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Abstract

Software Architecture education presents significant pedagogical challenges, primarily due
to the abstract nature of its concepts and the difficulty students face in connecting theory
to practice. To understand this, we first conducted a Systematic Mapping Study between
2005 and 2025, analyzing 45 primary studies. The results revealed that while educational
games exist, they often fail to address the specific skill of identifying architectural patterns
from narrative-based problem descriptions. To bridge this gap, we propose Architectural
Stories, a non-digital card game based on deductive reasoning mechanics. The game re-
quires players to investigate Architectural situations, analyze symptoms, and deduce the
appropriate architectural pattern to solve the enigma. To evaluate the proposed approach,
we conducted a case study with 34 undergraduate students using three validated instru-
ments: the Model for the Evaluation of Educational Game (MEEGA+), the Intrinsic
Motivation Inventory (IMI), and the Instructional Materials Motivation Survey (IMMS).
The results were highly positive, indicating that the game promotes strong social interac-
tion, engagement, and intrinsic motivation. Furthermore, the evaluation confirmed that
Architectural Stories is an effective instructional tool for developing diagnostic reasoning

and reinforcing the understanding of architectural patterns in a collaborative environment.

Keywords: Software Architecture Education, Game-Based Learning, Architectural Pat-

terns, Educational Games.



Resumo

O ensino de Arquitetura de Software apresenta desafios pedagdgicos significativos, prin-
cipalmente devido a natureza abstrata de seus conceitos e a dificuldade que os estudantes
tém em conectar teoria e pratica. Para enfrentar essa questao, foi realizado, primeira-
mente, um Mapeamento Sistematico da Literatura entre 2005 e 2025, com analise de 45
estudos primarios. Os resultados revelaram que, embora existam jogos educacionais na
area, frequentemente falham em abordar a habilidade especifica de identificar padroes
arquiteturais a partir de descricoes narrativas de problemas. Para preencher essa lacuna,
foi proposto o Architectural Stories, um jogo de cartas nao digital baseado em mecanicas
de raciocinio dedutivo. O jogo exige que os jogadores investiguem situacoes arquiteturais,
analisem sintomas e deduzam o padrao arquitetural adequado para solucionar o enigma.
Para avaliar a abordagem proposta, foi conduzido um estudo de caso com 34 estudantes
de graduacao, utilizando trés instrumentos validados: Model for the Evaluation of Educa-
tional Game (MEEGA+), Intrinsic Motivation Inventory (IMI) e Instructional Materials
Motivation Survey (IMMS). Os resultados foram altamente positivos, indicando que o jogo
promove uma forte interacao social, engajamento e motivacao intrinseca. Além disso, a
avaliagao confirmou que o Architectural Stories é uma ferramenta instrucional eficaz para
desenvolver o raciocinio diagnéstico e reforcar a compreensao de padroes arquiteturais em

um ambiente colaborativo.

Palavras-chave: Ensino de Arquitetura de Software, Aprendizagem Baseada em Jogos,

Padrées Arquiteturais, Jogos Educacionais.
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1 Introduction

1.1 Context and Problem

Software Architecture (SA) is characterized as the set of structures necessary to reason
about a software system, comprising software elements and the relationships among them
(BASS; CLEMENTS; KAZMAN, 2021). Consequently, SA serves as the critical link be-
tween design and requirements engineering, identifying the primary structural components
of a system and how they are organized into communicating entities (SOMMERVILLE,
2018). Designing an SA capable of meeting system requirements is a crucial activity in
the initial stages of software product development (OLIVEIRA et al., 2022). Therefore,
architectural decisions directly impact both business objectives and the functional and
quality requirements of the software (SOUSA; MARQUES, 2020).

A pivotal aspect of developing software with an architectural focus involves se-
lecting an architectural style or pattern (BASS; CLEMENTS; KAZMAN, 2021). An
architectural pattern can be described as a reusable description of a proven organiza-
tional structure, addressing recurring design problems that emerge within specific contexts
(SOMMERVILLE, 2018). These solutions define the roles, responsibilities, and interac-
tions of elements, often bundling multiple architectural tactics that inherently introduce
trade-offs among quality attributes (BASS; CLEMENTS; KAZMAN, 2021).

Despite this, Software Architecture Education (SAE) is important for future IT
professionals and presents substantial pedagogical challenges (GALSTER; ANGELOV,
2016; ARAUJO et al., 2024). The abstract and imprecise nature of architectural con-
cepts often impedes students from grasping the content meaningfully through traditional
lecture-based instruction (OUH; IRAWAN, 2019; OLIVEIRA et al., 2022; CASTRO,
2023). Furthermore, lectures frequently fail to provide practical experience in decision-
making and negotiation (MONTENEGRO; ASTUDILLO; ALVAREZ, 2017). To un-
derstand architecture effectively, hands-on experience and active methodologies are re-

quired to complement traditional approaches (BOER; FARENHORST; VLIET, 2009;
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DEURSEN et al., 2017). A specific challenge arises in training students to identify archi-
tectural patterns from narrative descriptions, a competency that demands technical profi-
ciency and diagnostic reasoning that extends beyond the classroom environment (LAGO
et al., 2019).

In this scenario, several strategies have been addressed, including project-based
learning (VIDONI; MONTAGNA; VECCHIETTI, 2018), gamification, and educational
tools (CARVALHO et al., 2025). In particular, educational games serve as effective in-
struments to promote engagement, critical thinking, and content assimilation playfully
(GIACOBO, 2023; SOUZA et al., 2023; FEICHAS; SEABRA; SOUZA, 2021; LELIS,
2024). However, while the scientific literature shows several proposals, such as those focus-
ing on design methods like Attribute-Driven Design (ADD) (CERVANTES et al., 2016),
evaluation methods like the Architecture Trade-off Analysis Method (ATAM) (MON-
TENEGRO; ASTUDILLO; ALVAREZ, 2017), or decision-making processes (LAGO et
al., 2019), there is a notable deficiency in approaches specifically designed to train the
skill of pattern identification from narrative contexts. Existing games predominantly offer
predefined options or focus on method execution, rather than challenging the student to

deduce the appropriate pattern solely from a description of symptoms.

1.2 Research Question

Considering the challenges inherent to SAE, particularly the difficulty students face in
identifying and applying Architectural Patterns from narrative problem descriptions, this

work seeks to answer the following research question (RQ):

RQ: Can the use of a card game influence students’ motivation to learn soft-

ware architectural patterns?

1.3 Objectives

Motivated by the challenges students face in abstracting real-world scenarios into archi-
tectural patterns, the general objective of this work is to design, develop, and formally

evaluate Architectural Stories, a non-digital educational card game aimed at supporting
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the SAE. Therefore, this work proposes a game-based learning approach to assist stu-
dents in interpreting architectural problem narratives and mapping them to relevant SA
patterns, thereby fostering diagnostic reasoning and active engagement.

To achieve the main objective, the following specific objectives were established:

e Analyze the state of the art on SAE: Examine existing game-based learning
approaches in SA to identify gaps in the teaching and learning of architectural

patterns;

e Design and development of a collaborative instructional tool: Define and
develop the mechanics, components, and rules of a non-digital card game that inte-

grates social interaction with core architectural concepts;

e Evaluate the impact on student motivation: Assess the effectiveness of the
proposed game in terms of player experience, engagement, and perceived learning,

employing validated instruments.

To achieve the established goals, we introduce and evaluate Architectural Sto-
ries, a non-digital card game designed to support the architectural patterns education. In
contrast to initiatives focused on broad conceptual reinforcement, Architectural Stories
concentrates directly on helping students interpret narratives and map them to patterns.
The game employs a narrative deduction format inspired by Black Stories!, wherein play-
ers collaboratively investigate Architectural situations until they reach a comprehensive
solution. Through this structure, the game aims to foster practical understanding and

logical reasoning in a clear and accessible format.

1.4 Methodology

To achieve the general objective, we adopted a structured research methodology orga-
nized into five distinct phases: (1) Identification of Existing Approaches, (2) Definition of
Learning Objectives, (3) Game Design and Development, (4) Evaluation Planning and Ex-
ecution, and (5) Data Collection and Analysis. These phases, summarized in Figure 1.1,

are described below.

thttps://tinyurl.com /mry3zr5h
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Figure 1.1: Research Methodology

Phase 1: Identification of Existing Approaches

We conducted a Systematic Mapping Study (SMS), as detailed in Chapter 3, on SAE
to identify pedagogical strategies and game-based approaches currently available in the
literature. The review process involved defining search strings, selecting digital libraries,
and applying inclusion and exclusion criteria to select relevant studies.

While the review highlighted games that effectively addressed design methods,
architectural evaluation, decision-making, and conceptual reinforcement, our results re-
vealed a specific gap: none of the identified games explicitly supported the inference of
architectural patterns from narrative problem descriptions. This finding motivated the

development of a new approach focused on diagnostic reasoning.

Phase 2: Definition of Learning Objectives

Based on the identified gap, we defined specific learning goals for the game. The central
purpose is to transition students from passive conceptual understanding to active diag-
nostic application. The first objective is to enhance pattern recognition. To achieve this,
students must interpret open-ended narrative scenarios. They are challenged to identify
specific architectural symptoms within these contexts.

The second objective is to foster deductive reasoning. The game cultivates the
skill of linking a problem diagnosis to a specific architectural solution. This process relies
on logical deduction to map symptoms to the correct pattern.

Finally, the design encourages theoretical argumentation. Students are required

to articulate their choices using technical vocabulary. They must also justify their deci-
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sions through trade-off analysis.

Phase 3: Game Design and Development

This subsection describes the development of Architectural Stories. We crafted a set of
Architectural situations. These are narratives that describe system failures, bottlenecks,
or requirements violations without explicitly naming the underlying issue. The narratives
were designed to be open-ended, requiring players to ask investigative questions to uncover
the root cause.

We selected a comprehensive set of 19 architectural patterns to serve as the
solutions. The selection criteria focused on patterns that represent fundamental struc-
tural styles and widely used distributed solutions in the software industry. The specific
patterns included are Layers, Client-Server, Model-View-Controller (MVC), Pipe and Fil-
ter, Event-Driven Architecture, Service-Oriented Architecture (SOA), Publish-Subscribe,
Microservices, Microkernel, Broker, Peer-to-Peer (P2P), Hexagonal Architecture, Saga
Pattern, Adapter, Facade, Proxy, Mediator, Message Bus, and Blackboard.

Regarding the format, we deliberately chose a non-digital approach using phys-
ical cards for this initial version. This choice prioritizes face-to-face social interaction,
negotiation, and oral argumentation. These soft skills are critical for software architects
but are often harder to practice in digital environments. However, a digital version is cur-
rently under construction to facilitate future remote learning applications. Finally, the
gameplay adopts a hybrid competitive and cooperative structure. This format was chosen
to foster engagement through competition while simultaneously encouraging collaborative

reasoning during the investigation phase.

Phase 4: Evaluation Planning and Execution

To evaluate the game’s educational effectiveness, usability, and motivational aspects, we
designed an evaluation study conducted in a classroom setting.

The evaluation was planned as a case study within an undergraduate Software
Engineering course. To comprehensively assess different dimensions of the educational

game, three validated instruments were selected.
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First, the MEEGA+ (Model for the Evaluation of Educational Games) (PETRI;
WANGENHEIM; BORGATTO, 2017) was employed to assess the perceived quality of the
game, encompassing aspects related to usability, player experience, and perceived learning.
Second, the Intrinsic Motivation Inventory (IMI) (RYAN; KOESTNER; DECI, 1991)
was employed to measure students’ intrinsic motivation and experience during gameplay,
focusing on dimensions such as interest/enjoyment, perceived competence, and effort.
Finally, the Instructional Materials Motivation Survey (IMMS) (KELLER, 2009) was
administered to assess the motivational aspects of the game based on the ARCS model,
encompassing attention, relevance, confidence, and satisfaction.

The combination of these instruments enabled a multidimensional evaluation of
the game, addressing engagement, motivation, usability, and perceived educational value.

The application took place in a classroom setting with 34 undergraduate students.
Upon arrival, the students organized themselves into groups of three to five members.
Each group received the game materials (mystery card decks, pattern summary sheets,
and scoreboards) and was instructed to learn the rules exclusively from the provided
manuals.

During the activity, the instructor remained available only for occasional clarifi-
cations, deliberately avoiding interference in the groups’ reasoning and interactions. This
approach was intentional, as one of the goals was to evaluate whether students could

understand and engage with the game solely by relying on the instruction manual.

