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Abstract

The growth of the mobile phone market has been generating a great demand for professionals qualified for
applications (APPs) development. The required profile includes technical skills, also known as hard skills, and
behavioral or soft skills. The training of these professionals in speed, quantity, and quality demanded by the market
poses a significant challenge for educational institutions. Apple and PUCPR have established a partnership to build
a software studio to develop such talents using the Challenge Based Learning (CBL) method and associated
practices whose effects need to be studied. This research aims to analyze the contributions of reflective practice in
a software studio to teach the main professional competencies regarding app development, including hard and soft
skills. The research method was the case study, based on semi-structured interviews with 28 participants in three
cycles. The collected data were analyzed with open and axial coding from Grounded Theory and Atlas.ti tool. The
results demonstrate that reflective practice, applied in a software studio environment that uses CBL was able to
help students to map new ideas and acquire valuable hard and soft skills. The study pointed out that reflective
practice is an effective instrument for developing the skills required by the app market, which demands innovation
and quality at high speed.
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Development

1 Introduction

The demand for technological products has been growing in
recent years, which requires better training of computing
professionals, especially for developing applications for
mobile devices. Among the most requested competencies are
technical knowledge (hard skills) and behavioral skills (soft
skills), such as  teamwork, collaboration, and
communication. These abilities are crucial once information
technology (IT) professionals tend to be more introspective.

Although students perceive the development of soft skills
as relevant, studies show that there is not the same degree of
concern about acquiring these skills compared to more
technical skills (Lima and Porto 2019).

The Apple Developer Academy, or simply Academy, is a
technological innovation project run in partnership between
university environments and Apple through a course that
offers a complete education to students, allowing them to
learn how to code, test, and publish applications based on
their ideas. Academy is a software studio (Bull et al. 2013)
that uses active and collaborative learning methods and tools
to contribute to the student's practical learning and skills
development. Its staff consists of instructors composed of
programmers and designers, available at the studio daily.
For the two-year extension course, 50 graduate students or
students to graduate within six months were selected. There
are designers, developers, and devigners who are students

able to work with both skills as designers and developers
(Dors et al. 2020).

The Academy uses the Challenge Based Learning (CBL)
method to support the mobile application development
process, which is based on challenges proposed to students.
This is a definition established by Apple as a contractual
item. One of the practices associated with CBL is the
reflective practice. Reflective practice is a feature of the
software studio supported by formal and informal feedback
from teachers to students, which can be mentoring or
critiquing to improve the outcome (Bull et al. 2013). In this
learning environment, students are exposed to social
interactions, group work, oral presentations, and discussions
of their work with peers (Kuhn et al. 2002).

The course instructors use an approach that follows the
guidelines established by the partnership and those related
to the studio concepts. Thus, students, through workshops,
receive theoretical content. Throughout the development of
the challenges, instructors use coaching and mentoring
reflectively with the students, according to the software
studio concepts. The instructors encourage the students to
reflect and find solutions independently, i.e., the instructors
do not give the answers but the tools and conditions for the
students to develop them.

The presence and importance of reflective practice are
recognized in the software engineering educational
literature, according to Dors et al. (2020) and Bull and
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Whittle (2014). It is a form of reflective-based learning, as
the name implies, that ranges from constant questioning,
teamwork, peer review, and collaborative learning to group
problem-solving. The concept was initially proposed by
Donald Schén when observing architecture studios. He
suggested thinking about professional practice, relating
theory to practice, and generating terms such as reflection-
in-action, reflection-on-action, and conversation with the
material (Schon 1983).

Reflective practice in architecture has proven effective in
assisting soft skills development, improving performance,
and helping students acquire an artistic talent essential for
professional competencies (Schon 1983 and Hazzan 2002).
The contributions of such an approach to computer science
education are described by Bull and Whittle (2014)
regarding the technical and attitudinal skills of the software
engineer. The latter are improved decision-making skills,
teamwork, = communication, planning, and time
management.

With so many positive results aimed at teaching mobile
application development from the software studio education
approach, an interest arose in deepening the understanding
of the results provided using the reflective practice,
extending the study of Dors et al. (2020) to the analysis of a
more extensive set of students and projects. Dors et al.
(2020) analyzed data from the Academy's 2017-2018
student class, conducting a face-to-face ethnographic
observation study. The present study analyzed data from the
2019-2020 and 2021-2022 classes obtained through semi-
structured interviews and constituting a longitudinal study.
New findings were identified, complementing Dors et al.
(2020), as can be seen later in this article.

2 Background

The different methodological approaches used by teachers
throughout history have intrinsically aimed at the same
scenario: to enable the learner to act autonomously in diverse
professional situations. However, traditional methods that
focus only on lectures are not enough to develop the
competencies required by today's society.

Active methodologies, which place the student at the
center of the learning process, have been widely used in
universities worldwide and, in recent years, also in Brazil.
They seem to offer better results for the development of the
required competencies.

Regardless of the methodology used, Ferraz and Belhot
(2010) said that it is not enough to focus on the content to
be covered to conclude the teaching-learning process
efficiently. It is necessary to plan and structure activities to
be developed, resources available, methodologies adopted,
and evaluation tools used.

