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ABSTRACT

The COVID-19 pandemic forced universities to transition to remote
learning, presenting challenges for teaching programming. Thus,
it is important to teach programming through new system devel-
opment trends, such as software ecosystems (SECO), that consider
social and technical aspects to bring students closer to the reality of
the industry, even remotely. This work aims to propose and apply
PA4SDD-SECO, a pedagogical architecture for systems design and
development in remote learning based on SECO characteristics.
PA4SDD-SECO was applied in an undergraduate information sys-
tems course, where an observational study was used to analyze
the relationship of influence among students, and a questionnaire
was used to analyze both PA4SDD-SECO and the relationship of
influence among students according to their perceptions. As a re-
sult, PA4SDD-SECO improved student cooperation, regardless of
geographic distance, and helped share experiences. We found that
feedback directed at one project in SECO can influence others, even
when geographically distant.
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1 Introduction

The systems design and development have their content distributed
in several disciplines related to Software Engineering (SE) in the
computing courses (e.g., computer science and information sys-
tems). However, the experience of isolated disciplines makes it
difficult for students to develop a systemic view of the software de-
velopment process [64]. Therefore, computing courses also explore
disciplines that put all this content into practice. These disciplines
allow the observation of both the technical aspects of system devel-
opment and the social nature of developers’ interactions. Software
ecosystems (SECO) consider technical and social aspects of soft-
ware development and can bring students closer to the reality of
the industry [59], particularly in managing software quality aspects
such as modularity, reuse, and collaborative improvement of evolv-
ing systems. SECO are the interaction of software and actors (i.e.,
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keystone, end-users, third-party developers) about a common tech-
nological platform, resulting in a set of contributions and directly
or indirectly influencing the ecosystem [45].

The influence is an important social aspect in software develop-
ment, which is explored in SECO [21]. It is “a type of power, on which
having power over someone is to make someone else do something they
would not do otherwise” [69]. In the context of SE education, which
is a discipline of a practical nature, we can observe the student’s
influence on others in the performance of their tasks in teamwork
[2], potentially impacting software quality attributes such as con-
sistency, correctness, and maintainability of shared deliverables.
In programming, for example, students attend computing courses
with distinct levels of experience, which can influence the devel-
opment and the quality of the software product [19, 71]. Hence,
it is necessary to encourage relationships between students using
knowledge from the current market that favors this interaction,
such as SECO.

Several researchers have searched for innovative teaching meth-
ods for higher education to encourage student interactions [4, 28, 39,
49]. A common point highlighted by these researchers was the need
for teaching approaches that allowed interaction/socialization and
cooperative/collaborative learning among those involved. This in-
teraction can be challenging to construct knowledge, mainly when
it encompasses students, teaching assistants, and professors phys-
ically separated in time and/or space [29, 50, 60, 74]. Challenges
related to being physically separated have increased with the emer-
gence of COVID-19 and spreading across the globe [5]. Online par-
ticipation and computational resources to deliver courses replaced
physical presence. Given this context, research on pedagogical ap-
proaches aimed at teaching systems design and development in
remote teaching and learning has been the object of study [25, 63].

This work proposes a pedagogical architecture (PA) for systems
design and development in remote learning based on SECO char-
acteristics called PA4SDD-SECO. PA can be defined as learning
structures that combine different components articulated from ped-
agogical, technological, and political approaches [14, 24]. PA are
approaches that favor using technologies within an ecosystemic
vision [55]. We apply the PA proposed in this paper in the discipline
of Systems Design and Development offered at a university in an
undergraduate course on Information Systems. The course involves
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the development of software projects considering quality aspects
such as requirements, development process, iterations, deadlines,
deliveries, and so on. We analyze their application from an obser-
vational study that also investigated the relationship of influence
between students and the characteristics of an influencer in SECO.
In addition, we applied a questionnaire to analyze PA4SDD-SECO
and the relationship of influence between students according to
their perceptions.

As a result, the proposed PA contributed meaningfully to the
remote learning context of the Systems Design and Development
discipline. Our findings suggest that PA4SDD-SECO fosters student
cooperation regardless of geographic dispersion, promoting effec-
tive knowledge sharing and exchange of experiences. Notably, we
observed an influential dynamic between novice and more experi-
enced students, particularly during the early stages of the projects,
which enhanced collaborative learning. Furthermore, the impact
of directed feedback extended beyond individual teams, influenc-
ing the quality and direction of specific projects and generating
ripple effects across the entire ecosystem, reinforcing a culture of
collective improvement and continuous learning.

The remainder of this paper is organized as follows: Section 2
presents the background and related work; Section 3 explains the
proposed PA; Section 4 describes the evaluation method; Section 5
presents the results; Section 6 discusses the findings; finally, Section
7 concludes the work with final remarks and future work.

2 Background and Related Work

This study discusses the changes in teaching SE content, includ-
ing the system’s design and development. SE teaching is based
on systematically applying scientific and technological knowledge
through methods and experience in project construction, system
implementation, software testing, and documentation [10, 40]. In
SE teaching, projects are complex tasks based on challenging ques-
tions or problems that engage students in design, problem-solving,
and decision making activities [62]. This requires methods or ap-
proaches that can support this context of teaching.