Phase 5: Data Collection and Analysis

Immediately after the gameplay session, data collection was performed. Students an-
swered the MEEGA+, IMI, and IMMS questionnaires individually and anonymously.
The instruments included quantitative items measured on Likert scales, as well as open-
ended questions to capture qualitative feedback regarding the game’s strengths and areas
for improvement.

Quantitative data were analyzed using descriptive statistics (mean and standard
deviation) to assess levels of acceptance, motivation, engagement, and perceived quality.

Qualitative comments were read in detail and interpreted in conjunction with the quan-
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titative results, allowing the identification of consistent perceptions related to the game’s

mechanics, engagement, motivational impact, and learning value.

1.5 Organization

This document is structured as follows. Chapter 2 presents the theoretical foundations
that support this research, including concepts related to SA, educational games, and
learning theories relevant to computing education. Chapter 3 discusses the related work,
presenting an SMS and the primary studies identified through this process, highlighting
existing approaches, research gaps, and trends in the SAE. Chapter 4 introduces the Ar-
chitectural Stories Game, detailing its educational objectives, game design, mechanics,
and the architectural decisions adopted during its development. Chapter 5 presents the
evaluation process and discusses the obtained results, including the empirical study de-
sign, evaluation instruments, data analysis, and findings related to usability, motivation,
engagement, and perceived learning. Finally, Chapter 6 concludes this work by summa-
rizing the main contributions, discussing limitations, and outlining directions for future

research.
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2 Theoretic Foundations

This chapter presents the theoretical foundations that underpin this research, provid-
ing the conceptual background necessary to understand its scope and objectives. It is
organized into three main sections. Section 2.1 discusses the fundamentals of Software
Architecture, highlighting its definition and relevance in the software development lifecy-
cle. Section 2.2 addresses Architectural Patterns, emphasizing their importance and the
inherent challenges involved in teaching and learning them. Finally, Section 2.3 explores
the field of Educational Games, defining their main characteristics and elements, and
examining their role as a pedagogical strategy to mitigate the difficulties associated with

learning complex technical concepts.

2.1 Software Architecture

Software Architecture is a core discipline in Software Engineering, serving as the blueprint
for system construction and evolution. According to Bass, Clements and Kazman (2021),
SA consists of the set of structures necessary to reason about the system, which comprises
software elements, the relations among them, and the properties of both. It acts as
a bridge between requirements engineering and the implementation phase, translating
business goals and functional requirements into a technical structure (SOMMERVILLE,
2018).

The importance of SA lies in its impact on the quality attributes of the system,
such as performance, security, modifiability, and reliability. Architectural decisions are
typically made early in the development lifecycle and are notoriously difficult and costly to
change at later stages (OLIVEIRA et al., 2022). Therefore, a well-defined architecture is
essential for project success, as it facilitates communication among stakeholders, enables
the reuse of components, and allows for the analysis of the system behavior before it is
fully implemented (BASS; CLEMENTS; KAZMAN, 2021).

Despite its importance, SA is considered one of the most difficult subjects to
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teach and learn in Computer Science curricula (GALSTER; ANGELOV, 2016). The
abstract nature of the concepts, combined with the need for high-level abstraction skills
and the ability to balance trade-offs, poses significant challenges for novice students (CAS-
TRO, 2023). Unlike code-level programming, which provides immediate feedback through
compilation, architectural design requires diagnostic reasoning and long-term vision, skills
that are difficult to acquire through traditional theoretical lectures alone (OUH; IRAWAN,

2019).

2.2 Architectural Patterns

A central concept in SA is the Architectural Pattern. A pattern describes a proven solution
to a recurring design problem that arises in specific contexts (SOMMERVILLE, 2018).
These patterns capture static and dynamic structures and collaborations of components
that have been successful in previous systems.

Architectural patterns differ from design patterns in terms of scope and level of
abstraction: while architectural patterns address high-level system organization, defining
the overall structure of the software and the relationships among its major components,
design patterns focus on localized design problems, providing reusable solutions at the
level of classes, objects, and their interactions (GAMMA, 1995).

Familiarity with architectural patterns is crucial for software architects because
patterns provide a shared vocabulary and a standardized approach to addressing quality
requirements. By encapsulating architectural knowledge accumulated through prior expe-
rience, patterns support architects in reasoning about design alternatives and in making
informed architectural design decisions (BASS; CLEMENTS; KAZMAN;, 2021). As such,
architectural patterns play a fundamental role in early development phases, when key de-
cisions have long-lasting impact on system evolution, maintainability, and overall quality
(TYREE; AKERMAN, 2005; BASS; CLEMENTS; KAZMAN;, 2021).

Some of the most widely known patterns include Model-View-Controller (MVC),
Layered Architecture, Client-Server, Microservices, and Pipe and Filter, among others
(BASS; CLEMENTS; KAZMAN, 2021). Each of these patterns promotes specific quality

attributes while potentially inhibiting others. For example, a Layered architecture may
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enhance modifiability and separation of concerns, but it can negatively impact perfor-
mance due to the overhead of data traversing multiple layers. Similarly, Microservices
architectures support scalability and independent deployment, at the cost of increased
system complexity and operational overhead.

Architectural patterns are therefore closely related to the concept of architectural
trade-offs. Selecting a pattern rarely leads to the simultaneous optimization of all quality
attributes; instead, architects must prioritize certain qualities over others based on system
goals and constraints (BASS; CLEMENTS; KAZMAN, 2021). This trade-off-oriented
nature of architectural design reinforces the importance of understanding not only the
structural aspects of patterns, but also their consequences on quality attributes such as
performance, reliability, and security (SOMMERVILLE, 2018).

Despite their importance, learning to identify and select the appropriate architec-
tural pattern for a given scenario is a complex cognitive task. It involves not only memo-
rizing the structural characteristics of patterns, but, more importantly, understanding the
problem context that necessitates a specific architectural solution (XAVIER; WERNER;
TRAVASSOS, 2002). Students are often required to interpret informal or narrative de-
scriptions of requirements, quality concerns, or system failures and map them to abstract
architectural concepts, which demands higher-order reasoning skills.

Empirical studies indicate that students frequently struggle to correctly diagnose
architectural problems and associate them with suitable patterns (LAGO et al., 2019).
This difficulty is further exacerbated by the abstract nature of architectural patterns and
by the limited exposure of students to real-world systems during their training (GAL-
STER; ANGELOV, 2016). As a result, learners may develop a superficial understanding
of patterns, recognizing their names and structures without fully grasping the contextual
factors that justify their application.

Moreover, traditional teaching approaches for SA, often centered on lectures,
static diagrams, and textbook examples, tend to emphasize theoretical knowledge over
practical decision-making skills (RAZMOV, 2007). Such approaches are often insuffi-
cient to convey the dynamic and context-dependent nature of architectural reasoning,

which involves balancing quality attributes and trade-offs (BASS; CLEMENTS; KAZ-
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MAN, 2021). As a result, students often face difficulties when applying architectural
patterns to realistic problem scenarios (LAGO et al., 2019). These limitations highlight
the need for instructional strategies that actively engage learners in contextualized archi-
tectural problem-solving and decision-making processes (FREEMAN et al., 2014).

In this context, active learning methodologies have been increasingly explored as
alternatives to traditional instruction in software engineering education (LELIS, 2024).
Approaches that leverage simulation and interaction allow students to experience the
consequences of architectural decisions in a controlled learning environment (KAZMAN
et al., 1998). Experiential learning theories suggest that placing learners in situations
that require analysis, diagnosis, and justification promotes deeper understanding and
higher-order cognitive skills (SINGH; RAO, 2024). Consequently, such methodologies
aim to bridge the gap between theoretical knowledge of architectural patterns and their

practical application in real-world contexts (WANG; WU, 2011).

2.3 Educational Games

To address the challenges of teaching complex and abstract topics, Game-Based Learning
(GBL) has emerged as a promising approach to education. Educational games are activ-
ities that have clear learning objectives and leverage the entertainment power of games
to achieve them. Unlike pure entertainment games, educational games are designed to

balance the fun factor with specific instructional goals (WANG; WU, 2011).

2.3.1 Definitions and Game Elements

A game can be defined as a structured system in which players engage in an artificial
conflict governed by explicit rules, with the objective of producing a quantifiable outcome
(TEKINBAS; ZIMMERMAN, 2003). In educational contexts, games are particularly
valuable because they create safe environments in which failure is not only permitted
but expected, thereby encouraging experimentation, reflection, and active participation
(GEE, 2003). This characteristic makes games especially suitable for learning complex

and abstract subjects, such as SA, where understanding often emerges through trial, error,
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and iterative reasoning (SINGH; RAO, 2024).

Regardless of whether they are digital or non-digital, games are composed of fun-
damental elements that shape player engagement and learning experiences (DETERD-
ING et al., 2011). Game mechanics define the formal structure of the game, specifying the
rules, actions, constraints, and procedures that guide player behavior (ROBIN; MARC;
ROBERT, 2004). As players interact with these mechanics, game dynamics emerge, re-
flecting the run-time behavior of the system and manifesting as patterns such as collabora-
tion, competition, negotiation, or strategic decision-making (ROBIN; MARC; ROBERT,
2004). In parallel, the aesthetic and narrative components of a game contribute to the
emotional and cognitive engagement of players by providing context, meaning, and im-
mersion, which can enhance motivation and sustain attention over time (ROBIN; MARC;
ROBERT, 2004). Together, these elements are reinforced by clearly defined goals and
continuous feedback, enabling players to assess the consequences of their actions, correct
misunderstandings, and consolidate learning through repeated interaction (GALSTER,;
ANGELOV, 2016).

Digital educational games have been widely explored within Software Engineer-
ing education, addressing topics that range from project management and requirements
engineering to programming and software design (CERVANTES et al., 2016). Their pop-
ularity can be attributed to several advantages, including the ability to provide automated
and immediate feedback, simulate complex systems and processes, and visually represent
abstract concepts that are otherwise difficult to grasp through traditional instructional
methods (WU; WANG, 2012). In addition, digital games can support scalability and
learning analytics, enabling instructors to monitor learner progress and adapt instruc-
tional strategies based on collected data (CONNOLLY et al., 2012).

Nevertheless, non-digital games, such as card games and board games, also play
a significant and complementary role in educational settings (WOUTERS et al., 2013).
These games emphasize direct social interaction, face-to-face communication, and collec-
tive decision-making, fostering skills such as negotiation, argumentation, and collaborative
problem solving. Such skills are particularly relevant in the domain of SA, where archi-

tectural decisions are rarely made in isolation and often require discussion, justification,
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and consensus among multiple stakeholders (BASS; CLEMENTS; KAZMAN;, 2021). As
a result, non-digital games can offer pedagogical benefits that are difficult to replicate in

purely digital environments, reinforcing their relevance in Software Engineering education

(SOUSA; MARQUES, 2020).

2.3.2 Games in Software Architecture Education

The use of games in SAE seeks to shift learning from a predominantly passive, instructor-
centered approach toward a more active and student-centered experience. Traditional
instructional strategies often emphasize theoretical exposition and static representations,
which may be insufficient to capture the complexity and trade-offs inherent in architec-
tural decision making (GALSTER; ANGELOV, 2016; BASS; CLEMENTS; KAZMAN,
2021). In contrast, educational games enable the simulation of architectural decision-
making processes, allowing students to explore alternative solutions, reason about quality
attributes, and observe the consequences of their choices within a controlled and low-risk
environment (CERVANTES et al., 2016; BOER et al., 2019).

Several studies have shown that game-based approaches can effectively support
the development of architectural reasoning skills by embedding learners in realistic prob-
lem scenarios that require analysis, justification, and negotiation of design decisions
(MONTENEGRO; ASTUDILLO; ALVAREZ, 2017; LAGO et al., 2019). By incorporat-
ing elements such as competition, collaboration, and role-playing, games can also foster
higher levels of engagement and motivation when compared to conventional exercises or
assignments (WANG; WU, 2011; SOUZA et al., 2023). These characteristics are particu-
larly relevant in SAE, where learning outcomes depend not only on technical knowledge
but also on communication, argumentation, and consensus building among stakeholders
(TYREE; AKERMAN;, 2005; DEURSEN et al., 2017).

Despite the growing body of work proposing and applying games in SA courses,
a recurring challenge remains in systematically evaluating how effectively these tools sup-
port specific learning objectives and competencies. In particular, skills such as diagnostic
reasoning, architectural pattern identification, and trade-off analysis require careful as-

sessment to determine whether game-based interventions lead to meaningful learning gains
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(OLIVEIRA et al., 2022; YEPEZ et al., 2024). Consequently, the evaluation of educa-
tional games commonly relies on validated instruments that address both pedagogical
quality and learner experience.

