) enhanced his
general technological knowledge through interactions with partner companies, attending technical
meetings, and participating in demonstrations where companies showcased the technological
capabilities of their products. However, he noted that his knowledge remained broad rather than deep.

On the other hand, Student D (technical manager and board member, interview) said he deepened his
knowledge of a specific aspect of LED connectors—their waterproof design. Drawing from his own and
his teammates' experiences, he learned in detail how to design and build a waterproof power and data
cable connector for the LED-lit acrylic planes.
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In addition, Student B (human resources, interview) indicated that she gained engineering-related
knowledge through conversations with members of the technical group. Her learning gains included a
better understanding of the technology used in the project and basic electronics concepts. In her case,
the knowledge gained was broad rather than deep.

Personal and Professional Skills and Attributes: Student A (business manager, interview) indicated that
he experienced learning gains related to his life intentions. Due to his role and interactions with
professionals, he realized he did not wish to pursue a career as a business manager.

In a second testimony, Student B (human resources, interview) indicated that she learned the
importance of balancing personal and professional life. Her role exposed her to various situations where
students had to choose between team work, personal life, and their studies, prompting her to reflect on
her own life goals and explore more effective time management strategies.

Student C (team manager, interview) mentioned gaining insights into her vision for professional
development. For example, she expressed greater clarity about the type of work environment she wants
to be in, the kind of people she wishes to collaborate with, and the nature of the relationships she wants
to build with them.

Student D (technical manager and board member, interview) highlighted his heightened awareness
regarding the importance of professional behaviour. He emphasized the necessity for the team to focus
on both their behaviour and the quality of their deliverables for stakeholders.

Interpersonal Skills: Student A (business manager, interview) indicated that he achieved learning gains
in coordination and management of team processes and handling diverse perspectives. He mentioned
that he now felt more confident in setting up meetings with companies, having learned how to prepare
agendas, set goals, and outline follow-up actions. He also recognized the importance of incorporating
diverse viewpoints from the team and stakeholders to maintain strong internal and external
relationships. Finally, he expressed that he learned about stakeholder engagement, particularly how to
approach unfamiliar companies and build relationships.

Student B (human resources, interview) indicated that she enhanced her awareness of the existence
of diverse perspectives on a topic, shaped by people's varied backgrounds such as their studies,
previous experiences, or jobs.

Student C (team manager, interview) indicated that she gained insights into team leadership,
specifically the importance of delegating tasks. As part of the project, students organized meetings with
companies and stakeholders, which generated numerous follow-up actions that she had to delegate to
other team members.

Student C also increased her awareness of the relevance of creating a network that can be beneficial
for the team.

Finally, Student D (technical manager and board member, interview) indicated that he learned about
the importance of understanding different points of view. Based on this understanding, he felt better
equipped to prepare strategies for forming a team and achieving his business goals.

The Innovation Process:. Student A (business manager, interview) reported his learning about
enterprise strategy and forming alliances with companies. He also recognized the value of seeking not
only financial support but also technical assistance and strategic advice. According to him, this
diversified approach significantly increased their chances of securing meaningful contributions from
industry partners.

Student B (human resources, interview) shared that she gained valuable insights into the importance
of understanding the diverse needs of stakeholders. This experience highlighted the contrast between
artistic and engineering viewpoints, reinforcing the need to accommodate a variety of perspectives to
effectively meet stakeholder expectations.

Student C (team manager, interview) gained valuable insight into the importance of understanding
stakeholders' needs to achieve their goals. She noted that this experience taught her how to treat every
external party in their own way. She also emphasized the importance of properly conveying messages
to align expectations and gain stakeholders' confidence. Through this process, Student C came to
understand that effective stakeholder management significantly impacts the project's progress, and that
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the experience and competence of those managing stakeholders' expectations are crucial in the
innovation process.

Student D (technical manager and board member, interview) also referred to learning gains associated
with enterprise strategy. He indicated that he learned that there are limitations within an organization
when it comes to designing or producing certain technological components, and that there comes a
point when outsourcing can be a strategy for delivering the product on time.

