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Abstract: Project-based learning has been explored in a variety of contexts and different phases of
education. Several implementation challenges are associated with project-based learning. Among
these challenges is ensuring collaboration between students enrolled in a project assignment. The pur-
pose of this study was to present several practical insights on how to tackle collaboration challenges
in project-based learning. The study is based on the qualitative analysis of 67 reflections reports
submitted by students who were enrolled in a project-based learning assignment in engineering
education. The results suggest that collaboration challenges can be traced to priority conflicts between
students as well as to the uncertainty in the project assignment. The results further suggest that
these challenges can be successfully addressed by applying a structured project-management ap-
proach to planning, communication, and follow up. In addition, the findings suggest this structured
approached should be supported by a mindset that recognizes the importance of adaptations and
flexibility as the project develops. Moreover, the findings suggest that a collaboration environment
based on inclusion, openness, and support enables students to respond to emerging problems and dis-
agreements. The paper outlines several recommendations on how to improve students’ collaboration
ability within project teams in the context of project-based assignments.

Keywords: project-based learning; collaboration; soft skills; project management; project success

1. Introduction

A well-established principle of educational psychology is that telling students that they
need certain knowledge and skills someday is not a particularly effective motivator [1–3].
Prince and Felder [4] argued that the motivation and commitment to learning can be
enhanced using inductive learning methods to provide contexts for learning. Inductive
learning methods have the following two key features in common: First, they are all
learner-centered, meaning that they impose more responsibility on students for their own
learning. Second, inductive learning methods present new knowledge to the students
using contextual situations to which students are able to relate. Inductive learning methods
encompass a range of instructional methods, including inquiry-, problem-, project-, and
team-based learning; case-based teaching; discovery learning; and just-in-time learning [4].

Project-based learning (PjBL) has gained popularity and has been explored in various
contexts and in different phases of schooling, from primary to higher education [5]. The
notion of PjBL is to engage students in the investigation of authentic problems where
solutions have the potential to be implemented and used in real life [6]. Several benefits
are associated with PjBL. For instance, Chen and Yang [7] showed that PjBL, compared to
traditional teaching methods, offers the following three unique experiences to students:
(1) a sense of freedom to express opinions, ask questions, and engage in discussion with
colleagues; (2) the feeling of being able to influence the course of the learning process; and
(3) the feeling of doing something that can be applied in practice (as well as contributing
to the team’s work). Other reported benefits of PjBL include developing metacognitive
skills, such as self-regulation, co-regulation, and monitoring [8], as well as supporting self-
directed learning [9,10]. Although PjBL has been used for many years in various schools
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and higher education, some debate is still ongoing in the literature on the conditions that
must be met to categorize a teaching method as an instance of PjBL [11]. For instance,
Blumenfeld et al. [6] argued that there are the following two essential components of PjBL:
(1) a question, which serves to organize and drive learning activities; and (2) a product or
an artifact, which represents the outcome of the efforts and activities used to address the
driving question. Thomas [8] identified five conditions that must be met to answer the
question, “what must a project have in order to be considered an instance of project-based
learning?” The five conditions are (1) centrality, (2) a driving question, (3) constructive
investigation, (4) autonomy, and (5) authenticity. Thomas [8] explained that centrality
means that the project should be the central teaching strategy, not merely an additional
or a supporting instructional method. A driving question means that PjBL should be
focused on questions or problems that “drive” students to encounter and struggle with
the central concepts and principles of the subject. This is usually achieved using an ill-
defined problem [12]. Constructive investigation implies that the central activities of the
project must involve reflection, conceptualization, and the construction of new knowledge,
meaning that if the central activities of the project can be performed with the application
of already-learned information or skills, the project is an exercise, not PjBL. Autonomy
implies that the project is student-driven to some significant degree. Teaching staff should
be involved in an advisory, rather than instructing, role at any or all of the following stages:
initiation, planning, implementation, and conclusion [13]. Hell et al. [14] further suggested
that autonomy strengthens students’ ability to construct new knowledge because autonomy
allows students the opportunity to use their prior knowledge and experience, which, in turn,
facilitates the construction of new knowledge. The last condition is authenticity, meaning
that the project should be realistic, not school-like [15]. Therefore, PjBL should incorporate
real-life challenges where the focus is on authentic problems and where solutions have the
potential to be implemented.

Helle et al. [14] argued that another key characteristic of PjBL is collaboration, as all
participants need to contribute to the shared outcome. Helle et al. [14] further suggested
that the strength of PjBL is that it not only enables the integration of knowledge from
different disciplines but it also has the ability to bridge theory and practice. In the process
of collaboration on project work, students can see and feel the reality to which various
concepts and interactions are related, which serves to facilitate conceptual change and to
build mental models enriched with experiential knowledge.

Building shared mental models enriched with experiential knowledge within the
context of project-based learning occurs when learners are provided the opportunity to
experiment, reflect, and accumulate knowledge while engaged in project activities [16],
p. 48. PjBL is primarily a learning-by-doing approach and is a part of the experiential type
of learning [17]. Experiential learning was defined by Kolb [18] as the process whereby
knowledge is created through the transformation of experience.