Computing courses are adopting innovative teaching methods
to improve SE education and students’ skills throughout their aca-
demic experience in the system’s design and development [22]. The
use of student-centered practices such as hackathons [70], crowd-
sourcing [32], and teaching agile software development [9] has
been used. Moreover, novel ways to develop systems with solid
support for appropriate SE techniques have emerged using these
innovative methods, such as SECO [45]. SECO can be defined as
groups of projects that are developed and co-evolve in the same
environment [44].

The literature highlights a gap between methods and approaches
that use SECO characteristics to support SE teaching, although it
is an interesting complement [15, 16]. Approaches that use SECO
characteristics to help practice in computing education can pro-
vide a more global view of relationships between suppliers and
customers around a common technological platform [16, 51]. Ac-
cording to Lettner et al. [41], there is a growing agreement about
the following SECO’s general characteristics: internal and external
developers; common technological platform; keystone; platform
enabling external contributions; variability-enabled architectures;
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shared core assets; tools, frameworks and patterns; and distribution
channel. Thus, the global view that SECO characteristics enable in
system development can assist student interaction.

The use of technologies in education expands interactive spaces
for the shared construction of knowledge among actors at several
times and without the need for professors and students to share
the same geographic spaces [68]. According to Aivaloglou and
Meulen [2], team and individual assignments in computing educa-
tion have characteristics that can influence how students approach
and experience their team/individual responsibility in a distinct
geographic space. This view among computing students can be
gleaned through social influence theory. Kelman [35] defines three
types of influence: (1) compliance: is a type of power that refers
to the act of responding to an explicit or implicit request from the
third party to achieve a specific goal, such as winning an award,
approval, or avoiding punishment; (2) identification: is the change
in attitudes or behaviors due to the influence of someone who is
admired; and (3) internalization: is the process of accepting a set of
norms established by people or groups that influence the individual
and the individual accepts it because the content of the accepted
influence is intrinsically rewarding.

Farias et al. [21] investigated the definition and characteristics of
influencers in SECO. The authors defined influencers as actors that
can begin leading development and dictate how the software project
will progress in a SECO and extracted eight relevant characteristics
related to social interaction or the contribution of technical code
(Table 1). In turn, Condina et al. [12] conducted an exploratory
study on the sense of the influence of developers in an open source
SECO. The authors recognized aspects that reinforce some of the
characteristics of an influencer defined by Farias et al. [21].

Table 1: Characteristics of influencers in [21].

Characteristic Category
Source of learning Technical
Participation with code Technical
Content value Technical
Long-time interaction with the project Social
Participation with comments Social
Closeness to the GitHub project owner Social
Status in the project Social
Status (popularity on GitHub) Social

Portilho et al. [54] presented a PA for teaching programming
logic to high school students, showing gains in engagement and
learning through digital and collaborative strategies. Similarly, Lima
and Menezes [42] proposed a framework for introductory program-
ming based on problem-solving and constructivist principles to
foster autonomy and active learning. In the context of Require-
ments Engineering education, Santana et al. [18] proposed a PA
that integrates practical activities and digital tools to develop hard
and soft skills and strengthen the connection between academic
learning and professional practice.

Unlike the works mentioned above, this work presents a PA
for systems design and development in remote learning based on
SECO characteristics. It also analyzes the relationship of influence
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between students through the characteristics of an influencer in
SECO during the proposed PA application.

3 Proposed Pedagogical Architecture

PA4SDD-SECO considers three components, according to Tavares
et al. [43]: pedagogical conception; educational strategy; and com-
putational support. Figure 1 illustrates the structure of the PA. This
structure is formed by the components of PA4SDD-SECO and the
SECO characteristics on which it is based, as presented next.

3.1 Pedagogical Conception

The pedagogical conception of PA4SDD-SECO is based on Piaget’s
cognitive development model [52], which emphasizes cooperative
work (in teams) from the introduction to programming. Working
in teams fosters the development of formal reasoning, stimulates
students’ metacognition by encouraging them to articulate and
defend their thoughts, and enhances learning through the exchange
of perspectives on the subject matter.

In addition to this cognitive foundation, the pedagogical concep-
tion incorporates SECO characteristics, as identified by Lettner et
al. [41], to promote collaboration, reuse, and co-evolution of soft-
ware artifacts within an educational context. This approach also
fosters software quality attributes such as modularity, traceability,
and maintainability through structured interactions among teams.
These characteristics guided the design of PA4SDD-SECO and are
detailed as follows:

o Internal and external developers: In SECO, development
is no longer restricted to an internal team, but it is open
to external developers. We promoted interaction between
students on the same team (internal developers) and students
of different teams (external developers), allowing them to act
as business partners. This allowed for fostering cooperation
and relationship of influence between teams, including tasks
such as bug fixing, suggestion of new features, and expansion
of projects across teams;

o Common technological platform: SECO relies on a com-
mon technological platform to support a specific technology
and a class of applications. We defined a common technologi-
cal platform in which teams can cooperate, follow, and access
each other’s projects, regardless of geographical location due
to remote learning;

e Keystone: In SECO, a keystone is typically responsible
for providing and controlling the common technological
platform. In PA4SDD-SECO, the professor and teaching as-
sistants are assigned the responsibility of defining part of
the computational support, tracking the progress of teams’
projects, and providing feedback on each iteration of systems
design and development;