Among these instruments, the MEEGA+ has been widely adopted to assess the
quality of educational games in terms of usability, player experience, and perceived learn-
ing. To complement usability and experience-oriented evaluations, motivation-focused
instruments are frequently employed. The IMI is used to measure learners’ subjective
experiences related to interest, enjoyment, and perceived competence during the activ-
ity. Similarly, the IMMS, grounded in Keller’s ARCS model, evaluates the motivational
impact of instructional artifacts by examining dimensions such as attention, relevance,
confidence, and satisfaction. Together, these instruments provide a structured and mul-

tidimensional perspective on the effectiveness of games as pedagogical tools in SAE.

2.4 Final Considerations

This chapter established the theoretical foundations of SA and the specific challenges
related to teaching Architectural Patterns due to their abstract nature. It also high-
lighted Game-Based Learning as a viable strategy to bridge the gap between theory and
practice. To better understand the current landscape of educational initiatives in this do-
main, the following chapter presents an SMS of the literature, which investigates existing

approaches, tools, and games used to teach SA over the last two decades.
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3 Related Work

This chapter presents an SMS on SAE, serving as the empirical foundation for this re-
search. The study detailed herein is based on our previously published work (MENEZES;
VALLE; OLIVEIRA, 2026b), which provides a comprehensive synthesis of two decades of
research in the field. The remainder of this chapter is organized as follows: Section 3.1
contextualizes the importance of SAE and the role of an SMS; Section 3.2 details the
research protocol, including questions, search string, and selection criteria; Section 3.3
presents the synthesis of findings and the discussion of the research questions; Section 3.4
outlines future directions for the area; and, finally, Section 3.5 and Section 3.6 discuss the

study’s limitations and final considerations.

3.1 Contextualization

SA is pivotal to the success of software systems, yet teaching it effectively remains an
open problem in software engineering education. Its abstraction, cognitive demands, and
the need to integrate technical and social skills pose barriers for students and instruc-
tors. To address this, we conducted a systematic mapping study of 45 primary studies
published between 2005 and 2025, providing the most comprehensive overview of SAE to
date. Our analysis reveals that curricula still emphasize quality attributes, architectural
patterns, documentation, and design processes, while active learning strategies, such as
Project-Based Learning (PBL), gamification, and flipped classrooms, show a promising
yet underexplored impact. At the same time, critical gaps persist: bridging abstraction
with practice, designing for heterogeneous cohorts, and aligning educational practices
with industry demands remain challenges. By consolidating two decades of research, this
study presents updated evidence, identifies underexplored areas, and outlines directions
for enhancing the effectiveness, scalability, and relevance of SAE.

A systematic mapping study (SMS) is a secondary study that aims to identify

and classify content related to a specific research topic. An SMS investigates primary
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studies to identify available evidence and highlight knowledge gaps. In this way, the
results provide insights into existing research gaps in the area, which may suggest future
research directions and offer guidance on how to properly position new research activities.
Hence, systematic mappings aim to provide an overview of a topic and to identify whether
there are subtopics in which further primary studies are needed (SCANNAVINO et al.,
2017).

The primary objective of this systematic mapping study is to identify, analyze,
and synthesize the initiatives (approaches, methods, tools, and topics) currently employed
in the SAE. This study aims to deepen the understanding of how SA is taught across di-
verse educational contexts, mapping existing practices, highlighting knowledge gaps, and
identifying emerging trends, thereby offering a solid foundation for improving curricula
and practices in the field. Therefore, the main contribution of this SMS is to provide a
comprehensive and up-to-date synthesis of two decades of research (2005-2025) on SAE.
Unlike previous secondary studies, this study expands its temporal coverage, integrates
the latest initiatives, and focuses explicitly on practices across diverse educational con-
texts. By consolidating fragmented evidence, uncovering persistent gaps, and outlining
actionable directions, our work establishes a foundation for advancing curricula, methods,
and tools that help prepare students for both academic learning and real-world profes-
sional demands. We believe that the content of this work not only updates the state of
the art but also helps shape the research agenda for the next decade concerning SAE.

In this context, this chapter plays a dual role. First, it reports the Systematic
Mapping Study conducted to investigate SAE. Second, it presents and discusses the re-
lated work identified through this mapping. The 45 primary studies selected and analyzed
in the SMS constitute the set of related works considered in this research. Rather than
relying on an ad hoc selection, the related work is grounded in a rigorous and transparent

secondary study process, ensuring comprehensive coverage and reducing selection bias.

3.2 Research Method

This section describes the methodological approach adopted in this study, detailing the

steps used to plan, conduct, and report the SMS. The objective is to provide a clear
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and transparent account of the procedures, ensuring reproducibility and research rigor.
The following subsections present the RQ, the search string, the inclusion and exclusion

criteria, the databases, and the study selection process.

3.2.1 Research Questions (RQs)

The RQ were formulated based on the objectives defined for this SMS. These questions
guide both the selection and the critical analysis of the identified studies, ensuring that

the investigation remains aligned with the established scope:

e RQ1: What topics have been taught in the field of Software Architecture?
e RQ2: What types of approaches have been adopted to teach Software Architecture?

e RQ3: What evidence exists regarding the effectiveness of these approaches in the

teaching-learning process of students?

e RQ4: What are the main challenges in Software Architecture Education?

These questions were designed to guide the extraction of relevant information
from the primary studies, enabling a consistent and detailed analysis of the themes ad-

dressed in the literature.

3.2.2 Search String

The definition of the search string for this SMS was based on a careful analysis of the
study’s objective and the most representative keywords for SAE. To ensure maximum
coverage of relevant studies, the string was iteratively calibrated through tests with dif-
ferent combinations of terms, Boolean operators, and wildcard expressions. This process
enabled the identification of expressions capable of retrieving key studies in the field, while
minimizing the inclusion of irrelevant publications.

The search string was structured to capture three main dimensions: (i) concepts
related to SA, (ii) educational actions or learning processes, and (iii) innovative methods

or tools applied to teaching. In addition, specific exclusions were defined to avoid re-
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sults outside the scope of this study, such as research on urban architecture or computer
architecture, which use similar terminology but are unrelated to SAE.

For the first dimension, referring to SA concepts, terms such as SA, system ar-
chitecture, architectural design, architecture design, architectural decisions, software struc-
ture, and architectural views were selected. These terms were chosen to encompass both
theoretical approaches and practical applications, including architectural decisions and
the structuring of complex systems. The use of the OR operator between these terms
ensures that any study containing at least one of the core concepts is retrieved, thereby
broadening coverage.

The second dimension, related to educational actions, included terms such as edu-
cat®; learn*, and teach*. The use of truncation (*) allows coverage of linguistic variations
and different verb conjugations, ensuring that studies focusing on education, teaching,
learning, or training are included regardless of minor terminological differences. Again,
the OR operator was applied among these terms to capture all publications addressing
teaching or learning.

The third dimension covered the use of innovative methods, tools, or strategies
applied to the teaching of SA. This included terms such as game, tool, gamification,
simulation, flipped classroom, PBL, game-based learning, and course. These terms reflect
the diversity of approaches reported in the literature, ranging from educational games
and simulations to computational tools and active teaching methodologies such as PBL
and the Flipped Classroom. Once more, the OR operator was used among these terms to
maximize the retrieval of relevant studies.

To avoid irrelevant results, the AND NOT operator was applied to exclude pub-
lications related to urban and computer architecture, which are not within the scope of
this SMS. This exclusion step was essential to prevent bias and ensure that the retrieved
sample of studies remained consistent with the study’s focus. The final search string

applied to the selected databases was defined as follows:

(software architecture OR ”system architecture” OR, ”architectural design” OR ”ar-
chitecture design”

OR 7architectural decisions” OR ”software structure” OR ”architectural views”)
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AND (educat®* OR learn* OR teach™)
AND (game OR tool OR gamification OR simulation OR "flipped classroom”
OR 7project-based learning” OR ”game-based learning” OR course)

AND NOT (urban OR ”computer architecture”)

This final formulation demonstrates the intention to retrieve studies relevant to
SAE, considering both practical and innovative approaches, and shows that the strategy
was calibrated to strike a balance between breadth and precision. The string meets the
objectives of the SMS, enabling the identification of significant and contemporary studies

in the field while ensuring the exclusion of unrelated publications.

3.2.3 Control Studies

To validate the effectiveness of the search string, three studies considered essential to the
field were selected as control studies. These studies represent key contributions to SAE,
focusing on tools and educational games, and were used as verification criteria to ensure

that the search strategy was able to retrieve them. The control studies chosen are in

Table 3.1.
Table 3.1: Control studies used to validate the search string

ID Reference

1 Urrego, Juan Sebastidn, and Dario Correal. ” Archinotes: A tool for assisting SA courses.” 26th
International Conference on Software Engineering Education and Training (CSEE&T). IEEE, 2013
(URREGO; CORREAL, 2013).

2 Cervantes, Humberto, Serge Haziyev, Olha Hrytsay, and Rick Kazman. ”Smart decisions: an archi-
tectural design game.” Proceedings of the 38th International Conference on Software Engineering
Companion, 2016 (CERVANTES et al., 2016).

3 Wang, Alf Inge, and Bian Wu. ”Using game development to teach SA.” International Journal of
Computer Games Technology 2011: 920873 (WANG; WU, 2011).

The inclusion of these papers in the search results demonstrated that the con-
structed string is robust, comprehensive, and precise, ensuring that central studies in the
field are not omitted. Validation through control studies is a recommended methodologi-
cal procedure in SMS, providing additional reliability to the process of term and operator

selection.
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3.2.4 Inclusion and Exclusion Criteria

Carefully defined inclusion and exclusion criteria were established in line with the objec-
tives of this secondary study, ensuring that only relevant and adequately rigorous primary
studies were considered in the analysis. The strict application of these criteria aimed to
ensure the consistency of the selection process and the validity of the results obtained.

The following inclusion criterion was defined for the selection of studies:

IC1: The study reports an experience, resource, or approach related to SAE.

The following exclusion criteria were adopted to refine the set of selected studies:

EC1: The study is not written in Portuguese or English;

EC2: The study is not available;

EC3: The study is a book or grey literature;

EC4: The study is a short paper;

EC5: The study is duplicated.

The adoption of these criteria ensures greater methodological rigor in the selection
process, allowing the analyzed studies to effectively contribute to the understanding of

practices, challenges, and trends related to SAE.

3.2.5 Digital Libraries

For the application of the search string, digital libraries widely recognized for the relevance
and breadth of their collections of scientific publications in the fields of Software Engi-
neering and Information Technology Education were selected. The choice of these digital
libraries is justified by their representativeness and suitability for the study’s objective,
enabling the identification of primary studies relevant to the investigated topic. The dig-

ital libraries that were considered are Engineering Village?, IEEE Xplore®, Scopus?, and
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SOL (SBC Open Library)®. In the SOL database, the search was conducted manually,

since the platform does not fully support the application of the predefined search string.

3.2.6 Study Selection

The selection of studies followed the PRISMA 2020 protocol, ensuring transparency, rigor,
and reproducibility throughout the entire process. Figure 3.1 summarizes the main steps
of the systematic mapping study (SMS), illustrating the progression from the initial iden-
tification of records to the final inclusion of primary studies. The selection of studies
was conducted through a carefully systematic process, designed to guarantee both the
relevance and the methodological quality of the publications included in the SMS.

As an initial step, all duplicate records identified across various digital libraries
and databases were meticulously removed, thereby preventing overrepresentation and en-
suring the accuracy of the dataset. This step also contributed to streamlining the sub-
sequent screening phases, reducing the workload and focusing the analysis on unique
studies.

The remaining studies were then processed through three well-defined phases.
In the first phase, a preliminary screening was conducted based on titles and abstracts,
guided by predefined inclusion and exclusion criteria. Studies that met these criteria
advanced to the second phase, which involved a more detailed analysis of abstracts, in-
troductions, and conclusions, allowing for the confirmation of relevance and the exclusion
of studies that did not sufficiently align with the research objectives.

In the final phase, the selected studies were thoroughly reviewed, enabling data
extraction, methodology identification, and evaluation of key findings. Only studies that
effectively addressed the RQ and objectives were retained. The search string applied across
the selected databases initially returned a total of 5,076 publications. The distribution
of these results by digital library is presented in Figure 3.2, providing an overview of
the volume of studies retrieved at the outset of the selection process. To accommodate

the considerable variation across databases, a broken axis was applied. This technique

Zhttps:/ /www.engineeringvillage.com /home.url
3https://ieeexplore.ieee.org/Xplore/home.jsp
4https://www.scopus.com/home.uri
Shttps://sol.sbe.org.br/busca/
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Identification of new studies via databases and registers
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Figure 3.1: PRISMA flow diagram for the SMS.

minimizes the disproportionate space that would result from extreme values, such as the
large gap between the smallest and largest counts, while still preserving a clear comparison
of the relative contributions of each database.