Kolb’s experiential learning cycle has become a well-accepted model to explain the role
of reflection on experience in learning, as shown in Figure 1. Kolb’s model demonstrates
that experiencing something alone is not enough to ensure learning. If individuals want to
learn from experience, they have to purposefully reflect on these experiences [19]. Therefore,
self- and group-reflection is needed to conceptualize such experiences as insights. Only
then can the new insights be applied and tested in new situations, which, in turn, will lead
to new experiences and, ideally, the cycle will be repeated.
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1.1. Impact of PjBL

The extant research evaluating the impact of PjBL is diverse and examines PjBL
from both academic and non-academic viewpoints [11]. For instance, LaForce et al. [20]
suggested that PjBL has a positive impact on several dimensions such as attitudes and
interest in a future career in the subject matter. Turner and Mulholland [21] stated that
PjBL can lead to improving creative thinking and developing soft communication skills.
Herbe et al. [22] showed that PjBL improved the students’ engineering judgment, and
demonstrated to students the value of engineering analysis and mathematical models
in practical engineering design. Lasserre [23] presented a case in which the application
of problem-solving using PjBL reduced the number of students dropping out from a
programming course. Mantawy et al. [24] showed that PjBL can be used to bridge the
gap between academia and practice. Another example was provided by Shen et al. [25],
who demonstrated that using PjBL with BIM tools coupled with energy analysis software
can effectively teach energy-efficient building design and construction to engineering
students. Rambocas and Sastry [26] provided empirical evidence that the introduction of
PjBL improved students’ experiences and increased their interest in the learning processes
in which they participated.

From an academic viewpoint, the impact of PjBL is inconclusive [7]. Some evidence
suggests that PjBL has a positive impact on learning. For instance, Boaler [27] found that
students who learned mathematics in a project-based environment developed a conceptual
understanding that provided them with advantages in a range of assessments and situa-
tions. Schneider et al. [28] showed that students participating in a project-based curriculum
were better prepared for the National Assessment of Educational Progress (NAEP) science
test compared to other students who experienced traditional classroom teaching. Ngereja
et al. [29] and Hussein et al. [30] reported that using PjBL contributed to increased under-
standing of the practical challenges and problems encountered in managing digitalization
projects. Karaçalli and Korur [31] analyzed the effects of project-based learning on students’
academic achievement, attitude, and retention of knowledge using a quasi-experimental
method involving a test group and a control group. They concluded that the academic
achievement and retention of knowledge of project-based learning groups were better than
those of a traditional teaching group. Hussein et al. [32] showed that PjBL can be used
for the co-creation of teaching and learning materials. Bovill et al. [33] explained that the
co-creation of learning and teaching occurs when staff and students work collaboratively
with one another to create components of curricula and/or pedagogical approaches. In
another study, Ralph [34] reviewed fourteen studies on PjBL in STEM education, finding
that PjBL increased the development of both learners’ knowledge and skills.

The lack of strong evidence of the impact of PjBL on academic achievement was
demonstrated by Helle et al. [14]. They showed that there are relatively few studies that
actually report on the assessment and evaluation of PjBL. They found that most of the
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published scholarly articles on PjBL are descriptive in nature and do not provide any
evaluation of the impact of the method on learning. Of 28 research articles they reviewed,
only two provided objective evidence on learning outcomes. Guo et al. [35] suggested that
it is difficult to determine the effects of PjBL on student learning as most of the studies
they analyzed did not implement research designs that allow claims about the effects on
learning outcomes.

Some other scholars challenged the effectiveness of PjBL compared to other traditional
methods. For example, Markham et al. [10] indicated that the effect of PjBL on improving
academic achievement is only equivalent to or slightly better than other teaching methods,
and the empirical data are insufficient to state that PjBL is a proven alternative to other
methods. Powell and Wimmer [36] found that students positively evaluated their perceived
learning of group project implementation on their experience of the learning process, but
found no strong evidence to suggest that working in groups had any impact on learning.
Panasan and Nuangchalerm [37], who compared PjBL and inquiry-based learning (InBL),
found no significance difference between the two methods on learning achievement, science
process skills, or analytical thinking.

1.2. Implementation Challenges of PjBL

As we indicated in the Introduction, building and designing authentic products
that have the potential to be implemented in real life are a cornerstone requirement of
PjBL. There have been several attempts to identify the challenges encountered by, e.g.,
instructors and students, to fulfill this requirement of PjBL [38]. Other attempts have
been made to suggest recommendations for the successful adoption of PjBL. For example,
Kokotsaki et al. [5] emphasized the importance of student self-management and effective
group work through sharing equal levels of agency and participation. In addition, student
autonomy is needed throughout the PjBL process to help students develop a sense of
ownership and control over their learning. Drain [39] suggested an approach based on
organizing PjBL in two phases to help the students become sufficiently competent, by
developing the knowledge and skills needed in the first phase, then to be able to design
and create products independently in the second phase. Krajcik et al. [40] examined the
challenges encountered by students during building products and artifacts within the
context of PjBL, and found that although students showed the ability to generate plans for
conducting the activities, they often failed to implement their plans systematically. The
authors concluded that students need multiple supports as they conduct their inquiry to
be able to systematically develop and realize their plans. Hallermann et al. [41] noted that
achieving the successful implementation and conclusion of PjBL is dependent on several
conditions, including the organization of students groups who will complete the project.
Tseng et al. [42] and Miller and Hadwin [43] indicated that the mere designation of groups
does not guarantee effective cooperation and the implementation of PjBL. They affirmed
that student groups have to develop their own framework of how collaboration will be
actually realized to plan and execute their project activities. Edelson et al. [44] showed
that a successful implementation of PjBL requires students to organize and collaborate
to manage complex, extended activities. This includes the planning and coordination of
activities and the management of resources and work products. Pucher and Lehner [45]
suggested that due to a lack of experience in project management, PjBL students frequently
encounter problems due to a failure to identify and manage the various risks associated
with PjBL. Mitchell and Rogers [46] demonstrated that confidence is a key feature of staff
engaged in delivering PjBL activities, in particular, confidence in accepting the role as a
collaborator in the learning process rather than as a figure of authority or knowledge.