Finally, Student D also recognized the relevance of not overengineering designs (trade-offs among
goals, concept, and structure), due to its impact on manufacturing and cost.

Leading Engineering Endeavours and Entrepreneurship: Student A (business manager, interview)
indicated that he achieved learning gains associated with the way the business world works, particularly
in terms of business culture and the strategies available to address project challenges.

Student C (team manager, interview) indicated she learned about finances and their relevance when
making decisions and negotiating.

Finally, Student D (business manager and board member, interview) indicated that he increased his
awareness of how pricing works, its effects on the decision-making process, and what can be expected
from certain markets regarding pricing. In his view, this understanding helped him make better decisions
with a greater sense of reality.

Advisors’ Perspective

In individual interviews, Advisors X (management and design) and Y (management and networking)
discussed the learning they observed in students during the project, focusing on the guidance process
and the production of artifacts for the light festival.

Personal and Professional Skills and Attributes: Advisor X (management and design) reported that
students experienced learning gains connected to urgency and will to deliver. He observed these
learning gains when students explored solutions for the technical challenges posed by the light festival's
site conditions and deadlines.

Advisor Y (management and networking) indicated that students experienced learning associated with
enabling learning from others. She observed that they became more aware of the importance of gaining
knowledge from previous team members to work more effectively under the pressure generated by
stakeholders' expectations and the festival's milestones.

Advisor Y also noted improvements in students’ time and resource management. She observed that
they became more effective at organizing their schedules and adapting to changing project demands.

Interpersonal Skills: In the interpersonal skills category, Advisor X indicated that students showed
improvements in incorporating diverse stakeholders’ inputs.

Advisor Y reported that students learned about forming teams and assigning roles. She noted that they
implemented an organizational change in response to the festival's technical requirements and
deadlines.

Advisor Y also noted that students improved their professional communication skills through their
interactions with the organization running Shine, as they needed to explain their project management
and design decisions to secure their participation in the light festival.

The Innovation Process: In the innovation process category, Advisor X indicated that students increased
their understanding of the design process because of their exposure to a real-life project that required
conception, design, construction and implementation of their artistic artifact in a light festival. In addition,
Advisor X noted that students improved their understanding of design process phasing by incorporating
the experience shared by former team members, who advised the board on this matter, to allocate more
time to the creative part of the innovation process.

Advisor Y observed that students improved their skills in establishing key alliances by attending social
and business activities, such as workshops and conferences. These events offer opportunities to
expand their network and create beneficial alliances for their team.
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cDhio Level Learning gain Participant Quotes
category
Personal and Team Time and Student E We were excited about making a
professional resource (technical role, | user interface for the LED strings
skills and management workshop) guiding festival visitors—it would’'ve
attributes been a major achievement, but
realistically, we wouldn’t have
finished it in time.

The Team Hardware Student G We learned a lot—how to design
innovation manufacturing | (technical role, the cable, automate its removal,
process workshop) optimize the setup, and think

ahead, since ordering cables also
meant planning for LED extensions
and cable covers.
Leading Team Conceiving Student C What we asked the cable
engineering products (team manufacturer to do was highly
endeavors around new manager, customized. He explained that
and technology workshop) power had to go through first, then
entrepreneur data, and both had to return in the
ship opposite direction—so that’s why
we designed it this way.
Personal and | Individual | Life intentions Student A | realized | don’t want to run a
Professional (business business myself. | enjoy product
Skills and manager, design, so | want to focus more on
Attributes interview) that.
Interpersonal | Individual Existence of Student B It was a pleasure learning about
skills diverse (human technical topics. It opened up a
perspectives resources, new world of knowledge. Meeting
interview) people from that background and
hearing their perspectives showed
me how differently people can
think.
Leading Individual Business Student A | got a much better understanding
Engineering world (business of business rules, like what kind of
Endeavors manager, companies exist. For example,
and interview) there are different ways to talk to
Entrepreneur big companies and small
ship companies.
Personal and | Advisors Enabling Advisor Y You can see they’re really thinking
professional learning from (management | about how to organize themselves
skills and others and to learn from previous teams. They
attributes networking) even connect with team alumni to
gain insights from their
experiences and lessons learned.
Interpersonal | Advisors Incorporating Advisor X There are different voices that they
skills diverse (management need to evaluate before making
stakeholders’ and design) their own decision. They learned
inputs this process.
The Advisors Desing Advisor X One important learning experience
innovation process (management | for the students was developing an
process and design) overview of their design process