2.1 Collaborative Learning

Collaborative learning is one way to overcome the challenges
faced by traditional teaching methodologies. According to
Barkley et al. (2014), a collaborative approach meets the
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following criteria: (i) the activity design must be intentional
and carefully undertaken by the faculty member and not just
limited to assigning some group activity; (ii) all group
members must effectively engage in the activity and
contribute equally to the outcome; and (iii) meaningful
learning, related to the learning objectives of the discipline,
must occur.

Briefly, collaborative learning is about "two or more
students working together and sharing the workload equally
as they progress toward the intended learning outcomes"
(Barkley et al., (2014)). The process of collaborative
learning refers partly to the metacognition process, which
means getting the students to reflect on their learning
process. Besides choosing the technique, implementing
collaborative approaches implies properly defining how to
organize the groups, encourage collaboration, and conduct
the assessment.

2.2 Hard and Soft Skills

It is prevalent for undergraduate courses to focus on
developing technical skills so that the future professional can
work in his/her field. These are also known as hard skills.
However, these are insufficient to build an excellent
professional to cover current market demands. Behavioral
skills, also called soft skills, are equally or even more
relevant in this journey.

According to Agante (2015), soft skills are non-technical
competencies such as communication, empathy creation,
trust with groups, and resilience in a work environment.
Competency is "a set of capabilities (knowledge, skills,
attitudes, and values) mobilized for a delivery, which adds
value to both the individual and the organization”
(Fernandes 2013).

The survey developed in July 2021 by the American
company CareerBuilder with 2,138 managers and human
resources professionals pointed out that 77% of
interviewees believe that soft skills are essential for the job.
Carter, Ferzli, and Wiebe (2007) state that although
communication skills are vital for an effective professional,
these skills usually fall short of employers' expectations of
recent technology graduates.

Several universities already recognize the need for
computer science students to acquire these skills and
incorporate teaching methods that favor their development.
Studies show the importance of communication in
technology because students learn what it means to think
like computer scientists and be professionals in the field
(Burge et al. 2012).

2.3 Software Studio

One of the approaches to developing these competencies is
the software studio, which comes from the historical
tradition of the Ecole des Beaux-Arts and the Bauhaus and
its atelier model (Dors et al. 2020). According to Tomayco
(1991), the software studio emphasizes developing reflective
skills and sensibilities and is the reflective practice the
essence of the atelier concept. Collaborative learning in the
studio helps students to develop their skills through practice.
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Furthermore, the dynamic interconnection of elements in a
studio, such as people, software tools, development
methodologies, processes, techniques, and products,
provides a network in which software development
knowledge and skills are created (Prior et al. 2014)).

Reflection generally occurs in cycles of experience
followed by consistent reflection to learn from that
experience, during which the developer can explore
comparisons, weigh alternatives and diverse perspectives,
and generate inferences, especially in new and/or complex
situations (Dybé et al. 2014).

According to Shon (1983), reflection-in-action occurs
during problem-solving, with doing and thinking as
complementary ways. Reflection-on-action is about thinking
about a different approach to an already executed process.
Finally, conversation with the material refers to a
conversation with the product that has been developed.

Reflection-in-action is the reflective form of knowing-in-
action, reflecting during the problem-solving process. In the
reflection-in-action process, doing and thinking are
complementary. Knowing-in-action is the knowledge built
into and revealed by our performance of everyday action
routines (Schén 1983). Sometimes it is labeled as intuition,
instinct, or motor skills. In such cases, one continually
controls and modifies his/her behavior in response to
changing conditions (Schén 1987). In such cases, we
continually control and modify our behavior in response to
changing conditions. “This capacity to do the right thing ...
exhibiting the more that we know in what we do by the way
in which we do it, is what we mean by knowing-in-action.
And this capacity to respond to surprise through
improvisation on the spot is what we mean by reflection-in-
action". (Schon 1987).

Carbone and Sheard (2002) reported the reactions of first-
year students to being exposed to a new learning
environment that consisted of differentiated physical space,
a new teaching approach, IT facilities, and a new assessment
method. This space was a workshop whose approach was
established in 2000 in the School of Management and
Information Systems, Bachelor of Management, and
Information Systems (BIMS), at Monash University
(Australia). The studio-based teaching and learning
approach adopted was based on the Bauhaus School of
Design model. The Bauhaus School introduced a radical
change from the traditional art education model, completely
reshaping the teaching and learning spaces at that time. The
atelier aims to allow students to develop strategies to
cooperate and collaborate. The authors concluded that, in
general, most first-year students enjoyed learning in the
studio environment. An unexpected finding was the
evidence of students developing metacognitive skills.

Danielewicz-Betz and Tatsuki (2014) analyzed reflective
practice concerning the outcomes of a software workshop in
undergraduate and graduate software courses. The analysis
focused on the interaction between students and clients to
determine how and to what degree students transformed
through collaborative project-based learning. During the
final self-reflection, students reported improving their
project management, communication, presentation, writing,
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business, and software development skills. The reflective
practice was analyzed and focused on collaborative learning
and students' relationships with clients.

Prior et al. (2019) described a study based on open-ended
interviews and ethnographic observations in studio sessions
to understand how this experience impacted students’
employability. Students observed that the studio experience
helped enhance their technical and non-technical
employability skills. In addition, from interviews with
mentors and academics, the study corroborated the students’
views. They concluded that the relevant skills for
employability include collaboration and communication,
project management, mutual support to solve technical
problems with help from industry mentors and academics,
social aspects of the work, reflection skills, and technical
skills were found to be essential employability skills.

