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ABSTRACT

Collaboration and project-based learning are central to design and engineering education, yet their
integration often lacks systematic pedagogical support and explicit instructional design. This paper
investigates how instructional innovation can strengthen the integration of collaboration and project
management within a multidisciplinary and international PBL course. It presents the iterative
development of a teamwork-focused module in a Design & Engineering master’s programme at
Politecnico di Milano, initially introduced to foster collaborative competences and later expanded to
incorporate project management practices. Over six years and three research-through-instructional-
design (RTID) cycles, structured tools, peer review formats, visual frameworks, and a digital platform
were implemented to make team processes visible, coordinated, and reflective. The study draws on
qualitative analysis of voluntary student feedback (n=18 in the final cycle), focusing on self-reported
learning and course appreciation. Findings show that collaboration and project management are
mutually reinforcing students framed teamwork as a professional responsibility while developing
organisational and relational competences. Those reporting gains in planning and workflow organisation
also valued collaboration most strongly. The iterative cycles enabled consolidation of effective practices
while sustaining ongoing refinement. The findings highlight the importance of systematic teaching staff
self-assessment in fostering inclusive, adaptable, and relationally grounded PBL environments.
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1 INTRODUCTION

Collaborative learning is widely employed in design and engineering pedagogy, especially in project-
based learning (PBL) courses [1]. The learning experience in PBL becomes particularly rich when
collaborative learning in culturally plural classes is also integrated: students learn to draw on diverse
expertise and viewpoints to tackle complex projects, thereby exercising their social competencies.
Despite the centrality of collaboration in PBL education, instructional design and coaching
methodologies to foster collaborative competences remain largely unexplored and have only recently
been addressed [1, 2]. Building on the mutual influence of collaboration and project management (PM)
identified in the literature, this paper addresses the following research question: How can instructional
design innovation support the integration of PM and collaboration within complex, multidisciplinary
PBL courses? The research presents an assessment of students’ self-reported perceptions of learning in
a PBL course, in which collaboration and PM have been robustly incorporated into a six-year process.

2 THEORETICAL BACKGROUNDS

2.1 Mutual relationship between collaboration and PM

Research shows that project success becomes more likely as intra-team collaboration improves.
Collaboration functions as a critical human success factor, shaping both project outcomes and team
morale. It supports the integration of diverse knowledge, fosters innovation, and connects interpersonal
satisfaction with tangible performance indicators such as schedule compliance. Empirical evidence
indicates that collaboration—remarkably when grounded in trust—is a strong predictor of overall
project success [3]. Conversely, project management provides structures and tools that enable sustained
collaboration. PBL can provide coordination mechanisms (e.g., task allocation and milestone tracking),
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while contemporary PM applications support task organisation, timelines, and communication [4].
Project management roles further ensure alignment and accountability through tools such as work
breakdown structures and communication plans. This reveals a dialectic relationship: collaboration fuels
project performance, while project management provides the framework that enables it.

2.2 Framing research-through-instructional-design (RTID)

We frame research-through-instructional-design (RTID) as an approach that examines learning—and
learning about instruction—within a constructivist paradigm, where learners actively construct
knowledge through experience and interaction, and their experiences in turn inform instructors’
understanding of instructional design [5]. Within this paradigm, instructional designers and educators
no longer treat instructional design as a linear planning activity; instead, they enact it as an iterative
process that continuously moves between reflection and action in complex learning environments [6].
Because contextual and social factors strongly shape teaching, educators increasingly rely on action
research approaches that integrate inquiry with practice and support the continuous improvement of
learning settings [7]. Among the possible relationships between research and instructional change, RTID
can be framed as instructional research as improvement [6]. Educators’ professional actions themselves
generate knowledge, but if they lack explicit self-reflective methods, many teaching experiments remain
tacit and difficult to consolidate as research. RTID addresses this gap by treating instructional
modifications as situated research opportunities. When educators document how they iteratively
reconfigure interconnected components of teaching practice—such as activities, assessment, grouping,
and curriculum resources [8]. Through documented RTID, instructional researchers can transform local
experimentation into cumulative knowledge about learning ecosystems.

3 METHODS: A SIX-YEAR RETROSPECTIVE ON THREE CYCLES OF RTID

The research is framed as a retrospective of three RTID cycles across six editions of a PBL course, with
results focused on the final cycle. The course, Final Project Work (FPW), is a mandatory design studio
in the Design & Engineering master’s programme at Politecnico di Milano, with 50-60 students
annually, coming from different world-regions, different background disciplines (i.e., industrial design,
engineering) and professional experiences. The teaching staff includes 5-6 lecturers from diverse
backgrounds (e.g., product design, mechanical and materials engineering), each leading a module, and
a teaching assistant. The first and second authors served as lecturer and teaching assistant, respectively.

