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Abstract

Nowadays, employers highly value soft skills, yet many students
lack these fundamental abilities. Teaching soft skills involves fos-
tering active student participation and facilitating communication
of technical knowledge among peers. This approach presents chal-
lenges: (i) creating an engaging learning environment; (ii) ensuring
students get timely feedback; (iii) finding an approach that is not
too time-consuming for instructors to prepare.

The Collaborative Design & Build (CpB) activity, described in this
paper, was designed to respond to these challenges. It simulates
a real-life scenario, triggering students’ interest. The success of
this collaborative activity hinges on students working together in
a structured chain, where each team builds upon and contributes
to the success of the others. This fosters student engagement and
accountability as they realize the impact of their actions on the en-
tire chain. This pedagogical approach has already been adopted by
four universities abroad. This paper shows how it can be deployed
in different courses.

Finally, it also discusses how students perceived the activity
through four soft skills: collaboration, communication, problem
solving and critical thinking. These skills were selected based on
their relevance, both in the context of the collaborative activity
and in the job market. They are also aligned with the “4C’s of 21st
Century skills”. Results show that while students initially struggled
with soft skills, consistent practice throughout the semester boosted
their confidence, especially in communication. This makes the ac-
tivity particularly relevant in the classroom, as communication is
considered as the most important soft skill for the future.

CCS Concepts

» Applied computing — Collaborative learning; - Software
and its engineering — Programming teams.
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1 Introduction

Soft skills are crucial for computer scientists [16, 21] due to the
high demand from employers [8]. The main requested soft skills [16,
32] are, among others, collaboration (soft skill 1), communication
(soft skill 2), problem solving (soft skill 3), and critical thinking (soft
skill 4).

However, teaching them is challenging [13]. First (Challenge
1), to effectively acquire soft skills, students must train them, in
combination with their hard skills, in an engaging learning environ-
ment [18, 27]. For instance, peer-based collaborative environments
help engender enthusiasm for programming [6]. Second (Challenge
2), students need to receive feedback on what they are doing. In
particular, that feedback should be based on specific assessment
criteria [1], in order to reinforce students’ learning towards soft
skills acquisition. Finally (Challenge 3), because educational teams
are usually overloaded [28, 29], a new pedagogical approach must
not be too time-consuming to implement.

This paper deals with these challenges by proposing an activity
framework that can be instantiated in various courses and topics
across different sessions. The activity framework is referred to as
“the Collaborative Design & Build (CpB) activity” [3]. From the edu-
cational team perspective, the CpB activity is scalable. Whatever the
number of participants, it takes about two days to prepare. During
a CpB session, the instructors act as facilitators, making students
the owners of their learning. This activity aims at simulating in
the classroom how actual projects are carried out in the industry.
This connection to their future careers reinforces students’ motiva-
tion [1]. Similar to the industry, the CpB activity requires students
to use both their hard and soft skills to solve problems in teams,
with each team responsible for a specific task, such as analysis
or testing. In practice, the CpB activity employs an assembly-line
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process [23], where problem solving is conducted through two dis-
tinct phases: the design phase followed by the building phase. Each
phase may include one or more steps. Student teams are sequen-
tially responsible for solving a problem at a given step within a
specific timeframe. The current solution is then passed on to the
next team for review based on specific assessment criteria [1]. After
validation, the solution is taken over to the next step.

The activity was deployed in four different universities (four
countries over three continents) during academic year 2023-2024.
A total of 144 students were exposed to it through 8 sessions. This
paper shows, through the analysis of surveys responses, how these
students perceived it through the lens of the four soft skills of inter-
est. In particular, we demonstrate that some students were initially
uncomfortable with practicing soft skills. However, the organiza-
tion of multiple sessions throughout the semester was shown to
increase their confidence in using them, especially communication.

2 Related Work

In collaborative learning, students participate in a shared dia-
logue where they have opportunities to explain, refine, and expand
upon their ideas [31]. Collaborative learning can be implemented
in different ways, such as Pair Programming [24] or Peer Instruc-
tion [17]. Pair Programming involves students working on coding
tasks, with one student writing the code while the other reviews
and suggests improvements. In contrast, Peer Instruction fosters
communication between students, encouraging them to work out
a solution together. Another collaborative activity example is the
Process Oriented Guided Inquiry Learning (POGIL) [31] which
aims to develop students’ mastery of discipline-specific concepts as
well as “process skills” like communication, teamwork, and critical
thinking. The CpB activity is a combination of these three previous
active learning activities and it focuses on the following process
skills: oral and written communication, teamwork, problem solving,
critical thinking, information processing, and assessment. In the
CbB activity, assessment is promoted through peer-feedback.