According to Marques et al. (2018), adopting reflective
practice (Reflexive Weekly Monitoring - RWM) is a way to
improve learning for computer science students. The
authors followed nine semesters of a project discipline and
concluded that the approach effectively improved student
coordination, effectiveness, sense of belonging, and
satisfaction.

3 Research Method

The research was conducted in a case study format based on
data collection through semi-structured interviews (Yin
2017). This method constitutes a research strategy that aims
to understand the dynamics in a contemporary context over
which the researcher has no control. It is appropriate to
answer "how" and "why" questions.

The study's main objective was to understand the
contributions of reflective practice to technical and non-
technical skills development in a software study.

We followed the steps defined by Yin (2017): (i)
Definitions and planning; (ii) Preparation, data collection,
and analysis; (iii) cross-analysis and conclusions.

The research planning involved case selection and
preparation of the research protocol. The Informed Consent
Form (ICF) and the Non-disclosure Agreement (NDA) were
prepared and signed by all researchers involved in the
project. The project went through the analysis by the
Research Ethical Committee, receiving its approval
(number 4.209.411) on August 12, 2020.

The underlying question for this study was: How is the
reflective practice performed in software development
studios? The following complementary questions arise from
this general question: How is the reflective practice carried
out in software studio environments? How can reflective
practice contribute to the learning of computer science
students?

The present study was characterized by a prospective
design in a qualitative research format. The first and second
collection data rounds occurred between January and May
2021 and referred to the 2019-2020 class. The third
collection cycle occurred from December 2021 until
January 2022 and referred to the 2021-2022 class. The
sample was determined through convenience time series.



Education, Innovation and Software Production: the contributions of the Reflective Practice

According to the inclusion and exclusion criteria,
individuals considered eligible to participate in the study
answered a semi-structured interview.

The unit of analysis of this project is the Apple Developer
Academy (called Academy), a software studio constituted
in the scope of the partnership between Apple and PUCPR.
Candidates go through a selection process that identifies the
most appropriate profiles. These students then undergo a
two-year training period, exposing them to several
challenges.

Included in the research were Academy students over 18
who agreed to collaborate with the study. As selection
criteria, we adopted that: the students should have
participated in active learning using reflective practice and
attended the class workshop immediately before.

The project was divided into three cycles. In the first
cycle, ten students participated in the interview. This stage
was considered a pilot project and aimed to understand the
benefits of reflective practice from the student's point of
view.

The first author initially developed the semi-structured
script, which the other authors later revised. The script
contained ten open questions to understand the Academy
student's perspective on reflective practice, ranging from
usefulness, learning, and future applications outside the
academic environment.

At the end of this stage, a preliminary data analysis was
performed to adjust for the second collection cycle. For the
second cycle, the questions were adjusted, allowing a deeper
exploration of items that emerged from the first collection.

The second cycle comprised eight interviews that took
place remotely and synchronously, each lasting 30 to 60
minutes, as had already happened in the first cycle. No
adverse effects were perceived because the interviews took
place online.

The third and last cycle was conducted with twenty
students from the 2021-2022 class. The interviews were
undertaken in a synchronous remote way in two phases.

The interviews for all cycles were recorded in audio
format and later transcribed with the interviewee's
permission. The information was mapped and analyzed
using the support of Atlas.ti tool.

The analysis of the results used the open and axial coding
of Grounded Theory (Strauss and Corbin 2007). Open
coding is a microanalysis of the transcribed interviews,
performed line by line, identifying concepts and memos
records (researcher's notes) about the meaning of the codes
and categories. On the other hand, axial coding refers to
grouping codes of the same properties in the form of
networks. The results present the behavioral and technical
skills acquired from applying reflective practice.

The study participants had no direct benefit from the
project. However, the research contributed to the planning
and development of future actions aimed at improving the
skills of technology students in the researched environment.
It can be understood that an indirect benefit for the Academy
students was their reflection on reflective practice,
performed through the researcher's inquiries.
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4 Results

This section details the process of analyzing and
triangulating the collected data, and it is organized into
subsections according to the collection cycles.

4.1 First Cycle

Ten students between 18 and 24 years old were interviewed
in the first cycle. Of these, five were male, and five were
female. The interview follows the script shown in Table 1.

Table 1. Script for the semi-structured interview - Cycle 1.

Script for the semi-structured interview - Cycle 1

Have you done activity reflections before joining the Apple Developer
Academy?

How was your first reaction when you discovered that you would need
to reflect on your challenges? Why?

Considering programming, design, and business, what have you learned
technically using reflective practice?

How do you think reflective practice contributed to developing your
behavioral skills?

How do you think reflective practice contributed to developing your
behavioral skills?

How was the critique carried out? Can you explain to me what it was
like to receive and give a review of a challenge?

After doing some reflection, did you avoid any mistakes in the
development of the challenge, and consequently, did you see new
attitudes for the following activities? If yes, explain how.

How was your last reflection compared to the first one?

In the future, do you intend to continue using reflective practice in new
projects? Can you explain how you intend to use it?

Finally, could you tell me the most significant benefits of reflective
practice?