The view that considers student collaboration as both a learning outcome and an
instructional strategy led researchers to investigate not only how collaboration may in-
crease learning outcomes but also how collaboration can be improved—learning to col-
laborate [47]. For this reason, Notari et al. [48] examined the social skills that should be
taught to students to support collaboration. These social skills include consensual decision-
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making skills, dialogue and discussion skills, conflict resolution skills, and team leadership
skills. Although the importance of social skills, communication skills, proper organization,
planning, and the systematic execution of project activities have been emphasized by
several studies, the current body of knowledge on PjBL does not offer a detailed account of
how students themselves experience or address these challenges to ensure the successful
implementation of PjBL.

Instructing students to plan, organize themselves, or collaborate without offering
the students an outlook on how to achieve these conditions might not lead to the desired
outcome. In this study, we aimed to fill in this gap by identifying the measures needed
to ensure proper collaboration in the project-based learning context. To identify these
conditions, we drew on the experiences gained from conducting a project-based learn-
ing assignment that was offered to engineering students at our university in a project
management course at the master’s level. The course is offered as a part of the European
Master’s Program in Project Management (EUROMPM). The program is an established
method of competence delivery in project management, both for graduate students and
professionals [49]. An overview of the other instructional methods used in this introduc-
tory course can be reviewed in [50]. This study was, therefore, guided by the following
research questions:

• What are the underlying causes of the collaboration challenges in project-based learn-
ing context from the students’ perspective?

• What are the enablers to collaboration in the context of project-based learning?
• How can we understand these enablers using the existing body of knowledge on

project management?

The results of this study present an account of the typical challenges encountered
by student groups during a project-based assignment. The findings further suggest a
framework for responding to these challenges from the students’ perspectives. We used
project management literature to discuss both the meaning and significance of these ap-
proaches. The results of this study should help instructors and students involved in PjBL in
engineering education to better prepare for and commit to the project tasks and activities.

The rest of the paper is organized as follows: First, we start with a description of
the project-based assignment that was offered to the engineering students in a project
management course at the master’s level. We then present the data collection method
used to gather student experiences and the lessons learned. In the Findings section, we
present detailed account of these lessons learned, recommendations, and the impact of
these lessons learned on organizing, planning, and executing project assignments. In the
Discussion, we compare the findings with the existing body of knowledge; in particular,
we draw on the body of knowledge of project management to demonstrate the importance
or the impact of these recommendations. Finally, in the Conclusions, we present a list of
recommended best practices to implement project-based learning and we highlight the
implications of project-based learning in higher education.

2. Method

In this section, we provide a full description of the project assignment and the data
collection method employed in this study.

2.1. Description of the Project-Based Assignment: The Digitalization Project

The project assignment outlined in this paper was developed to offer engineering
students attending an introductory course in project management a thorough understand-
ing of the challenges of managing digitalization projects, and to gain insights into how to
address these challenges [29]. In the management literature, digitalization is broadly de-
fined as using digital technology to create entirely new products, processes, or systems [51].
Digitalization projects are, thus, far more unpredictable, iterative, and experimental [52].
The challenges of managing digitalization projects are rooted in the interplay of the fol-
lowing three dimensions [30]: (1) managing the collaboration between diverse individuals
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or organizational units to achieve project objectives; (2) managing the value creation pro-
cess in order to create novel processes, products, or services that create value for the end
users; and (3) managing the procurement and implementation of the digital enablers or
digital technologies to create the intended novel solutions. The three dimensions, therefore,
constitute the main pillars of managing digitalization projects, as shown in Figure 2.
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Due to the complex interplay between the three dimensions of digitalization projects,
lecturing on the challenges of managing digitalization projects might, therefore, not be the
best approach to convey the complexity of this type of project. Students need to experience
the challenges, and suggest and implement solutions to these challenges by themselves
in order to be able to gain deeper insights and the competences needed to manage this
type of project. The project assignment was, therefore, designed to provide the students an
opportunity to:

• Develop an understanding of the conditions needed to manage digitalization projects
effectively;

• Develop insights into the challenges associated with managing digitalization projects;
• Enable students to realize that managing digitalization projects requires attention

to the interrelationship between managing collaboration, value creation, and the
digital-enablers.