Table 1. Previous publications associated with the three RTID cycles

Cvel Associated publication
yele Title Authors Year Venue
T - —
NeverbTake Teamwork' for Granted! A Tutorship Matthll F. & 021 [E&PDE Conference
First [Experience on Soft-Skills [Ferraris S. D.
Cvele Learning and Teaching Global Cooperation Skills in
Y Culturally Plural Design. Collaborative Learning Mattioli F. 2022 |Doctoral Thesis
Practices and Experiences in Plural Classes
Peers as Experts to Cooperate with: a Case Study of o Lo
gecc(isd Teaching Activities to Switch from Inter-Group %ﬁt}tlglr;l:d’ Figoli F.A. & 2023 | E&PDE Conference
y ICompetition to Collaboration in a Design Studio )
Seeing the Process: Empowering Students in Design  [Labarta Labrador M.,
Third land Engineering through Visual Frameworks Mattioli F. & Ferraris S.D. 2025 | E&PDE Conference
Cycle [Prototyping collaboration: managing collaborative ILabarta Labrador M. & Section O.f the book
. . . . L 2025 [Prototyping and
projects in design education Mattioli F. o
[Experiential Knowledge

The six years of RTID are summarised by highlighting the key instructional design elements of each
cycle. Insights were gathered after each edition via voluntary, non-anonymised surveys completed after
the final marks, in which students reflected on what they learned, what they liked most and least, and
any suggestions for improvement. De-anonymisation seeks to ensure that students’ feedback remains
assertive and meaningful. The survey included a notice informing of its voluntary nature and the
potential use of anonymised data for academic publication. Around 15-20 students (about 20-30% of
the class) answered each year. A voluntary participatory design session with students followed the
questionnaire. Here, teaching staff guided students in addressing questionnaire-identified issues and
formulating instructional design solutions, some of which were implemented. Involving students as
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research participants turns RTID into a co-design methodology in which meaningful educational
changes can emerge bottom-up rather than top-down, as in many instructional settings. Sharing decision-
making can enhance students’ self-agency and aims to achieve more targeted benefits. Although yearly
adjustments drew on prior insights, reporting is organised in two-year cycles, reflecting the introduction
of major design changes. Table 1 lists publications documenting these intermediate steps.

The results of the survey were analysed qualitatively, following a thematic coding methodology. The
coding process helped find patterns in answers to questions “What I learned” and “What I liked.”
Frequent answers were clustered in macro-topics to find tensions and correlations between what students
perceived they had learned and what they valued.

3.1 First cycle (Intra-team Collaboration): academic years 2020-2021 and 2021-2022

In response to the lack of explicit support for student teamwork, the first RTID cycle implemented the
"Teamwork Module" as a mandatory, evaluated component of the FPW. Initially, students—especially
those with prior PBL experience—underestimated the module, but structured activities such as team
agreements and reviews highlighted that teamwork is a professional competence requiring active
management. Mandatory integration proved more effective than optional seminars in this grade-oriented
context. The cycle also investigated global cooperation skills—specifically the ability to express views,
build consensus, and defuse conflicts—, showing that a teaching staff expert can act as a bridge between
students and instructors, providing crucial feedback on transferable competences.

3.2 Second cycle (Inter-team Collaboration): academic years 2022-2023 and 2023-2024
The first cycle demonstrated that, beyond intra-team collaboration, a highly competitive culture
characterised the context where FPW was situated (i.e., class, curricula, school level). Such competition,
especially emerging at the inter-team level, was hindering the effectiveness of collaborative competence
development. Thus, the iteration focused on the poor class-level collaborative climate by designing
instruction to enhance the relevance of peer support and knowledge sharing across teams. Findings
showed that introducing the "large design studio" metaphor and shared technical research tasks
significantly mitigated competition. Activities such as simultaneous multi-team reviews and shared
digital boards for peer reviews during milestone presentations (e.g., Padlet) fostered a culture of help
and collaboration at the class level, alleviating the pressure and stress on intra-team dynamics. Data
confirmed that students perceived this as a unique advantage compared to other team-based courses.