¢ Platform enabling external contributions: The common
technological platform has to be designed and implemented
to enable external contributions in SECO. We allowed teams
to copy existing repositories in order to create their own
ones. The teams could send merge requests to the original
repositories, helping other team members review and incor-
porate their contributions;
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e Variability-enabled architectures: The common techno-
logical platform of a SECO has to ease the development of
a set of applications customized to the customers’ specific
needs. We allowed the teams to define the most viable ar-
chitecture for their projects, enabling them to incorporate
software artifacts that could be adapted to different contexts,
environments, or the specific purposes of their projects;

¢ Shared core assets: SECO typically use reusable features
and components. We defined that the common technological
platform and virtual learning environment (VLE) would be
used as repositories for code, documentation, and presenta-
tions with access available to all teams;

¢ Tools, frameworks and patterns: SECO further relies on
tools, frameworks, and patterns to manage the development
and evolution of the variability-enabled architecture, the
common technological platform, and the shared core assets
and contributions. We defined some software for the stu-
dents to model and prototype their systems. We also allowed
each team to define the tools, structures, and standards to
support the development and evolution of their project over
the common technological platform;

e Distribution channel: A specific characteristic of several
SECO is the existence of a freely accessible distribution chan-
nel for third-party development. We defined a set of chan-
nels for distributing and sharing information that allows the
maintenance of communication between teams, professor,
and teaching assistants.

3.2 Educational Strategy

The educational strategy of PA4SDD-SECO emphasizes the impor-
tance of each participant’s engagement and contribution to teaching
and learning. Thus, the stages of this strategy were defined to foster
cooperation between teams working on software projects, consid-
ering quality aspects such as requirements, development processes,
iterations, deadlines, and deliveries.

I. Presentation of syllabus and project definition: The pro-
fessor presents the guiding elements for the system’s design
and development in the discipline. Students are grouped into
teams and define their projects;

II. Review on systems design: The professor revised concepts
and practices centered on systems design to the level of
everyone’s theoretical knowledge;

III. Presentation of computational support: The professor
and teaching assistants present SECO characteristics, such as
the common technological platform, and organize projects to
co-evolve in this environment. Students select technologies
and tools of their choice to achieve their project goals;

IV. System development and delivery: Teams perform sys-
tems design and development over the common technologi-
cal platform. The professor and teaching assistants guide stu-
dents in executing projects synchronously and asynchronously
throughout the process. System development and delivery
stage is organized by iteration (each 15 days);

V. Final assessment of projects: The professor and teaching
assistants receive the projects. The assessment process is
based on the quality of artifacts produced by teams in each
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Figure 1: PA4SDD-SECO - PA for systems design and development in remote learning based on SECO characteristics.

iteration, their ability to achieve interaction and performance
goals, and participation in project activities;

VI. Analysis of the PA: Students analyze aspects related to the
application of PA4SDD-SECO and provide suggestions for
its improvement.

3.3

The computational support facilitates cooperation, information
sharing, and knowledge exchange and is divided into the following
three groups of computational resources.

Computational Support

e Academic and communication resources that facilitate
remote communication between professor, students, and
teaching assistants: (i) Moodle - tool used to provide ma-
terials, send reminders, and define, monitor, and evaluate
tasks; (ii) Google Meet - tool used for synchronous remote
classes; (iii) Gmail - tool used to create email threads to
centralize communication with each team; and (iv) What-
sApp - messaging application used for quick communication,
coordination of activities, and real-time support between stu-
dents;

System design resources that facilitate the visualization
of the design of the systems developed: (i) Astah UML -
tool used to model use cases specified and presented in the
iterations; (ii) Balsamigq - tool used to create prototypes of

systems; and (iii) Office 365 education - tool used to prepare
presentations of the results of each iteration;

System development resources that facilitate system de-
velopment and ensure all teams have access to all projects: (i)
GitHub - SECO platform used so the teams could construct
their projects in the same environment, thus enabling stu-
dents to contribute to all the projects from anywhere; and (ii)
Other resources - the teams were free to use tools, support
materials, and technologies of their choice in systems design
and development such as Visual Studio, Stack Overflow,
Vue.js and React.

4 Evaluation Method

We conducted an observational study to gain insights into the in-
fluence relationships within the systems design and development
discipline in a remote learning context, following the application of
PA4SDD-SECO. An observational study involves social interaction
between the researcher and the subjects, with data collected sys-
tematically throughout the research [20, 58, 72]. This study adhered
to the recommendations by Seaman [61], who suggests conducting
observations during meetings and utilizing emails to gather infor-
mation that might otherwise go unnoticed, allowing for relevant
notes to be taken for research purposes. Thus, we observed how
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the characteristics of an influencer in SECO (Table 1) are reflected
in the implementation of PA4SDD-SECO, as described in Section 3.

