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Abstract
The combination of technical and interpersonal skills is essential for success in Software Engineering. Effec-

tive teaching methodologies play a crucial role in the development of these competencies. This study investigates
how Project-Based Learning (PBL), integrated with agile practices, influences the interplay between the develop-
ment of these competencies among Computer Science students. Building on a structured evolution of previous
research, this extension adopts a mixed-methods approach with complementary perspectives. To evaluate students’
self-perception, a pre-test/post-test questionnaire was applied, complemented by structured interviews with the stu-
dents and faculty, allowing for a multifaceted and integrated understanding of the training process. Statistical analy-
sis revealed significant improvements in 100% of the assessed technical competencies (hard skills) and 50% of the
interpersonal ones (soft skills). For the interview phase, participants were purposively selected based on discrepan-
cies in their self-assessments, particularly those reporting substantial growth in soft skills while indicating a decrease
in their development between the initial and final stages of the course. The faculty perspective offered a crucial com-
plementary view on the interdependence of these developments, corroborating technical maturation and identifying
the impact of cognitive biases, such as the Dunning–Kruger effect. Findings indicated that the methodology focused
on group-based practical activities and projects fostered students’ confidence in their abilities. Furthermore, the in-
vestigation of the Dunning–Kruger effect highlighted discrepancies between students’ perceived and actual levels
of knowledge. Qualitative data detail how immersive activities and instructional guidance facilitate the transition
from theory to solving real-world engineering challenges. Finally, this study reinforces the effectiveness of integrat-
ing technical and behavioral developments within PBL environments to promote robust professional training in the
computing field.

Keywords: Software Engineering, Education, Soft Skills, Hard Skills, Computer Students, Active Methodologies

1 Introduction

Technical skills in the Information Technology (IT) area,
commonly referred to as hard skills, comprises quantifiable
competencies validated through professional certifications or
through objective results in specific tasks, are essential in the
formation of a good professional (Giani de Resende et al.,
2021). However, behavioral and personality competencies,
which influence how a professional communicates, collab-
orates, and solves problems in work environments, termed
soft skills, are essential, not only for initial employability
but also for long-term career sustainability in dynamic work
environments (Silva et al., 2020). From the initial stages of
recruitment, soft skills are prominently featured in IT job re-
quirements, signaling their pivotal role and increasingweight
in the labor market (Silva and Albuquerque, 2023). Garousi
et al. (2020) analyzed that even for internship positions, orga-
nizations are prioritizing candidates with demonstrable soft
skill proficiency, viewing these competencies as essential
indicators of professional potential. It is therefore evident
that the market increasingly prioritizes individuals who bal-
ance robust hard skills with effective soft skills, reflecting a
broader shift toward holistic professional evaluation.

Mendes et al. (2019) conducted a study in a degree pro-
gram with Software Engineering (SE) in its curriculum, aim-
ing to identify students’ expectations regarding SE learn-
ing, expressing a clear demand for experiential learning that
simulates the day-to-day difficulties encountered within the
professional software industry. However, as highlighted by
Souza et al. (2020), combining theoretical learning with
practical application is the greatest challenge in SE. To ad-
dress this, active learning methodologies, such as Project-
Based Learning (PBL), have demonstrated significant effi-
cacy in knowledge consolidation, recommending teaching
techniques capable of overcoming the persistent challenge
of reconciling theoretical concepts with practical application
(Rodrigues et al., 2024).
While undergraduate computing programs emphasize

hard skills, they often fail to explicitly incorporate behavioral
training, which ends up occurring indirectly and irregularly
(Seagull et al., 2023). Wazlawick (2019) further explains that
although SE guidelines evolve constantly, they fail to ade-
quately address these interpersonal competencies.
University extension projects serve as a strategic mecha-

nism to bridge this gap, providing an environment where stu-
dents can apply technical knowledge to real-world demands.
Seagull et al. (2023) discuss how these projects combine for-
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mal teaching, team practice, and interaction with real prob-
lems for the improvement of soft skills, in line with the PBL
methodology. A study employing this methodology was con-
ducted across two courses within the Software Engineering
(SE) program at the Federal University of Amazonas, where
students had to develop web software, within a simulated
professional environment (characterized by tight deadlines,
client engagement, and conflict resolution, etc.), where stu-
dents experienced a significant impact on their career trajec-
tories, as reported by Oran et al. (2023). Furthermore, a the-
matic analysis of the Meninas Digitais do Vale project cor-
roborated these findings. Positive outcomes were also identi-
fied of student experiences highlighted significant growth in
interpersonal skills, showed an evolution of skills such as cre-
ativity, communication, diversity, leadership, and teamwork
(Rodrigues et al., 2022).
In this context, the present study investigates how the im-

plementation of Project-Based Learning (PBL) within the
WebAcademy training course, hosted at the Federal Univer-
sity of Acre (UFAC), contributed to the development of tech-
nical and interpersonal competencies among students in Co-
hort V. For this, a mixed-methods approach was employed,
consisting of quantitative data collection at the beginning and
end of the course, measuring self-perception and familiarity
in eighteen types of soft skills and nine SE topics (hard skills),
which were analyzed through statistical tests; and qualitative
data, through interviews and open-ended questions about the
perception regarding the influence of interactions between
students with and without professional experience, in gen-
eral, on the development of these skills, among other ques-
tions.
The methodology of this research follows a structured evo-

lution of successive studies. It is grounded in initial investi-
gations regarding technical practices presented at the XXII
Brazilian Symposium on Software Quality (SBQS) (Caval-
cante et al., 2023) and in findings on soft skill development
presented at the XXXVIII Brazilian Symposium on Soft-
ware Engineering (SBES) (Cavalcante et al., 2024). The cur-
rent work significantly extends the discoveries presented at
the XXXIX Brazilian Symposium on Software Engineering
(SBES) (Cavalcante et al., 2025), which first integrated the
dual analysis of technical and interpersonal competencies in
Cohort V. This study advances the research by incorporat-
ing a complementary and longitudinal perspective from the
faculty.When combinedwith student self-perception, this ap-
proach enables amore robust triangulation of the training pro-
cess. Furthermore, it introduces a qualitative analysis of stu-
dents’ technical evolution, detailing how instructional guid-
ance and immersive practice facilitate the mastery of com-
plex Software Engineering topics.
Building on initial investigations regarding technical prac-

tices (Cavalcante et al., 2023) and behavioral development
(Cavalcante et al., 2024), statistical findings from the pre-
liminary study (Cavalcante et al., 2025) revealed signifi-
cant growth in all nine technical topics (hard skills) and
in 50% of the investigated interpersonal competencies (soft
skills). Complementing these results, qualitative data from
student interviews highlighted that practical team-based ac-
tivities and interactions with IT professionals were the pri-
mary drivers of this development.

This extension advances the research by introducing a
complementary perspective from the faculty, whose insights
provide a broader understanding of the training process
across multiple project editions. By combining these in-
structional observations with the previous student data, this
study achieves a more robust triangulation. Furthermore, it
presents a new qualitative analysis focused on technical evo-
lution, detailing how instructors’ guidance and the immer-
sive Hands-On environment facilitate the mastery of com-
plex Software Engineering concepts.
The article is organized as follows: i) Section 2 details the

theoretical foundation; ii) Section 3 discusses related work;
iii) Section 4 presents the WebAcademy project; iv) Section
5 explains the research methodology; v) Section 6 presents
the implementation of the PBL-based training environment;
vi) in Section 7, there is the explanation of the results and
discussions; vii) in Section 8, the threats to validity are de-
scribed; and, finally, viii) in Section 9, the conclusions and
proposals for future work are presented.

2 Theoretical Foundation
The scientific basis of this study is grounded in the premise
that learning SE transcends the mere acquisition of program-
ming syntax; it is an inherently social, active, and complex
problem-oriented process that requires an environment that
fosters an individual’s socio-technical maturation. This sec-
tion establishes the theoretical link between active method-
ologies and the development of interpersonal competencies,
defining PBL not only as an instructional strategy but as an
immersive ecosystem that mimics the pressures and collabo-
rations inherent in the software industry. Interpersonal com-
petencies, often referred to as soft skills, encompass abili-
ties related to communication, collaboration, and problem-
solving in social and professional contexts, and are increas-
ingly recognized as essential in Software Engineering educa-
tion.
The foundations of collaborative learning trace back to the

social development theory, which posits that learning occurs
more deeply through mediated interaction between peers and
mentors (Vygotsky, 1978). In the context of this study, this
socio-constructivist view justifies why team collaboration is
the primary driver of the evolution of communication and
conflict resolution skills, allowing students to internalize be-
havioral competencies within a real-world practical scenario.
This socio-constructivist perspective serves as the bedrock
for methodologies that prioritize teamwork and the exchange
of experiences.
The transition from this social basis to project applica-

tion is supported by prior research, which highlights how
PBL sustains student engagement by connecting learners to
authentic and challenging problems, allowing them to per-
ceive the immediate utility of the technical knowledge they
are acquiring (Blumenfeld et al., 1991). The necessity of
adopting such methodologies is reinforced by global cur-
ricular guidelines, such as those proposed by ACM/IEEE-
CS/AAAI; these guidelines emphasize that computing educa-
tion must transcend isolated technical instruction, promoting
curricula that prepare students for the dynamic and collab-
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orative challenges of the modern software industry (Kumar
et al., 2024).
Formally, PBL is defined as a teaching strategy organized

around complex questions and investigative tasks, culminat-
ing in the creation of a realistic final product (Thomas, 2000).
In Software Engineering, this approach allows for the in-
tegration of technical rigor and behavioral development. It
has been argued that PBL is an effective approach to fos-
ter soft skills through action-oriented didactics, enabling stu-
dents to experience a software lifecycle holistically, dealing
with uncertainties and changing requirements, while practic-
ing communication, teamwork, and self-reflection regarding
their roles within the team (Sedelmaier and Landes, 2018).
The relevance of this model is validated by the gap iden-

tified between topics traditionally taught in academia and
the skills that software professionals consider crucial in daily
market life (Lethbridge, 2000). The effectiveness of this tran-
sition from passive to active learning is synthesized by prior
evidence demonstrating that active learning methods result
in superior long-term knowledge retention and enhanced in-
terpersonal skills when compared to traditional lecture-based
instruction (Prince, 2004).
In the specific context of SE, the evidence from Prince