After removing duplicates, the total comprised 3,200 unique studies. In the first
screening (titles and abstracts), 1,813 were excluded, and 63 were deemed relevant, ad-
vancing to the next stage. In the second phase, involving a more comprehensive assessment
of abstracts, introductions, and conclusions, a further 18 studies were excluded. The rea-
sons for exclusion in this stage were diverse: one study was discarded because it was not
written in either Portuguese or English (EC1); seven were excluded due to unavailability
of the full text (EC2); one was identified as a book or gray literature rather than a peer-

reviewed article (EC3); three were excluded because they were too short to be considered
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Figure 3.2: Studies retrieved per digital library

for analysis (EC4); and six were rejected for not fulfilling the inclusion criterion ICI.

As a result of this rigorous and systematic selection procedure, a final set of

45 primary studies was identified, all of which fully adhered to the predefined inclusion

criteria. Collectively, these studies represent a broad spectrum of approaches, strategies,

and empirical experiences related to SAE in various educational contexts.

Table 3.2

enumerates the complete set of included studies, thereby offering a detailed basis for the

subsequent stages of analysis and discussion. This transparent protocol ensures that the

45 primary studies analyzed represent a reliable and comprehensive evidence base for

answering our research questions.

Table 3.2: Analyzed primary studies in this SMS.

ID Title Ref.
S1 A Collaborative approach to teaching software architecture (DEURSEN et al., 2017)
S2 A community of learners approach to software architecture educa- (BOER; FARENHORST;
tion VLIET, 2009)
S3  Adapting cooperative learning to teach software architecture in (CHENOWETH; ARDIS;
multiple role-teams DUGAS, 2007)
S4  An approach to software architecting in agile software development (ANGELOV; BEER, 2015)
projects in education
S5  Applying case-based learning for a postgraduate software architec- (OUH; IRAWAN, 2019)
ture course
S6  Archinotes: A tool for assisting software architecture courses (URREGO; CORREAL,
2013)
S7 ATAM-RPG: A role-playing game to teach architecture trade-off (MONTENEGRO/; AS-
analysis method (ATAM) TUDILLO; ALVAREZ,
2017)
S8  Avaliagdo e Melhoria da Experiéncia do Jogador em um Jogo para (LIMA; MARQUES, 2024)

Ensino de Arquitetura de Software
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Continuation of Table 3.2
ID Title Ref.
S9  Comparison of learning software architecture by developing social (WU; WANG, 2012)
applications versus games on the android platform
S10 DecidArch V2: An Improved Game to Teach Architecture Design (BOER et al., 2019)
Decision Making
S11 Decidarch: Playing cards as software architects (LAGO et al., 2019)
S12 DECORA: Um Sistema de Apoio ao Ensino de Decisoes de Projetos (CARVALHO et al., 2025)
Arquiteturais
S13 Did our Course Design on Software Architecture meet our Student’s (OUH; GAN; IRAWAN,
Learning Expectations? 2020)
S14 Educational approach to an experiment in a software architecture (WANG; ARISHOLM; JAC-
course CHERI, 2007)
S15 Exploring Experiential Learning Model and Risk Management Pro- (LIEH; IRAWAN, 2018a)
cess for an Undergraduate Software Architecture Course
S16 Exploring game architecture best-practices with classic space in- (KEENAN; STEELE, 2011)
vaders
S17 Extending Google Android’s application as an educational tool (WU et al., 2010)
S18 Extensive evaluation of using a game project in a software archi- (WANG, 2011)
tecture course
S19 Flipped Classroom Applied to Software Architecture Teaching (GONGALVES et al., 2020)
S20 How Software Architects Learn: A pilot study of their learning style (HIDALGO; ASTUDILLO;
in Kolb’s Learning Styles Inventory CASTRO, 2023)
S21 LEARN 2.0: Evolucao de um jogo de tabuleiro para o ensino de (LELIS, 2024)
Arquitetura de Software
S22 Making the comprehension of software architecture attractive (RODRIGUES; WERNER,
2011)
S23 Modeling in agile project courses (ALPEROWITZ et al.,
2017)
S24 Patterns and traceability in teaching software architecture (GAST, 2008)
S25 Pedagogia Sistémica: experiéncia do UniSENAT Campus Joinville (SOUZA; FREITAS; REN-
no ensino de Arquitetura e Desenvolvimento de Software GEL, 2022)
S26 Post-mortem analysis of student game projects in a software archi- (WANG, 2009)
tecture course
S27 Project and team-based strategies for teaching software architecture (VIDONI;  MONTAGNA;
VECCHIETTI, 2018)
S28 Requirements and architecture modeling in software engineering (GRBAC; CAR; VUKOVIC7
courses 2015)
S29 Role-playing software architecture styles (CASTRO, 2023)
S30 Scrum as a method of teaching software architecture (WEDEMANN, 2018)
S31 Smart decisions: An architectural design game (CERVANTES et al., 2016)
S32 Software engineering education toolkit for embedded software ar- (KIM et al., 2008)
chitecture design methodology using robotic systems
533 Teaching a course on software architecture (LAGO; VLIET, 2005)
S34 Teaching adult learners on software architecture design skills (LIEH; IRAWAN, 2018b)
S35 Teaching data structures and software architecture while construct- (CAQO; CAO, 2011)
ing curriculum platform
S36 Teaching Distributed Software Architecture by Building an Indus- (WEI et al., 2020)

trial Level E-Commerce Application
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Continuation of Table 3.2
ID Title Ref.
S37 Teaching software architecture design (MANNISTO;
SAVOLAINEN; MYL-
LARNIEMI, 2008)
S38 Teaching Software Architecture to Undergraduate Students: An (RUPAKHETTI,
Experience Report CHENOWETH, 2015)
S39 Todo Esforgo Serd Recompensado: Gamificagao no Ensino de Ar- (ARAUJO et al., 2024)
quitetura de Software com o Uso de Badges
S40 Toward Creating Software Architects Using Mobile Project-Based (AL-QORA’N;
Learning Model (Mobile-PBL) for Teaching Software Architecture JAWARNEH; NGANJI,
2023)
S41 Using an architecture reasoning tool to teach software architecture (MCGREGOR et al., 2007)
S42 Using game development to teach software architecture (WANG; WU, 2011)
S43 Using Post-Mortem Analysis to evaluate software architecture stu- (WANG; STALHANE,
dent projects 2005)
S44 What makes teaching software architecture difficult? (GALSTER; ANGELOV,
2016)
S45 XQUEST used in software architecture education (WU et al., 2009)

The word cloud presented in Figure 3.3 illustrates the terms that occur most

frequently in the abstracts of the selected studies, providing a synthetic yet comprehensive

overview of the thematic emphases found in the literature on SAE.
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Figure 3.3: Word cloud generated from the abstracts.

3.3 Results and Discussion

It is observed that the earliest selected studies date back to 2005. Therefore, studies

published between 2005 and 2025 were included in the analysis. Furthermore, the high-
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est number of publications occurred in 2011, with five studies selected. These data are
presented in Figure 3.4, which shows the annual distribution of studies included in the

SMS.
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Figure 3.4: Number of published studies per year (2005-2025).

RQ1: Which topics have been taught in the field of Software

Architecture?

Based on the analysis of 45 studies included in this SMS, it is possible to identify a wide
variety of topics covered in SAE, revealing both the complexity of the field (GALSTER;
ANGELOV, 2016) and the diversity of approaches adopted. The following provides a
summary of the main themes identified in the publications.

One of the most recurrent topics is the teaching of software quality attributes
(such as modifiability, usability, and testability) (URREGO; CORREAL, 2013; LELIS,
2024; CERVANTES et al., 2016), often addressed together with architectural evalua-
tion techniques, particularly the ATAM (Architecture Tradeoff Analysis Method) (MON-
TENEGRO; ASTUDILLO; ALVAREZ, 2017; VIDONI; MONTAGNA; VECCHIETTI,
2018; LAGO; VLIET, 2005). These elements are strongly associated with developing
students’ analytical and critical skills, particularly in making architectural decisions that
involve trade-offs among conflicting quality attributes (BOER et al., 2019; LAGO et al.,
2019; CERVANTES et al., 2016).
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Another frequently cited topic concerns architectural and design patterns, such
as MVC, Pipe-and-Filter, and Microservices (KEENAN; STEELE, 2011; GAST, 2008;
CASTRO, 2023; WEI et al., 2020). The use of these patterns is typically associated
with teaching architectural styles, component modeling, and the modular organization
of complex systems (CASTRO, 2023; LAGO; VLIET, 2005). In several studies, the
practical application of these patterns is demonstrated through games, software projects,
or simulations, thereby reinforcing the applied and contextualized nature of the teaching
(KEENAN; STEELE, 2011; WANG, 2011; LELIS, 2024; WANG; WU, 2011; BOER et
al., 2019).

Architectural documentation, including the use of multiple views (4+1 model, C4,
and those recommended by IEEE 1471), was also addressed (LAGO; VLIET, 2005; MAN-
NISTO; SAVOLAINEN; MYLLARNIEMI, 2008; DEURSEN et al., 2017), with an empha-
sis on accurate stakeholder communication and the traceability of decisions throughout
the system lifecycle (BOER; FARENHORST; VLIET, 2009; GAST, 2008). This topic
is integrated with UML-based architectural modeling (class, component, and state di-
agrams) (RODRIGUES; WERNER, 2011; GRBAC; CAR; VUKOVIC, 2015) and with
tools such as StarUML, ArchE (MCGREGOR et al., 2007), and Archinotes (URREGO;
CORREAL, 2013).

The architectural design process encompasses defining architectural requirements,
synthesizing and evaluating architectural solutions (GRBAC; CAR,; VUKOVIC, 2015;
WANG; STALHANE;, 2005). In several studies, this process is taught using the Attribute-
Driven Design (ADD) method (CERVANTES et al., 2016), which guides students in
building architectures aligned with the system’s quality goals.

Beyond technical content, some studies also emphasize social aspects, such as
team collaboration (DEURSEN et al., 2017; VIDONI; MONTAGNA; VECCHIETTI,
2018), stakeholder communication (BOER; FARENHORST; VLIET, 2009; LAGO; VLIET,
2005), the role of the SA, and even soft skills such as leadership and negotiation (MON-
TENEGRO; ASTUDILLO; ALVAREZ, 2017), essential elements for professional practice
in real-world architectural contexts.

Finally, more specific topics are addressed depending on the course context or
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strategy, such as game architecture (KEENAN; STEELE, 2011; WANG, 2009; WANG;
WU, 2011), embedded systems with robotics (KIM et al., 2008), distributed systems
and microservices (WEI et al., 2020), DevOps and CI/CD (Continuous Integration and
Continuous Deployment), and architectural design applied to specific domains such as big
data, cloud computing, and IoT (GONCALVES et al., 2020).

Taken together, these topics reveal the breadth of architectural concepts covered

in education and the continued absence of emerging themes such as cloud-native systems,

[oT, and DevOps (GALSTER; ANGELOV, 2016).

RQ2: What types of approaches have been adopted to teach

Software Architecture?

The analysis of the studies included in this SMS reveals a diversity of approaches employed
in SAE, with a particular emphasis on active and student-centered teaching strategies
(DEURSEN et al., 2017; HIDALGO; ASTUDILLO; CASTRO, 2023). The predominant
approach, as shown in Figure 3.5, is PBL, which is present in a large portion of the
studies (VIDONI; MONTAGNA; VECCHIETTI, 2018; RUPAKHETI; CHENOWETH,
2015; AL-QORA’N; JAWARNEH; NGANJI, 2023), and requires the use of a broken axis

to accommodate its higher frequency.

26 Number of Studies by Approach

A B C D E F G H I

Il A) Case-based learning Ell D) Gamification I G) Tool

Il B) Flipped classroom El E) Course B H) Game

El C) Activity Bl F) Role-playing 1 1) Project-based learning
Figure 3.5: Distribution of approaches adopted in the studies.