As the students enrolled in the program belonged to different disciplines of engi-
neering education, such as production engineering and information systems design, it
was, therefore, important to design a suitable assignment where students from different
disciplines could draw on each other’s strengths. In addition, the assignment was designed
to adhere to the following rules [53]:

• The project is non-trivial and requires multi-disciplinary work over an extended
period of time;

• The project involves the development of an actual product;
• The culmination of the project is a written report describing and evaluating the final

product;
• Teaching staff assume an advisory rather than an authoritarian role.

The task assigned to students, therefore, included the following three requirements:

1. Students were instructed to organize themselves in self-enrolled groups of 4–8 stu-
dents and to jointly determine how they should select, plan, develop, and produce
a digital learning aid to support learning in project management. The choice of the
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type and form of the digital learning aid was left to the students. Examples of these
digital learning aids include but are not limited to the following:

• Producing an animation of a real-world project case, explaining the main events,
the challenges encountered, and useful insights gained from the real-life case.

• A computer simulation that shows how certain project variables such as risks,
cost, and time are influenced by each other and the dynamics of their interaction.

• A gamified experience of a problem or a project situation using computer games.
• Gamified tests and quizzes to support leaning.

2. The final product produced was required to have a significant impact on learning.
The students were further instructed to plan and document how they verified that
the final product has a significant impact on learning.

3. The final product had to be implemented on a digital medium, such as a computer,
tablet, or cell phone, and not to use any other analogue medium.

2.2. Project Stages

The project assignment was designed to include various deliverables at various stages
of product development. The assignment was executed in six stages following a typical
stage gate model, as shown in Figure 3. Although the overall assignment was conducted
using a stage-gate model, the work on each stage was based on incremental or adaptive
approach because of the nature of the tasks the students were completing.

(1) The initiation stage included a brief introduction to the concept of digitalization
projects through some real-world cases. This phase included providing students op-
portunities to revisit the literature on digitalization projects to familiarize themselves
with the terms and concepts. Project groups were also established in this phase. Some
students established the group based on previous acquaintance with each other. In
some other groups, students have used the learning management system to recruit
students to their group. The relationship between the students and the course instruc-
tor was mainly based on an advisory role to solve issues related to the formation of
student groups.

(2) In the second stage, the planning stage, the students were instructed to develop
and submit a detailed project plan. The work plans included a description of the
intended product, the tasks and activities to deliver their product, the selection of
project execution strategies to develop the product, a milestone plan of the intended
development process, identification of stakeholders, identification of risks, and a time
schedule for conducting the project activities. This work plan was then reviewed and
commented on by the course instructors.

(3) In the third stage, the execution stage, tasks included working on developing and
testing the final product and ensuring that the project creates value for the learners.

(4) Product delivery was the stage where the students conducted final checks and up-
loaded their final products on the chosen medium.

(5) The fifth stage was the peer assessment stage, where each group was assigned a
product developed by another group, and the task was to review and assess the
quality of the final product produced by the assigned group.

(6) The documentation stage included tasks such as writing a reflection report by each
student group. A template that contained several questions that students were asked
to answer was developed and provided to guide students in report writing. The
reflection report template contained the following four sections:

a. Description of the final product.
b. Evaluation of the impact of the product on learning.
c. Students’ own reflections on factors that contributed to the success/failure of

their project.
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d. Reflections on the most important lessons learned from conducting the as-
signment, in particular, for each of the three pillars of managing digitaliza-
tion projects.
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2.3. Data Analysis

The findings presented in this paper are based on qualitative thematic analysis. For
this purpose, we used the written reflection reports submitted by each student group upon
completing the project. Altogether, 67 project reports were produced and submitted by the
student groups. Benbasat et al. [54] suggested that the qualitative approach is particularly
useful when the researcher seeks to gain new insights due a lack of previous studies. Ac-
cording to Glaser and Strauss [55], qualitative analysis does not aim to identify associations
in the data but rather attempts to identify common concerns or common patterns in a
large data set. From this perspective, emphasis was placed on understanding the students’
experiences with collaboration in project-based learning. The hope was that the analysis of
the students’ experiences would contribute to new understandings of how students, with
different backgrounds and experiences, perceive and address the collaboration challenges
in PjBL. This was achieved by searching for common concerns or patterns (themes) in the
reflections reports written by the students [56]. This iterative process of reading and analy-
sis was guided by the phases recommended by Braun and Clarke [57]. According to Braun
and Clarke [57], a theme captures something important about the data in relation to the
research question, and represents a pattern or a meaning within the data set. Furthermore,
they suggested that the importance of a theme is not necessarily dependent on quantifiable
measures, but rather on whether it captures something important in relation to the overall
research question. There are the following two primary methods in thematic analysis: an
inductive or bottom-up approach [58], and a deductive or top-down approach [59]. A
top-down, or theoretical-driven, approach uses a theoretical framework to interpret the
data. Conversely, the bottom-up approach uses the data to identify patterns and meaning.
As the thematic analysis in this study is not linked to a particular theoretical framework,
it was natural to follow an inductive thematic analysis for each of our research questions.
The first phase of data analysis involved uploading and reading each report in the Nvivo
software package to allow for familiarization with the data. Each report was uploaded
as a single data set. In the second phase, after reading each report, excerpts from each
report were extracted and assigned new codes. Excerpts that had similar meanings were
assigned to the same code. In the third phase, codes were grouped into possible themes.
For instance, a theme that emerged from reading the reports was that several groups talked
about the challenge of having students from multiple departments with different interests
and priorities working together on an assignment. This, according to several reports, was a
demanding situation that had to be addressed during the assignment.