(2004) gains empirical support from the longitudinal study
by Garcés and Oliveira (2024). By analyzing four years of
PBL methodology application, the authors confirm that im-
mersion in real projects allows students to consolidate techni-
cal knowledge while developing interpersonal competencies
required by the industry. Although the study highlights criti-
cal challenges, such as time management and the complexity
of team dynamics, it reinforces the role of PBL as a vital
mechanism to mitigate the gap between academia and the
market. This practical perspective, which aligns pedagogical
foundations with real industry demands, is shared by other
contemporary studies that compose the investigative land-
scape detailed in the following section.
Although prior studies have examined PBL and compe-

tency development, there remains a lack of longitudinal and
integrated analyses that simultaneously address the interplay
between technical and interpersonal competencies through
multiple perspectives. In this context, this study adopts PBL
as a socio-technical learning environment to investigate how
the integration of these competencies emerges over time
within an immersive training program.

3 Related Work
Current research into PBL and higher education aims to deter-
mine the efficacy of this methodology in cultivating essential
soft skills among students.
An investigation conducted in the partner countries of the

HERA project (Denmark, Greece, Spain, Estonia, and Portu-
gal) by Caeiro-Rodríguez et al. (2021) regarding the teaching
of soft skills in engineering courses, through a form applied
to 184 final-year students, revealed a significant student con-
sensus: soft skills are perceived as more relevant than techni-
cal ones. They highlighted that the most appropriate teaching
methodologies for improving these skills are, in this order:
Project/Problem-Based Learning, Thinking-Based Learning,

Design Thinking, and Competency-Based Learning.
Oran et al. (2023) explored how PBL can boost the devel-

opment of technical and non-technical skills in students. Al-
though the title mentions Problem-Based Learning, Project-
Based Learning is clearly described throughout the text.
The researchers conducted a survey-based study involving
27 students across two Software Engineering (SE) courses.
Among the results, students highlighted significant gains
in team management, Scrum ceremonies, communication,
and knowledge management. Additionally, some students re-
ported that the experience helped with career direction, ob-
taining their first job, or increasing their professional contri-
bution at work.
Rodrigues et al. (2024) examined the pedagogical impact

of Project-Based Learning (PBL) on project management in-
struction within the Production Engineering program at the
Federal University of Espírito Santo. The research was con-
ducted via a case study involving 23 students. The authors
concluded that the methodology adopted serves as a cata-
lyst for student motivation, contributing to the reduction of
dropout rates and promoting a deeper understanding of the
concepts addressed, in addition to stimulating the develop-
ment of practical skills relevant to project management.
Moura et al. (2025) reported the experience of the TWIST

program, designed to foster both technical and socioemo-
tional competencies among undergraduate computing stu-
dents. Although the initiative was not formally structured
as a traditional Project-Based Learning course, its pedagog-
ical design incorporated collaborative and project-oriented
dynamics aligned with PBL principles. The program com-
binedmentoring sessions, discussion circles, and team-based
software activities aimed at simulating professional envi-
ronments and promoting interpersonal skill development.
Among the main findings, the authors reported improve-
ments in communication, teamwork, self-confidence, and
conflict management. Participants also indicated increased
readiness for professional practice and stronger engagement
with computing careers. The results reinforce the potential of
active and experiential learning environments to support soft
skills development in higher education, particularly when in-
tegrated with collaborative practices and industry-oriented
experiences.
Podlaski et al. (2025) investigated the use of intensive soft-

ware development projects as a pedagogical strategy to pro-
mote soft skills in higher education, structuring the experi-
ence based on active learning and Problem-Based Learning
principles. The intervention took place in a short-term inter-
national course in which students from different disciplines
and countries worked inmultidisciplinary teams to solve real-
world problems through the development of digital proto-
types. The approach required autonomous problem defini-
tion, collective decision-making, and collaborative task man-
agement, simulating authentic professional contexts. Evalu-
ation was conducted through pre- and post-tests using the
KYSS instrument, which measures socioemotional and pro-
fessional competencies. The results indicated statistically sig-
nificant gains in communication, cooperation, digital skills,
and self-reflection. Conversely, competencies such as cre-
ativity, critical thinking, and flexibility did not show signifi-
cant improvement in the short term.
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Similar to the works of Oran et al. (2023) and Rodrigues
et al. (2024), this work investigated the influence of using
PBL on student development. Some differences between this
work and that of Oran et al. (2023) include the diversity of the
students, who, in the present work, are characterized only by
having some experience in computing-related areas, the ap-
plication of questionnaires at the initial and final moments,
and the statistical analysis. The work of Rodrigues et al.
(2024) sought evidence of the methodology as a way to com-
bat dropout, through a case study, in the context of a single
course; in the present work, we sought to relate the method-
ology with the development of skills in students using a sur-
vey and interviews in the context of an extension project fo-
cused on agile practices. Additionally, initiatives such as the
TWIST program reported by Moura et al. (2025) highlight
the role of collaborative and project-oriented training envi-
ronments in fostering soft skills development, including com-
munication, teamwork, and self-confidence, in higher educa-
tion computing contexts.

A synthesis of these related works and their relationship
with the present study’s convergence points and methodol-
ogy is illustrated in Figure 1.

Figure 1. Related Work.

4 The WebAcademy Project
The WebAcademy project1 is a training course established
through a strategic partnership between UFAC, Motorola,
Flextronics, and Fundape. Its primary mission is to qualify
professionals for Full-Stack Web development. The student
selection process is formalized through public calls for appli-
cations, ensuring a selection based on predefined technical
and academic requirements.
The program spans approximately seven months and is di-

vided into two distinct phases: the first phase (195 hours)
integrates foundational theory with advanced programming
modules, utilizing coursework designed to reinforce knowl-
edge acquisition through a progressive structure of basic, in-
termediate, and advancedmodules; phase two, the Hands-On
Module (105 hours), focuses on agile frameworks and collab-
oration. Students are divided into teams to execute projects
within a simulated professional ecosystem, involving back-
log management, interaction with clients, and periodic deliv-
eries, bridging the gap between academia and the labor mar-
ket.
During the Hands-On phase, the Project-Based Learning

(PBL) framework is fully operationalized. Students are re-
quired to engage in direct stakeholder management with the
Product Owner (PO), practice team self-manage, and rotate
the Scrum Master role at each sprint. This immersive expe-
rience necessitates effective conflict resolution and the man-
agement of project impediments during periodic progress re-
views.
PBL manifests directly in Hands-On, as it is a stage that

tends to simulate a real software development environment,
in accordance with the methodology’s proposal (Thomas,
2000). Guided by mentors, students are encouraged to in-
tegrate industry-standard tools and agile practices (Kanban,
Daily Scrum, Pair Programming) with technical frameworks
like Angular and Spring. Consequently, the program’s ped-
agogical approach is defined by the synergy between agile
practices and PBL principles.

4.1 Implementation and Reproducibility Dy-
namics

To ensure the reproducibility of this model, the pedagogical
intervention is grounded in an environment that strictly sim-
ulates professional industry standards (Saar et al., 2023a,b).
Guided by the Scrum framework, project development oc-
curs in one- to two-week sprints. Each sprint concludes with
a formal review to present progress, followed by planning
sessions for the upcoming cycle. A central pillar of this
phase is team autonomy; students are responsible for tech-
nical decision-making and internal role definitions. To foster
diverse skill development, roles such as the Scrum Master
are rotated at each sprint, ensuring all members experience
leadership responsibilities and different perspectives of the
development lifecycle.
The mentorship model acts as a cornerstone for this tech-

nical maturation, with instructors serving as facilitators who
provide informal feedback as technical or interpersonal chal-

1http://webacademy.ufac.br/

http://webacademy.ufac.br/


Interplay of Technical and Interpersonal Competency Development Cavalcante et al. 2026

lenges arise (Saar et al., 2023a,b). Daily interactions occur
through agile ceremonies, where mentors mediate conflict
resolution and manage project impediments. The faculty ad-
visor often assumes the Product Owner role, especially when
projects involve institutional demands, being responsible for
validating requirements and simulating real-world market
pressures.
Technological support and physical infrastructure are es-

sential for simulation fidelity (Saar et al., 2023b). Teams
operate in a modern software development laboratory at
UFAC, featuring an environment specifically designed to
favor collaboration and collective problem-solving through
pair programming and group discussions. The infrastruc-
ture adheres to industry standards by integrating Git and
GitHub for version control and peer reviews, while Trello or
GitHub Projects facilitate backlogmanagement throughKan-
ban boards. The development stack centers on Angular and
Spring Boot, with Visual Studio Code as the primary IDE.
This synergy between a structured curriculum, immersive
practice, and specialized tooling enables a seamless transi-
tion from theory to solving complex, real-world engineering
challenges.