PBL is applied broadly and in varied ways, from developing simulated systems
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(e.g., games, robots, and web platforms) (WANG, 2011; KIM et al., 2008; CAO; CAO,
2011) to redesigning or reverse-engineering existing systems (DEURSEN et al., 2017).
Students, organized into teams, assume the roles of architect and stakeholder in realis-
tic contexts (BOER; FARENHORST; VLIET, 2009; CHENOWETH; ARDIS; DUGAS,
2007). This approach is often combined with iterative design, review, refinement, and
evaluation of architectural decisions (GAST, 2008; MANNISTO; SAVOLAINEN; MYL-
LARNIEMI, 2008).

In addition to PBL, other relevant strategies were identified in SAE. These include
Case-Based Learning (CBL), which involves analyzing real-world scenarios or historical
projects to understand architectural decisions and their consequences (OUH; IRAWAN,
2019; LIEH; IRAWAN, 2018b). Furthermore, the use of games and gamification elements,
both digital and analog, stands out as a means to simulate the architectural decision-
making process, apply methods such as ATAM, and foster reasoning about trade-offs
(MONTENEGRO; ASTUDILLO; ALVAREZ, 2017; CERVANTES et al., 2016; ARAUJO
et al., 2024). Examples include games such as DecidArch (BOER et al., 2019), D-LEARN
(LIMA; MARQUES, 2024), and LEARN (LELIS, 2024).

Another adopted strategy is role-playing, where students assume distinct roles
(architects, clients, and developers)in simulated projects (CHENOWETH; ARDIS; DUGAS,
2007; CASTRO, 2023). This approach contributes to both understanding the multiple
perspectives involved in architectural decisions and developing interpersonal and tech-
nical communication skills (BOER; FARENHORST; VLIET, 2009; MONTENEGRO;
ASTUDILLO; ALVAREZ, 2017).

The use of specialized software tools, such as ArchE (MCGREGOR et al., 2007),
DECORA (CARVALHO et al., 2025), GARDIAN (KIM et al., 2008), and StarUML (KIM
et al., 2008), was observed to support architectural design, evaluation, and documentation.
These tools provide immediate feedback, guide students in applying quality methods such
as ADD (CERVANTES et al., 2016) and COMET (KIM et al., 2008), and enable practical
experimentation with architectural decisions in real time (URREGO; CORREAL, 2013;
WU et al., 2009). Table 3.3 summarizes the main tools and games identified, highlighting

their purposes and roles in Software Architecture Education.
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Table 3.3: Tools and games used in SAE

Name Type Description Reference

ArchES Tool Architectural design assistant that suggests tactics, (MCGREGOR et al.,
calculates the impact of decisions, and supports 2007)
quality-based methods such as ADD.

DECORA™ Tool Decision support system for architectural decisions, (CARVALHO et al.,
with an interactive interface and recommendations 2025)
based on questionnaires.

GARDIAN Tool Verifies the compliance of architectural models with ~ (KIM et al., 2008)
the COMET methodology, used in conjunction with
tools like StarUML.

StarUML®  Tool UML modeling tool used for building and document-  (KIM et al., 2008)
ing software architectures.

Archinotes® Tool Collaborative platform for architectural documenta- (URREGO; COR-
tion and communication, integrating requirements, REAL, 2013)
viewpoints, and prioritizations.

XQUEST Tool Framework that facilitates the development of (WU et al., 2009)
architecture-focused games, integrating patterns and
reusable components.

Sheep Tool Android extension serving as a secondary stimulus in (WU et al., 2010)
teaching via dual-stimulation theory, providing tech-
nical support for the project.

LEARN!®  Board Educational card game using true/false questions (LELIS, 2024)

game that promotes concept review and collaborative
learning.

D- Digital —Digital games combining quizzes with board and card (LIMA;  MARQUES,

LEARN!!  game dynamics, focusing on architectural decisions and 2024)
gamification.

DecidArch'? Card Physical card game simulating architectural deci- (BOER et al., 2019)

game sions based on the ADD method, including role-
playing elements.

ATAM- RPG Role-playing game simulating an ATAM meeting, (MONTENEGRO; AS-

RPG promoting technical learning and social skills devel- TUDILLO; ALVAREZ,
opment. 2017)

Smart De- Board  Simulates the architectural design process using (CERVANTES et al.,

cisions!® game structured rounds, decision cards, and group discus- 2016)
sion.

Kahoot!* Tool / Interactive quiz platform that reinforces theoretical (ARAUJ O et al., 2024;

Gamif. concepts in a playful and competitive manner. LIMA; MARQUES,
2024)

Additionally, some approaches are structured as courses with a practical focus,

while still retaining traditional characteristics (LAGO; VLIET, 2005). In these initia-

tives, theoretical content is combined with activities such as workshops, controlled exper-

6

www.sel.cmu.edu/architecture/arche.html

"https://decora-front.vercel.app/

Shttps://staruml.io/

9https://archistudentnotes.com/
Ohttps://zenodo.org/records/11200966
Hhttps://d-learn.vercel.app/game
2https://github.com/S2-group/Decid Arch
B3https:/ /smartdecisionsgame.com/
Yhttps:/ /kahoot.it/



3.3 Results and Discussion 40

iments (WANG; ARISHOLM; JACCHERI, 2007), lectures with industry experts (MAN-
NISTO; SAVOLAINEN; MYLLARNIEMI, 2008), and Post-Mortem Analysis sessions
(PMA) (WANG, 2009; WANG; STALHANE, 2005), providing a more applied learning
environment that closely reflects real market conditions (WEI et al., 2020).

The flipped classroom approach was also identified in some studies, reorganizing
instructional time (GONCALVES et al., 2020). In this strategy, students access theoret-
ical content beforehand through videos, readings, or online activities, and use class time
for discussions, problem-solving, and hands-on activities guided by the instructor. Results
indicate that this model contributes to student engagement, stimulates critical thinking,
and supports personalized learning (GONCALVES et al., 2020).

Finally, many analyzed proposals adopt blended approaches, combining different
strategies (ANGELOV; BEER, 2015; ALPEROWITZ et al., 2017). The integration of
PBL with gamification, role-playing, and software tools, or combining theory and practice
through labs and projects, demonstrates an effort to provide broader education, tailored
to the multiple demands of the teaching-learning process in Software Architecture (LELIS,
2024; CERVANTES et al., 2016).

These approaches are guided by experiential learning principles, emphasizing crit-
ical reflection, problem-solving, and practical experimentation (LIEH; IRAWAN, 2018a).
Overall, approaches to SAE have evolved toward active, student-centered, experiential
learning that aligns teaching with professional practice and market demands (LIEH;

IRAWAN, 2018a; LAGO; VLIET, 2005).

RQ3: Is there evidence of the effectiveness of these approaches

in the student teaching-learning process?

The empirical evidence extracted from the analyzed studies indicates that the approaches
adopted for SAE have contributed significantly to the student teaching-learning process,
both in terms of knowledge acquisition and the development of technical, interpersonal,
and cognitive skills (CARVALHO et al., 2025; WEDEMANN, 2018; CERVANTES et al.,
2016; DEURSEN et al., 2017).

Various assessment strategies were used to verify effectiveness, including Likert-
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scale questionnaires (OUH; IRAWAN, 2019; WU et al., 2009), feedback forms (IMI, IMMS
and MEEGA+), student self-assessments (WANG, 2011), academic performance analysis
(exams, projects, grades) (WANG, 2011; WEDEMANN, 2018), code reviews (DEURSEN
et al., 2017), and PMA (WANG, 2009; WANG; STALHANE, 2005). These instruments
provided qualitative and quantitative evidence supporting the effectiveness of the ac-
tive and innovative approaches implemented (CARVALHO et al., 2025; OUH; GAN;
IRAWAN, 2020; WANG; ARISHOLM; JACCHERI, 2007).

Students reported a high impact on learning and increased confidence in justifying
and documenting architectural decisions, particularly after engaging in role-playing activi-
ties and interacting with stakeholders (BOER; FARENHORST; VLIET, 2009; CHENOWETH;
ARDIS; DUGAS, 2007; MONTENEGRO; ASTUDILLO; ALVAREZ, 2017). Software
tools such as ArchE (MCGREGOR et al., 2007), DECORA (CARVALHO et al., 2025),
Sheep (WU et al., 2010), and XQUEST (WU et al., 2009) have helped reduce the cognitive
load associated with modeling and programming, enabling a greater focus on architectural
concepts. Qualitative evaluations highlighted the role of these tools in fostering deeper
reflection and student autonomy (URREGO; CORREAL, 2013; WU et al., 2009).

The use of simulations and games such as DecidArch (BOER et al., 2019; LAGO
et al., 2019), D-LEARN (LIMA; MARQUES, 2024), and ATAM-RPG (MONTENEGRO;
ASTUDILLO; ALVAREZ, 2017) proved effective in stimulating student interest, promot-
ing meaningful learning, critical thinking, and engagement (CERVANTES et al., 2016;
ARAUJO et al., 2024; LELIS, 2024). MEEGA+ evaluations model indicated gains in
motivation, challenge, and social interaction, as well as high satisfaction with the content
and its applicability (LIMA; MARQUES, 2024; LELIS, 2024).

The flipped classroom yielded statistically significant gains in content acquisition
and understanding of essential concepts, improving classroom interaction and the qual-
ity of student deliverables (GONCALVES et al., 2020). PBL provided realistic context,
collaboration, and practical concept application, receiving positive evaluations from stu-
dents in terms of engagement and performance (VIDONI; MONTAGNA; VECCHIETTI,
2018; AL-QORA’N; JAWARNEH; NGANJI, 2023; RUPAKHETIT; CHENOWETH, 2015;
DEURSEN et al., 2017).



3.3 Results and Discussion 42

PMA sessions were reported as productive by both students and instructors,
providing more useful feedback than traditional assessments and preparing students for
the professional environment (WANG, 2009; WANG; STALHANE, 2005). Additionally,
practices such as architectural documentation, decision traceability, and trade-off analysis
were valued as effective ways to consolidate learning (GAST, 2008; LAGO; VLIET, 2005;
MANNISTO; SAVOLAINEN; MYLLARNIEMI, 2008).

Although some studies did not find significant differences in final grades between
active and traditional approaches (WANG, 2011; WANG; WU, 2011), qualitative reports
indicate gains in motivation, autonomy, perceived learning, engagement, and professional
preparedness (CARVALHO et al., 2025; WEDEMANN, 2018; ARAUJO et al., 2024;
GALSTER; ANGELOV, 2016). In many cases, students with little prior experience were
able to keep up with or surpass more experienced peers, suggesting that these methodolo-
gies compensated for experience gaps (OUH; IRAWAN, 2019; LIEH; IRAWAN;, 2018b).

In summary, the innovative approaches analyzed show clear evidence of effective-
ness in SAE. They enhance comprehension and promote changes in how students think
and act in the learning process (LIEH; IRAWAN;, 2018a; HIDALGO; ASTUDILLO; CAS-
TRO, 2023). Although results vary with institutional context, student profile, and tool
maturity, the data from this SMS suggest that these approaches offer promising pathways
for more effective, motivating, and industry-aligned teaching (CARVALHO et al., 2025;
WU et al., 2009; OUH; GAN; IRAWAN, 2020).

Overall, the evidence suggests that innovative approaches not only enhance tech-

nical understanding but also promote motivation, autonomy, and professional readiness

(LIMA; MARQUES, 2024; ARAUJO et al., 2024; WEDEMANN, 2018).

RQ4: What are the main challenges in Software Architecture

Education?

SAE faces challenges, many of which stem from the complexity of the content and student
profiles (HIDALGO; ASTUDILLO; CASTRO, 2023). A key obstacle is students’ difficulty
in developing architectural views and relating stakeholder concerns, which requires han-

dling problems with no single solution (LAGO; VLIET, 2005; BOER; FARENHORST;
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VLIET, 2009). This demands a mindset that goes beyond technical knowledge, involv-
ing social, communicative, and analytical skills such as critical thinking, negotiation, and
consensus building (MONTENEGRO; ASTUDILLO; ALVAREZ, 2017; VIDONI; MON-
TAGNA; VECCHIETTI, 2018).

The abstract and highly conceptual nature of architecture makes initial compre-
hension difficult, especially for students without prior practical experience or technical
leadership (OUH; IRAWAN, 2019; LIEH; IRAWAN, 2018a; CARVALHO et al., 2025).
Many struggle to connect theory with real-world situations and to understand the social
and mediating role of the architect between clients and technical teams (BOER; FAREN-
HORST; VLIET, 2009; HIDALGO; ASTUDILLO; CASTRO, 2023; ALPEROWITZ et
al., 2017). The lack of contextualized practical experiences and teaching materials widens
this gap, demanding methods that effectively integrate theory and practice (GALSTER;
ANGELOV, 2016; RUPAKHETI; CHENOWETH, 2015; CARVALHO et al., 2025).