3.3 Third cycle (Project Management): academic years 2024-2025 and 2025-2026
Given persistent negative feedback on overall course organisation, particularly in coordinating design,
technical, material, and manufacturing modules, the teaching staff undertook systematic self-assessment
and optimisation. The Teamwork Module was restructured and renamed the Project Management
Module, integrating a Notion-based platform to unify communication and make collaborative processes
tangible. Students recognised project management tools as essential for navigating complexity and
making trackable design decisions. The FPW process was visually presented using a Gantt-style chart,
which proved too rigid, leading to a revised visualisation reflecting divergent-convergent phases.
Finally, a randomised team assignment system replaced self-selection, incorporated student preferences,
and prevented previous exclusionary dynamics. These changes were informed by results collected after
the first year of the two-year cycle. The next sections present the results of the latest assessment of the
course's last edition (i.e., fall semester, AY 2025-2026) through qualitative coding of responses to the
open questionnaire (n=18; 35% of students). The analysis is here limited to self-reported learning (i.e.,
what I learned) and the appreciation of the course experience (i.e., what I liked) because these two
allowed building an interpretation around learning related to collaboration and PM, as well as the
elements of course design that were appreciated and connected with these learning outcomes.

4 RESULTS

4.1 What | liked: Appreciation of the course experience

The findings show that measures introduced across the three RTID cycles have consolidated, become
established, or gained renewed recognition among successive cohorts. Some practices persisted
positively for six years, others remained valued after four, and recent interventions show early signs of
sustained impact beyond their initial two-year testing phase.
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Consolidated teaching staff support. One of the most meaningful actions taken at the very beginning
of the RTID pathway was assigning a member of the teaching staff to support and mentor students as
they navigated the complexity of teamwork (Fig. 1). This innovative effort has since become a vital
component of the course. Nearly one-third of the respondents (n=5) clearly recognised and valued “the
level of interest and care” the teaching staff invested in organising the course. One student reflected that
the teaching staff’s primary priority genuinely seemed to be helping students succeed while fostering a
safe space for “open and honest discussion”. Also, supporting teams based on their individual needs and
struggles through one-to-one, on-demand reviews proved highly valued and helpful. Overall, a
collaborative student—teacher relationship took shape and consolidated over time.

® Shared commitment to learning goals
® Focused and individualized guidance

Consolidated e Timely and meaningful feedback
Teaching Staff

® Empathetic and attentive teaching presence
Support

® Promotion of open and honest dialogue
e Flexibility in feeback and revision sessions
o Clarity and transparency in explanations

Figure 1. Codes clustered under “Consolidated Teaching Staff Support”

Established collaborative and teamwork practices. Some students (n=7) reported experiencing a
more collaborative and open dynamic among peers than in previous courses (Fig. 2). Multi-team reviews
and peer review sessions (n=2 respondents) emerged as particularly effective practices for fostering
class-level collaboration. Students described them as reducing performance pressure while creating
space for team-to-team dialogue. The new randomised team-formation format was overall well received
(n=4). One student shared that they were actually “very happy with the random teams”. This increased
teams’ cultural plurality and pushed students beyond their comfort zones, encouraging self-awareness.
As one noted,” I got proof that general communication (mine first) needs urgent improvement”.

@ Randomized team formation

Established — .
Collaborative & . @ Peer review integration
Teamwork Practices @ Structured team role allocation

e Collaborative student-teacher relationship
Figure 2. Codes clustered under “Establishment of Collaborative & Teamwork Practices”

Enhanced course structure and organisation. The effort to make project and course phases explicit,
structured, and cohesive was noted (Fig. 3). One student wrote, “what I liked most was the organisation
of the design phases and the time allocated to each”. Students appreciated that the thematic modules
were interrelated and highlighted the course’s pacing, with one noting, “it was great to see a course that
actually values our free time and holidays, allowing us to balance the workload effectively”. Clear
milestones and deadlines supported self-management and reduced stress, while enabling students to
“thoroughly explore every aspect of the project”.

@ Effective course pacing

@ Well-structured project timeline

Enhanced . .
Course Structure & o Coherent module integration
Organisation e Depth of content coverage

e Practical and applied learning design
e Balanced workload distribution

Figure 3. Codes clustered under “Enhanced Course Structure & Organisation”

4.2 What | learned: Self-reported learning

The perceived learning outcomes clustered around three areas (Fig. 4): Design Process Understanding
(n=13), Project Management and Organisation (n=10), and Teamwork and Interpersonal Skills (n=10).
Design process understanding. Students described how they began to see the Design and Engineering
(D&E) project as a whole rather than as a sequence of disconnected phases. They recognised the
complexity of the process and reframed iteration as a necessary act of refinement rather than repetition.
Several highlighted learning how to craft a counter-brief, a moment that marked a shift from executing
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tasks to questioning and reframing them. Others stressed the importance of contextual research and of
grounding design decisions in a clear understanding of product meaning.