5 Method
A survey (Gil, 2002) and interviews were conducted with stu-
dents of the WebAcademy course. Two questionnaires were
applied to cohort V, one at the beginning and one at the end
of the approximately 7-month course, seeking to obtain self-
assessment of familiarity with Software Engineering content
and the development of non-technical skills during this pe-
riod of participation in the project.
The procedure followed, illustrated in Figure 2, was based

on Pfleeger and Kitchenham (2001) and is described below:

1. Literature review: A literature reviewwas conducted on
the development of soft and hard skills in Software En-
gineering education and their relevance to the labor mar-
ket;

2. Objective adjustment (General and Specific): Based on
the gaps identified in the literature review, the research
objectives were continuously refined to ensure theoreti-
cal alignment and methodological feasibility. This iter-
ative process continued until the final scope was clearly
defined;

3. Research schedule: The stages of the study were
planned, with established timelines to ensure all activ-
ities remained within the project’s timeframe;

4. Questionnaire design: Data collection instruments were
designed with structured questions to assess both the
hard and soft skills of the participants. The question-
naire was developed based on a review of previous lit-
erature in the field;

5. Cohort IV application: The questionnaires were applied
to the fourth WebAcademy cohort, enabling data collec-
tion for a preliminary analysis;

6. Refinement of data collection instruments: Based on the
analyses performed on Cohort IV, the questionnaires
were refined, and new semi-structured interview proto-

cols were developed for both students and professors to
enable data triangulation;

7. Data collection: Data collection was executed using
the refined instruments. Questionnaires and interviews
were administered to Cohort V students, complemented
by faculty interviews to triangulate multiple perspec-
tives on competency development;

8. Data analysis: The collected datawere analyzed through
a mixed-methods approach, employing statistical and
qualitative techniques to identify patterns and address
the research questions;

9. Writing: The research findings are systematically pre-
sented and described in this paper with clarity and ob-
jectivity;

10. Proofreading: The text was reviewed to ensure coher-
ence, cohesion, and academic quality. This involved an
iterative writing-revision cycle, allowing for continuous
refinement until the final version was achieved.

Figure 2. Adopted procedure.

To align the study with initial statistical goals, the course
methodology, and qualitative insights from interviews and
open-ended questions, the following research questions were
formulated:

1. How does the PBL methodology applied in the course
influence the development of students’ soft skills?

2. What is the impact of interactions during the course with
mentors and colleagues active in IT on the improvement
of hard skills and soft skills?

3. In what way does the systematic study of Software En-
gineering topics (hard skills) contribute to the evolution
of students’ interpersonal skills?

4. Did the participants’ self-assessments of hard skills and
soft skills show statistically significant differences be-
tween the beginning and the end of the course?
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5. What motivations can be identified in the qualitative re-
sponses of students who had self-assessments with sig-
nificant variations?

6. How does the Dunning–Kruger effect manifest in these
variations, and what qualitative motivations explain
these changes?

7. Which experiences are perceived by students as crucial
for increasing confidence in their soft skills?

Google Forms2 was used for the creation and distribu-
tion of the questionnaires. Selection criteria included the re-
searchers’ familiarity with the platform, ease of access for
respondents (via online link), and the availability of the tool
at no cost.
For the construction of this research, 4 questionnaires were

applied, named according to the cohort and the moment of
application: T4.1 and T4.2 for cohort IV, and T5.1 and T5.2
for cohort V. The first questionnaire for each cohort (T4.1
and T5.1) was applied during the first week of classes; T4.1
contained only closed questions, while T5.1 contained both
closed and open questions. The second questionnaire (T4.2
and T5.2) was applied in the last week of the course, with
both including closed and open questions. Questionnaire
T4.1 was applied between August 7 and 14, 2023, and T4.2
between February 28 and March 6, 2024. Cohort IV served
as a pilot study, allowing for the assessment of the quality of
the collection instrument. Based on the results of this appli-
cation, adjustments were made to improve the formulation of
questions and ensure greater precision in the assessment of
soft skills and hard skills. The revised questionnaires were
then applied to cohort V, with T5.1 administered between
April 22 and 29, 2024, and T5.2 between November 8 and
13, 2024. The findings from Cohort IV are detailed in the
papers by Cavalcante et al. (2023, 2024). The questionnaire
and the detailed mapping of modifications are provided in
the papers registry of this study.
The questions related to Software Engineering knowledge

were developed based on the work of Portela et al. (2015).
The authors considered surveys applied in the works of
Lemos et al. (2019) and Lethbridge (2000), as well as refer-
ence curricula from ACM and SBC for writing the questions
(Kumar et al., 2024; SBC, 2005). This study presents the re-
sults of a survey on the adoption and learning of Software En-
gineering topics recommended by the ACM/IEEE and SBC
reference curricula. Its choice is due to its relevance to the
research focus and the fact that it is the most recent study
found with this approach.
Questions about soft skills were based on the study by Ro-

drigues et al. (2022), which investigated the development
of soft skills in computing students participating in a spe-
cific project, using the set of skills adopted by Marques
et al. (2020) in their qualitative analysis. This analysis was
based on the proposals of Vogler et al. (2018) and González-
Morales et al. (2011). This work was chosen for presenting
a context similar to this study, being recent, well-founded
in previous research, and also due to its publication in the
proceedings of Women in Information Technology (WIT) by
SBC, which reinforces its relevance in the field.

2https://docs.google.com/forms

Interview protocols were formulated through collabora-
tive sessions among researchers and validated via a pilot
studywith a student. Selected students were invited via email,
with up to two follow-up reminders for scheduling, offer-
ing both in-person and online formats. Interviews were tran-
scribed using Google Colaboratory3 and analyzed in a pro-
cess similar to that used in qualitative analysis, in which re-
searchers discussed their interpretations until reaching a final
consensus. During iterations, opinions converged.
To deepen the investigation into the effectiveness of the

teaching methodology in the simultaneous development of
technical and interpersonal skills, semi-structured interviews
were conducted with faculty members. This group consisted
of the four primary instructors of the program, representing
100% of the teaching staff responsible for the technical foun-
dation phase. These faculty members oversaw 205 instruc-
tional hours across twelve specializedmodules, ranging from
UX and Design Thinking to advanced Front-End and Back-
End frameworks, Testing, and CI/CD. This comprehensive
representation ensures that the qualitative insights reflect the
perspectives of those who monitored the participants’ techni-
cal evolution from initial concepts to complex project execu-
tion in the Hands-On phase.
The primary objective was to obtain a complementary,

longitudinal assessment of students’ socio-technical develop-
ment across successiveWebAcademy cohorts. The interview
protocol was structured to examine how active methodolo-
gies influence professional maturity and the students’ capac-
ity to apply theoretical foundations to complex Software En-
gineering challenges. Formal invitations were sent via email,
and the interviews were conducted individually through re-
mote communication platforms. All sessions were recorded
and fully transcribed using the Google Colaboratory envi-
ronment to ensure data integrity and facilitate a rigorous
qualitative analysis. Finally, the researchers conducted itera-
tive cycles of discussion to ensure triangulation between the
instructors’ pedagogical perspective and the students’ self-
perception.
For the qualitative analysis, the Card Sorting technique

was used (Spencer and Garrett, 2009; Zimmermann, 2016).
A shared document was used, where authors could work col-
laboratively, containing all collected discursive responses.
Researchers met to evaluate the responses, ensuring data
were systematically verified and coded to identify relevant
categories. Figure 3 exemplifies the coding process.

Figure 3. Coding example.

To ensure a conclusive classification and a focused anal-
ysis of student perspectives, this iterative process continued
until the researchers reached a consensus. This approach en-
sured that the findings aligned closely with both the research
questions and the students’ reported experiences.
To evaluate the evolution of soft skills and SE knowledge

3https://colab.google/

https://docs.google.com/forms
https://colab.google/
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throughout the course, we employed the statistical tests illus-
trated in Figure 4. Participants’ qualitative responses were
coded into numerical values. Subsequently, we calculated
the delta between final and initial scores for each item to de-
rive a change variable. The normality of these differences
was verified using the Shapiro–Wilk test (Shapiro and Wilk,
1965), which indicated that the data did not follow a nor-
mal distribution (p < 0.05). Consequently, theWilcoxon test
(Wilcoxon, 1945) was chosen as a non-parametric alternative
to the paired t-test to compare responses before and after the
course. The Wilcoxon test is recommended for related sam-
ples when data do not meet normality assumptions, and it
is widely used in education and computing research (Field,
2018; Siegel and Castellan, 1988). This approach ensured
the robustness of the analysis and adequacy for the collected
data.

Figure 4.Methodology for statistical tests.

Statistical calculations were performed using the Python
programming language with the help of the scipy and pan-
das libraries. The scipy library provided functions for the
Shapiro–Wilk andWilcoxon tests, while pandas was used for
data manipulation and organization. The choice of Python
is justified by its flexibility, wide adoption in the scientific
community, and the availability of robust tools for statistical
analysis.

6 Implementation of the PBL-Based
Training Environment

Although the research methodology describes the instru-
ments and analysis techniques adopted, it is essential to
detail the practical execution of the pedagogical interven-
tion. To immerse students in a scenario that simulates pro-

fessional industry environments, the pedagogical interven-
tion was grounded in the pillars of PBL. Consequently, this
section describes how PBL principles were operationalized
within the Hands-On Module.

6.1 Team Composition and Scope

Team formation was intentional rather than random. Instruc-
tors implemented strategic grouping based on student per-
formance in previous modules (Basic, Intermediate, and Ad-
vanced). Students were distributed across different levels of
technical and behavioral proficiency, aiming for balanced
teams that could handle the specific complexity of each
project, meaning the project scope was also a determining
factor for team composition.