and starting to work hard right from
the beginning.

Leading Engineering Endeavours and Entrepreneurship: Advisor Y reported that she observed learning
gains in students related to conceiving products around new technologies. She mentioned that they
proactively contacted companies to seek advice and obtain technological components for their project.
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This initiative stemmed from their growing awareness of the importance of integrating existing market
technologies to meet technical requirements and project deadlines.

Advisor Y also observed that students developed valuable team-building skills. As they encountered
challenges during project execution, they became more aware of their own limitations and took steps
to address them.

Table 2 provides illustrative quotations that exemplify the learning gains reported by the students and
advisors in this section.

Learning Gains Overview

Table 3 presents reported learning gains across various categories of the CDIO Syllabus 3.0
(Malmqyist et al., 2022), revealing some trends. In the personal and professional skills and attributes
category, students (individual level) reported enhanced understanding of life intentions and
professional behaviour. Within interpersonal skills, students, teams, and advisors identified gains in
stakeholder management and dealing with diverse perspectives during design and decision-making
processes. Regarding the innovation process, all participants reported learning gains related to
design and manufacturing, including understanding stakeholder needs, testing, and avoiding
overengineering. Additionally, learning gains in enterprise strategy and alliance formation were
mentioned. Finally, in the leading engineering endeavours and entrepreneurship category,
participants reported increased understanding of the business world and the development of
technology-based products.

How Do Students Learn?

Beyond identifying reported learning gains, we examined how students’ interactions with their
environment supported their learning. Insights from interviews and workshops revealed that
engagement with various stakeholders—namely industry partners, festival organizers, advisors, current
and former team members— as well as opportunities provided by the university, played a significant
role in this process.

Industry Partners, Festival Organizers, and Advisors

Students reported that their technical learning, focused on designing and manufacturing the solution,
was driven by experimentation. They explored various designs, materials, and processes, guided by
feedback from industry partners, festival organizers, and advisors. Each stakeholder played a distinct
role: industry partners provided technical expertise and practical insights into their companies’
technologies; festival organizers offered contextual feedback on the event’s needs and constraints; and
advisors supported the learning process as multifaceted mentors—combining managerial, technical,
and creative guidance with industry and academic insights to facilitate networking, resource access,
and effective team coordination. This diverse forms of support encouraged reflection and continuous
refinement. Throughout the process, students actively engaged external networks to access additional
resources and expertise. For example, Student C remarked that confronting challenges often motivated
the team to seek knowledge beyond their immediate group, highlighting the value of fresh perspectives.

Building on this, Student D emphasized the value of industry partners in transferring knowledge and
providing both material and technical support. He viewed this relationship positively, stating: “They
advised us on what was possible, what was not, what the most viable option was, and what it would
cost.”

Additionally, Advisors X and Y noted that stakeholders played a crucial role in students’ learning by
offering feedback and creating pressure through technical, economic, and deadline constraints. This
sense of urgency drove students to develop creative and practical solutions to meet external
expectations.

Team Members and Alumni

Current and former team members played a relevant role in promoting team learning. The team
organized activities where alumni shared experiences, transferred knowledge, and provided feedback.
Student B, for instance, participated in meetings with the current team to reflect on technical and
organizational challenges. These sessions deepened her understanding of project tasks and
engineering concepts, with observation and reflection accelerating her learning.
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Student C highlighted the value of board reflection sessions and the buddy system, through which she
learned directly from her predecessor. This helped her grasp tacit knowledge not captured in
documentation.