The CpB activity is also an application of Problem-Based Learn-
ing (PBL). The PBL definition [27] aligns with the CpB activity
by being an active learning approach that aims to solve problems
and enables students to learn new knowledge skills by working
collaboratively within a small group.

Previous studies have shown that PBL effectively promotes the
4C’s of 21st-century skills (Creativity, Communication, Collabora-
tion and Critical thinking skills) [30]. That led us to focus on these
skills, except that rather than considering creativity as such, we
expand it to problem solving [14] which aligns better with the skills
required in the CDB activity.

To validate these skills, we examined their importance as soft
skills. Soft skills, defined as “personal attributes enabling someone
to interact effectively and harmoniously with other people” [20],
are broadly motivated in the literature. They also include a large
set of skills that may vary slightly between studies. Much previous
work ranks them, based on what is taught at the university and
the needs from industries. Fig. 1 presents the top-13 soft skills
based on 12 papers. These papers were selected based on their
publication date (after 2016) and their special interest in Information
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Figure 1: Most important soft skills in literature.

Technology (IT) and software engineering professions [8, 9, 11—
13, 16, 19, 21, 22, 25, 26, 32]. Fig. 1 shows the number of occurrences
of each soft skill across the 12 papers. Furthermore, it specifies the
number of papers that were ranking them in the first, second, third,
or lower position.

The main observation is that communication is often ranked as
the top-1 soft skill. Collaboration also appears as crucial for career
success. The next most frequent skills are problem solving, critical
thinking and planning. It is worth noting that the importance of
critical thinking may have been underestimated here, as ChatGPT
was emerging only in the last two years [10]. This paper does
not discuss planning because instructors are the ones dividing the
problem-solving process into steps for students to solve and setting
time limits for each task. All in all, Fig. 1 confirms the relevance of
the four 21st-century skills (soft skills) studied in this paper.

3 The CpB activity

The CpB activity is made up of two phases: the design and the
building phases. The goal is to encourage students to reflect on what
to do and how to do it before starting the development process.
This teaches them to work methodically and avoid a trial-and-
error approach where they spend most of their time on testing and
patching their solution.

Fig. 2 illustrates how the activity is set up. The right side of Fig. 2
(“Classroom Configuration”) shows that G groups of students are
formed. Each group is divided into T teams and each team comprises
S students. The goal of each group is to collaborate (soft skill 1) to
solve T problems (soft skill 3) in a limited amount of time. The timing
is given by the instructors, meaning that students do not have to
plan their tasks. The left part of Fig. 2 shows how the T problems are
getting progressively solved, in parallel, over time, following the T
steps required to frame the problem-solving process. Typical steps
in the Design phase are analysis (where students specify modules)
and/or modeling (where students make diagrams, showing how
the different modules will work). The Building phase includes at
least one step, consisting of implementing the final solution. This
conception and its steps are inspired by real professional life, where
large-scale projects can be successfully developed only if teams
collaborate and communicate efficiently with each other. Early
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Figure 2: The CpB activity framework with two students per team (5=2).

Criteria supporting step 1 OK?| Comments (referred
by tags if needed)

Input(s) 0

Output 0

Objects that are used :

- have a relevant name 0

- have a type that exists in C 0

- have a purpose that is 0O

clearly expressed

SP...... :

- is generic (i.e., doesn’t res- O

trict to an example)

- has a clear description 0

- has a functional description 0O

Figure 3: An example of checklist to validate the consistency
of problem definition and decomposition.

exposure to this way of working seems to be both important and
motivating for students (Challenge 1).