6.2 Sprint Dynamics and Autonomy

Project development was guided by the Scrum framework,
adapted for the educational environment. Sprints lasted be-
tween 7 and 15 days, each concluding with a formal Sprint
Review to present progress. Subsequently, teams met to plan
activities for the upcoming cycle.
A central pillar of the interventionwas granting teams high

levels of autonomy. Students were responsible for techni-
cal decision-making and internal role definitions, while the
course environment encouraged them to navigate their own
communication and conflict challenges. To foster diverse
skill development, roles such as the Scrum Master were ro-
tated each Sprint, ensuring all members experienced leader-
ship responsibilities. In this student-centered design, mentors
acted only as mediators in the last resort.

6.3 Role of the Advisor and the Product
Owner

Mentors acted not only as instructors but as facilitators, pro-
viding informal feedback on interpersonal skills as technical
challenges arose, while ensuring the teams remained focused
on delivering client value. The Product Owner (PO) role was
assigned based on the specific needs of each project. Typi-
cally, a designated individual is appointed to act as the PO,
with the advising professor assuming this role if such a figure
is unavailable. The faculty advisor assumed this responsibil-
ity when a project stemmed from their own research or in-
volved institutional demands from UFAC. In such instances,
the advisor was responsible for validating requirements and
simulating real-world market pressures.

6.4 Infrastructure and Artifacts

Technological support was fundamental for simulation fi-
delity. The infrastructure mirrored industrial standards, incor-
porating Git and GitHub for version control and code review,
and Trello or GitHub Projects for backlog management and
task tracking via Kanban boards. Regarding the development
stack, projects primarily utilized Angular and Spring Boot
frameworks.
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7 Results and Discussion
The survey conducted with questionnaire T5.1 achieved a
93.9% response rate (31 out of 33 students). Questionnaire
T5.2 reached 100% of the students who completed the course
(29 respondents). This difference in total participants is at-
tributed to four dropouts throughout the semester: three dur-
ing the basic module and one during the intermediate stage.

7.1 Student Profile
Student profiles were characterized based on data from ques-
tionnaire T5.2, with the most relevant demographics pre-
sented in Figure 5. Among the 29 respondents, 89.7% self-
identified as cisgender men and 10.3% as cisgender women.
Regarding financial support, 51.7% of students held schol-
arships, while 48.3% did not. Beyond financial data, the
observed gender imbalance, with women representing only
10.3% of the cohort, reflects the systemic barriers faced by
women in IT career paths, particularly in software develop-
ment (Giovannetti, 2023).

Figure 5. Profile of cohort V students.

Regarding age, students were distributed across the follow-
ing age groups: 51.7% were between 18 and 21 years old,
27.6% were aged between 22 and 25, 6.9% were aged be-
tween 26 and 29, 3.4% were aged between 30 and 33, 3.4%
were aged between 34 and 37, 3.4% were aged between 38
and 41, and 3.4% were aged 42 years or older.
In terms of employment status, 62.1% reported that they

were full-time students, 17.2% identified as active profes-
sionals in the technology sector, 6.9% as active professionals
in non-technology sectors, 3.4% as interns in the technology
sector, 3.4% as self-employed professionals in technology,
3.4% as self-employed in non-technology fields, and 3.4%
reported holding a prior degree but were unemployed at the
time of the survey.
Students were asked about their current educational level:

69% were enrolled in an undergraduate degree program,
13.8% had completed an undergraduate degree, 10.3% had
technical or specialized training in computing-related fields,

3.4%were pursuing a graduate degree, and 3.4% had already
completed a graduate degree at the time of the survey.
This result indicated that the cohort represents a young

and predominantly male group, exhibiting a highly heteroge-
neous profile, with students at different professional and aca-
demic stages. This diversity highlights the need for flexible
approaches in technology courses, adapted both to beginners
and to professionals seeking upskilling.

7.2 Interaction between students

Students were asked to discuss their experiences interacting
with professionals in the field during the course. The cate-
gories (Cat.) and codes identified in the qualitative analysis
are presented in Table 1, along with the respective percent-
ages corresponding to mentions of each category and code.

Table 1. Considerations regarding interaction with professionals.

Category (a) Code (b) % (b) % (a)

Positive
evaluation of
the interaction

Productive 37.9

72.4

Interesting 10.3
Good 10.3
Useful 6.9
Important 6.9
Added value 3.4
Relevant 3.4

Types of
interaction

Experience sharing 48.3
51.7

Interaction limited to instructors 3.4

Technical or
conceptual
knowledge

Technical learning 24.1
41.4Knowledge gain 20.7

Clarified doubts 20.7

Professional
evolution

Understanding the labor market 27.6
34.5Provided guidance 10.3

Stimulated curiosity 3.4

Networking Professional network 17.2 17.2

Neutral or
without impact

Made no difference 3.4
6.9

No influence on hard skills 3.4

The analysis of the 29 responses to questionnaire T5.2 in-
dicated that: 72.4% of the students evaluated the interaction
positively, with 37.9% stating that it was productive; only
6.9% reported neutral or negative evaluations; 48.3% men-
tioned experience sharing as the primary form of interaction;
interaction limited to instructors was rarely mentioned (3.4%
of responses); 41.4% highlighted gains in technical or con-
ceptual knowledge; 34.5% mentioned professional develop-
ment; and 17.2% valued the development of professional net-
works.
Qualitative analysis further supports these findings, as ev-

idenced by a remark from student E29, who emphasized that
knowledge exchange with peers and mentors was vital for
mastering advanced topics and refining essential communica-
tion skills. This perspective aligns with the quantitative data,
illustrating how social interaction fostered both technical pro-
ficiency and soft skills. Such evidence corroborates Vygot-
sky’s theory (Vygotsky, 1978), which posits that engagement
with more experienced peers facilitates the internalization of
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new knowledge. Furthermore, the student noted that practi-
cal insights frommentors were instrumental in resolving spe-
cific queries and broadening their grasp of industry dynamics
and best practices in Web development.
Based on the collected data, it is possible to observe

that the training course understands the benefits that inter-
actions among students bring to the learning process, recog-
nizing this approach as crucial to the development of par-
ticipants’ skills, thus stimulating cooperative engagement,
through which students can share their experiences, recom-
mendations, and perspectives regarding their professional fu-
ture.
An illustrative comment was provided by student E8: “I

had more interaction in the part of listening to conversations
between colleagues [...] it made me know a little more about
what expectations are like and how people in the technology
field are, but I think it didn’t have any significant influence
on my learning in the courses of the training program.” This
report reveals that the student had a predominantly passive
experience in the interaction with peers, as they specifically
mention listening to conversations, which suggests a more
receptive rather than active form of participation in these mo-
ments. This observational stance may help explain why, al-
though they acquired knowledge about market expectations,
they did not perceive significant gains in the technical learn-
ing of the courses.
This distinction is important because it reinforces the idea

that active engagement in discussions (such as asking ques-
tions, debating ideas, or explaining concepts) tends to pro-
duce deeper cognitive benefits than mere passive listening.
As demonstrated by Prince (2004), when students actively
articulate and defend their reasoning, they process informa-
tion at a deeper level than when they only listen passively.
The analyzed case clearly demonstrates how different levels
of participation in interactions can lead to significantly dif-
ferent learning experiences and results. The findings support
the pedagogical value of collaborative learning in the context
of the course, while also highlighting the need for attention to
the various degrees of engagement presented by the students.
Although most experiences were evaluated positively, it is

relevant to note that 6.9% of students considered the interac-
tion neutral or without impact on their technical learning. The
presence of this minority highlights a pedagogical challenge:
the need for mechanisms that promote active engagement in
collaborative work for all student profiles.

7.3 Statistical tests
Through questionnaire T5.1, students provided a baseline
self-assessment of their soft skills at the beginning of the
course, focusing on: Application of Information Technology,
Self-direction, Results evaluation, Information search and
classification, Communication of results, Written commu-
nication, Oral communication, Creativity, Diversity, Ethics
and Social Responsibility, Managing customer expecta-
tions, Conflict management, Leadership, Critical thinking,
Problem-solving, Professionalism, Decision-making, and
Teamwork. The response options were: none, little, reason-
able, much, I don’t know, and not applicable. At the end
of the term, the same self-appraisal was conducted via ques-

tionnaire T5.2, serving as a post-course evaluation of the stu-
dents’ soft skills.
The statistical methodology employed to assess the devel-

opment of soft skills is detailed in the workflow presented in
Figure 4. Participants’ responses were coded according to the
following scale: None = 0, Little = 1, Reasonable = 2,Much =
3, and None/I don’t know/Not applicable = 0. Subsequently,
the difference between final and initial scores for each soft
skill was calculated to derive a change variable. The normal-
ity of these differences was assessed using the Shapiro–Wilk
test, which revealed a non-normal distribution (p < 0.05).
Consequently, the Wilcoxon test was employed to compare
the pre- and post-course responses, with the results summa-
rized in Table 2.