Student D noted the benefits of sessions with alumni, during which the team received feedback on
decisions and external collaborations. They implemented suggestions, evaluated outcomes, and
reflected as a team. He described this as valuable: “We managed to have the previous team manager
and the one before that. So in January, we went back three generations. Quite a good pool of
knowledge.”

Advisors also emphasized the impact of alumni involvement. Advisor X noted that former members
offered feedback on decisions such as organizing the light festival and securing technical support.
Advisor Y highlighted the team board’s role as a facilitator, coordinating resources that supported
learning.

Opportunities Provided by the University

Students noted that university-organized activities, such as workshops and trainings, contributed to their
learning, particularly by providing explicit knowledge and best practices in areas like teamwork, personal
and professional development, and prototype manufacturing.

The findings related to the research question 'How do students learn?' are summarized in Table 4.
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Table 3: Learning Gains Reported by Students and Advisors

CDIO category Team Student A Student B Student C Student D Advisor X Advisor Y
Business Human resources | Team manager |Tec. manager and
manager board member
Fundamental - Eng. knowledge Eng. knowledge - Eng. knowledge - -
knowledge and
reasoning
Personal and Time and Life intentions | Balancing personal Vision of Professional Urgency and will| Enabling learning
professional skills resource and professional life professional behavior to deliver from others
and attributes management

development

Time and resource

management
Interpersonal Communication | Coordination and |Existence of diverse| Team leadership Understanding Incorporating Forming teams,
skills strategy management of perspectives different points of diverse assigning roles, and
team processes views stakeholders’ responsibilities

inputs
Stakeholder Handling diverse Creating a network Professional
engagement perspectives communication

Stakeholder
engagement
The innovation Hardware Enterprise Understanding the | Understanding the | Enterprise strategy | Design process | Establishing key
process manufacturing strategy specific needs of specific needs of alliances
various various
stakeholders stakeholders
Testing process |Forming alliances Not Design process
with companies overengineering phasing
designs
Use of knowledge
in design
Leading Conceiving Business world - Finances Pricing - Building the team
engineering products around

endeavours and | new technology
entrepreneurship Conceiving

products around
new technology
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Table 4: Learning Environment Elements Supporting Student Development

Learning Environment Elements Kind of Support
Industry Partners Provided technical expertise and practical
insights into real-world technologies
Festival organizers Provided contextual feedback related to the
event’s needs and constraints
Advisors Provided managerial, technical, and creative

guidance; facilitated networking opportunities,
resource access, and team coordination.
Team Members and Alumni Shared experiences and transferred knowledge;
provided feedback on technical and
organizational challenges; facilitated reflection
and learning; supported decision-making and
implementation.

Opportunities Provided by the University Provided knowledge and best practices in
diverse topics such as personal, professional
and, interpersonal skills, as well as the
innovation process.

Discussion and implications

This study aimed to deepen our understanding of the experiences and learning gains that student team
members achieved as a result of their participation in an extracurricular CBL project associated with the
Shine Light Art Festival. The findings provide meaningful insights into both what students learn and how
they learn through this experience. Evidence indicates that students achieved learning gains across all
main CDIO categories, including fundamental knowledge; personal and professional skills and
attributes; interpersonal skills; innovation process; and leading engineering endeavours.

The learning gains observed were linked to the specific roles students held within their teams. For
example, those involved in manufacturing and testing reported learning gains related to the innovation
process, while students in managerial roles developed competencies in enterprise strategy and team
leadership. These patterns are in line with earlier research highlighting the differentiated impact of
roles—and their associated activities—on student learning (Bravo et al., 2024; Clark et al., 2015).