Another challenge lies in time management and workload in courses, which are
often short and involve extensive and complex activities, generating overload and de-
motivation (BOER; FARENHORST; VLIET, 2009; OUH; GAN; IRAWAN, 2020). This
includes providing sufficient guidance for the architectural design process without restrict-
ing solution diversity, while maintaining rigor in documenting decisions and utilizing tools
that are not always intuitive or adapted to the academic context (URREGO; CORREAL,
2013; MCGREGOR et al., 2007; MANNISTO; SAVOLAINEN; MYLLARNIEMI, 2008).

Coordination and communication among groups present difficulties, particularly
in collaborative projects where alignment between architects and stakeholders is essen-
tial (DEURSEN et al., 2017; CHENOWETH; ARDIS; DUGAS, 2007; BOER; FAREN-
HORST; VLIET, 2009). Evaluation tools and methods, such as ATAM, are difficult
to apply in academic settings due to a lack of adaptation and students’ inexperience
with these processes (MONTENEGRO; ASTUDILLO; ALVAREZ, 2017; VIDONI; MON-
TAGNA; VECCHIETTI, 2018). Another critical aspect is students’ difficulty in dealing
with multiple levels of abstraction, traceability, trade-offs between quality attributes, and
the need to explicitly express design without relying on implementation (GAST, 2008;
MANNISTO; SAVOLAINEN; MYLLARNIEMI, 2008; CARVALHO et al., 2025; UR-
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REGO; CORREAL, 2013). Concepts such as extensibility, concurrency, and parallelism
are complex and require more experience, which is not always feasible in traditional
courses (CAO; CAO, 2011; WEI et al., 2020).

Finally, there are challenges related to adapting teaching to the diverse character-
istics of students and the academic context, such as heterogeneous profiles, limited tech-
nological resources, and the need to reconcile scientific and educational objectives without
diminishing student motivation (HIDALGO; ASTUDILLO; CASTRO, 2023; CARVALHO
et al., 2025; WANG; ARISHOLM; JACCHERI, 2007). This implies the need for mod-
els that respect individual learning paces, promote active participation, and integrate
technical and interpersonal skills to prepare students for the real-world challenges of SA
(LIEH; IRAWAN, 2018a; HIDALGO; ASTUDILLO; CASTRO, 2023; ARAUJO et al.,
2024; GONCALVES et al., 2020).

3.4 Challenges and Future Directions

Our analysis reveals that, despite notable progress, several persistent challenges limit the
effectiveness, scalability, and industry alignment of SAE. The following challenges are
grounded in the evidence obtained in our SMS (see RQ1-RQ4) and identify concrete
avenues for future research and curricular action, as described below and summarized in

Figure 3.6:

1. Bridging abstraction and practice. Students frequently struggle to reason
across multiple architectural views and reconcile stakeholder concerns (RQ4). This
difficulty is compounded by the predominance of short-term, course-limited inter-
ventions (RQ3), which provide insufficient exposure to authentic design contexts.
In future work, the scientific community should investigate cognitive scaffolding
techniques (e.g., stepwise concretization, worked examples) and practice-oriented
formats (e.g., longitudinal design studios, industrially partnered capstone projects,
tool-supported modeling exercises) that make abstraction tangible while preserving

analytical rigor;

2. Longitudinal evaluation of impact. The current evidence base relies on per-
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Figure 3.6: Challenges in SAE with related evidence, future directions, and approaches.
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ception surveys and single-course assessments (RQ3), limiting our understanding of
long-term effects on professional competence. Research should develop longitudi-
nal evaluation models and instruments that track graduates over time, correlating
educational treatments with sustained skill acquisition, employability metrics, and

on-the-job performance;

3. Adapting interventions to heterogeneous contexts. Institutional constraints
(limited contact hours, heavy workloads, uneven access to technology) hinder the
adoption of active methods such as PBL and games (RQ2). There is a need for
adaptive, low-cost, and scalable implementation (micro-PBL modules, asynchronous
game-based activities, and lightweight tooling) that can be tailored to institutions

with diversified resources;

4. Balancing guidance and autonomy. Studies have identified a persistent ten-
sion between the provision of adequate scaffolding and the promotion of student
creativity (RQ4). Excessive instructional guidance may constrain opportunities
for design exploration, whereas insufficient support can lead to cognitive overload
among novices. Future work should examine adaptive instructional approaches and

decision-support mechanisms that can dynamically calibrate the degree of guidance
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in relation to learner profiles and developmental trajectories. Promising avenues in-
clude the integration of Al-assisted tutoring systems and exemplar-based feedback

strategies;

5. Embedding authentic industry practices. Although teamwork and role sim-
ulations are common, curricula often lag in representing contemporary practices
(e.g., DevOps, cloud-native patterns, microservices) (RQ1, RQ2). Research should
evaluate the classroom integrations of authentic industry workflows (for example,
continuous delivery pipelines and architecture reviews with industry mentors) and

measure their impact on readiness for professional practice.

6. Systematic integration and scaling of educational technologies. Tools and
games (e.g., ArchE, DECORA, DecidArch, ATAM-RPG) demonstrate value (RQ3),
but remain fragmented across curricula. Future work should investigate strategies
for sustainable curricular integration, interoperability, and deployment at scale (in-
cluding in distributed /remote learning environments), and produce design patterns

for tool adoption that align with course learning objectives;

7. Leveraging adaptive and intelligent learning. Emerging Al capabilities offer
personalized learning (adaptive recommendations, automated feedback, intelligent
tutoring). Research at the intersection of SAE and learning technologies should
involve the development and evaluation of Al-driven interventions that support
distributed collaboration, reduce instructor workload, and tailor instruction to in-

dividual needs.

In short, practitioners and educators should: (i) prioritize longitudinal, practice-
oriented learning experiences in the design of SA curricula; (ii) implement modular and
scalable approaches that accommodate institutional constraints; and (iii) employ evalu-
ation instruments capable of capturing long-term, transferable learning outcomes. We
believe that addressing the challenges above will increase the likelihood that graduates
acquire a deeper understanding of SA and are better prepared for the demands of con-

temporary industry.
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Addressing these challenges is not optional: it is essential to ensure that future
curricula remain effective, scalable, and aligned with the rapidly evolving demands of

software engineering practice.

3.5 Threats to Validity of the SMS

Despite efforts to ensure methodological rigor and reliability of the results of this SMS,
it is necessary to acknowledge that certain threats to validity and limitations may have
influenced the findings and interpretations. Identifying and discussing these aspects is
essential to guide appropriate interpretation of results and delimit the scope of conclusions
(MOURAO et al., 2020). The main threats to validity identified in this work, along with
the strategies adopted to mitigate them, are discussed in the following subsections.

A relevant threat to internal validity is associated with human factors, which
may have influenced the process of data extraction and interpretation from the primary
studies. In some cases, the information reported by the authors was not sufficiently
detailed, requiring interpretations by the reviewers. To mitigate this risk, all stages of
study selection and data extraction were conducted in pairs, ensuring independent review
and cross-checking of the results. Discrepancies were discussed in consensus meetings,
reducing subjectivity and increasing the reliability of the process. Additionally, the final
data extraction was carefully reviewed to ensure consistency.

External validity may have been affected by the choice of databases used, al-
though these were selected for their representativeness and relevance to the investigated
topic. Even though four widely recognized databases were consulted (IEEE Xplore, Sco-
pus, Engineering Village, and SOL), it is possible that relevant studies published in other
repositories were not retrieved. This limitation may restrict the generalizability of the
obtained results. However, efforts were made to minimize this risk by selecting databases
with broad coverage of Software Engineering and Computing, increasing the likelihood of
capturing significant studies for the SMS scope.

One of the main threats to construct validity refers to the possibility of missing
relevant studies due to the search string. Some works might not have been retrieved if

they did not contain the specified terms in their titles, abstracts, or keywords. To mitigate
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this threat, the search string was constructed through a systematic process that involved
identifying keywords present in the literature, validating them against previously known
central studies, and refining them through several iterations in the Scopus database. This
procedure enabled adjustments and refinements to the string, ensuring greater coverage
and precision in study retrieval. Furthermore, inclusion and exclusion criteria were clearly
defined and applied by two reviewers in parallel, reinforcing consistency in article selection.

Conclusion validity may have been compromised in situations where the pri-
mary studies presented missing, incomplete, or unclear information, requiring additional
interpretation by the reviewers. This factor represents a risk to the reliability of the con-
clusions drawn. To mitigate this issue, all stages of the SMS, including the formulation
of RQ, definition of the search string, study selection, and data extraction, were care-
fully documented, collectively discussed, and validated by experienced reviewers in the
field. Additionally, the analysis process was done collaboratively, with paired reviews and
consensus-based decisions to reduce individual biases. Although systematic efforts were

made to mitigate these risks, it is acknowledged that they cannot be fully eliminated.

3.6 Conclusion of the SMS

This SMS synthesized key topics, approaches, and challenges in SAE literature. For
RQ1, the analysis showed diverse teaching content, from architectural concepts, quality
attributes, and trade-offs to methodologies such as ATAM, modeling, documentation,
and stakeholder communication, highlighting SAE complexity and the need for curricula
integrating technical and communicative dimensions.

The results of RQ2 indicate a predominance of active approaches, particularly
PBL, often complemented by educational games, simulations, case studies, and collab-
orative activities. While traditional lecture-based methods remain present, the trend is
toward hybrid and experiential models that align with students’ professional preparation.

Concerning RQ3, the evidence shows that innovative approaches, such as games,
role-playing, computational tools, and flipped classrooms, effectively enhance student
learning by increasing motivation, engagement, critical thinking, autonomy, and technical

and interpersonal competencies while bridging theory and professional practice.
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Finally, in relation to RQ4, this study highlights persistent challenges: the diffi-
culty of mastering abstract concepts and complex problems, the scarcity of authentic prac-
tice opportunities, and the time constraints and workload limitations of courses. These
findings highlight the importance of tailoring tools and strategies to academic contexts
while balancing guidance and student autonomy.

Taken together, these insights underscore the need for innovative models that
integrate theory and practice, promote critical reflection, and develop the technical, an-
alytical, and interpersonal skills essential to the professional role of software architects.
They also emphasize the importance of creating accessible resources and designing robust
assessment strategies that can capture both immediate and long-term learning outcomes.

As a contribution, this SMS updates and extends previous secondary studies and
consolidates evidence to inform curriculum design, instructional practices, and educational
policy in SA. For future work, we identify opportunities to: (i) investigate the impact
of active methodologies on professional competence; (ii) explore scalable uses of tools,
games, and hybrid models; and (iii) strengthen alignment between academic practices
and industry demands, particularly regarding agile methods and emerging architectures.

By addressing these directions, the research community can advance toward more
effective, sustainable, and contextually relevant approaches to SAE, ultimately preparing
students to meet the evolving challenges of the field. We believe that advancing along
these directions is key to shaping a generation of software architects capable of meeting

the demands of an increasingly complex, dynamic, and industry-driven landscape.

3.7 Final Considerations

The findings on the effectiveness of active learning strategies (RQ2 and RQ3), together
with the persistent challenges related to abstraction, student participation, and integra-
tion of technical and social skills (RQ4), served as the foundation and directly informed
the conception of the proposed game. Therefore, as a direct consequence of the diagnosis
provided by this SMS, the following chapter is dedicated to presenting the Architectural
Stories Game, detailing its development, mechanics, and how its pedagogical structure

was engineered to solve the architectural education problems documented in this study.
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4 Architectural Stories Game

Architectural Stories is a non-digital investigative deduction game designed to support
SAE by adapting the narrative-deduction mechanics of Black Stories to the context of
software design. The game operationalizes the concept of Architectural situations to help
students transition from abstract theory to a practical, analytical skill set focused on
diagnosing root causes in realistic system failure scenarios, and its design is grounded in
our previously submitted work (MENEZES; VALLE; OLIVEIRA, 2026a).

Furthermore, the conception of the game is directly informed by the evidence
synthesized in the SMS presented in Chapter 3, specifically addressing the need for active
learning strategies, increased student engagement, and the integration of technical and
analytical skills, which are identified as persistent challenges in SAE.

To detail the development and structure of this educational artifact, this chap-
ter is organized as follows: Section 4.1 defines the educational objectives and targeted
competencies; Section 4.2 describes the physical game components and the design of the
Mystery Cards; Section 4.3 presents the scoring system and progress tracking; Section 4.4
outlines the supplementary instructional materials; and Section 4.5 details the gameplay

structure and role dynamics;

4.1 Objectives and Targeted Competencies

The design of Architectural Stories is directly grounded in the learning objectives defined
in Phase 2 of the methodology on Section 1.4. These objectives aim to move students
from a passive, conceptual understanding of SA toward an active, diagnostic, and argu-
mentative application of architectural knowledge.