3. Results
3.1. Reasons for Collaboration Challenges

From the reflection reports, collaboration challenges could be grouped into three root
causes, as illustrated in Figure 4.
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3.1.1. Schedules

Firstly, over 200 students were enrolled in the course. These students belonged to
different faculties and different study programs at the university. Therefore, they had
different time schedules and other commitments, and they did not necessarily share
the same time schedule. The following quotations from student reports highlight these
experiences:

“One of our main preoccupations when looking at the project realization was the incom-
patible team member schedules.”

“All the members of the group have at least three other subjects to work with beside this
course. Like this course, the others also have different submissions that have to be handed
in before a deadline.”

3.1.2. Priorities

In addition, many students had voluntary assignments and extracurricular activities
that required their time and attention. Due to these commitments, it was difficult for many
students to prioritize the tasks of the project assignments when their contributions were
needed.

“Some group members had voluntarily work and therefore this was sometimes prioritized
above the project work sessions.”

3.1.3. Uncertainty

In addition, the reflection reports showed that the collaboration challenges could be
traced back to the uncertainty of the project assignment. The project was based on a broad
goal to produce a digital learning aid that should have a significant impact on learning.
The reflection reports suggested that three main areas of uncertainties were found in the
assignment. These areas of uncertainty are shown in Figure 5.

(1) Product uncertainty: Uncertainty related to the type of digital solution that should be
used to achieve the objective given the available skills, schedule, and knowledge.

“One of the main challenges the group experienced with this type of project was that
the group first decided to make an animation of a case, but later on, had a change of
mind. The group discussed a lot back and forth, and it was difficult coming to a
conclusion on what type of project to go for.”

(2) Uncertainty of the process that should be followed to deliver the final product. This
included how the group should organize itself, and how students should use the
skills and knowledge of each individual in the group to achieve their goals.

“The project management of this assignment was a bit chaotic on our part.”

Uncertainty of the process was further complicated due to the lack of necessary ICT
skills, in particular, the skills required for the students to realize the vision of their product.
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“Lack of sufficient competence on how to make animations was the biggest obstacle
regarding project completion.”

(3) Uncertainty about the product’s ability to improve learning or have any impact on
learning.

“The first challenge was to get an idea of what the possible options are for a feasible
digital learning aid that creates a significant impact on learning.”
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These uncertainties created multiple opinions and provided a rich ground for discus-
sions that many students groups had to handle.

“The group spent a long time discussing ideas about the project and, while doing so, it
was difficult to understand and accept each other’s opinions.”

Multiple and diverse ideas emerged on how to proceed with the project or on how
to ensure an impact on learning to address each uncertainty. It was, therefore, difficult
for every group to identify a shared concept that was feasible, acceptable by all, and
executable within the time allowed, also considering that students had different priorities
and different time schedules. Ensuring collaboration, therefore, required balancing multiple
opinions and approaches in an uncertain context. The impact of these uncertainties can be
highlighted by the following quotation from the student reports:

“For our project, the main challenge was to get to grips with the tools needed to help
bring life to our vision. For a short amount of time, we were at a loss of how to achieve
the goal.”

3.2. Addressing the Collaboration Challenges

The reflection reports submitted by students included several reflections on how the
groups succeeded or failed to address the root causes of the collaboration challenges during
the project’s execution. The findings suggest that the collaboration challenges during the
assignment were addressed using the following five principles:

A. Structuring knowledge and information sharing within the group;
B. Investing time in the early project phase to organize and identify tasks;
C. A structured approach to project follow-up and obtaining feedback from stakeholders;
D. A mindset that prompted accepting changes to scope or goals underway;
E. Focusing on having a good working environment based on inclusion, mutual sup-

port, respect, and openness within the group.

In the following, we highlight each of the above five principles using quotations from
the reflection reports.



Educ. Sci. 2021, 11, 434 11 of 20

3.2.1. Structure Information Sharing

It emerged from the reflection reports that a critical success factor that enabled the
groups to improve collaboration was establishing a visible structure for internal communi-
cation within the groups. This included establishing routines for face-to-face meetings, and
using these face-to-face meetings to clarify important topics regarding the project during
these meetings.

“During an eye-to-eye discussion, things are suddenly way easier.”

In addition, communication was organized using various ICT tools or chat apps to
ensure timely communication and the regular update of project members. This visible
structure also helped to capture problems as they emerged and evolved. Additionally, this
allowed the groups to hold meetings with short notice. These tools allowed students to
talk directly and allowed everyone to read what other teammates discussed. This resulted
in everyone showing up to meetings well-informed on the latest agreements.

“ICT platforms were also used for following up on progress after the weekly meetings. The
use of the digital collaboration platform further established clear roles and responsibilities,
which was one of the other important success factors.”