Interviewees answered about the process of reflective
practice based on a semi-structured script with more
comprehensive questions that would allow for more in-
depth results. Most students stated that they had conducted
reflections before participating in the Academy. When
asked about their reactions to finding out that reflection
would be mandatory, most students used positive words
such as cool and productive. Only three participants
demonstrated negative expressions, such as confusing,
complicated, or boring.

From the open coding analysis, it was obtained the axial
network that reflects soft skills learning as presented in
Figure 1. This category comprises the following
subcategories: leadership, communication, and teamwork.

Teamwork was very evident during this study. Students
could develop technical and behavioral skills during team
interactions, such as collaboration among colleagues,
managing time, and improving communication. Examples
of these statements can be seen later in this text.

Regarding teamwork, we found evidence of learning
about conflict management. This emerged from statements
concerning arguments and stress between colleagues in the
same team. Through reflection, these students were able to
manage these disagreements better.



Education, Innovation and Software Production: the contributions of the Reflective Practice

~-
Conflict Mansgement

Colleagues Retashionship

Oral Communication

s‘ Conmoniaton mprovement

Crestive Thinking

Figure 1. Soft Skills (behavioral competencies) - Cycle 1.

Figure 2 presents the results of the technical knowledge
obtained through reflective practice. The most cited terms
were technical learning, writing learning, and project
management. It was also possible to analyze that many
students could identify the depth of their knowledge about
programming after doing the reflections.
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Figure 2. Hard Skills (Technical Competences) - Cycle 1.

The technical competence considered most relevant by the
interviewees was project management. Usually, students
have no previous practical experience with project
management except for graduation work. The studio
provides them the practical experience throughout the
course. They perceived this theme as planning skills,
activities  standardization, error analysis, problem
identification, and time management.

Therefore, the results concerning personal development
obtained from the reflective practice were: improvement in
the student's technical performance, self-knowledge, and
learning evolution in hard and soft skills, which led to a
continuous improvement process for the students.

Students realized that through reflection, self-knowledge
could be developed, which brings increased self-confidence.
The evolution of learning, whether in the development of
soft or hard skills, is also perceived as a cause of personal
growth that makes one learn to deal better with feelings.

During the interviews, many students stated that they
reflected in search of improvements in their technical and
behavioral results. With this, they started to analyze
themselves more critically, finding mistakes and successes
to deal with the following activities differently and obtain
future learning and improved performance.
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Self-knowledge was highly mentioned among the
interviewees. Through the practice of reflection, students
could know themselves, understand their preferences, and
what made them more confident in performing the Academy
activities.

Table 2 presents some interview quotations regarding the
soft skills found in this first cycle. An “S” followed by a
number replaced the student's identity (e.g., S1, S2).

Table 2. Soft Skills Quotations — Cycle 1.
Soft Skills Quotations

Self-knowledge

"[...] self-knowledge for sure, more patience to
understand my process, understand my time,
decrease anxiety and stress [...]" (S2)

"[...] | believe the greatest benefit that reflective
practice has brought to me is the self-
knowledge [...]" (S6)

"[...] It is assuredly very favorable to prepare
yourself for the next challenge better [...]" (S8)
"[...] Fell me more confident regards the skills
that | possessed." (S1)

"[...] Learn how to manage time [...]" (S8)

"[...] And another thing was a personal
relationship. | believe you think about what
interests you, what you talk about, the way you
talk. I learned better this relationship with other
people [...]" (S8)

"[...] learn how to communicate verbally better
[.]"(52)

"[...] I think a very cool thing was seeing the
evolution over time [...]" (S1)

"[...] not making the same mistake twice [...]"
(82)

Planning

Self-confidence

Time Management
Communication

Learning Evolution

Personal “[...] creating a concept, doing the more
Development artistic part, doing the development part, doing
Improvement the presentation later, so you interact with
various aspects. And | think through reflective
practice. |1 was able to understand better how
my development process was [...]” (S2)
Technical “[...] think, learn to communicate better
Development verbally, [...], not making the same mistake
Improvement twice, improve what you do, like something

that worked [...]” (S5)

"[...] to make that change in behavior which is
in line with the critical analysis [...]" (S3)

Critical Thinking

The encodings were performed by one of the authors and
reviewed by the others. These can be grouped in the
category that Donald Schén (1983) defines as a reflection-
on-action, the reflection after the action is performed.

4.2 Second Cycle

In the second cycle, eight more students were interviewed.
The basis for these interviews was the revised script shown
in Table 3.

Table 3. Semi-structured Interview Script — Cycle 2.
Script for the semi-structured interviews - Cycle 2
Have you ever done any reflection before joining the Apple Developer
Academy?
What was your first reaction when discovering that you had to reflect on
your challenges? Why was that?
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In the day-to-day life of the Academy, did you notice yourself reflecting
during the execution of your activities? How was it?

What were the moments when you needed to record the reflections?

What was the difference between reflecting on the short-term and the
long-term challenge?
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What are the differences between doing reflections with guidelines for
their execution and those with a free format?

What are the benefits of both types of reflections?

What are the differences between learning when working as a team and
individually?

How were the reflections during the planning of the challenges? What
about development? And in the delivery of the final product?

There were only sessions with the instructor to reflect on the progress
during the development of challenges. How were these moments? What
was it like to receive feedback from the instructor?

What skills have you developed to perform presentations in public
sessions?

What kind of learning or skill was developed or required to perform the
division of tasks in teams?