Table 2.Wilcoxon test - soft skills

Soft Skills Stat p

Application of Information Technology 40 0.005947
Self-direction 50 0.867959
Results evaluation 50 0.193985
Information search and classification 43 0.094037
Communication of results 14 0.002867
Written communication 46.5 0.414536
Oral communication 22.5 0.018422
Creativity 26 0.133614
Diversity 48 0.024948
Ethics and Social Responsibility 37.5 0.563449
Managing customer expectations 5 0.000058
Conflict management 21 0.003256
Leadership 44.5 0.028564
Critical thinking 0 0.002282
Problem-solving 18 0.131668
Professionalism 15 0.165518
Decision-making 15 0.004678
Teamwork 16 0.057827

The Wilcoxon test results, presented in Table 2, reveal a
statistically significant improvement (p < 0.05) in 50% of
the evaluated soft skills (nine out of eighteen). The skills that
showed statistically significant differences were: Applica-
tion of Information Technology, Communication of results,
Oral communication, Diversity, Managing customer expec-
tations, Conflict management, Leadership, Critical thinking,
and Decision-making. These results suggest that the course
was particularly effective in developing these competencies,
possibly due to its practical focus and the specific activities
that promoted their improvement.
In contrast, skills such as Self-direction, Results evalu-

ation, Information search and classification, Written com-
munication, Creativity, Ethics and Social Responsibility,
Problem-solving, Professionalism, and Teamwork did not
show statistically significant differences. This lack of sig-
nificant improvement may suggest that participants already
possessed high baseline levels of these competencies, or that
the intervention was not sufficiently intense to foster further
growth. Consequently, future iterations of the course should
incorporate targeted interventions specifically designed to
strengthen these underdeveloped areas.
At the beginning of the course, questionnaire T5.1 was

used to collect student self-assessments across several hard
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skills, including Requirements Engineering, Continuous De-
livery, Configuration Management, Project Management,
Agile Methods, Pair Programming, Software Design, Verifi-
cation and Validation, and the tools and environments used in
the course (e.g., GitHub, Visual Studio Code). The response
optionswere: none, little, reasonable, much, and I don’t know
how to answer. This self-assessment was repeated at the end
of the course via questionnaire T5.2 to capture changes in
perceived expertise.
These responses enabled a statistical analysis. First, the

data were organized in a spreadsheet and the response cat-
egories were converted into numerical values, where the
”none” and ”I don’t know” levels were assigned a value of 0,
”little” received a value of 1, ”reasonable” received a value
of 2, and ”much” received a value of 3. Subsequently, the
delta scores between final and initial values were calculated
for each hard skill. Data normality was then assessed via the
Shapiro–Wilk test, which revealed a non-normal distribution
(p < 0.05).
Due to the non-normal distribution, the Wilcoxon test was

employed as a non-parametric alternative to the paired t-test
for comparing pre- and post-course responses. This test is
recommended for related samples when the data do not meet
normality assumptions, ensuring the robustness of the anal-
ysis and the validity of the results. The test results, summa-
rized in Table 3, indicate a statistically significant improve-
ment (p < 0.05) across all evaluated hard skills.

Table 3.Wilcoxon test - hard skills

Hard Skills Stat p

Requirements Engineering 26 0.002356
Continuous Delivery 30 0.001978
Configuration Management 34.5 0.003720
Project Management 18 0.000871
Agile Methods 20 0.005338
Pair Programming 17 0.000188
Software Design 20 0.001953
Verification and Validation 28 0.000339
Tools and Environments 26 0.007066

7.4 Degree of contribution per module
Participants evaluated the perceived contribution of each
module to their soft skills development, with results illus-
trated in Figure 6. The assessment utilized a five-point scale:
none, low, moderate, high, and undecided.
In the Basic Module, 34.5% of students perceived its con-

tribution to soft skills development as reasonable, while 31%
rated it as high. Only 3.4% considered the contribution to be
not significant at all. These results suggest that while the Ba-
sic Module played a relevant role in initiating skill develop-
ment, it may not have been the primary driver of soft skills
compared to subsequent stages.
The Intermediate Module received a more balanced per-

ception, with 48.3% of participants considering its contribu-
tion to be reasonable, 27.6% rating it as high, and the remain-
ing 24.1% rating it as low. This indicates that the module was
relevant, but it may not have been as effective as the other
modules.

Figure 6. Degree of contribution per module - soft skills.

The Advanced Module obtained a generally positive eval-
uation, with 44.8% of participants considering its contribu-
tion to be high, 37.9% considering it as moderate, and 17.2%
rating it as not very significant. These results indicate a mod-
erate contribution; while the module remained relevant, its
perceived impact on soft skills was less pronounced than in
the other stages of the course.
The Hands-On Module showed the most significant pos-

itive impact, with 79.3% of participants rating its contribu-
tion to soft skills development as high. This indicates that the
module was highly effective and likely focused on practical
activities that promoted skill development.
Accordingly, Table 4 summarizes these results, presenting

the course modules hierarchically based on their contribution
to the development of students’ soft skills: Hands-On, Ad-
vanced, Intermediate, and Basic.

Table 4. Hierarchy of modules by degree of contribution - soft
skills.

Module Comment

Hands-On 79.3% with a high degree of contribution, indicating
that it was highly effective.

Advanced 44.8% with a high degree of contribution, quite sig-
nificant.

Intermediate 48.3% with a moderate degree of contribution, may
need adjustments to improve its effectiveness.

Basic 34.5% with a moderate degree of contribution, may
not have been as effective.

The results indicate that participants perceived differences
in the contribution of each module to the development of
their soft skills. Hands-On was the most highly rated, with
79.3% of participants considering its contribution to skill im-
provement to be high. This result suggests that the practical
and challenging focus of this module was particularly effec-
tive. The Advanced Module also received a positive evalu-
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ation, with 44.8% of participants rating its contribution as
high and 37.9% rating it as moderate. This indicates that the
module was effective in promoting skill development. The
Intermediate Module received an evaluation of 48.3% with
a reasonable degree of contribution; this may indicate that
some adjustments are needed to improve its impact within
the course. In turn, the Basic Module was rated by 34.5%
of participants with a contribution considered moderate, and
another 31% rated its contribution as high. The contrast ob-
served in this survey indicates that the measures adopted in
somemodules require further attention so that all of them can
contribute more consistently to the improvement of students’
soft skills.
In a similar manner to the soft skills assessment, students

evaluated the extent to which each module contributed to
their technical proficiency. The survey employed the same
five-point scale (none, low, moderate, high, and undecided),
with the resulting distribution illustrated in Figure 7.
Unlike the results obtained regarding students’ percep-

tion of soft skills, the Advanced Module outperformed the
Hands-On Module in its perceived degree of contribution
to hard skills, with 75.9% of students reporting a high im-
pact. This result is consistent with the program’s design, as
the Advanced Module introduces more complex technolo-
gies and frameworks, which are subsequently applied in the
final projects (Saar et al., 2023b).
However, these data suggest a pedagogical subtlety re-

garding the transition to the Hands-On stage. While the Ad-
vanced Module expands the students’ technical repertoire,
the Hands-On Module prioritizes the synthesis and applica-
tion of existing knowledge. This shift in focus can lead to a
misleading self-perception where students may feel they are
“learning nothing new” in terms of technical content, as they
are no longer being introduced to new frameworks.
In reality, qualitative evidence suggests that this stage is

where the most significant technical maturation occurs. As
observed in studies on the WebAcademy Project, students
often apply theoretical concepts during the Hands-On stage
in an unconscious or implicit manner (Saar et al., 2023a).
Although the novelty of tools decreases, students achieve a
higher level of proficiency, becoming faster and more pre-
cise in integrating multiple software layers under pressure.
Therefore, the perceived plateau in technical gain is actually
a milestone of professional competence, where the expan-
sion of knowledge is replaced by the mastery of execution
and the ability to solve real-world engineering challenges au-
tonomously (Saar et al., 2023b,a).
Regarding the Basic Module, 37.9% of participants con-

sidered the contribution as low and 31% as moderate. Only
24.1% rated it as high, while 6.9% indicated therewas no con-
tribution (none). These results suggest that the Basic Module
had a moderate impact on technical gains. This may be at-
tributed to its focus on foundational concepts that some stu-
dents had already mastered, or simply to its nature as an in-
troductory phase.
The Intermediate Module showed a higher perception of

technical gain, with 51.7% of students rating the contribu-
tion as high and 34.5% as moderate. Only 13.8% indicated
a low contribution (low). This demonstrates that the techni-
cal content at this stage had a substantially greater impact on

Figure 7. Degree of contribution per module - hard skills.

the participants’ professional development compared to the
Basic Module.
The Advanced Module obtained the most expressive eval-

uation in terms of high technical contribution, with 75.9% of
responses in the high category. Another 13.8% considered
the contribution moderate, while 6.9% rated it as low and
3.4% were undecided. The high rate of value perception re-
inforces that the complex topics addressed at this stage were
crucial for the students’ technical maturity.
The Hands-On Module also demonstrated strong rele-

vance for hard skills, with 65.5% of participants rating it as
high and 27.6% as moderate. A percentage of 6.9% were un-
decided. Although slightly lower than the Advanced Module
in the high contribution category, Hands-On established it-
self as a vital moment for the practical application of techni-
cal knowledge in a simulated scenario.
Thus, Table 5 was constructed, presenting the course mod-

ules hierarchically according to the degree of contribution to
the students’ hard skills, in the following order: Advanced,
Hands-On, Intermediate, and Basic.

Table 5. Hierarchy of modules by degree of contribution - hard
skills.

Module Comment

Advanced 75.9% with a high degree of contribution, indicating
it is the module with the greatest direct technical im-
pact.

Hands-On 65.5% with a high degree of contribution, demon-
strating high effectiveness in the practical applica-
tion of concepts.

Intermediate 51.7% with a high degree of contribution, showing
a quite significant technical impact.

Basic 37.9%with a low degree of contribution, suggesting
a more limited initial technical impact.