In terms of fundamental knowledge, students reported acquiring engineering knowledge, particularly
through a heightened awareness of the technologies required for their projects—confirming the findings
from earlier studies on extracurricular automotive competition teams (Dominguez-Ramos et al., 2019;
Mariasiu & Raboca, 2017).

The results of this study also provide evidence of students' learning gains in the category of personal
and professional skills and attributes. Specifically, learning gains were reported in areas such as time
and resource management, life intentions, balancing personal and professional life, vision of
professional development, and enabling learning from others. These support the findings of previous
research, highlighting the value of extracurricular activities in preparing engineering students for
professional practice (Clark et al., 2015; Gerber et al., 2012).
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With respect to interpersonal skills, the findings show that both students and advisors reported learning gains
related to stakeholder engagement, such as managing diverse perspectives, integrating stakeholder input into
the design process, and developing effective communication strategies. These results echo previous studies
that emphasise the educational value of stakeholder engagement in engineering education (Payne & Jesiek,
2018; Tembrevilla et al., 2023).

Regarding learning gains within the innovation process, students reported a deeper understanding of design
phases, hardware manufacturing, testing procedures, and the practical application of engineering concepts.
They also developed the ability to transform innovative ideas into tangible technological artifacts. These findings
are supported by previous studies that provide evidence of the educational value of hands-on, project-based
contexts particularly in developing prototyping competencies (Dominguez-Ramos et al., 2019; Gerber et al.,
2012; Huerta et al., 2022; Sorici et al., 2023). Moreover, students also developed an appreciation for the
importance of building strategic alliances and understanding stakeholders needs as key factors in designing
high-quality, user-centred products. These results are consistent with prior findings that have shown the
educational value of industry collaboration in the design process and its role in enhancing students’ design-
related knowledge and competencies for innovation (Kilic-Bebek et al., 2023; McGregor, 2017).

Finally, in relation to leading engineering endeavours and entrepreneurship, students reported learning gains in
areas such as technological product conception, business practices, and financial awareness. This evidence
aligns with prior investigations demonstrating that the interaction with real-life stakeholders can foster a strong
understanding of modern management techniques and entrepreneurial thinking among engineering students
(Tasdemir & Gazo, 2020).

The evidence also shed light on how students learned—through interactions with festival organization, industry
partners, advisors, peers, and team alumni, as well as engagement in a real-life project. These experiences
involved challenges like resource sourcing, navigating legal considerations, and team formation, issues typically
hard to address in traditional courses due to constraints like semester length, fixed learning outcomes, and
limited stakeholder involvement.

Additionally, students shaped their own learning paths, driven by intrinsic motivation and choices about how to
engage with third parties for feedback and advice. The real-life context empowered them to take ownership of
their learning, enhancing their awareness and strategies for ongoing professional development.

The inclusion of a nursing student in a team primarily composed of engineering students added a valuable
interdisciplinary dimension. While we lack direct feedback from the technical team regarding their perception of
the value of having a member from a different discipline, the nursing student’s reflections suggest that her
background in human-centred care brought a distinct perspective to team discussions—whether in addressing
project challenges or contributing to conversations related to her role in human resources. Her experience
revealed a growing appreciation for diverse viewpoints, increased sensitivity to stakeholder needs, and a deeper
understanding of the importance of balancing personal and professional priorities. These insights indicate that
her participation not only complemented the team’s technical focus but also enriched the collaborative process.

However, while students engaged in meaningful learning through their participation in the extracurricular
challenge-based learning (CBL) team, some obstacles emerged that hindered the full realization of experiential
learning as described by Kolb’s Experiential Learning Theory (Kolb, 1984), thereby limiting their overall learning
outcomes. One significant barrier was ineffective communication with the festival organization. The inconsistent
information flow and unclear communication channels led to confusion about the expected quality of
deliverables, making it difficult for students to receive timely and constructive feedback, which is essential for
the reflective observation and abstract conceptualization phases of Kolb’s model. Without a clear understanding
of their performance and outcomes, students struggled to engage in meaningful reflection or adjust their
approaches based on real-world insights.