4.1 Real Case

The case was observed in a systems design and development course
within the Information Systems program at a university, a higher
education institution. Four researchers conducted the study, ac-
companying the students throughout their activities during the
course. Typically, the course is offered face-to-face; however, it
was delivered remotely due to the COVID-19 pandemic. It is im-
portant to highlight that the entire observational study took place
during the application of PA4SDD-SECO, as described in Section 3.
A professor with over 15 years of experience teaching Software En-
gineering reviewed and validated all study decisions. We organized
the observed case as follows:

e We created the tasks and previously defined their deadlines
in Moodle. In the students’ panel, we included information
about the course presentation, good practices for remote
learning, links to synchronous remote classes, and support
documents for the system’s design and development;

e The course’s 29 students (S1 to S29) made up 7 teams (Team 1
to Team 7) of 4 to 5 members of their choice. Thus, we defined
two groups (A and B) for deliveries in alternate weeks to
have space for discussion and not overload the synchronous
remote classes (2 hours duration). Group A had 4 teams, and
Group B had 3. The teams communicated spontaneously
using the computational support described in Section 3.3;

e The first two classes were exploratory, with the students
individually delivering a summary. The objective was to
analyze the “teams” levels on systems analysis and design
and system development processes besides commenting on
the artifacts to be delivered during the discipline;

o Starting from the third class, the teams initiated the delivery
of their project documentation. In this stage, they used tools
such as Astah UML and Balsamiq. Each team member up-
loaded the document, with the respective video presenting
the prototype in Moodle;

o In the following classes, the students developed the sys-
tems with the support of the common technological platform
(GitHub). All teams had access to the platform to create their
repository and could also access the repositories of other
teams. Students delivered documentation with corrections
and videos demonstrating their implementations in these
classes;

o The teaching assistants and professor provided feedback
and resolved student questions synchronously and asyn-
chronously.

4.2 Collecting and Analyzing Data

We collected the data from observations in the synchronous remote
meetings held with the teams and the information made available
through the computational support defined in Section 3.3. Next, we
listened to the teams’ verbal explanations and wrote observation
notes describing the actions of the teams’ so that they could be
coded and understood by any researcher. The first and second au-
thors collected all data from this phase of the observational study
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without the students’ knowledge, ensuring no direct interference
from them in the research. To analyze the data, we performed an
open and axial coding approach inspired by the initial procedures
of the Grounded Theory [8]. We used notes and comments the stu-
dents left on the computational support as well as the observation
notes document for coding.

The first author conducted the coding process, as he had all
the accumulated knowledge from observing the students. In open
coding, he assigned each excerpt from the observation notes pre-
liminary and focused codes and derived them iteratively. After
open coding, he used axial coding to group the codes into cate-
gories [8] related to the characteristics of influencers in SECO
(Table 11). The other authors reviewed the codes that emerged to
ensure reliability. To do so, we organized the observation notes
and codes into a document to track the results in several iterative
cycles with discussions between the authors. With this procedure,
we tried to mitigate the bias of the researcher’s opinion, providing
more reliability to the data and results. Table 2 shows examples
of the coding process for transcripts and the resulting codes and
categories.

We created a questionnaire on Google Forms, consisting of ob-
jective and subjective questions divided into five parts, to analyze
students’ perceptions of the PA4SDD-SECO application. The first
part (1) presented an introductory text outlining the questionnaire’s
academic objectives. In the second part (2), participants read and
indicated their agreement or disagreement with the consent form
before proceeding to the questions. The third part (3) collected par-
ticipant demographic and background information. The fourth part
(4) presented students with six scenarios related to the characteris-
tics of influencers in SECO, as described in Table 3. Students were
asked to rate their perception of these characteristics during the
course. We excluded the characteristics “status in the project” and
“status/popularity in GitHub” since no differentiated permissions or
privileges existed among students within the same project team.
Participants rated each question on a scale from 1 (least observed)
to 5 (most observed), indicating how prominently they perceived
each scenario throughout the course. The fifth part (5) included
questions about the overall evaluation of the course. Based on the
questionnaire results, we analyzed the effectiveness of the PA4SDD-
SECO application. The questionnaire is publicly available in an
open repository!.

5 Results

The systems design and development course was offered over a pe-
riod of three months. It comprised 29 students, 4 teaching assistants
(2 undergraduate and 2 graduate), and 1 professor. The students
were divided into seven teams, organized into two groups (A and
B) that alternated weekly deliveries. The professor and teaching
assistants monitored submitted documents on Moodle, synchro-
nous presentations via Google Meet, and activities on the common
technological platform (GitHub). This approach enabled a compre-
hensive understanding of students’ learning progression and the
challenges encountered in conducting a practical course remotely.

!https://doi.org/10.5281/zenodo.10855251
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Table 2: Illustration of the coding process.

Observation notes: “The developers on the team knew the front-end and back-end. This made it easier to achieve a good result when delivering artifacts related to part
of the project. Sometimes, developers S20 and S23 stayed up all night to project and execute on time.

Preliminary code Focused code

Category

Developers knew the front-end and back-end

Participation with code

Technical

S20 and S23 stayed up all night to project and execute | Long-time interaction with the project | Social

Table 3: Scenarios and related characteristics.

ID Scenario Characteristics

1 “One or more members are the team’s ~ Source of learning
source of expertise and are called
upon to answer questions.”

2 “Adeveloper actively participates by  Participation with code
contributing with substantial code to
the project.”

3 “The contributions of one member of ~Content value
the team were of high value for the
project to achieve its objectives.”

4 “Ateam member devoted much time Long interaction time with
to the project, whether it’s documen-  the project on GitHub
tation, development, or testing.”

5  “The comments, suggestions, and/or ~ Participation with com-
criticisms of a team member were im- ment
portant for the project development.”

6  “The good relationship among team  Closeness to the GitHub
members contributed to the project’s  project owner
success.”

Additionally, we analyzed the influence relationships among stu-
dents throughout the course. Our results are presented following
the educational strategy of PA4SDD-SECO outlined in Section 3.2.