What kind of challenge reflections, learnings, or experiences was helpful
in another challenge?

What benefits have you brought to your professional life using reflective
practice?

In addition to encouraging individual reflection, the Academy has
specific moments for students to reflect critically on other
students'/teams' work. What was it like to make and receive criticism
about the CBL and Design in the review sessions?

How have the reviews contributed to your personal development or
development of the challenge/final product?

Were you able to avoid any mistakes in any challenge after reflecting
and consequently seeing new attitudes to the following activities? If so,
explain how.

How was your last reflection compared to the first one?

Do you continue to use reflective practice in your projects?

How did that become part of your day-to-day life?
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Figure 3. Hard Skills (Technical Competences) - Cycle 2.

Figure 4 presents the soft or behavioral skills mapped in
Cycle 2. It is possible to observe an outstanding factor that
refers to knowing how to listen to colleagues once listening
to different opinions is fundamental for good
communication. All interviewees mentioned this skill. In
addition, this ability is in great demand in the professional
market and is essential in personal development through
feedback.

The students identified that improving the organization of
presentations results in behavioral skills development,
especially those that facilitate communication. This was a
skill developed because they had to make several
presentations of their projects throughout the course.

Finally, could you tell me the most significant benefits the reflective
practice has brought you?

With the changes implemented, nine additional results
were found to be added to the networks obtained in Cycle 1.
The analysis allowed us to divide them into three technical
skills, three behavioral skills, and three classified as the
personal benefits of reflective practice.

The ability to speak English was the only property of the
technical skills that differed from Cycle 1. The other
changes were related to project management. The following
were cited as relevant points: clarity in the execution of
project activities and division of tasks, as shown in Figure
3. As can be seen, the network was refined due to the best
understanding of the scenario.
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Figure 4. Soft Skills (Behavioral Competencies) - Cycle 2.

The reflective practice significantly impacted the students'
personal evolution and behavior improvement. The active
methodology also helped the students to evolve their
learning through reading their classmates' reflections and
personal development.

As can be seen, it was possible to evolve the networks to
contemplate the findings made through the analysis of the
Cycle 2 interviews to find the hard and soft skills developed
from reflective practice.

Table 4 presents the quotations extracted from the
interviewees' speeches and represents the most frequently
mentioned skills in the interviews in Cycle 2. Knowing how
to listen to one's colleagues was highly cited among the
interviewees in this second cycle. Through reflection,
students could better understand their colleagues and the
importance of listening to them.
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Table 4. Hard Skills Quotations - Cycle 2.

Hard Skills Quotations

Active Listening “[..] it is a lot about listening to other people

you know, and understanding their thinking in
a good way..." (S13)

“[...] you learn to listen to what people
want..." (S15)

“[...] what I learned most from it was to listen
to others before doing" (S17)

Presentation
Organization

"l learned to organize for the presentations
right, and go-getting the hang of getting better
[.]"(517)
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the interrelationship of codes with the third cycle, so new
codes emerged from the interpretation.

In this collection cycle, ten students answered questions
from a semi-structured script about their studio Showcase
Experience from the perspective of reflective practice
contributions (see Table 5). The Showcase is a studio
session where students present their projects to other studio
students. The best project receives an award. They were also
interviewed in this cycle to investigate the conversation with
the material.

Table 5. Semi-structured Interview Script - Cycle 3.

Behavior “I learned personally because we are dealing

Improvement with people. So, | learned how to express
myself or the form of my posture [...] with
people [...]" (S11)

Technical “I was able to improve my results, so, so for

Performance me, it's one of the main things, to improve

Improvement

results effectively, quickly [...]" (S14)

Script for the semi-structured interviews - Cycle 3
Please comment on your experience with reflections on challenges.
Have you ever been introduced to reflection as a teaching methodology
throughout your education?
What aspects would your formal education have been different if you
had used reflective practice?

Learning by reading
colleagues'
reflections

“[...] for me, learning from the mistake of
others is also valid. | read the reflections of
people who seemed interested in learning
from them, so sometimes someone wrote and
seemed dissatisfied, or someone who seemed
very satisfied. | liked to read these reflections

[.]"(512)

Ideas Sharing “[...] I knew then to present my thoughts [...]"

(S12)

“[...] | was able to expose better what | was
thinking." (S15)

“[...] I think the skill that | learned the most
for the presentation, like this, was losing the
shame, you know. Lose the fear of presenting
or speaking my ideas.” (S13)

English Speaking “[...] | developed a little bit in how to present

in English, keep learning, and lose the fear

How do you believe that reflections with colleagues help create more
interesting projects? Has this ever happened to you?

What techniques would you use in case of imminent team conflict?

How did the reflections affect the relationship between the team
members?

What technical skills did you develop?

What interpersonal skills do you think you developed throughout studio
activities?

How will the materials produced, such as projects, codes, slides,
presentations, and so on, influence the development of future materials?

What is your process of revisiting the materials produced at the
Academy like?

Have you changed the materials produced due to reflections between
Challenges?

How have the team reflections helped to develop your creativity?
What are the main lessons or learnings from the studio?

right." (S18)

Another interesting issue that emerged when analyzing
the interviews was the observation that it is also relevant to
learn through the mistakes and successes of colleagues,
which was possible by reading the reflections made by the
colleagues.