Furthermore, the Hands-On Module subjects students to
an industry-like simulation with frequent role rotation. Con-
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sequently, the demand for soft skills is constant, as teams
must manage their own internal dynamics and project respon-
sibilities. The fact that themajority of students considered the
contribution of the Basic Module to be low may suggest that
they already possessed knowledge of the foundational con-
tent taught in this module. Following this line of reasoning,
subsequent modules obtained an increasingly higher percent-
age in the high contribution category, increasing from 24.1%
in the BasicModule to 51.7% in the IntermediateModule and
75.9% in the Advanced Module, a progression of 27.6% and
24.2%, respectively, which suggests a technical evolution of
the content presented as the course progresses.
To understand the direct connection between the techni-

cal foundation and the final practical application, students
were specifically asked about the degree of contribution of
the Advanced Module to the execution of the final project
in Hands-On. The data revealed that 75.9% of the students
rated this contribution as high and 17.2% as moderate, while
6.9% were undecided, as illustrated in Figure 8. No student
selected the none or low options.

Figure 8. Contribution of the Advanced Module to Hands-On.

This result exposes how significant the technical founda-
tionmade possible, especially by the AdvancedModule, was:
the perception of 75.9% of high contribution indicates that
the acquired technical knowledgewas directly applicable and
essential to satisfy client demands in the simulated environ-
ment proposed during the Hands-On period. This synergy ex-
plains why the Advanced Module leads to the perception of
gain in hard skills, while Hands-On leads in soft skills. While
the former provides the necessary technical tools (languages,
frameworks, and architecture), the latter offers the real-world
scenario for these tools to be tested under pressure, simultane-
ously requiring behavioral competencies for team and project
management. Thus, the success in delivering the final project
emerges as a strong indication that the course fulfilled its ob-
jective of competency integration.

7.5 Qualitative data
Regarding the development of soft skills, students from Co-
hort V were invited to share their perceptions. Qualitative
analysis of the 29 responses revealed that 31% of partici-
pants reported an improvement in teamwork skills; 27.6%
mentioned communication as an improved skill, 17.2% high-
lighted leadership, and 10.3% conflict management. Other
mentioned skills include adaptation (6.9%), self-direction
(6.9%), professionalism (6.9%), problem-solving (6.9%),

and decision-making (6.9%). Skills such as IT application,
understanding the client, ethics, organization, resilience, so-
cial responsibility, and knowing how to listen were cited by
3.4% of the students each.
Table 6 represents the qualitative analysis of the items that

stimulated the development of soft skills according to the
students, where 31% mentioned practice as the main factor,
20.7% highlighted Hands-On, and 6.9% cited the courses.
Regarding more generalized opinions, 31% of the students
stated that they improved overall, 17.2% mentioned greater
self-perception, and 3.4% highlighted that the course pro-
vided a solid foundation for the development of these skills.

Table 6. Comments on soft skills.

Category (a) Code (b) % (b) % (a)

Soft skills
developed or
improved

Teamwork 31

48.3

Communication 27.6
Leadership 17.2
Conflict management 10.3
Adaptation 6.9
Self-direction 6.9
Professionalism 6.9
Problem-solving 6.9
Decision-making 6.9
IT application 3.4
Understanding the client 3.4
Ethics 3.4
Organization 3.4
Resilience 3.4
Social responsibility 3.4
Knowing how to listen 3.4

Items that
stimulated
soft skills

Practice 31
41.4Hands-On 20.7

Courses 6.9

Opinion
Overall improved 31

34.5Self-perception 17.2
Solid foundation 3.4

It is possible to highlight that the most developed soft
skills were communication and teamwork, with 27.6% and
31%, respectively. In addition, several skills were mentioned,
such as conflict management, adaptation, self-direction, and
decision-making. Practice was mentioned as the most rele-
vant item for the development of soft skills, with 31%, fol-
lowed by Hands-On with 20.7% of mentions. This suggests
that, although Hands-On is an important component, general
practice in course activities also stood out in the students’
perception.
In this context, students were also questioned about which

activities they considered responsible for the development
of the soft skills they indicated. In the group of coding re-
lated to immersive Hands-On experiences, Hands-On was
mentioned by 55.2% of the students; practical activities were
mentioned by 17.2%; and interactionwith the client appeared
in 10.3% of the responses. Within the collaborative learning
category, which encompasses various forms of team interac-
tion, the following stood out: group activities (31.0%), team-
work (20.7%), conversations (13.8%), and assertive commu-
nication (6.9%), as shown in Table 7.
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Table 7. Activities that stimulated soft skills.

Category (a) Code (b) % (b) % (a)

Immersive
Hands-On
experiences

Hands-On 55.2

65.5

Practical activities 17.2
Interaction with the client 10.3
Real-world environment 6.9
Project conflicts 6.9
Scrum experience 6.9

Collaborative
learning

Group activities 31.0

55.2

Teamwork 20.7
Conversations 13.8
Assertive communication 6.9
Helping colleagues 3.4
Alignment meetings 3.4

Formal
course

components

Courses 13.8

27.6
Workshops 6.9
Sprint presentations 6.9
Advanced Module 3.4

Problem
management
and solving

Problem-solving 6.9
10.3Assigning responsibilities 3.4

Task planning 3.4

Other factors
Intellectual curiosity 3.4

6.9
Overall improvement 3.4

It is possible to observe that Hands-On was the activity
most cited in the students’ responses, comprising 55.2%, fol-
lowed by group activities at 31%. Considering that a student
can mention multiple items in their response, the last col-
umn of Table 7 shows the percentages of mentions made
by students in each category, where immersive Hands-On
experiences and collaborative learning were the most cited,
with 65.5% and 55.2%, respectively. These results reinforce
the importance of practical, hands-on activities in the devel-
opment of soft skills, while simultaneously highlighting the
need to adapt the course to meet a broader range of skills and
student expectations.
Testimonials from students E20 and E21 reveal how the

most cited categories contributed to the maturity and percep-
tion of some competencies. E20 highlighted the integration
betweenHands-On and groupwork: “Hands-On [...] was the
moment I used soft skills the most for various purposes, as
well as in the training course classes where there were group
assignments to be done; in general, the experience of doing
things in groups was the main reason that made me develop
soft skill capabilities.” E21 reinforced the role of collabo-
rative activities in the courses: “The vast majority of group
activities in the courses were a factor that influenced the de-
velopment of soft skills due to the need to cooperate with
other people and knowing how to transmit what I thought
to them.” These accounts show that students not only recog-
nize teamwork as crucial but also better articulate its impact
on the development of competencies such as collaboration,
communication, and adaptability.
Course components such as workshops and Sprint presen-

tations, which provide the theoretical foundation, play a com-
plementary yet secondary role compared to the practical and
collaborative experiences shown in the first part of Table 7.
The course appears to be effective when it combines immer-
sive practice with theoretical support and basic project man-

agement, but the key differentiator lies in the activities that
simulate real situations.
Regarding the development of hard skills, students from

Cohort V were also asked to comment on their perceptions.
The coding of the 29 responses identified several categories
of technical knowledge, as shown in Table 8. The most cited
categorywas Languages and Frameworks (58.6%), with Java
(44.8%), general mentions of frameworks (34.5%), Angular
(31.0%), and Spring Boot (31.0%) being themost frequent ar-
eas of development. Software Engineering (48.3%) and Do-
mains and Professional Profile (48.3%) were also prominent,
highlighting programming (37.9%), front-end development
(31.0%), and back-end development (27.6%) as significant
gains. Additionally, students reported progress in Tools and
Infrastructure (37.9%), with a focus on Git/Github (24.1%),
and Data Management and Analysis (27.6%) centered on
databases (20.7%).

Table 8. Comments on hard skills.

Category (a) Code (b) % (b) % (a)

Languages and
Frameworks

Java 44.8

58.6

Frameworks
(General Mention)

34.5

Angular 31.0
Spring boot 31.0
CSS 20.7
Javascript 17.2
HTML 13.8
Typescript 13.8
NodeJS 3.4

Software
Engineering

Programming 37.9

48.3
Methodologies 13.8
Testing 6.9
Requirements
Engineering

3.4

Domains and
Professional
Profile

Frontend 31.0

48.3
Backend 27.6
Web development 13.8
Full-stack 6.9

Tools and
Infrastructure

Tools (General) 27.6

37.9

Git/Github 24.1
CI/CD 10.3
Apache 3.4
Containerization 3.4
Maven 3.4
Xampp 3.4

Data Management
and Analysis

Database 20.7
27.6Data analysis 10.3

SQL 3.4

Architecture and
Software Patterns

Architecture 13.8

20.7
API rest 6.9
Integration 6.9
Microservices 3.4
SPAs 3.4

Design and
User Experience

Design 13.8
17.2

Usability 3.4

There was a notable consolidation of the Java and Spring
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Boot ecosystem among the participants, cited by 44.8% and
31.0% of the students, respectively, as the areas of greatest
technical mastery. Although the Angular framework was ex-
tensively practiced (31.0%), participant reports indicated a
dichotomy in self-confidence, with students perceiving them-
selves as technically more proficient in back-end develop-
ment than in front-end tasks. Additionally, the use of Git and
GitHub went beyond isolated technical competence in ver-
sion control, being identified by 24.1% of the participants as
an essential instrument for collaboration and team organiza-
tion.
Complementing the statistical findings, the qualitative

analysis reveals that hard skill proficiency was driven by
the practical necessity of integrating multiple software lay-
ers. Students reported that the ability to establish communi-
cation between the front-end and back-end, as well as the
application of the MVC architecture, represented decisive
technical milestones, transforming isolated concepts into au-
tonomous competence. This technical consolidation was fre-
quently attributed to the practical experience that required
building robust and scalable applications, combining knowl-
edge of databases, security, and requirements engineering in
a real development environment.
To identify the pedagogical vectors responsible for the sta-

tistical growth observed, students were asked which activi-
ties were decisive for this improvement. Table 9 represents
the qualitative analysis of the items that stimulated the devel-
opment of hard skills according to the students. The coding
of the responses reveals that the active methodology was the
preponderant factor: the category of ”Active Engagement”
was cited by 58.6% of the participants, followed closely by
”Project-Based Learning (PBL)” with 51.7%. Specifically,
the ”Hands-On Module” was highlighted by 48.3% of the
group as the central catalyst for technical learning. Qualita-
tive reports indicate that this stage is perceived not just as
an academic task, but as a faithful simulation of the labor
market, where the need to find dynamic solutions for real
problems consolidated their knowledge.