Coming back to Fig. 2, the CpB activity works as follows. At the
beginning, each team is responsible for understanding and defining
one problem (corresponding to step 1). For a given problem, the T
steps are addressed sequentially, with each team writing a solution,
turn-by-turn, for a specific problem. At the end of each step, the
product resulting from each team’s work moves to the next team,
clockwise, similarly in each group, as shown by the plain arrows
(Fig. 2, right part). It is crucial for each team to be clear enough in
their work to enable the next team(s) to progress the solution (soft
skill 2). Depending on the step, their work can be specifications of
function, diagrams, or pieces of code, etc.

To articulate these steps, some transition periods allow each
team (reviewers) to report a feedback on the work completed by
the previous team (submitters) (soft skill 4 and Challenge 2). During
these periods, each team holds the two roles in parallel [4]. For
instance, team 2 acts as the reviewers of team 1 (as indicated by
the dashed arrow - Fig. 2, right part) while simultaneously being
the submitters for team 3. The goal is to limit the impact of a “poor
quality work” on subsequent step productions that rely on the
previous ones.

The feedback is based on a checklist [1, 2] (see Fig. 3). The first
column lists the criteria a step output should meet. They are selected
from the checklist supporting the course evaluations. In the Cps
activity, they are kept quite general, as the purpose is making
students responsible for putting forward a solution. We should not
gradually disclose it through the criteria. The next two columns
allow each team to specify whether a criterion is checked or not and
write comments in them. Once filled, the checklist is returned to
the submitters who should adapt their work based on the feedback
received.

For the instructors, such an activity only requires the following
preparation (Challenge 3): (i) select a profile of problems (e.g., ar-
ray manipulation); (ii) define different steps this kind of problems
should be solved through; (iii) define a checklist for each problem-
solving step in order to support the reviewing phase; (iv) choose
the size of each team and the time to allocate to each step and (v)
write problem statements.

It is worth noting that the Cps activity may be applied to other
STEM disciplines than CS, as long as the selected problems could
be solved following a sequence of steps.
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Table 1: Setting up the CpB activity parameters for the four countries (with N = 144 participants across them).

Parameters BELGIUM GERMANY Usa Jaran
(Relation between them: N =G X T X S) Session 1 Session 2 Session 3 Session 4 | Session 1 Session 2 | Session 1 | Session 1
N (Total number of participants in the session) 50 43 35 41 24 12 35 26
G (Total number of Groups of students) 8 6 5 5 4 2 8 3
T (Number of Teams within a Group (> 2)) 3 3 3 3 3 3 2 3
S (Number of Students per Team (> 2)) 2o0r3 2o0r3 2or3 2o0r3 2 2 2o0r3 2o0r3
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Figure 4: The different steps in the Design and Building phases, as applied in each session in each country.

4 Deployment and Analysis

In this section, Sec. 4.1 discusses the deployment of the CpB
activity in four countries. Sec. 4.2 details how survey data was
collected and Sec. 4.3 presents the results.

4.1 Context and Participants

During academic year 2023-2024, the CpB activity has been
deployed in four different countries over three continents: BELGIUM
(four sessions of the activity — Europe), GERMANY (two sessions —
Europe), Usa (one session — North America), and JAPAN (one session
- Asia). In total, 144 students took part in the activity among these
countries. Table 1 details the activity parameters for each of them.

In BELGIUM, the CDB activity targeted undergraduate students
during their first year at the University. The first three sessions
were organized in an introduction to programming course (CS1),
while the last session was held in the next course (CS2) [15], dur-
ing the second semester. The students in GERMANY were enrolled
in a bachelor degree program for electrical engineering and IT.
They were attending an advanced programming course on machine-
oriented programming in the third semester with two preceding
computer science courses. In Usa, the activity targeted first year
undergraduate STEM students that were registered in an intro-
ducing to programming course (CS1). In JApAN, the students were
undergraduates (first, second, even third year students), and a few
exchange students. They were majoring in social sciences or life
and environmental sciences. They were absolute beginners and
this was their first programming course. In BELGTum and GERMANY,

students were learning C programming language while in Usa and
JApAN, they were using Python.

Fig. 4 illustrates how the steps of the CpB activity were instanti-
ated in each course. In the four countries, the first or the second
step focused on specifying the module(s) to implement. For all the
countries (except JAPAN), the last one consisted of coding the final
solution. In JAPAN, coding came as second step, and the third one
consisted of testing the code. In BELGIuM and GERMANY, a pre or
intermediate step was added in the Design phase: modeling the
problem or the solution, either formally (through a mathematical re-
cursive definition of the problem), or informally (through a drawing
representing the loop behavior [5]).