5.1 Presentation of Syllabus and Project
Definition

The professor presented the discipline at this stage. Next, the stu-
dents asked questions about the system to be developed and the
technologies and tools that could be used. After the explanations,
the students were given 15 days to define the teams and an initial
project proposal. Regarding team formation, some students had dif-
ficulties forming teams since they were geographically distant and
did not know other students in the discipline. Hence, the synchro-
nous remote classes and computational support helped improve
interaction among them.

5.2 Review on Systems Design

At this stage, students became better acquainted with the professor
and teaching assistants. We observed that establishing a direct com-
munication channel between students, the professor, and teaching
assistants, through the computational support defined in PA4SDD-
SECO, was essential for project development. Additionally, students
prepared summaries of the content to be discussed before synchro-
nous remote classes, aiding in content review. Once teams were
formed, students presented their initial project ideas. Teaching as-
sistants also offered suggestions to help teams struggling to define
their topics and held remote meetings to discuss project progress.

5.3 Presentation of Computational Support

The professor and teaching assistants presented the common tech-
nological platform (GitHub) as the system development environ-
ment. In addition, they also presented the system design resources
(Astah and Balsamiq). The professor highlighted that students could
choose the system development resources. We realized the teams
did not use all the available resources in the GitHub. We observed
that some students did not have experience using GitHub, making
them use only the basics, the code repository, and the central part
of the project. We also observed that in most teams, only one or
two students defined the system development resources, such as
the programming language and development frameworks.

5.4 System Development and Delivery

At this stage of the educational strategy of PA4SDD-SECO, we
began to observe the influence relationships among students (who
assumed the role of developers during the course) by identifying
characteristics of influencers in SECO, as detailed next.

5.4.1 First Iteration. In the first iteration, teams delivered the ini-
tial project documentation, including requirements, business rules,
system modeling, and prototypes. Difficulties emerged mainly in re-
quirements elicitation and UML class diagram modeling. As coding
had not yet started, the common technological platform (GitHub)
was not used. We also observed the emergence of students acting as
“product owners”, concentrating knowledge of business rules and in-
fluencing team decisions by answering questions and commenting
on peers’ work, as shown in Table 4.

Table 4: The first iteration observations.

Characteristic Observation

Participation with comments S8, S12, S16, and S17 were responsi-
ble for commenting on their presen-
tations and answering questions re-
garding their teams’ projects.
S5, S10, and S19 were responsible for
commenting on their presentations
and answering questions regarding
their teams’ projects.

5.4.2  Second lteration. GitHub played an important role in system
development from this iteration. Table 5 shows the relationships
of influence between students identified at this stage. Building on
feedback from the previous iteration, in which one team received
positive comments for using a use case prioritization schedule, other
teams adopted similar schedules. As S12 reported, “we decided to
use the schedule as we thought it was a promising idea from the other
team”. This illustrates how practices spread across teams and how
feedback influenced co-evolving projects in the SECO environment.
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We also identified possible influencers with technical character-
istics. Some teams adopted pair programming to balance knowl-
edge between novice members and those with more experience.
As S6 explained, “it’s preferable to sacrifice some initial time align-
ing knowledge rather than stopping several times during the project
to explain”. During the presentations, some students responded
promptly to technical questions. We noticed that some of these
potential influencers contributed a lot of code to their projects.

Table 5: The second iteration observations.

Characteristic Observation

Content value and source of ~ S2 and S22 were technical references
learning in their teams, guiding the require-
ments prioritization.

S6 used pair programming to ex-
change experiences with novice stu-
dents in systems design and develop-
ment.

S2, S14, S20, and S23 were respon-
sible for the many commits in their
projects.

S3, S11, and S29 were responsible for
the many commits in their projects.

Source of learning

Participation with code

5.4.3 Third Iteration. Some teams reported difficulties in systems
design and development and the need to change or remove use
cases in this iteration. Collaboration extended beyond team bound-
aries, and one student reported calling a peer from another team
to resolve a technical issue, exemplifying the SECO characteris-
tic of interaction between internal and external actors (Table 6).
When problems were not solved through peer support, students
turned to external forums such as Stack Overflow, and two teams re-
quested meetings with teaching assistants outside the synchronous
classes. These meetings also contributed to observations related to
the characteristics of influencers in SECO.

Table 6: The third iteration observations.

Observation

S14 mentioned that prior knowledge about
some integrations made their use easier.

S13 was the source of learning for his/her
team members, and because of his/her previ-
ous experience with a specific programming

Characteristic
Source of learning

language, members of other teams also asked
him for help.

We also observed greater immersion in systems design and devel-
opment. Despite clear role divisions, teams sought to share knowl-
edge internally, with more experienced members mentoring novices.
Students explicitly mentioned this exchange of experience in at
least two teams. This aligns with Blincoe et al. [6], who state that
developers tend to follow more experienced peers to learn from
their code and practices.
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5.4.4  Fourth lteration. With final delivery approaching, some stu-
dents reported the need to work for a long-time to complete the
use cases. On the common technological platform, we observed
that not all team members contributed code to their projects, as
shown in Table 7. Typically, one or two students made most of the
contributions. The students validated this observation by reporting
a division of roles. According to them, the most complex parts of
the project were aimed at the most experienced students in systems
design and development. Some teams faced difficulties integrating
their projects with external systems (e.g., authentication via social
networking sites, use of maps, email systems etc.). These difficulties
resulted in requirements changes in the final iterations. As some
teams opted for similar technologies, there was a case where one
team turned to a student from another team to resolve an integra-
tion issue. Other students reported sharing existing libraries and
APIs so that different groups could reuse them, exemplifying the
SECO characteristic of shared core assets.