The first learning objective is to enhance pattern recognition. In the game, this
objective is operationalized through open-ended narrative enigmas that describe software
system failures without explicitly naming architectural problems. Players must interpret

these narratives and identify architectural symptoms, such as low cohesion, excessive
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coupling, or quality attribute violations, to associate contextual clues with appropriate
architectural patterns.

The second objective is to foster deductive reasoning. Throughout the game-
play, students are required to formulate hypotheses and iteratively refine them based
on evidence revealed through questioning and subsequent analysis. This process mirrors
diagnostic reasoning, as players must logically link an identified problem to a specific ar-
chitectural solution, mapping symptoms to patterns through structured deduction rather
than trial and error.

Finally, the game encourages theoretical argumentation and technical communi-
cation. To propose a complete solution, players must articulate their architectural choices
using precise technical vocabulary and justify their decisions by explicitly discussing de-
sign trade-offs. This requirement reinforces the use of formal architectural concepts and
supports the development of communication skills essential for explaining and defending

architectural decisions in professional contexts.

4.2 Game Components and Physical Artifacts

Architectural Stories is designed for play in groups of three to five participants, a configu-
ration that supports collaboration while maintaining individual accountability. The game
consists of the following physical components: a central score-tracking board, 20 Mystery
Cards, colored pawns, an instruction manual, and a set of pattern reference cards.

The decision to adopt a non-digital format was intentional. By avoiding techno-
logical mediation, the game emphasizes face-to-face discussion, collective reasoning, and
social interaction, which are essential aspects of collaborative architectural work. Ad-
ditionally, the physical format facilitates adoption in classroom environments without

requiring specific technical infrastructure.

4.2.1 Mystery Cards

The Mystery Card is the core pedagogical artifact of the game. The complete collection of

the 20 cards developed for this study is available in Appendix A. Each card is composed
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of two complementary sides: the Enigma and the Solution.

The Enigma, visible to all players, presents a short narrative describing a failure,
anomaly, or problematic behavior observed in a software system. These narratives are
intentionally concise yet rich in information, providing sufficient context to stimulate
inquiry while preserving ambiguity. Realistic development practices and common industry
problems inspire the scenarios.

Figure 4.1(a) illustrates an example enigma entitled “The 5,000-Line File,” which
describes a monolithic web page that combines presentation logic, validation, and database
access within a single file. The narrative implicitly exposes symptoms such as low cohesion,
high coupling, and poor maintainability, without explicitly naming these issues.

The Solution, visible only to the Architecture Master (AM), contains the author-
itative resolution of the enigma. It explicitly identifies the architectural root cause and
prescribes an appropriate architectural pattern or principle. As shown in Figure 4.1(b),
the solution to “The 5,000-Line File” diagnoses the problem as a violation of separation
of concerns and recommends the application of the MVC pattern, outlining its benefits
and trade-offs. This asymmetric information structure is a fundamental game mechanic,

as it drives inquiry, discussion, and collaborative reasoning among players.

Problem
Low Cohesion and High Coupling

There is no  separation of
responsibilities. The interface code
(what the user sees), the flow control
code (what to do when the user clicks),
and the data code (the user) are all
mixed together in a single file.

The 5,000-Line File

Solution
Model-View-Controller (MVC)

MVC separates these responsibilities.

In a web system, a single pa%e (e.g.,
“UserRegistration”) has 5,000 Iines. It
contains HTML code to render the

screen, CPF validation logic, and SQL
commands to save the user. The
problem is that maintaining it is a
nightmare; any change is risky.

(a) The Enigma.

The Model contains the data and rules.
The View is responsible only for
displaying the data. The Controller
receives the request, uses the Model
to save data, and then chooses the
View to send the response.

Trade-offs
Gains: Maintainability and Reusability
Losses: Complexity

4

(b) The Solution.

Figure 4.1: Enigma and solution used in the activity.
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4.3 Scoring System and Progress Tracking

To support engagement and provide continuous feedback, the game incorporates the In-
sight Points Board, illustrated in Figure 4.2(a). This board centrally tracks player per-
formance and serves as a shared visual reference throughout the session.

Progress on the board is represented by colored, 3D-printed pawns (Figure 4.2(b)),
with each pawn corresponding to a single participant. This design choice reinforces indi-
vidual accountability while preserving group interaction.

The scoring system is intentionally simple. Correct solutions award one Insight
Point, while incorrect accusations result in a penalty of one point. This mechanism
encourages careful reasoning, discourages random guessing, and reinforces the importance

of evidence-based decision-making.

Architectural
Stories

Iﬂﬂ :

a) Insight Points Board. (b) Colored pawns.

Figure 4.2: Insight Points Board and Colored pawns.

4.4 Supplementary Instructional Materials

To ensure consistency and pedagogical support, Architectural Stories includes supplemen-
tary instructional materials.

The Instruction Manual (provided in Appendix B) provides detailed guidance on
game setup, rules, roles, phases, and scoring. Its clarity was a design priority, particularly

because one of the evaluation objectives was to assess whether students could understand
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and play the game autonomously without instructor intervention.

The Pattern Reference Cards serve as theoretical scaffolding throughout game-
play, providing a comprehensive description of the underlying architectural patterns and
principles, as presented in Annex A. The cards summarize a specific architectural pat-
tern, including its intent, structural characteristics, typical applications, and trade-offs.
During investigations, players consult these cards to validate hypotheses and ground their
reasoning in formal architectural knowledge.

This integration ensures that the game emphasizes analytical reasoning rather
than rote memorization, allowing students to verify their conclusions against established
architectural theory. All materials are publicly available to support replication and

I‘GUS815.

4.5 Gameplay Structure and Role Dynamics

Gameplay follows a rotating-role structure involving one AM and multiple investigators.
This design realizes the hybrid competitive and cooperative dynamics in the methodology.

As illustrated in Figure 4.3, each round begins with a preparation phase, during
which the AM selects a Mystery Card and reviews the solution. The AM then presents
the Enigma to the group and moderates the session by answering closed-ended questions
with “Yes,” “No,” or “Irrelevant.”

Investigators collaboratively analyze these responses to formulate and refine hy-
potheses. At any point, a player may attempt to present a Complete Solution, which
must clearly articulate both the architectural diagnosis and the corresponding pattern.
Each round concludes with a debriefing phase led by the AM, during which the narra-
tive is explicitly connected to the architectural concepts involved. This reflective moment
reinforces learning by making implicit reasoning explicit and addressing misconceptions.
The game ends when a player reaches the end of the Insight Points Board or when the

predefined time limit is reached.

Bhttps://tinyurl.com/55jr3vhz
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AM buys a card, reads ‘Enigma’  j€—————

1. Preparation ]
aloud, and reads ‘Solution’ secretlyJ

Y
2. Investigation i)

Investigators ask ‘yes’ or ‘no’
questions. AM answers. )

\ 4
[ 3. Accusation )

Investigators announce a
“Complete Solution” (guess).

4. Resolution
Is the guess correct?

5. Debriefing
AM reveals the correct 'Solution'.

Discussion of learning.

Y
6. Next Round
Card is discarded. Rotation of the
Master of Architecture (AM).

Figure 4.3: Game round flowchart, from preparation to debriefing.

4.6 Final Considerations

Through its narrative-driven structure, collaborative mechanics, and emphasis on archi-
tectural reasoning, Architectural Stories represents a research-driven educational artifact
grounded in the evidence synthesized by the Systematic Mapping Study. By translat-
ing recurrent challenges in SAE into an engaging and structured gameplay experience,
the game aims to support deeper understanding, sustained engagement, and the develop-
ment of competencies essential to professional architectural practice. However, to confirm
that this design effectively meets its pedagogical goals, its impact must be empirically
assessed. Therefore, the following chapter describes the experimental setup, the data

collection methods, and the results obtained from the evaluation.
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5 Evaluation of Architectural Stories

Following the development of the Architectural Stories Game, it was essential to empir-
ically validate its effectiveness as a pedagogical tool within a real educational setting.
This chapter presents the evaluation phase of the research. The primary goal is to assess
whether the game successfully addresses the challenges of abstraction and engagement
in SAE by measuring player experience, intrinsic motivation, and instructional appeal.
Through a multi-instrument approach involving the MEEGA+, IMI, and IMMS, this
evaluation offers a multifaceted perspective on how the game impacts the learning of ar-
chitectural patterns and students’ motivation to engage with complex software engineering
concepts.

To detail this evaluation process, the remainder of this chapter is organized as
follows: Section 5.1 outlines the evaluation planning, including the selection of instruments
and study design; Section 5.2 describes the execution of the gameplay sessions and data
collection procedures; Section 5.3 presents the results and data analysis, providing a deep
dive into participant profiles and instrument-specific findings; and Section 5.4 addresses

the threats to the validity of the study.

5.1 Evaluation Planning

This evaluation is characterized as an evaluative case study with a descriptive and ex-
ploratory nature. The primary objective is to assess students’ perceptions regarding the
game’s quality, usability, and player experience, as well as their intrinsic motivation and
the motivational effectiveness of the instructional material.

To achieve this, we employed a multi-instrument approach. First, we employed
MEEGA+ as the primary instrument for game quality assessment. MEEGA+ was cho-
sen because it is a systematically developed and statistically validated model specifically
tailored for computing education games. Its comprehensive structure, which decom-

poses quality into Usability and Player Experience factors, provides sufficient breadth
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to evaluate the game. Furthermore, the instrument’s high reliability (Cronbach’s alpha
a = 0.928) ensures rigorous data collection regarding student perceptions. While the
standard MEEGA+ model contains 35 items, we applied the specific adaptation for non-
digital games prescribed by the authors. Items 10, 11, and 12, which evaluate software
customization and error protection, were excluded as they are irrelevant to card games.
Consequently, the final MEEGA+ component consisted of 32 quantitative items using a
5-point Likert scale, complemented by open-ended questions to collect qualitative feed-
back.

To provide a deeper analysis of the students’ subjective experience, we also uti-
lized the IMI. The IMI is a multidimensional measurement device intended to assess par-
ticipants’ subjective experience related to a target activity. It evaluates specific subscales,
including Interest/Enjoyment, Perceived Competence, Effort /Importance, Pressure/Ten-
sion, Perceived Choice, and Value/Usefulness, while the individual performs the activity.

Finally, to evaluate the motivational aspects of the game specifically as an instruc-
tional material, we applied the IMMS. The IMMS is based on the ARCS motivational
design model, assessing four specific domains: Attention, Relevance, Confidence, and
Satisfaction. This instrument consists of 36 statements where participants indicate the
truthfulness of each statement in relation to the material studied, using a 5-point Likert
scale ranging from “Not true” to “Very true”

A single gameplay session was conducted to fit within the constraints of the stan-
dard course curriculum. The duration of the gameplay session (approximately 30 minutes)
was considered sufficient for participants to experience multiple rounds of the game. Af-
ter the gameplay, an additional 40 minutes were allocated for students to complete the
evaluation forms, which consolidated the MEEGA+, IMI, and IMMS items into a single

data collection process.

5.2 Evaluation Execution

The evaluation was conducted during a scheduled Software Engineering class with 34
undergraduate students. The flow of the evaluation process is illustrated in Figure 5.1.

Regarding prior knowledge, students had been introduced to fundamental architectural
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concepts in previous course modules; however, their familiarity with specific patterns
varied, and no specific training on the game mechanics was provided beforehand. Partici-
pants organized themselves into independent groups of three to five members and received
the game materials and rule manual. To assess the learnability of the materials, groups
were instructed to learn the gameplay mechanics autonomously, relying exclusively on the

provided manual.
Phase 4:
ﬁi w

2y

(1SS
DURATION: 40 min

DURATION: 30 min
\- & TOTAL END
(T=1h 40min)

LDURATION: 10 minj DURATION 10 mln) DURATION: 10 min)

\&

Figure 5.1: Flow of the evaluation application.

The gameplay session lasted approximately 30 minutes. Due to the self-paced
nature of the groups, the number of completed rounds varied, with an estimated average
of 8 rounds per group. Since the role of Architecture Master (AM) rotates after every
round, this volume ensured that the AM role was distributed among participants, allowing
most students to experience both the investigator and facilitator perspectives. Through-
out the session, the researcher remained present but intentionally limited interventions.
Assistance was restricted to clarifying operational doubts regarding rules, avoiding any
interference in the students’ investigative reasoning or decision-making processes.