3.2.2. Invest Time in the Early Phase

Another important lesson learned identified by the groups was the criticality of ade-
quate planning during the early phase of the project. The findings suggest that successful
collaboration required initially investing adequate time to create a shared understanding
of the product’s capabilities and limitations. Although this shared understanding was
developed further or changed during the execution, the reflection reports suggested that
this initial understanding created a common vision for the next activities.

“It is important not to rush this decision, but take the time to figure out and identify the
learning objectives of your final product before deciding on the type of product.”

“We successfully avoided priority confliction by early planning. At this stage, we spent
plenty of time to discuss the capabilities and available time we have to guarantee that all
the group members could be assigned the proper tasks. As a result, every group member
was loyal to the assignment during the implementation.”

In addition, up-front planning helped the students to avoid potential misunderstand-
ings and to decide how much time each team member should commit during the project.
This was an important step, as suggested by many student groups, to reduce the risks of
having multiple time schedules or conflicting priorities. This, according to the reflection
reports, increased the loyalty and commitment to the shared vision of the assignment
during the implementation.

“Make sure the entire group shares the same goal and vision of the project. If the entire
group knows what they want to accomplish and what end product the group aspires
toward, it is much easier to motivate the team members.”

“Early on in the project, the team agreed to meet at a set time each week. It also ensured
predictability for the times that the team members worked individually.”

It emerged from the reflections reports that early planning was used to discuss and
agree upon the following tasks:

• Identifying the roles and responsibilities of each group member;
• Identifying tasks, dependencies between tasks, and the duration of each task;
• To identify risks and mitigation plans.

3.2.3. Structured Approach to Project Follow-Up and Obtaining Feedback
from StakeHolders

A structured approach to organizing follow-up meetings to check progress regu-
larly and compare it to the plan or to make decisions regarding the required changes
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or adaptations was highlighted as an important factor that helped collaboration within
the teams.

“Scheduled meetings were held every week during the entire project duration. This helped
the project team to keep track of the project progress and its members’ progress related to
their assigned responsibilities.”

The insights gained from the reflection reports suggested that a contributing factor
that enabled collaboration was to have every member to dedicate a certain number of
hours to work on the project. Early on, many project teams agreed to meet at a certain
hour each week. This also ensured predictability for the times that the team members
worked individually.

“We respected all the deadlines imposed by ourselves, and the little changes that appeared
in our project were easily solved thanks to our good communication and good time
management.”

“The deadline was also a big concern, but, as previously mentioned, through the establish-
ment of checkpoints and weekly meetings, we managed to finish the final product within
the established deadline.”

3.2.4. Developing a Mindset to Prompt Accepting Changes to Scope or Goals Underway

Although developing plans, defining roles and responsibilities, and structuring com-
munication were mentioned as key lessons learned, the findings from student responses
suggest that it was equally important to accept and acknowledge that pre-defined plans
were subject to changes. Several student groups suggested that accepting that plans could
be adapted and changed mid-process not only reduced collaboration challenges but led to
improvements in the abilities of the final product.

“We were aware of our own limitations and prepared to adapt features especially if it’s
the first time you did this kind of job.”

“Our advice is not to get to stuck in one lane, and always focus on developing the product
for the better. Changes will, in most cases, lead to an improvement in the product, rather
than an aggravation.”

Flexibility was highlighted as an important success factor not only to address the
various uncertainties of the project but also to mitigate the risks associated with having
students from multiple departments with different schedules and to address the risk of
dropping the subject after enrollment.

“So, advice that we can give to other students is that sometimes it’s okay to change the
project schedule during the development of the project if you think it will result in a better
final product.”

3.2.5. Prompt Openness and Support

The findings suggest that successful collaboration required having a group culture of
openness during the creative process. This included fostering the acceptance of new ideas,
asking for help, and sharing thoughts within the group.

“Even though everyone had their own tasks, we tried to help each other out when we
needed help and made sure we knew the status of the project.”

“We had a good working environment where every individual had the opportunity to state
their opinion that always was respected and appreciated.”

To create a positive working environment within the team, several groups suggested
to initiate several activities such as having dinner together, meeting for coffee, going on a
cabin trip, and even holding a cook-off competition. These activities helped the teams to
grow and bond together.

“We got to know each other better and became friends along the way. This helped the
project immensely, in terms of working together and helping each other out, to create the
best possible outcome.”
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“Regarding the ground rules for communication, all members had the same in mind:
everyone can share their thoughts, everyone is being heard, there are no bad ideas or
contributions, everyone is being treated respectfully and no one is being left out.”

This mindset resulted in more harmonious team meetings with less conflicts or argu-
ments. In addition, everyone’s ideas were highly appreciated and were further elaborated
in objective discussions. The students also spent some time during these meetings to help
and teach each other some skills that were lacking by some group members.

“A lot of time was spent on teaching and helping each other so that we all understood the
entirety of the code. We wanted to make sure we all got the most out of it.”

4. Discussion

In this section, we discuss the significance of the findings from this study using
the extant project management literature and highlight the contributions of this study
regarding collaboration in the context of project-based learning.