Table 9. Activities that stimulated hard skills.

Category (a) Code (b) % (b) % (a)

Active
Engagement

Applied practical 51.7
58.6Collaborative practices 10.3

Information search 6.9

Project-Based
Learning

Hands-On 48.3
51.7Real-world challenges 10.3

Deadlines 3.4

Foundation
and Structured
Curriculum

Formal instruction 31.0

48.3
Advanced module 20.7
Instructors’ pedagogy 10.3
Intermediate module 3.4

Despite the emphasis on practice, formal instruction main-
tained a significant foundational role. The ”Structured Cur-
riculum” category was cited in 48.3% of the responses, with
31.0% explicitly mentioning formal instruction (classes) and
20.7% highlighting the Advanced Module. Cross-analysis
suggests that the advanced theory provided the indispensable
technical toolkit for project execution, enabling the subse-

quent complex practice. However, caveats regarding didac-
tics in synchronous codingmoments were noted, with reports
of difficulties in following the pace of the technical demon-
stration. Finally, collaboration emerged as a technical driver:
the use of versioning tools in groups was pointed out as a
direct means of acquiring hard skills, reinforcing that in the
context of PBL, peer exchange is an engineering learning ac-
tivity in itself.
Similar to the findings regarding soft skills, these results

reinforce that the integration of a solid theoretical foundation
with immersive practical application is perceived by students
as the most effective path for mastering hard skills.

7.6 Interviews
As specified in Section 7.3, students reported their perceived
proficiency levels for a list of soft skills at both the beginning
and end of the course. Although the qualitative responses
largely highlighted positive development, the quantitative
self-assessments revealed a discrepancy: 100% of respon-
dents indicated the same level for at least one skill across both
questionnaires. Furthermore, 65.5% of students reported a
lower proficiency level for at least one skill in the final as-
sessment compared to the initial one. To investigate this phe-
nomenon, students who exhibited this behavior in their re-
sponses were invited to participate in an interview (57.8%
accepted). Table 10 lists the questions asked in the interviews,
as well as a categorization of the participants’ responses.

Table 10. Analysis of the interviews - students.

Questions and categorization %

1. What led you to mark those levels at the beginning?
Based on academic background (undergraduate degree) 45.5
Based on a previous extension course 27.3
Previous experiences in jobs, projects, and/or internships 27.3

2. Initially, did you feel confident with your soft skills?
Yes, due to prior experience 36.4
No, due to a lack of practical contact or clarity of the concept 63.6

3. After the course, did you feelmore confident regarding your
soft skills?
Yes, especially after the Hands-On 72.7
Maintained the same confidence level 9.1
Mixed confidence (”yes and no”) 18.2

4. Have you become more aware of the difficulty of soft skills?
Yes, realized how challenging they are 100

5. Would you say that you learned more, but realize that you
still have much to develop?
Yes 100

6. Would you change anything in the initial self-assessment?
No, the answers were honest at that time 54.5
Would change some specific assessments 45.5

7. Did the course have a positive or negative influence on your
soft skills?
Positive influence 100

The interviewwas conducted both in person and via video-
conferencing, with six participants joining remotely and five
attending in person. For the remote sessions, meetings were
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held via Google Meet4 with access links distributed to par-
ticipants’ email addresses shortly before each scheduled ses-
sion. For the on-site sessions, participants were requested to
attend the interview at a designated location on the university
campus at their scheduled time.
Each interview commenced with a brief overview of the

research scope, its objectives, and the significance of the
participant’s contribution to the study. The interview then
proceeded to explore the rationale behind the students’ ini-
tial self-assessments, as indicated in the first questionnaire,
where 45.5% responded that they based it on what they expe-
rienced in their undergraduate studies, 27.3% reported hav-
ing based it on previous projects in which they participated,
and 27.3% indicated previous experiences.
Question 2 sought to identify whether students felt secure

regarding their soft skills at the beginning of the course; in
this question, only 36.4% said they felt confident due to ex-
periences in previous projects, while 63.6% said no, as they
had little or no contact with practical projects previously.
The categorization of responses to question 3 showed

that the majority felt more confident in their soft skills af-
ter Hands-On. This underscores the efficacy of practical,
simulation-based activities in fostering soft skill develop-
ment by replicating real-world professional environments.
Furthermore, a holistic analysis of the interviews reveals
a consensus among participants regarding the vital role of
hands-on activities. Every interviewee emphasized that this
practical approach was fundamental to both their personal
and professional development.
Responses to question 4 indicated that all interviewees rec-

ognized how challenging soft skills are, and responses to
question 5 showed that everyone feels they still have much
to develop, despite having learned a lot in the course.
Regarding Question 6, nearly half of the interviewees in-

dicated they would revise their initial self-assessments. This
tendency toward retrospective reevaluation suggests that, af-
ter gaining practical experience, participants developed a
more critical and realistic perspective of their baseline com-
petencies. In their statements, they recognized that at the time
they had a mistaken perception of their level in certain soft
skills, but practical application revealed difficulties, indicat-
ing that the initial self-assessment should have been lower.
The remaining portion considered their answers appropriate
for the moment. As evidenced by the responses to Question
4, all participants recognized the inherent difficulty of mas-
tering soft skills. This realization led to a significant shift
in perspective, where students admitted that their initial self-
assessments were based on a different, and perhaps less ma-
ture, understanding of these competencies. These responses
align with the Dunning–Kruger effect (Kruger and Dunning,
1999), described as a cognitive bias that occurs when a per-
son with less knowledge has a false sense of wisdom, while
a person with greater knowledge feels unaware.
The interviews provided validation for the assumptions,

such as the increase in students’ confidence regarding their
soft skills and the Dunning–Kruger effect. The increase in
confidence was mainly attributed to the practical group activ-
ities carried out throughout the course, especially through the

4https://meet.google.com

Hands-On Module. A joint analysis of both quantitative and
qualitative datasets confirms the presence of the Dunning–
Kruger effect. Records with lower assessments of soft skills
in the final questionnaire compared to the initial one were
investigated through interviews to determine if students self-
assessed in that way because they did not recognize the dif-
ficulty of mastering them at the time, and if, after the course,
they gained this perception.

7.7 Interviews - faculty perspective
A qualitative analysis of interviews conducted with four
WebAcademy instructors was performed to capture the fac-
ulty’s perspective on student development. This provided a
complementary assessment of both technical and behavioral
progress. The analysis focused on how instructors strategize
for interpersonal skill development, the challenges faced, and
their perception of the evolution of maturity, the transition
from theory to practice, and the presence of cognitive biases,
such as the Dunning–Kruger effect.
Table 11 presents a synthesis of the faculty perceptions

extracted from the interviews, categorized according to the
eight questions and the themes of the applied guide.

Table 11. Analysis of the interviews - instructors.

Themes and
Categorization

Main Observations and Nuances

1.
Competency
Planning

Primary focus on hard skills, with soft skills
(teamwork, communication, critical thinking, and
problem-solving) occurring in an integrated man-
ner or in the background.

2.
Specific
Activities

Use of group work, agile methodologies (Scrum),
collaboration tools (Trello, GitHub), Design
Thinking, and peer evaluation to map and stim-
ulate competencies.

3.
Assessment
and Feedback

Predominantly informal, subjective, and occa-
sional, occurring through close conversations or
comments in technical tools when opportunities
or conflicts arise.

4.
The Integration
Challenge

Disparity in students’ backgrounds,
dense/intensive workload, and the difficulty
of measuring behavioral skills compared to
technical ones.

5.
Maturity and
Autonomy

Clear evolution throughout the course, especially
in commitment and engagement, being more no-
ticeable in the transition to theHands-OnModule.

6.
Dunning-Kruger

Effect

Identified in students who arrive confident due to
prior experience but recognize limitations when
facing the real and complex practice of Hands-
On.

7.
Resources and
Infrastructure

Evaluated as excellent, sufficient, and appropri-
ate, with multimedia support and spaces that fa-
vor collaboration and teamwork.

8.
Theory-Practice

Balance

Considered balanced (frequently 50/50), al-
though the intensive workload may hinder
absorption for students with a greater initial gap.

Regarding planning and integration, instructors empha-
sized that while the primary focus remains technical, the de-
velopment of soft skills is a constant, transversal concern.

https://meet.google.com
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Typically, these competencies are addressed indirectly; al-
though activities prioritize technical evolution, they are struc-
tured to implicitly foster interpersonal skills, particularly
through collaborative group work.
One of the most significant challenges identified was

achieving class leveling, as students enter the program with
highly heterogeneous technical backgrounds and varying lev-
els of prior experience. Additionally, the intensive format of
the classes was pointed out as a factor that can overburden
students with less prior background, limiting the time for the
consolidation of both technical concepts and interpersonal
competencies. However, it wasmentioned that the course syl-
labus in the first modules provides a solid foundation to pre-
pare students for Hands-On, which is seen by instructors as
a catalyst for students to seek to improve both their technical
base and their communication and proactive research skills.
All instructors mentioned that they noticed greater student

maturity during Hands-On. Due to the intensive nature of the
classes, it was not easy to notice significant progress in stu-
dents only during the courses, but throughout the program,
the perception of this increase in maturity was a consensus.
At this stage, the need to cooperate, transmit ideas, and re-
solve real conflicts forces a change in behavior that is not as
visible in the rigid format of lecture classes. The instructors
reported a significant increase in engagement, with students
perceiving the training as a gateway to the professional mar-
ket and a unique opportunity to progress in their developer
careers.
The faculty accounts corroborate the presence of the

Dunning–Kruger effect identified in the interviews with stu-
dents. Instructors observed cases of students who arrived
with significant confidence in certain subjects but showed
surprise and recognized their limitations when they began to
delve deeper into some concepts and also at the moment of
applying them in activities. Interestingly, one of the instruc-
tors reported feeling the effect in themselves when delving
into topics to teach the classes, perceiving the vastness of the
content yet to be explored.