Typical problems students had to solve are “Write a program
which checks whether a given string contains two consecutive identical
characters” (JapAN- session 1) or “For a given interval [a,b[, display
in the terminal all the numbers (from this interval) whose sum of
digits equals 10.” (BELGIUM— session 2).

Finally, it should be noted that the CpB sessions were not graded
in order to limit any stress. Moreover, the students were allowed to
choose their group and teammates to optimize group cohesiveness
and enthusiasm, as reported by Ciani et al. [7].

4.2 Data Collection

At the end of each CpB session, students took an anonymous
survey. All students gave their consent for using their answers in
this study. The survey counted 24 questions examining the four
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Table 2: Survey questions, listed by soft skill.

ID Soft skill Question

1 Collaboration

Working in teams, with each team responsible for a specific step in

the solution, contributed to creating a more comprehensive outcome.

2 Communication
3  Problem solving
4 Critical Thinking

Written communication with the 2 other teams went well.
I could easily find a solution to step 2 (implementation).
I was comfortable analyzing someone else’s production.
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Figure 5: Survey results for session 1 (Ngession1 = 135). Ques-
tions are numbered and listed in Table 2.

soft skills of interest: (i) collaboration (four questions), (if) commu-
nication (four questions), (iii) problem solving (seven questions),
and, (iv) critical thinking (nine questions). The students’ answers
are on a 5-point Likert scale. The survey reliability was assessed
using Cronbach’s alpha (a = 0.89), suggesting good internal consis-
tency. Investigating all the answers is out the scope of this paper.
Rather, we focus on the most relevant question for each soft skill
(see Table 2).

4.3 Results

Fig. 5 shows students’ perceptions of soft skills after their first
session of the CpB activity. With regard to the collaboration skill,
the survey shows that advanced students recognize more advan-
tages in teamwork than first-year students in their first semester.
In GERMANY, Usa, and JaPaN, Fig. 5 shows that only a small pro-
portion (from 0 to 11.4%) of students disagreed with the benefits
of teamwork, while in BELGIUM (first semester), about 49% of the
students did not see the point of working in teams. The students
reflection on their communication skills reveals a similar trend. It is
necessary that students learn the technical vocabulary before they
feel comfortable in communicating technical details in writing. This
may explain why most students in BELGIuM felt written commu-
nication with other teams was poor. In UsA and JAPAN, responses
were mixed, with just over half (fully) agreeing communication
went smoothly. In GERMANY, 81.25% reported good communication.

Results regarding problem solving differ the most from the three
other soft skills. While more students in GERMANY and Usa were
rating it more negatively, that is where students from BELGIUM felt

the most comfortable. This may be due to the higher complexity
of the problems given in GERMANY and Usa. That is also where
the highest variance is found, likely because of the dependence on
the solution design provided by the previous team(s). In BELGIUM,
GERMANY and Usa, more than 30% of students found it difficult to
construct the solution while in JAPAN, 54% found it easy and 30%
had no opinion.

Finally, the results to the last question indicate that advanced stu-
dents feel more comfortable analyzing and critiquing others’ solu-
tions. In BELGIUM, only 12.2% of students felt comfortable with crit-
ical thinking, while in JapAN, over 75% reported feeling (strongly)
confident in this skill. This could be due to the lower complexity
of the problems in JAPAN (as suggested by students’ answers to
Question 3), in addition to their greater experience with social be-
havior, as some students study social science. These answers, along
with those to Question 2, support the claim that if teams struggle
with the written communication, the other teams will have more
difficulty analyzing their work.