The findings highlight the following five main enablers of collaboration, as suggested
by the student reports:

1. Establishing information sharing and a communication structure to facilitate the
organization of meetings and document sharing during the project;

2. Adequate plans that describe tasks, roles and responsibilities, risks and mitigation
plans, resource usage, and schedules;

3. Establishing a structure for project follow-up and monitoring, including plans for the
evaluation of progress and the time needed for these meetings;

4. Establishing a project culture based on respect of other opinions, mutual trust, open-
ness, and inclusion;

5. Promoting a mindset that recognizes that changes and adaptations are inevitable in
the context of project-based learning. This implies accepting that plans are subject to
change, that decisions can be put on hold, and even objectives and success criteria
can be changed.

An illustrative diagram of these enablers of collaboration is shown in Figure 6.
In the project management and the project-based learning literature, a wealth of evi-

dence suggests that planning, structuring an information flow, and the identification of
risks are important prerequisites of success in project-based environments [60,61]. The
purpose of planning these activities is mainly to integrate what the project team members
know and are able to do, and formalize this knowledge into plans, check lists, and formal
documents. Bond-Barnard et al. [62] argued that a positive relationship exists between
collaboration and this formal process of knowledge integration. It is evident from revis-
ing the reflection reports that establishing the correct structure for information sharing,
communication, a clear division of tasks, a clear division of roles and responsibilities,
the identification of risks, the identification of meeting times, etc., enabled the project
teams to overcome or mitigate some collaboration challenges. In particular, developing a
robust structure for the project contributed to reducing the impact of the following main
collaboration challenges:

• Priorities;
• Schedules;
• Process and product uncertainty.

This robust structure created an understanding of the mutual relationship between
the various team members, which, according to Pinto [63], is a cornerstone in building a
collaborative team. The evidence from the reflection reports suggests that having this clear
structure considerably contributed to understanding that this mutual relationship between
the students involved and, hence, enabled this mindset of collaboration.

Having an adequate project structure contributed to reducing uncertainty about the
expected efforts from each team member and improved the level of dedication from each
member in the group. Therefore, we suggest that a positive relationship exists between
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establishing a clear and visible project structure and collaboration. Planning tools such
as time schedules, work breakdown structure, and resource loading charts can help to
create this mutual understanding and facilitate communication within project teams. It
was also suggested that planning must be viewed in conjunction with various follow-up
and control processes. The purpose of these control processes is, for example, to monitor
and adjust project plans if needed [63]. It is also important to stress in this regard that
how much structuring should be organized up-front during the planning phase needs
further investigation.
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In the project management literature, this subject is still a debated topic because of the
uncertainty about project context. For example, it was suggested that planning should be
performed progressively [64]. Opponents of project planning argued that detailed planning
can restrict or reduce creativity. For example, Chatzoglou and Macaulay [65] stated that
project planning does not guarantee that all requirements will be met. Therefore, effective
planning requires a mindset of flexibility to cope with the unique tasks that the members of
the team will perform. The flexibility can be achieved using different approaches, such as
the use of time reserves or alternative plans, adapting goals, postponing decisions, using
iterative planning methods, or simply accepting that plans and objectives are prone to
changes [66,67]. Flexibility can also be achieved using agile approaches through small
deliveries to reduce a project’s vulnerability to changes [68,69]. The ability to handle
emerging issues is another dimension of flexibility, especially when the project teams does
not have the opportunity to predict all the possible challenges in advance [70]. In this
situation, decision-making requires critical and analytical judgment, and is based on facts
and experiences.

We, therefore, suggest that project-based learning provides opportunities for students
to develop this type of managerial skill. Recognizing that objectives, schedules, and plans
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are all subject to changes in any project environment reduces tensions in the project teams
when they are faced with the inevitable fact that their ideas, plans, or schedules do not
match the ambition level of their project or that they have to be changed or adapted
to respond to emerging problems or changing contexts. The evidence from the reports
suggests that having a mindset that recognizes the importance of flexibility contributed to
handling the following challenge:

• Process and goal uncertainty

This mindset of flexibility can be further enforced by providing the project teams with
a higher degree of autonomy to ensure that they can themselves choose what to prioritize
and how to respond to changes in scope as they see fit. Autonomy is a sense of freedom
and independence in one’s work. It is an important factor in creating what organizational
theorists call intellectual stimulation [71]. Autonomy is also important for maintaining
motivation and knowledge sharing in teams.

The findings from this study highlight the importance of soft skills, in particular,
supporting each other and learning to see and accept others’ viewpoints. These factors were
repeatedly mentioned in the student reflection reports. This set of factors was highlighted
by many groups as an important condition to reduce potential misunderstandings, reduce
conflict, build trust, and sustain commitment to the project. In particular, recognizing
the importance of listening and accepting others’ viewpoints enabled the project teams to
implement corrective actions to achieve the objectives or assigned tasks when needed. The
terms “hard” and “soft” skills are loosely and ambiguously used in the PM context [72].
Soft skills, or people skills, refer to dealing with human issues, whereas hard skills generally
refer to processes, procedures, tools, and techniques. The realization of the importance of
soft skills is increasing, and some project management standards highlight the importance
of people, as they are the ones managing projects and performing the work, directly
influencing the project’s outcomes [73].