Limited constructive and timely feedback from the festival organizers made it more challenging for the students
to identify knowledge gaps, refine their outputs, and benefit from guided development. Feedback is widely
recognized as a critical component of effective learning, as it enables learners to interpret their experiences,
adjust their strategies, and improve performance. Drawing on Vygotsky’s concept of the Zone of Proximal
Development (ZPD), timely and targeted feedback is essential for supporting learners in progressing beyond
what they can achieve independently (Vygotsky, 1978). In the absence of such support, students were left to
navigate complex and unfamiliar tasks on their own, which constrained their development within the ZPD. This
lack of scaffolding also risked undermining motivation, which is a key factor influencing learning outcomes
(llleris, 2007).
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However, this situation did not persist throughout the entire project. As the collaboration matured,
communication with the festival organizers gradually improved. Feedback became more consistent and
actionable, allowing students to better understand expectations and align their work accordingly. This shift not
only enhanced students’ ability to reflect on and improve their performance but also re-established the project
as a valuable learning environment. The evolution of the feedback process highlights the importance of
communication structures in collaborative, real-world learning settings, particularly when external stakeholders
are involved.

In sum, this study underscores the significant educational value of extracurricular, team-based experiences in
engineering education. These environments offer rich opportunities for experiential learning, particularly when
supported by timely and constructive feedback in a motivating environment. To fully harness this potential,
institutions should design supporting activities that intentionally align with all stages of Kolb’s Experiential
Learning Cycle (Kolb, 1984) and formally recognize the learning outcomes that emerge beyond the traditional
curriculum. Central to this process is the active involvement of stakeholders—faculty, industry partners, and
advisors, who serve as essential scaffolds in supporting student learning. Providing targeted training for these
stakeholders can further enhance their ability to guide student development effectively.

The findings also highlight the importance of peer collaboration and real-world problem-solving in shaping
students’ professional competencies and engineering identities. To maximize the benefits of participating in
student teams, it is crucial that students’ learning interests align with their assigned roles, as these roles often
serve as key sites for learning. While student-led and self-regulated learning is a strength of these environments,
some degree of coordination within the team is necessary to ensure an educationally meaningful experience.
By acknowledging and investing in these informal yet powerful learning ecosystems, engineering education can
evolve to better prepare students for the complexities and demands of professional practice. The interactions
and actors within the extracurricular student teams learning environment are shown in Figure 1.

Figure 1. Interactions and actors of the extracurricular student team learning environment

Learning enablers Students learning gains (CDIO Syllabus) Roles in the team
Real-life project )
Societal partners Fundamen_tal knowledge . Managerial
Industry partners Personal and professional Isk\kl\lsl and attributes -
Advisors interpetrfsona skills Technica
Team members (peers) and alumi Lead nnovation vprocesds Non-Technical
Opportunities provided by the university eading engineering endeavors on-fechnica
Constructive and timely feedback Alignment student interest

and learning goals

Contribution

This study presents a qualitative report on students’ experiences and learning gains after completing a year-
long, extracurricular, engineering-focused CBL project. The project offered students the opportunity to engage
in the full cycle of conceiving, designing, and implementing solutions in real-life contexts, underscoring the
educational value of such activities.

Furthermore, this research contributes to the existing body of CBL literature on learning gains, which has
primarily focused on curricular activities, such as CBL courses, master’s or bachelor's CBL projects linked with
a thesis, as well as short-term, interdepartmental or inter-institute CBL projects. Given the limited number of
empirical studies on extracurricular CBL projects in the existing literature, this study holds particular significance.

This study provides new insights into the impact of exposing students to real-world projects. These projects
offer students opportunities to clarify their future career paths, expand their professional networks, and increase
their awareness of work life. They also help students understand how to incorporate the perspectives of
stakeholders, advisors, and industry partners within the product development process—an aspect that is often
challenging to implement in traditional educational environments.