The ability to organize also appears in the reflections
about improving oral presentations. The students learned
self-organization to show their work to colleagues and
realized this throughout the reflection process.

It is interesting to note that in the students' perception, by
reflecting and analyzing the situations in which they were
involved with their colleagues, they report having learned to
deal with people and adopt a more appropriate posture
towards the team.

4.3 Third Cycle

The third cycle refers to 10 students participating in the 2021-
2022 Academy class. This cycle aimed to identify the
contributions from each reflective practice concept, such as
reflection-in-action, reflection-on-action, conversation with
the material, and knowing-in-action. An expansion was
made to a more significant number of quotations and
subsequent refinement of the second cycle networks to meet

Table 6 shows some of the quotations extracted from the
interviews in Cycle 3.

Table 6. Quotations - Cycle 3.

Code Quotation

Decision "[...] T believe would have... take more assertive

Making decisions [...] I had wasted less time because I
would have had to stop to really focus on my ability
to think about what's going on [...]" (S19)
"[...] I think it brought me these insights into what
I should do from now on, [...] (S20)

Conflict "[...] but basically, it was through conversations

Management that we solved these problems [...]Jthe third person

who was the one who brought the conflict, admitted
that they could have brought the situation in
another way" (S24)

“Then through the reflections, | realized that in
most cases, this was not a good alternative, and |
started opting for these conversations 100% of the
times [...]" (S20)

"[...] | think they kind of force you to look at
everything you've done, look at all you did, and

Reflection on
mistakes and

successes analyze what you did right or wrong. So, analyzing
these practices, you can think on what keep doing,
or what behaviors should I stop doing [...]" (S22)

Active "[...] learning to give and receive feedback, to stop

Listening and hear feedback, was something | already was

working on before, but the Academy gave me
interesting ways to develop this [...]" (519)

"[...] I think collaboration is a major one, work as a
Team, [...]" (S21)

Collaboration
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Communication | "[...] | learned a lot about how to communicate

myself, [...]" (522)

Self-confidence | “[...] also works for me to have confidence and

believe in my own potential, [...]" (S21)
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The reflective practice supported by studio sessions
incentives having multiple views on a given theme, which
promotes creativity. Interaction with creative colleagues
contributes to developing creativity. Sharing ideas
throughout the studio sessions stimulates teams to be open
to different ideas. In addition, creativity is responsible for
the creation of innovative projects. Figure 5 shows these
reflection-on-action findings.

Motivation "[...] Tt influenced me a lot to keep myself
motivated [...]" (S19)
Upcoming "[...] I think it influences a lot; | think that
Artifacts everything is a reference [...]" (S25)
Production
Professional “This helps a lot in the development of the personal
Impacts portfolio.” (S22)
“[...] when you need to reference these projects in
some professional opportunity.” (S26)
Academic “[...] like a portfolio, this is where you expose your
Impacts projects, but more than that, you delve into a

retrospective of how the project was carried out
(why and how was the project developing). And
this helps you not only document all the
process|...]". (S29)

“[...] something for the future, something | would
apply to a future project or team.” (S24)

“The biggest influence is on future projects, where
| can use what was written and learned during the
projects | participated in.” (S20)

Self-knowledge | “[...] to see better this way, how we are doing in a
specific subject, to dedicate ourselves more or
better understand what we like, and what we do not

want to work on.” (S22)

Reflective Practice
isapartof
Reflection-on-action

Self-knowledge =—promotes—

Is a type of promotes

Work Process £ More
I & 4 —f st " | creativity —— promotes—= |l Innovative
— | MR Projects
promotés / Is a part of '\ is & part of
-~ PN - is a part of >3
Professional Sharing Ideas \ Interaction
Development \ with Creative
L] Reflection on ‘ U Colleagues
mistakes and promotes Muitiple views
successes v on a given theme
Teams more
open to different
ideas

Synthesis Skill "[...] the skills I developed in the construction of
this activity is self-knowledge and synthesis. [...]"
(S29)

Priority “I started to apply this model of reflection [...] not

Management only in my work but also in my study things. Then

| realized that | had a much clearer vision of what |
had to do or the alternatives | would prioritize in
the steps forward.” (S20)

From the analysis of the interviews, it was possible to
observe that reflection-in-action promotes the behavioral
improvement and the student’s continuous development.
Throughout the challenge development, students had to
manage situations of divergence of ideas, conflict of
leadership, and the teams’ expectations, improving their
conflict management skills. Students said this usually
occurs at the beginning of the challenge while doing the
project design. Conflict resolution comes through
conversations and sometimes using the voting strategy. The
students stated that, based on reflection-in-action, they
realized they could make more assertive decisions regarding
the project and their behaviors. It also develops leadership,
which contributes to engagement and teamwork.

Students pointed out reflection-on-action as a powerful
tool to better understand their motivations, interests, and
capabilities, contributing to their self-knowledge
development.

Students wrote a self-reflection at the end of each
challenge to stimulate their reflection, promoting reflection-
on-action. Reflection-on-action promotes self-knowledge,
as well as self-reflection and creativity. These self-
reflections promote work process comprehension,
professional development monitoring (which stands for the
ability to keep track of what is learning), reflections on
mistakes and successes (which helped the students not to
repeat the same mistakes and emulate behaviors that had
positive results in the past) and, creativity.

Figure 5. Reflection-on-action - Cycle 3.