Table 7: The fourth iteration observations.

Characteristic Observation

Source of learning

Two teams reported that S2 and S11 were
the main sources of learning for their re-
spective team members due to their previ-
ous experience.

Long-time interaction Team 3 mentioned they had to spend
with the project nights fixing bugs and completing the
project.

S6 and S29 made the most significant code
contributions to their respective projects.

Participation with code

Participation with com- S16 opened the issues on GitHub and en-
ments couraged discussions in his/her project.

Only one team used the GitHub issues area to report bugs or
discuss new features. Although this feature was available, most
students preferred to communicate through instant messaging ap-
plications, specifically WhatsApp, since they considered it more
direct and practical. Some students also reported not using all the
resources available on the platforms (e.g., GitHub issues) due to
unfamiliarity or lack of prior experience.

5.4.5 Fifth Iteration. In the fifth and last iteration, all teams deliv-
ered projects with the minimum implemented requirements. One of
the teams highlighted that an experienced student had chosen the
technologies used in the project, which allowed him to complete
the project promptly, as shown in Table 8. Some teams faced prob-
lems with time and difficulty for everyone to meet simultaneously.
This difficulty may be due to remote teaching, where students face
connection problems and available hours.

Table 8: The fifth Iteration observations.

Characteristic Observation
Source of learning, and con- The students pointed out that S14 was
responsible for defining all the tech-

nologies used in the project.

tent value

Amidst the challenges faced in the COVID-19 pandemic, stu-
dents reported that they often had to work on the project until
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dawn, for several hours, so as not to compromise or delay deliver-
ies. These data corroborate the study by Bozkurt and Sharma [7],
which highlights that many students face difficulties in using their
available time for studies remotely being necessary to create a habit
for this type of teaching, in which the student themself knows how
to organize their time. Another difficulty was the lack of financial
conditions to acquire a computer and Internet, making it difficult
to have quality and equal teaching and learning.

5.5 Final Assessment of the Projects

The evaluation of the projects was cumulative and related to the
delivery of each team in the synchronous remote classes. Each de-
livery had a score of 100 points, corresponding to 80% of the grades.
The remaining 20% were related to summaries delivered individ-
ually at the beginning of the course. Notes were made available
to students via Moodle after each delivery in synchronous remote
classes. The evaluation was carried out according to the quality
of the projects delivered. There were no grades below average (50
points), and post-delivery comments aimed to help students not
make the same mistakes. We emphasize that although the sum of
the assessment only formally appears at the end of the process,
intermediate estimates were present from the beginning of the sub-
ject, contributing to the high approval rate (100%). At the end, 25
of the 29 students obtained the maximum grade in their projects.

5.6 Analysis of the Pedagogical Architecture

We applied a questionnaire to analyze PA4SDD-SECO and students’
perceptions of influence relationships. At the end, 21 of 29 students
completed the questionnaire. Most participants (17 of 21) had prior
experience with system development, and 20 of the 21 students
reported having experience with GitHub. Regarding programming,
ten reported high affinity, eight medium, and three low.
Regarding influence, the “closeness to the GitHub project owner”
was the characteristic most noted by students. Those who already
knew each other collaborated more easily, while others struggled to
form teams due to lack of prior contact and the absence of in-person
meetings during synchronous classes. This characteristic was also
observed throughout the discipline. Figure 2 presents students’
perceptions of influencer characteristics in their projects.

Closeness to the GitHub project owner Il
Participation with comments Il
Long-time interaction with the project Il
Content value NN
Participation with code contribution |
|

Source of learning

o

2 4 6 8 10 12 14 16 18 20 22

m Strongly disagree Disagree Neutral Agree Strongly agree

Figure 2: Characteristics of influencers perceived by students.

Regarding the educational strategy of PA4SDD-SECO, students
highlighted the organization of deliveries in short iterations as a pos-
itive aspect. They also valued the flexibility and practical approach
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of the architecture. One respondent suggested incorporating pair
programming to enhance learning across teams. We emphasized
that students were free to choose how to develop their projects. Stu-
dents also recommended providing more complementary materials
and assigning a teaching assistant to each team. Table 9 presents
the students’ comments on the educational strategy.

Table 9: Comments on the educational strategy of PA4SDD-
SECO.

ID. Comment

S1  “It would be interesting to have a specific instructor for each team.
Someone to check deliveries and talk directly to the teams.”

S3 “I missed a more comprehensive set of materials that addressed
subjects related to the discipline.”

S7  “Encouraging pair programming among teams would further enable
the knowledge exchange. The project enabled me to exchange
knowledge, but I wished to have learned more about the code from
other colleagues.”

S10 “Iliked the weekly delivery method. The two weeks between each
delivery were essential for the good development of the projects.”

S18 “The approach adds much more than tests and exercise lists. We
learned a lot more and did not forget the concepts because we
could apply the theory to our daily problems through the method
adopted in the subject”

Regarding the computational support of PA4SDD-SECO, stu-
dents considered direct contact with the professor and teaching
assistants essential for the effective functioning of the course ac-
tivities. Additionally, they suggested the adoption of other tools.
Table 10 presents the students’ comments.

Table 10: Comments on the computational support of
PA4SDD-SECO.