Additionally, this study contributes to our understanding of how different learning environments shape student
development by providing insights into the learning gains in extracurricular Challenge-Based Learning (CBL),
enabling a meaningful comparison with curricular CBL. While both contexts support learning, their structural
differences influence the nature and depth of these outcomes. Extracurricular CBL offers an open-ended
environment that nurtures autonomy, motivation, and fosters engagement with real-world stakeholders.
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However, the absence of formal scaffolding and timely and consistent feedback may hinder reflective learning
and long-term growth. In contrast, curricular CBL provides structured guidance, formal assessment, and
alignment with academic objectives, which support the achievement of predefined learning outcomes. Yet, its
rigid timelines and preset learning outcomes can limit opportunities for self-directed exploration and may reduce
student motivation. By examining these contextual dynamics, the study encourages a rethinking of how learning
environments are designed, suggesting that hybrid models—integrating structured scaffolding and timely
feedback with the authenticity, autonomy, and motivation found in extracurricular experiences—can more
effectively promote comprehensive student learning.

Moreover, this study provides an effective method for gathering students' self-reported learning gains through
workshops, individual semi-structured interviews, and feedback from team advisors. By triangulating this
information, the study increased its reliability and reduced the effects of overestimated knowledge and
subjective biases.

Finally, this study highlights the usefulness of the CDIO syllabus for classifying learning gains in an organized,
descriptive, and meaningful manner for educators, program directors, and engineering education researchers.

Limitations and Future Research

This study’s focus on a single extracurricular student team provides a rich description but limits the
generalizability of its findings. Learning gains in challenge-based learning (CBL) projects can vary significantly
across teams. Factors such as assigned roles, specific tasks, and duration of engagement have been shown to
influence learning outcomes (Clark et al., 2015). However, this study offers more in-depth understanding of
students’ learning in a CBL team. In our case, participation was entirely voluntary, with students from
engineering-related bachelor's and master’s programs committing either part-time or full-time effort without
receiving academic credit. This likely attracted highly motivated individuals and may not reflect the dynamics of
credit-bearing or mandatory programs.

While most members of the team had engineering backgrounds, other teams may feature more interdisciplinary
or less technically experienced profiles, which could influence learning outcomes. Additionally, team structure—
from an organizational perspective—may also shape individual learning experiences. Some teams are
organized into distinct sub-teams with specialized responsibilities, while others follow more integrated or flexible
structures. These organizational differences affect the nature and frequency of interactions, distribution of tasks,
and opportunities for collaboration. We hypothesize that such structural variations can impact both the type and
depth of learning, particularly when comparing students across different teams or sub-teams within the same
project. Understanding these variations is essential for interpreting differences in learning outcomes across
contexts.

By relying primarily on final evaluations rather than incorporating observations and interviews throughout the
project, we may have missed opportunities to capture individual learning progress as it developed. Although
workshops and interviews captured critical incidents and key milestones, the absence of learning journals or
progress logs limited our insight into students' ongoing development. As a result, advisors’ evaluations were
based on general impressions rather than systematic tracking of individual growth.

Future research should expand participation to include more diverse student teams, participant profiles,
projects, and stakeholder groups. Additionally, incorporating role rotation within team could offer insights into
how different responsibilities influence learning gains. These strategies would enable both richer qualitative
insights and more robust quantitative analyses of learning patterns. Longitudinal data collection methods—such
as portfolios, learning diaries, and guided reflections—should also be implemented to more accurately trace
individual learning trajectories throughout CBL experiences. These approaches would contribute to a more
nuanced understanding of the transferability of findings.

We propose introducing artificial intelligence tools to collect and analyze data from the large and diverse
participant population in the extracurricular student team program, enabling scalable mixed-method research
with deeper insights and more generalizable conclusions.

Finally, further investigation is needed to assess the effectiveness, scalability, and student engagement
associated with continuous assessment tools. These methods may offer more comprehensive and reliable
evidence of learning gains than endpoint evaluations alone.
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