The importance of soft factors within the context in project-based practices has been
widely discussed. The term soft factors is usually used in the project management literature
to denote factors that describe behavioral aspects and people’s attitudes [74]. Under-
standing the impact and the significance of soft factors in managing projects is receiving
increasing attention in the project management literature. For instance, Purna Sudhakar
et al. [75] demonstrated that soft factors such as team climate, team diversity, team inno-
vation, team member competencies, top management support, and team leader behavior
affect software development team performance. Hussein and Hafseld [76] showed that
the success of governmental information systems projects requires encouraging end users
to speak their opinions freely and to avoid conformity. Deep et al. [77] found that the
following three soft factors play a critical role in enabling collaboration: trust, commitment,
and the reliability of decisions. Ghazinejad et al. [78] examined the impact of openness
in project-based organizations and suggested that openness between team members is a
key factor in promoting and encouraging the building of trust. Trust strongly influences
decision-making processes because decisions are made on the basis of both trust and
the perception of a risk situation [78]. In addition, trust reduces the need for control. In
the project-based learning context, Notari et al. [48] suggested that collaboration among
students can be greatly enhanced by strengthening their ability to see and accept others’
viewpoints. Being open about others’ viewpoints facilitates the alignment of expectations
and helps team members to achieve a common and mutual understanding of the project
scope [79]. Openness also helps to improve the relationship between team members and
fosters commitment to deadlines. Collaboration is also enhanced by strengthening students’
ability to help each other to gain the knowledge or skills required to complete the task. The
findings of this study suggest that maintaining dedication to the project was achieved by
the involvement of the project team members in selecting and adapting their tasks. We,
therefore, argue that a mindset of flexibility greatly improves the dedication to project
goals and objectives. The findings from the student reports point to the several advantages
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of openness, support, and inclusion to maintain the unity of the group when the project
execution is challenged.

5. Conclusions

Based on the findings and the discussion outlined in the previous sections, we sug-
gest that the implementation of project-based learning requires students’ attention to the
following two important dimensions that influence each other:

• Establishing an adequate project management structure (structural dimension);
• Recognizing that students directly affect the project outcome (people dimension).

Having an adequate project management structure to organize and clarify expecta-
tions and tasks helps to establish routines for information flow and for status-following,
understanding known challenges, and integrating their knowledge, which, therefore, helps
students to understand the mutual dependencies between their tasks. This structure also
positively contributes to clarifying expectations and increasing the dedication of each mem-
ber in the group. The second dimension is the people dimension, in particular, how the
team members view and interact with each other in the project. The evidence suggests that
a mindset based on understanding each other’s roles, supporting each other when needed,
and openness to new insights and ideas are critically important factors in maintaining a
collaborative environment. In turn, this climate of mutual support and understanding
provides the student groups with a stronger ability to handle and respond to emerging
challenges and risks that were not identified in the original plans, thus avoiding potential
conflicts within the group.

Evidence from the student reports suggests that the challenges in the groups were
primarily due to a lack of ability to understand each other’s viewpoints and not necessarily
because of a lack of project structure. Therefore, we suggest that a culture of understanding
and respecting each other’s viewpoints positively contributes to dealing with emerging
challenges or to responding to emerging situations that were not previously identified.
The findings also suggest that this culture of understanding and support within the team
strengthened the mindset of flexibility and enabled the teams to adapt their plans or
objectives when needed. The mutual relationship between these two dimensions is shown
in Figure 7.

Figure 7. The interplay between the two dimensions of enablers of collaboration.

Implications for Students

We suggest that students enrolled in project-based assignments should consider the
following lessons learned when they organize their groups:

Communication
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• It is critical that all group members are updated at all times regarding project devel-
opment, challenges, opportunities, and the status of the project. Keeping the group
up to date with everything that is happening can potentially save the group time and
contribute to the success of the final product. Students should talk directly with one
another. In addition, they should ensure that everyone has access to what has been
discussed or access to the developed documentation and plans.

• Establish a meeting plan up front and adhere to this meeting plan. These meetings
should be used to update each other on progress and discuss new emerging ideas and
possible changes. These meetings can be held in person or digitally, if needed.

Collective definition of the project goal, tasks, and expectations

• Initially, ensure that all group members are involved in the definition of the project
goal, expectations, and the tasks that should be completed to achieve the goal. This
involvement is critical to establish ownership of the goal and of each task in the project.

• Together, develop a time schedule for the tasks and assign roles and responsibilities to
each task in the schedule. Ensure that the workload is evenly distributed among the
team members.

• Assess the skills needed to complete each task. Evaluate how members can help each
other to gain the required skills or knowledge if someone is lacking the required skills
or knowledge.

• Continuously revisit the project plan to understand the status and the next step in
the project.

Be flexible

• Changes and adaptations in project assignments are inevitable, regardless of the level
of detail of the plan. Do not stick to a plan that will lead to a product that does not
match the group’s ambition.

• Change the plan when needed and always focus on developing the product for
the better.

Soft skills

• Seek to create a conducive working environment within the team. Focus on trust-
building measures. Be honest and be respectful of each other’s viewpoints and support
each other when needed.

• Be open about problems and concerns during the execution phase to create and
strengthen an honest and supportive atmosphere.
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