8 Threats to Validity
This section discusses potential threats to the validity of the
results, considering internal, construct, external, and conclu-
sion aspects, following established guidelines for empirical
research in Software Engineering (Wohlin et al., 2012).
Regarding internal validity, four student dropouts oc-

curred throughout the course, reducing the number of re-
spondents from 31 to 29. Although these withdrawals took
place before the Hands-On Module, a stage considered cen-
tral for the development of interpersonal competencies, their
absence may still have introduced sample bias. Students
who discontinued the program may differ systematically
in motivation, prior experience, or engagement levels from
those who completed the training. Additionally, as the course
spanned approximately seven months, maturation effects
cannot be entirely ruled out, since participants may have de-
veloped technical or behavioral competencies through par-
allel academic activities, internships, or professional experi-
ences occurring outside the program environment. To miti-

gate this maturation threat, the study employed data triangu-
lation, contrasting student self-perceptions with continuous
faculty observations. This approach allowed for correlating
the reported development of competencies directly with the
specific pedagogical activities of the modules, providing evi-
dence that such growth was fostered by the PBL environment
rather than solely by external factors.

From a construct validity perspective, the study relied pre-
dominantly on self-assessment instruments to measure both
technical and interpersonal competencies. Self-perception
data are inherently susceptible to cognitive biases, such as
overestimation, social desirability, and misinterpretation of
competency constructs. The identification of the Dunning–
Kruger effect in both quantitative and qualitative findings
reinforces this limitation, indicating that participants’ per-
ceived evolution may not fully correspond to their ac-
tual competency development. Although questionnaire items
were grounded in prior literature, the instrument was adapted
to the specific context of the training program and did not
undergo external validation, which may affect measurement
precision. To mitigate these risks, semi-structured interviews
were conducted with selected participants, enabling interpre-
tative triangulation between survey responses and discursive
evidence.

Concerning external validity, the results are situated
within the specific context of the WebAcademy extension
program, implemented through partnerships with industry
stakeholders and focused on full-stack web development.
This configuration may limit the generalizability of the find-
ings to traditional undergraduate Software Engineering cur-
ricula or to programswithout strong industry integration. Fur-
thermore, the heterogeneity of the cohort, including partici-
pants with different academic backgrounds, professional tra-
jectories, and levels of prior experience, may influence the
transferability of the conclusions to more homogeneous edu-
cational settings.

Finally, with respect to conclusion validity, statistical anal-
yses were conducted using Shapiro–Wilk andWilcoxon tests,
which are appropriate for paired samples and non-parametric
distributions. Nevertheless, the relatively small sample size
may reduce statistical power and increase sensitivity to indi-
vidual variation. Additionally, multiple hypothesis tests were
performed across several competencies, which may elevate
the risk of Type I errors. To address these limitations, we
emphasize the nature of this research as a longitudinal case
study, prioritizing the analytical depth of tracking a single
cohort over a seven-month period. This framing justifies the
sample size as appropriate for identifying nuanced develop-
mental patterns within the WebAcademy ecosystem, focus-
ing on deep contextual understanding rather than broad sta-
tistical generalization. Qualitative coding procedures were
carried out collaboratively among researchers to enhance in-
terpretive reliability, although subjective interpretation bias
cannot be entirely eliminated. Despite these limitations, the
triangulation of quantitative surveys, student interviews, and
faculty perspectives contributes to strengthening the robust-
ness and credibility of the findings.
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9 Conclusion and Future Work
This study investigated the development of technical and in-
terpersonal competencies within the context of an industry-
aligned Software Engineering training program grounded in
Problem-Based Learning principles. By combining quantita-
tive self-assessment surveys with qualitative interviews and
faculty perspectives, the research examined how immersive
and practice-oriented learning environments contribute to
the formation, perception, and calibration of competencies
required in contemporary software development contexts.
The findings indicate a consistent perceived evolution across
both hard and soft skills, with particularly strong gains as-
sociated with collaborative and project-based activities con-
ducted during the Hands-On Module. Competencies such as
teamwork, communication, autonomy, and stakeholder inter-
action emerged as central developmental outcomes, reinforc-
ing the role of experiential learning environments in fostering
integrated technical and interpersonal capabilities.
From a technical standpoint, participants reported ad-

vances in programming practices, framework usage, and soft-
ware delivery processes, suggesting that competency devel-
opment occurred in a connected and mutually reinforcing
manner rather than through isolated learning experiences.
Statistical analysis confirmed significant growth across all
nine technical topics investigated, driven primarily by the
practical need to integrate different software layers and apply
architectural patterns such as MVC. At the same time, varia-
tions in self-perception, including instances in which 65.5%
of students indicated lower assessments in the final question-
naire, point to processes of cognitive recalibration.
The prominence of the Hands-On experience as a catalyst

for competency development highlights the pedagogical rel-
evance of situating learners in authentic development ecosys-
tems that simulate professional dynamics. Agile ceremonies,
role rotation, client interaction, and continuous delivery prac-
tices functioned not only as instructional strategies, but also
as organizational, social, and relational learning mechanisms.
Specifically, themandatory rotation of the ScrumMaster role
at each sprint required students to manage project impedi-
ments and resolve conflicts, facilitating the transition from
theoretical foundations to the resolution of real-world Soft-
ware Engineering problems. These elements collectively con-
tributed to approximating academic training to industry ex-
pectations, while exposing learners to the complexity, uncer-
tainty, and accountability inherent to professional software
production environments.
One of the interpersonal competencies evaluated through

statistical tests, Teamwork (p = 0.057827), did not show
a statistically significant improvement, contrasting with the
strong qualitative evidence of collaborative maturity re-
ported by both students and faculty. A plausible explanation
for this lack of perceived growth is the ’team fatigue’ inher-
ent to intensive and long-term PBL environments. As the
methodology demands constant, high-level interaction over
seven months, students may reach a perceptual plateau in
which collaborative practices are no longer viewed as a dis-
tinct developmental gain, but rather as an exhausting base-
line requirement. Consequently, this saturation may mask ac-
tual skill development in quantitative self-assessments, even

when professional maturation is evident in practice.
This study provides empirical evidence that immersive

and industry-partnered Problem-Based Learning environ-
ments can simultaneously foster technical proficiency, inter-
personal capabilities, and professional self-awareness. The
mixed-methods design strengthens this contribution by trian-
gulating perceptual, discursive, and observational data, mit-
igating limitations inherent in self-assessment instruments
and enabling a more comprehensive interpretation of compe-
tency development processes. Furthermore, the extended du-
ration of the training program allowed the observation of pro-
gressive maturation and recalibration of competencies over
time, offering insights into how sustained project immersion
influences both confidence formation and performance per-
ception.
The results also present practical implications for the de-

sign of Software Engineering curricula and extension pro-
grams. Educational initiatives seeking to approximate pro-
fessional realities may benefit from incorporating structured
project immersion, stakeholder engagement, and agile gover-
nance models with high levels of learner autonomy as central
pedagogical components. Rather than positioning soft skills
as secondary or auxiliary learning outcomes, the evidence
suggests that they emerge organically when learners are em-
bedded in collaborative production environments character-
ized by shared responsibility, iterative delivery cycles, and
real client expectations. Strengthening partnerships with in-
dustry and involving professionals as mentors may further
enhance this alignment by providing learners with direct ex-
posure to market dynamics.
In addition, the study contributes to ongoing discussions

regarding the alignment between academic preparation and
workforce demands in Software Engineering. By evidencing
the co-development of technical and interpersonal competen-
cies within a single training ecosystem, the findings reinforce
the need for educational models that integrate knowledge
construction, practice-based application, and social interac-
tion dynamics. Such integration appears particularly relevant
in contemporary software production scenarios, where coor-
dination, negotiation, and collaborative problem-solving are
inseparable from technical execution.
Despite these contributions, the study presents limitations

that open avenues for future investigation. The reliance on
self-assessment instruments, the specificity of the extension
program context, and the relatively small sample size con-
strain statistical generalization. Consequently, the findings
should be interpreted as contextually transferable rather than
universally generalizable. Future studies may incorporate
objective performance indicators, artifact-based evaluation,
peer assessment, and longitudinal tracking of professional
trajectories to enhance analytical robustness. Expanding the
model to other Software Engineering domains, such as De-
vOps, software architecture, or quality engineering, may also
reveal differentiated patterns of competency development
and transferability.
In conclusion, the study reinforces the pedagogical and

professional relevance of integrating Problem-Based Learn-
ing with industry-connected and project-driven training
ecosystems. By evidencing not only perceived competency
development but also processes of calibration andmaturation
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over time, the findings contribute to advancing empirical dis-
cussions on how Software Engineering education can evolve
to address the complex, collaborative, and practice-oriented
demands that characterize modern software production envi-
ronments.
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