Project management and organisation. Respondents emphasised learning to define roles more clearly
and allocate tasks more deliberately, which led to more structured workflow planning. They did not
describe project management tools as mere technical additions. Instead, they linked them to a growing
sense of responsibility and foresight. Managing time under pressure, balancing uneven workloads, and
organising milestones pushed them to shift from reactive coordination to intentional planning. One
student described this shift as a move toward a more mature way of structuring complex projects.
Teamwork and interpersonal skills. Students generally reported gaining experience in intra-team and
class-level collaboration, practising compromise, and regulating emotions. Peer review moments and
collaboration beyond personal comfort zones challenged established habits and required active
negotiation, which proved essential in fostering a sense of self-efficacy in “handling teamwork more
civilly and professionally”. Students described learning to listen—particularly in giving and receiving
constructive criticism within the team—to tolerate ambiguity, manage tension, and self-assessment.

. Technical and software skills

@ D&E project mindset

Understanding of process complexity
Holistic understanding of the D&E project
Integrated view of the D&E project
Counter-brief development skills
Product meaning awareness

Bias awareness in interpretation
Preparation for professional practice
Problem-solving under pressure skills
Iterative ideation skills

Design Process
Understanding

Workflow organization skills

Role definition and task allocation skills
What | learned Time management skills
Task definition skills
Recognition of critical issues
Use of project management tools
Advanced project structuring skills
Team collaboration skills
Emotional regulation skills
Tolerance and openness
Class-level collaboration skills
Collaboration beyond comfort zones
Peer review skills
Self-awareness development
Compromise negotiation skills

Teamwork &
Interpersonal Skills

ee0o 000000

Figure 4. Code clusters related to the students’ self-reported learning areas

5 SO-WHAT: ANSWERING THE RESEARCH QUESTION
The following analysis is based on the patterns visualised in Fig.5, which map the intersections between
students’ reported learning and their appreciation of course elements.

What | learned What | liked

Design Process
Understanding

Collaborative
& Teamwork Aspects

Teaching Staff

) & Support
Project Management

& Organisation

Personal Growth

& Skill Development
Teamwork

& Interpersonal Skills Technical Content

& Application

Figure 5. Intersection of learning and appreciation clusters; link thickness represents the
number of respondents mentioning both in their responses

Hard learning, soft appreciation. “Hard” domains dominate students’ descriptions of learning, while
“soft” domains emerge in what they valued most. Students report process literacy, role definition, and
workflow planning as outcomes, yet emphasise collaboration, dialogue, and teamwork. This crossing
suggests complementarity: technical and organisational learning unfolds within relational conditions,
with those gaining project management skills also valuing collaboration, moving between domains.
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Collaboration as the central dimension. “Collaboration and Teamwork Aspects” is the most
appreciated dimension of the course. Many students who reported gains in “Design Process
Understanding and Project Management” identified collaboration as one of the course's strongest values.
The same respondents often appear in both clusters. Students who strengthened their understanding of
process and organisation also saw the importance of collaboration in shaping that growth.

The collaboration and project management synergy. The data show a mutual relationship between
project management and collaboration, supporting theoretical claims that they reinforce each other.
While project management emerged mainly as a learning domain, collaboration was the most
appreciated aspect. Students who gained skills in planning, role definition, and workflow organisation
also valued collaboration highly, suggesting that structured project management clarifies responsibilities
and communication, while collaboration gives these tools meaning in everyday team interactions. The
findings point to a reciprocal link: organisational clarity supports collaboration, and collaboration, in
turn, strengthens organisational learning within the project-based environment.

Teaching staff as a driver of relational learning. Another meaningful intersection concerns “Teaching
Staff Support”. Students who valued mentoring, structured feedback, and facilitated dialogue often
reported growth in teamwork and interpersonal skills. The teaching staff’s approach shaped how teams
negotiated roles, managed tension, and practised peer review. Appreciation for support aligns with
reported development in relational competence.

CONCLUSION AND FUTURE WORK

This study reinforces the idea that collaboration is not merely a complementary element but an intrinsic
component of both project management implementation and learning in PBL environments. The
research empirically supports the view that structured project management practices and collaborative
dynamics are mutually reinforcing, especially in culturally plural contexts: clear roles, milestones, and
workflow planning provide the conditions for effective teamwork, while active collaboration gives
project management its practical and relational significance. The iterative approach adopted over six
years demonstrates the value of consolidating established practices and enhancing them, ensuring that
successful interventions become embedded while remaining open to refinement and adaptation. A
limitation is survey responses: participants who choose to answer the questionnaire may differ from the
broader student population. Finally, the results underscore the importance of teaching staff engaging in
systematic self-assessment: their reflective practices not only guide instructional improvements but also
shape students’ relational learning, reinforcing collaboration as a central outcome of PBL.
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