The third collection cycle’s purpose was to explore the
conversations with the material and knowing-in-action,
other reflective practice concepts not covered in Cycle 2.

From knowing-in-action, we could realize hard and soft
skills development, as shown in Figure 6 and Figure 7.

Concerning hard skills, as shown in Figure 6, knowing-
in-action promotes the development of project management,
project development, and presentation organization skills.

Regarding the development of the project was noticed the
design skills development. Some students had never made a
mobile app design before the Academy course. In addition,
they started to learn about code reuse-oriented development,
software architecture, database development, App
prototyping for different platforms such as MIRO, FIGMA,
or Adobe Package, algorithmic logic and programming,
object-oriented programming, and programming in Swift/
Swift Ul.

Reflective Practice
is a part of
[ Knowing-in-Action

promotes

Project Management wapatol—e  Hardskills  <—isapart of — l Presentation Organization
I Code Reuse Oriented Development sa p‘.‘m of
T iEwpartol _
| Programming in Swift / SwiftUl —isapartot— _ Project Development «——is a part of — Design
—— ~ —
___sapandt = / \ ~_ Sapartol

— & ) —y i
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P
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\ ~
T = pps Prototyping | I patabase Development
Algorithmic Logic and Programming for Different Platforms

Figure 6. Knowing-in-action — Hard Skills - Cycle 3.

Figure 7 shows the knowing-in-action findings regarding
soft skills. They actively listen to colleagues’ ideas,
communicate, collaborate, and self-criticism.
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Figure 7. Knowing-in-action — Soft Skills - Cycle 3.

In this cycle, students reported soft skills that had not
appeared in the previous cycle:  responsibility and
autonomy, storytelling, and communicating feedback.
There was an evolution in their commitment to the project
regarding deadlines and the execution of assigned tasks,
improving responsibility and autonomy skills.

Another soft skill developed by the students was
storytelling. Students developed the art of telling stories
while preparing app design and project presentations. They
had to create an appealing backstory for the app and even
engage colleagues in their presentations. The Academy’s
activities are collaborative by nature, and the other new
skills the students present relate to this specific
characteristic. Through the development of collaborative
tasks, students showed considerable improvement in
communicating feedback to their colleagues, solving issues,
and maintaining a respectful work environment.

As shown in Figure 8, the Showcase stimulates the
conversation exercise with the materials to studio students.
As a result, the showcase experience positively influenced
Upcoming Artifacts Production and promoted priority
management, synthesis skill, motivation, self-confidence,
learning by shared experience, and self-knowledge, which
positively influenced professional and academic contexts.

Reflective Practice
‘

s a part of

| conversation with the Material

) "I Motivation

| Synthesis Skill =

\\
| Learning by shared Experience

-
| Upcoming Artifacts i Self.
e = Wy
< N,
influsnces Fostively  infiusncis positively
> X

e N
| Professional Impacts | Academic impacts

Figure 8. Conversation with the material - Cycle 3.

Since the students were supposed to create brief
presentations about complex projects, they had to develop
priority ~management and understanding of the
presentations' purpose and structure. Not only prioritizing
the most relevant items but using synthesis skills to tell a
story as effectively as possible.

Enrolling in such activities helped students to boost their
motivation and self-confidence. Students sharing
experiences in the Showcase help them to learn from

Andrade et al. 2023

colleagues’ experiences, which positively influences
professional and academic contexts.

Written self-reflection supports reflective practice in the
studio and can be carried out in two ways: free format or
with guiding questions.

The student perceives these skills development
throughout the exercise of his metacognition. Metacognition
is ”being aware of and able to monitor the development of
one’s own learning and the application of that learning to
their practice.” (Parson; Stephenson, 2005).

The difficulties in applying the Reflective Practice found
in the analysis are related to the student's lack of experience
and physical fatigue. The latter is because students tend to
work hard to complete the project on time. Consequently,
they get tired after the delivery, and writing the reflections
becomes difficult.

5 Discussion

This study aimed to identify the contributions of reflective
practice in a software studio, analyzing the benefits of mobile
applications development and the acquisition of professional
skills demanded by the market. The CBL active methodology
is reflection-based learning that uses the students'
relationship with their experiences.

It was identified that students reflect to find new results
and knowledge, so the practice aims to improve the student's
abilities for the following activities.

The results showed that reflective practice positively
affects software development and the acquisition of
professional skills. The study highlighted that collaborative
learning helps students develop their own skills through
practice and that groups interested in other teams' work
acquire new knowledge and skills.

In addition, among the main contributions of reflective
practice are skills development, like teamwork,
collaboration, communication, time management, planning,
problem identification, decision-making, and self-
knowledge. Therefore, these contributions are crucial for a
computer science practitioner to succeed.

5.1 Related Work

Compared to other literature studies, it was possible to notice
that conflict management and time management are essential
skills in executing a project. These points were also cited in
the work of Dors et al. (2020) and were confirmed in the
present study results.

The findings of this research confirm and extend the
results obtained by Dors et al. (2020). The authors' main
results were that reflective practice promotes the emergence
of new ideas and contributes to the practice and
development of skills, such as collaboration, oral or written
communication, commitment, interpersonal relationships,
adaptability, flexibility, and teamwork. It also develops
problem-solving, decision-making, planning, project
management, time management, scope management,
outsourcing development management, and new technical
skills. In addition, the reflective practice emphasizes hands-
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on learning, supports the development of technical skills,
and appears to be an authentic environment of the
relationship between academic disciplines and real-world
experiences, where students can practice and learn by doing,
preparing students for the real world.