After this initial assessment of soft skills, we examine how the
Cps activity impacts these skills by tracking changes over multiple
sessions. For this purpose, we only consider students attending
at least two sessions and we focus on BELGIUM, where the largest
number of sessions were organized and where the CpB activity
was the only teamwork activity across all the courses students
were registered to. Fig. 6 presents four Alluvial diagrams' based
on seven clusters. The “Non-enrolled/Dropout” cluster includes
students who were not registered to the course holding the current
session and those who dropped out?. Regarding the results, Fig. 6
illustrates an increase in absences over the sessions in the CS1
course. Fig. 6a, 6b and 6d show that most of the students who
stopped participating in the CpB activity had a poor or mixed
opinion about their soft skills in the first session. This suggests
that students need to feel a minimum of comfort with soft skills
to feel motivated to work with others. That drop of unmotivated
students resulted in increasing students’ agreement in the second
session, especially regarding collaboration, likely because more
students were involved. However, except for communication, this
trend did not continue into session 3. For collaboration, almost
half of the students who rated it positively in session 2 did not
attend session 3 (and among these, half of them were dropping

!An Alluvial diagram is a type of flow chart that represents changes in a network
structure over time. In that sense, it helps identify patterns and trends (see https:
//en.wikipedia.org/wiki/Alluvial_diagram).

%In BELGIUM, it is common for first-year students to drop out because they feel their
chosen curriculum does not match their real expectations or prerequisites. These
students can be identified as they stop taking assignments, whose completion is
necessary to pass the course. Some of them also notify the instructors they change
their direction.
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Figure 6: Evolution of soft skills throughout the sessions in BELGIUM (66 participants across the four sessions).

out from the course). This caused a decrease of agreements that
was not fully offset by the growing opinion of the participants
in sessions 2 and 3. The problems in session 3 may have been
also too difficult for their current level of hard skills, as problem
complexity increased throughout the semester. This is supported
by the decrease in positive opinions on problem solving and critical
thinking, which are more closely linked to the complexity of the
tasks. The more competent students, the better equipped to solve
problems and analyze others’ work. In session 4, perceptions of
all soft skills improved, possibly due to students having gained
experience from their CS1 course, as well as the problems better
aligned to students’ hard skills. Fig. 6c, shows that 74.6% of the
participants found easy to implement the solution.

Overall, students generally moved to higher agreement clusters
(“Agree” and “Fully agree”) over the sessions, indicating more confi-
dence in soft skills. Among the four soft skills, communication saw
the most significant improvement, with participants’ agreements
rising from 13.9% in session 1 to 67.8% in session 4. This makes the
CDB activity particularly relevant in the classroom, as communica-
tion is viewed as the most important soft skill for the future (see
Fig. 1).

5 Lessons Learned and Conclusion

From deploying the CbB activity in four universities and study-
ing students’ perceptions on soft skills, we learned five lessons to
increase the impact of this activity on soft skills.

e To limit absences, we may introduce the Cps activity as a
class assignment. Only the output of the first step should be
graded, as it is not dependent on the other students’ work.
Moreover, it will motivate students to lay strong foundations
for the next step(s) in the chain.

e Students may become more engaged by realizing the rele-
vance of soft skills. For that purpose, we may show record-
ings of industry professionals discussing the collaborative
nature of the software design process or invite an industry
partner to give a brief talk about it.

o Students, especially those who are early in their curriculum,
should be better prepared to the CpB activity. To make them
feeling more comfortable with practicing soft skills, we sug-
gest a 15-minute seminar providing guidelines for mobilizing
them, especially those that students initially rated lower (i.e.,
critical thinking and communication).

o During the first session of the Cps activity, more supervision
is actually needed to keep the chain going. In fact, many
students tend to write some code directly, even though they
were asked to contribute to the solution design first. They are
not familiar with the isolated analysis tasks assigned to them.
Instructors should have as part of their teaching pedagogy
the habit of making students think about the problem and
how to solve it before coding a possible solution.

o Our results suggest that soft skills acquisition is a long-term
journey. Therefore, the CpB activity should be conducted
more than once over a course, in order to make students
better at leveraging them.

In conclusion, we believe that Collaborative Design & Build (CDB)
activity, along with the lessons learned, will inspire new instructors
to include it in their courses, as it has already done on three conti-
nents. Initially designed for beginners, the Cps activity involves
solving small problems in chains, mobilizing so both hard and soft
skills. The goal is to familiarize students as early as possible with
industry-team based design. In an educational context, this activity
is a good preparation for Capstone Projects [32], which are closer
to real-life projects, but therefore more complex and not accessible
to beginners. Unlike Capstone Projects, the CDB activity involves
solving different problems in parallel within a few hours, with so-
lutions passing from one team to another. This beginner-friendly
learning method is a pedagogical innovation in CS education.
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