ID. Comment

S13  “Iwas pretty afraid of this discipline before starting. However, the or-
ganization through activities with deliveries planned and explained
since the beginning of the discipline and open communication with
the professor and teaching assistants made the discipline easier”

S16 “Using Google Classroom can lead to more fluent communication,
but email was enough.”

Thus, we noticed that the cooperation among the professor,
students, and teaching assistants was a differential and essential
communication for this exchange of knowledge and experiences.
Another noteworthy point is the positive role of PA4SDD-SECO,
which presented itself as promising support in developing systems,
enabling the development of projects cooperatively and remotely.

6 Discussion

Our main results show that PA4SDD-SECO, based on SECO charac-
teristics, can effectively support systems design and development
in remote learning by fostering cooperation among students within
and across teams. Furthermore, we observed multiple influence
relationships between students through the identification of influ-
encer characteristics in SECO (Table 11). This section discusses
pedagogical approaches to systems design and development, as
well as influence relationships among developers in SECO.



A Pedagogical Architecture for Systems Design and Development in Remote
Learning Based on SECO Characteristics

6.1 Pedagogical Approaches to Systems Design
and Development

PA4SDD-SECO enables teams to collaboratively solve real-world
problems, offering an authentic hands-on experience in systems
design and development within a remote learning context. Students
are also exposed to software quality aspects, such as decision trace-
ability, consistent use of design artifacts, and progressive refinement
of deliverables. Prior studies highlight the value of pedagogical ap-
proaches that approximate industry practice and provide enriching
experiences in systems design and development [1, 3, 25, 27, 33, 48].
PA4SDD-SECO integrates pedagogical aspects with computational
support to foster innovative educational proposals and is grounded
in SECO principles. According to Damian et al. [17], SECO is be-
coming the predominant mode of software development.

PA4SDD-SECO encourages student autonomy by allowing them
to define and adapt their system design and development strategies.
One of its advantages is applicability to remote learning, overcom-
ing geographical barriers and enabling practical cooperation. This
flexibility is particularly relevant today, where remote education
has become necessary [23, 46]. Applying PA4SDD-SECO showed
that teamwork facilitates peer learning in remote settings. When
teams include students with diverse backgrounds and experiences,
they can cooperate and influence each other, benefiting the remote
learning process. According to Porras et al. [53], adopting pedagog-
ical approaches that promote team building during remote learning
is crucial for computing courses. The authors also highlight that
remote learning hinders the development of strong, lasting relation-
ships between students and teachers, underscoring the importance
of pedagogical strategies that foster synchronous and asynchronous
team interactions during project [53].

PA4SDD-SECO also stimulates student protagonism by encour-
aging autonomy and responsibility for learning collaboratively
through projects. This approach makes classes more dynamic and
helps overcome geographical barriers, enabling cooperation even
at a distance. According to Moumoutzis et al. [47], pedagogical
strategies that guide students in managing projects enable effective
cooperation in developing assigned software products, both in re-
mote and classroom settings. Moreover, these strategies facilitate
knowledge acquisition through interaction during project devel-
opment [73] and encourage students to step outside their comfort
zones [67]. Consequently, a student’s performance depends not
only on their individual efforts but also on the contributions of
their teammates toward achieving project goals.

6.2 Relationship of Influence Between
Developers in SECO

In the first deliveries of the system, we noticed a student influenced
other students on his/her team and other teams through “partic-
ipation with comments” during synchronous remote classes or
on the common technological platform. According to Condina et
al. [12], participation with comments is important in SECO-based
scenarios. It can impact the project’s direction and lead to decision
making and improvements in design and code.

We also observed that the comments of the professor or teaching
assistants also influenced the teams’ decisions. For example, some
teams changed their development framework due to feedback from
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teaching assistants or other students. By sharing their thoughts
and discussing different perspectives, there was an exchange of
experiences, allowing each person to contribute with their opinion.
Cook et al. [13], Rocha et al. [57] and Kok et al. [37] state that
the exchange of feedback between students is an essential activity
for learning in computing courses, especially in open-ended and
interaction-oriented domains, as in the PA proposed in this paper.
Hamer et al. [26] and Stegeman et al. [65] corroborate this state-
ment by describing that receiving feedback from other people helps
receptors develop self-evaluation skills and learn on how to use it
to make decisions during systems design and development.

We asked students how they organized the projects during sys-
tems design and development discipline. The students reported
that more experienced students in systems design and development
suggested ways to manage and execute the projects (“source of
learning” and “content value”). Our results corroborate the study
performed by Farias et al. [21]. The authors informed that experi-
enced developers helped novice developers in order to help them
overcome obstacles during the system’s design and development.

We also identified that some potential influencers (more experi-
enced students in systems design and development) were also con-
tributing with code to their projects (“participation with code”)
based on the common technological platform (GitHub). According
to Cochez et al. [11], using GitHub as such a platform has several
potential benefits for the professor. The professor can monitor stu-
dents’ progress, stimulate collaboration between students, track
students’ progress and understand how projects have evolved, and
provide feedback efficiently. On the other hand, Suciu et al. [67] state
that experience with these specific tools or platforms for project
management and versioning supports the practical skills students
will need in the job market, as they are the typical instruments used
in real projects in software companies. In addition, Kalliamvakou
et al. [34] describe how a transparent, open development environ-
ment fosters cooperation among software developers by supporting
social coding platforms such as GitHub. This shifts communication
and coordination from the project level to the network level of the
SECO, as exemplified by PA4SDD-SECO. At the network level, ac-
tors define strategies for their immediate buyers and suppliers—for
instance, by organizing meetings and maintaining communication
and collaboration with other external stakeholders [30, 66].