The interviewees in this study highlighted the importance
of behavioral competencies for their development. In this
study, students emphasized the relevance of self-
knowledge, knowing how to listen, awakening behavioral
improvement, confidence, and communication as benefits
of reflective practice.

The second cycle highlighted communication as a
fundamental part of personal development and teamwork
(Carter Ferzli and Wiebe (2007)). On the other hand, in the
present study regarding the question, it was observed that
students recognize that public speaking and listening skills
are equally relevant to personal and professional life.

The analysis of the results of this study showed that
students perceived that decision-making is improved with
each new reflection made since pondering one's virtues and
weaknesses are critical to improving the timing and quality
of personal deliberations. This is consistent with what was
obtained by Dors et al. (2020).

This research made it possible to observe the students'
acceptance and motivation to use reflective practice. These
findings differ from the study by Prior et al. (2016), who
presented the results of action research conducted at the
Sydney University of Technology with three software
development studios. The main challenges in terms of
motivation that the authors encountered were i) time
pressures that made it difficult to record the journals; ii)
difficulties in making the journal entries. Some students
only did the reflections when reminded, and others refused.
They also identified the following patterns of students: i)
Refusers (do not write reflections), ii) Recounters
(difficulties in doing reflection), and iii) Instinctive
Reflectors (able to reflect naturally). One intervention that
proved to be effective was the 10-minute reflection sessions,
which consisted of having students express how their
written reflections were, any problems, and a stimulus
question, which was answered during the session. In the
case of the study reported in this article, this difficulty was
not observed because the students felt motivated by the
reflective practice.

In this research, it was possible to observe improvement
in technical performance. That is reflective practice
positively impacted student performance. This finding is
consistent with the research conducted by Nylén et al.
(2017), in which the authors studied how students approach
the reflective practice task. Two categories were identified
in students' recording of critical incidents: Progress and
Expansion. Progress refers to progress reporting, divided
into "What | am doing," status reports, and daily type
categories. These subcategories grow in sophistication,
respectively. Expansion indicates students' reports on
learning items and reflections on those items. This category
is divided into keywords (how-to, knowledge about generic,
personal, and theoretical language). The authors concluded
that journal recording induces reflection on learning and
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positively affects students' awareness of their professional
knowledge. On the other hand, students found it challenging
to identify learning. On this last topic, this did not occur with
the present study, as students could clearly identify their
growth through the application of reflective practice.

5.2 Threats to Validity

According to Yin (2017), research developed using the case
study method can be evaluated under four criteria: (i)
construct validity; (ii) internal validity; (iii) external validity;
and (iv) reliability.

A threat to the construct validity of this study was the use
of narratives to identify the acquisition of professional
competencies through reflective practice. It was recognized
that the narrative approach is compatible with the need to
assess the complexity of organizations. However, it was
necessary to rely on the interviewees' memories to
understand this practice's benefits in both professional
competencies and application and software development in
general.

Another limitation of the narrative approach is that people
often rationalize the facts while telling the story. The
construction of meaning from the facts causes individuals to
interpret past events, try to find explanations for what
happened, and perhaps confuse what occurred. To lessen
this threat, students were asked to recount specific moments
to confirm their interpretation of the facts concerning their
reflection during the interviews. Similarly, the validation
performed with Academy students also helped validate the
perception of their interpretations of the sequence of
occurrences, understanding the benefits and uses of
reflective practice.

Regarding external validity, since this study is about a
specific environment in specific circumstances, the ability
to generalize is limited. It is possible that similar results
could be obtained when studying teaching and innovation
environments that operate under close conduction, for
example, using the software studio concept and reflective
practice.

5.3 Implications to software engineering
education, industry, and academia

From the point of view of software engineering
education, we were able to observe that the CBL method,
especially reflexive practice, is an effective means of
developing technical and non-technical skills. Providing
students with challenges that provoke them to go further,
search for answers, create, and reflect can lead to valuable
knowledge. This can inspire educators worldwide to rethink
their educational practices in the classroom.

For industry, our study reveals that CBL and reflective
practice lead to the development of highly demanded soft
skills such as communication, conflict resolution, autonomy,
and responsibility, among others. These methods can be used
to develop such skills in the academic environment or
professional education.
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From the academic perspective, we could present a
model that describes our findings expressed in the form of a
relationships network shown in the previous sections.

6 Conclusion

Technology changes  continuously, so  computer
professionals must increasingly deal with new methods,
tools, platforms, user expectations, and software markets.
Thus, more advanced education is needed to prepare these
professionals for the coming decades and new demands. In
this respect, reflective practice has proven to be an effective
method to help develop hard and soft skills, improving
performance and assisting students to acquire talents
essential for professional competencies.

The analyses performed in this study refer to the students
who participated in the software studio from 2019-2020 and
2021-2022. Part of the activities of these students occurred
in a face-to-face manner, and part happened remotely. This
may have caused some effects unknown to the researchers.
A further study with the cohort 2021-2022 is already being
initiated. It may reveal whether, by entering in a fully remote
manner, the results obtained by the students will be different
from those obtained in the present study.
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