We also asked the students if their previous physical proximity
with other colleagues had helped them develop their activities. The
students mentioned that knowing some of their colleagues before-
hand helped them to form teams and establish a good relationship
among team members, which in turn contributed to the delivery of
the system (“closeness to the GitHub project owner”). This result
confirms the findings of Silva et al. [62]. According to the authors,
pedagogical approaches that promote teamwork with members
they already know foster the exchange of knowledge.

Based on the observational study and students’ responses to
the questionnaire, we identified six out of eight characteristics of
influencers in SECO (Table 1). We classified these characteristics
according to theory of social influence [35], as shown in Table 11.

We noticed that the characteristic “closeness to the GitHub
project owner” is linked to the “identification” social influence
type. “Identification” is associated with accepting the influence of
someone who is admired [35]. We observed that some students
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Table 11: Characteristics versus social influence types by [35].

Characteristics Social Influence Type
Source of learning Compliance
Participation with code Internalization

Content value Internalization
Long-time interaction with the project Internalization
Participation with comments Internalization
Closeness to the GitHub project owner Identification

already recognized and admired the know-how of these students
since they already knew some members of their team.

The influencers’ characteristics, “participation with code”,
“content value”, and “long-time interaction with the project”
were associated with the “internalization” social influence type.
“Internalization” occurs when developers accept the influence due
to the intrinsically rewarding nature of the influencer’s content
[35]. In our context, we observed that the novice students (with
less experience in systems design and development) could not per-
form technical tasks on GitHub similarly to the more experienced
students in systems design and development, even though there
was an exchange of experiences during the iterations. However, the
more experienced students exerted influence by helping novices
resolve bugs, conduct tests, and review code.

The social influence type “compliance” is linked to “source of
learning”. “Compliance” occurs when individuals tend to act ac-
cording to the expectations of the team to which they belong to
achieve a certain goal [35]. In the case of novice students, we ob-
served that they consensually accepted the influence of experienced
students in systems design and development to get the system de-
livered on time. Therefore, the social influence type “compliance”
can directly be related to “source of learning”.

Studies focused on teaching and learning in computing courses
such as computer science and information systems consider several
social aspects, such as collaboration and cooperation [31, 38, 56].
However, other social aspects should be discussed in teaching and
learning in computing courses, such as the relationship of influence
between students. Professors need to be aware of the influencers in
each project, either to avoid bad influences or to strengthen positive
influences to support teaching and learning. A helpful strategy is to
monitor discussions, considering not only students who contribute
code but also those who provide ideas and comments on problems
and code from other students.

7 Conclusion

This work proposed and applied a PA for systems design and devel-
opment in remote learning based on SECO characteristics (PA4SDD-
SECO). We applied PA4SDD-SECO in the discipline of systems de-
sign and development and observed the relationship of influence
between the students who took on the role of developers during
a discipline. Our results show that PA4SDD-SECO contributed to
systems design and development in remote learning and improved
student cooperation, regardless of geographic distance.

In the students’ perception, PA4SDD-SECO was considered pos-
itive for supporting learning. Students emphasized that PA4SDD-
SECO allowed cooperation between those in the same team and
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from different teams, even during remote learning. In students’ per-
ception, this collaborative environment favored software quality,
encouraging reuse, feedback incorporation, and attention to artifact
completeness. The knowledge sharing and cooperation between
the students not only enriched the quality of the system but also
helped to maintain a strict delivery schedule, which awakened an
accountability relationship among the students in the teams. Team
cooperation was key in ensuring that all the projects were deliv-
ered on time. This cooperative learning environment demonstrates
how synergy between students can be a powerful tool for collec-
tive success. Moreover, we identified the relationship of influence
between students. We observed that the knowledge exchange be-
tween novice and more experienced students contributed to the
success of the projects. We also noticed that feedback directed to a
team can influence other teams in the SECO context.

This work is limited to the analysis of classes within a one-course
period. So, we did not seek to generalize the results but generate
inputs to be considered in further academic experiences in other
contexts. Furthermore, we must emphasize that the collected data
refers to comments and perceptions of students participating in
the course as well as researchers’ reflections. Kitchenham et al.
[36] state that a qualitative study addresses research questions
related to the beliefs, experiences, attitudes, and opinions of human
beings, either as individuals or in groups. Thus, qualitative studies
aim to identify as many different viewpoints as possible rather
than the most commonly expressed viewpoint. They also offer
richer explanations and new areas for future study. We tried to
address such a limitation by sharing data analysis and exchanging
experiences with two more experienced researchers in the SECO
context and in the course teaching (15 years).

As future work, we intend (i) to extend the study to other regions
and/or subjects to verify whether the application of PA4SDD-SECO
contributes to the teaching and learning process in other comput-
ing courses; (ii) to employ additional research methods (e.g., field
studies) to compare influence relationships between novice and ex-
perienced developers in educational versus industrial contexts; (iii)
to conduct further studies investigating whether a novice developer
who is influenced can eventually become an influencer; and (iv) to
employ objective metrics (e.g., collaboration networks on GitHub
and quality of models/artifacts) to broaden the analysis of results.
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