Immediately following the gameplay, data were collected using an online ques-
tionnaire (Google Forms). Ethical considerations were strictly observed throughout the
process; participants were only allowed to proceed to the questions after reviewing and
accepting the Informed Consent Form (ICF) provided in Appendix C.

To protect participant privacy, the survey was designed to be entirely anonymous,
ensuring that no sensitive personal information, such as names, student IDs, or contact
details, was collected or stored. Furthermore, participation was strictly voluntary, and
students were informed of their right to withdraw at any stage without any prejudice

or penalty. To ensure data integrity and reduce social desirability bias, the form was
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configured to block multiple submissions from the same device. Quantitative data were
exported for statistical analysis, while qualitative responses were processed to identify
recurring perceptions and opportunities for improvement, maintaining the confidentiality

of individual inputs at all times.

5.3 Results and Data Analysis

This section presents an extended and rigorous analysis of the data collected from the 34
participants (N = 34) who evaluated Architectural Stories using the MEEGA+, IMI, and
IMMS instruments. All students’ responses to the questionnaires are publicly available

16 The analysis integrates descriptive statistics,

for inspection and replication purposes
internal consistency indicators, and qualitative feedback, providing a comprehensive per-

spective on the pedagogical value and experiential quality of the game.

5.3.1 Participants’ Profile

A total of 34 students participated in the evaluation. The majority were young adults,
with 30 participants (88.2%) aged 18-28 years, followed by 3 participants (8.8%) in the
29-39 age group, and 1 participant (2.9%) aged 40-50 years. This distribution indicates
that the sample is strongly concentrated in younger age ranges.

In terms of gender identity, the sample consisted of 20 male participants (58.8%),
13 female participants (38.2%), and one non-binary participant (2.9%). Although the
distribution is not balanced, it still reflects the presence of diverse gender identities.

Regarding the frequency of playing non-digital games, the data revealed diverse
levels of participation. Specifically, 18 participants (52.9%) stated that they play rarely,
while 12 participants (35.3%) reported playing monthly. Only 2 participants (5.9%) indi-
cated playing weekly, one participant (2.9%) reported playing daily, and one participant

(2.9%) stated that they never engage in non-digital games.

https://tinyurl.com/4vbwb3ts
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5.3.2 Results Obtained from the Application of MEEGA +

To assess the perceived quality of Architectural Stories, the MEEGA+ (Annex B) was
employed as one of the evaluation instruments. This model provides a comprehensive
analysis by decomposing quality into two major factors: Usability and Player Experi-
ence. The instrument used in this study consists of 32 quantitative items, measured on a
5-point Likert scale, and is complemented by three open-ended questions designed to cap-
ture subjective feedback regarding positive aspects, negative aspects, and suggestions for
improvement. These qualitative responses were analyzed to corroborate the quantitative
data, providing contextual nuance to the statistical findings presented in this section.

Figure 5.2 details the distribution of responses across all MEEGA+ items. Vi-
sual inspection enables the immediate identification of the game’s strongest aspects, as
indicated by the predominance of dark blue bars (Strongly Agree). Notably, the items
related to Social Interaction and Relevance achieved near-unanimous consensus. For in-
stance, the statement “It is clear to me how the contents of the game are related to the
course” reached approximately 91% of Strongly Agree responses, confirming that students
clearly perceived the educational purpose of the activity. Similarly, the visual design was
highly praised, with 88% of participants strongly agreeing that “The colors used in the
game are meaningful”.

Conversely, the chart explains the lower mean observed in the Focused Attention
dimension. The item “I forgot about my immediate surroundings while playing this game”
exhibits the most significant divergence, with a visible portion of disagreement (red and
pink bars totaling approximately 27%). This result is expected for a classroom activity
based on loud negotiation and group debate, where isolation from the environment is
neither achieved nor intended.

Table 5.1 summarizes the descriptive statistics calculated from participant scores.
The consistently high mean values across dimensions, many exceeding 4.5 on a 5-point

Likert scale, demonstrate the strong acceptance and effectiveness of the game.
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Figure 5.2: Distribution of responses across MEEGA+ items.
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Table 5.1: Descriptive Statistics of MEEGA+ Dimensions (N = 34).

Factor Subdimension Items Mean (¢) Std. Dev. (o)
Aesthetics 1-2 4.40 0.72
. Learnability 3-5 3.94 1.24

Usabilit

Sabrity Operability 67 4.29 0.99
Accessibility 89 4.81 0.47
Confidence 13-14 4.07 0.47
Challenge 15-17 4.12 0.98
Satisfaction 18-21 4.36 0.76
Plaver Experience Social Interaction 22-24 4.87 0.34
yer =xp Fun 25-26 472 0.54
Focused Attention — 27-29 3.69 1.22
Relevance 30-33 4.56 0.78
Perceived Learning 34-35 4.63 0.69

Usability: Strong Aesthetic Appeal and Exceptional Accessibility

Usability scores reveal a highly positive perception of the game. The Aesthetics, with a
mean of (u = 4.40) and a relatively low standard deviation (o = 0.72), indicate a broad
consensus that the visual design (colors, symmetry, and consistency) met high-quality ex-
pectations. This aligns with multiple qualitative comments praising the attractive board,
clear typography, and well-designed visual identity.

The strongest subdimension in the entire Usability factor was Accessibility (1 =
4.81, 0 = 0.47), with Item 9 ( “The colors used are comprehensible”) reaching an excep-
tionally high mean of 4.88. This confirms that the visual environment effectively supports
comprehension, even for students unfamiliar with tabletop mechanics.

This high accessibility score is particularly significant when cross-referenced with
the participants’ gaming habits reported in Section 5.3.1. Given that 52.9% of the students
stated they play non-digital games “rarely”, the strong positive evaluation indicates that
the game’s design successfully mitigates entry barriers. It demonstrates that the visual
aids and mechanics are intuitive enough to engage a general audience, ensuring that the
lack of prior gaming literacy does not hinder the educational experience.

Conversely, Learnability (1 = 3.94, 0 = 1.24) displayed the highest variability
in the entire questionnaire. This deviation reflects the heterogeneous familiarity with
Architectural Patterns among students. For learners with limited domain knowledge, the

text-heavy descriptions introduced a cognitive barrier. As the participant P9 noted:
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“The role of the patterns could be better structured, with images... to help

those who do not know the patterns.” (P9)

Such insights reinforce that future iterations of the game should include visual scaffolding
(e.g., diagrams, icons, and simplified pattern summaries). These refinements would reduce

extraneous cognitive load and promote quicker onboarding.

Player Experience: Engagement, Collaboration, and Positive Learning Dy-

namics

The Player Experience results offer the strongest evidence of the effectiveness of Ar-
chitectural Stories. All subdimensions scored above 4.0, with the exception of Focused
Attention, a finding that aligns with the nature of socially driven learning activities.
Social interaction emerged as the primary driver of engagement. Social In-
teraction was the highest-rated subdimension across all MEEGA+ metrics (u = 4.87,
o = 0.34), reflecting an almost unanimous perception that the game successfully pro-
motes collaborative reasoning, debate, and collective meaning making, which are central

elements of social constructivist learning.

“I liked the interactivity with the other classmates that the game promotes...”

(P9)

The results also highlight strong affective engagement, as evidenced by high scores
in Fun (¢ = 4.72) and Satisfaction (1 = 4.36). These values suggest that the balance be-
tween challenge and reward was well-calibrated, enabling players to experience enjoyment
while progressing through the activity. Student comments further reinforce this positive
reception. When asked “What did you like most about the game?”, they responded with

comments such as:
“Reminded me of Black Stories. I found it really fun.” (P19)
“Learning while playing.” (P14)

Although Focused Attention obtained a comparatively lower mean (p = 3.69)
and a higher standard deviation (¢ = 1.22), this should not be interpreted as a short-

coming. Because the game is intentionally designed to stimulate discussion, negotiation,



5.3 Results and Data Analysis 64

and shared analysis, the classroom naturally becomes more dynamic. In this context,
attention is distributed across peers and collective interactions, rather than anchored in
solitary, introspective concentration.

Finally, the dimensions Challenge (1 = 4.12) and Confidence (u = 4.07) form
a coherent pair, suggesting that participants perceived the tasks as appropriately de-
manding yet manageable. Several respondents emphasized that solving the scenarios and
uncovering Architectural Patterns provided them with a clear sense of accomplishment,

indicating that the game fosters both cognitive stimulation and self-efficacy.

Perceived Learning and Educational Value

The most significant pedagogical outcomes appear in the Relevance (u = 4.56) and Per-
ceived Learning (u = 4.63) scores. These metrics confirm that the game did not merely
entertain; it effectively reinforced the key concepts of SA.

The item “The game contributed to my learning in the course” achieved one of
the highest mean scores in the dataset (u = 4.82), reflecting a strong consensus among
participants that the activity effectively supported their learning process.

In qualitative responses, students repeatedly emphasized how the game facilitated

understanding;:

“I was able to learn concepts that I didn’t know before.” (P25)
“The reference sheet of the ‘Patterns’ is a direct and efficient summary of the

content, and interacting with it helped reinforce the concepts.” (P6)

These testimonials, combined with the quantitative data, confirm that the game
successfully bridged the gap between abstract theory and practical understanding, vali-

dating its educational value.

5.3.3 Results Obtained from the Application of IMI

To evaluate the participants’ intrinsic motivation regarding the educational game Ar-
chitectural Stories, IMI was employed. The instrument comprises 37 items distributed

across six subscales, rated on a 7-point Likert scale ranging from 1 (Strongly Disagree) to
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7 (Strongly Agree). The complete questionnaire containing all items used in this study is

available in Annex C.

Scoring Methodology and Reverse Items

To ensure the reliability of the data and control for acquiescence bias (the tendency of
respondents to agree with statements regardless of content), the questionnaire includes
both positive and negative statements. Items marked with (R) are reverse-scored. For
example, in the Interest/Enjoyment subscale, while item 1 is positive ("I enjoyed doing
this activity very much”), item 3 is negative ("I thought this was a boring activity”).
Before calculating the mean scores for each factor, the responses to these reverse

items were inverted using the standard formula for Likert scales:

Scoreggjusted = (kK + 1) — Score,qw (5.1)

Where k is the maximum value of the scale (7). Therefore, the formula used was
Scoreggjusted = 8 — Scorepq,,. This transformation ensures that a ”Strongly Disagree”
(1) response to a negative statement (e.g., "I felt pressured”) is mathematically equiva-
lent to a ”Strongly Agree” (7) response to a positive motivation statement, allowing for

consistent aggregation within the subscales.

Data Analysis

Figure 5.3 illustrates the distribution of responses for all 37 items using a diverging stacked
bar chart. This visualization highlights the frequency of agreement (blue hues) versus
disagreement (red hues) after the necessary inversions, providing a granular view of the
participants’ feedback.

Table 5.2 summarizes the descriptive statistics (Mean and Standard Deviation)
for each of the six IMI factors (IV = 34). The results are analyzed in detail below, linking

quantitative data to the theoretical constructs of Self-Determination Theory.
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Table 5.2: Descriptive Statistics of IMI Factors (N = 34).

Factor Items Mean (1) Std. Dev. (o)
Interest /Enjoyment 1-7 5.77 1.58
Perceived Competence 8-13 4.93 1.61
Effort /ITmportance 14-18 4.96 1.72
Pressure/Tension 19-23 2.69 1.80
Perceived Choice 24-30 4.48 2.16
Value/Usefulness 31-37 6.26 1.08
Interest /Enjoyment

According to the IMI definitions, the Interest /Enjoyment subscale is considered the self-
report measure of intrinsic motivation per se. While other factors serve as antecedents,
this subscale directly assesses the participant’s enjoyment of the activity. The obtained
mean of p = 5.77 indicates a high level of engagement. Notably, items such as "I enjoyed
doing this activity very much” (Q1) and ”This activity was fun to do” (Q2) received
predominantly positive responses. This result confirms that the gamification elements
successfully transformed the study of software patterns into an engaging experience, pre-

venting the boredom often associated with theoretical lectures.

Perceived Competence

This subscale posits that intrinsic motivation is strengthened when individuals perceive
themselves as effective at an activity. The mean score of p = 4.93 reflects a moderate-
to-high sense of competence. Participants felt reasonably skilled at the game, though
the standard deviation (o = 1.61) suggests some variation. This variance is expected in
educational games: if the game is too easy, competence is high but interest drops; if too
hard, competence drops. The obtained score suggests a "flow” state balance where the
challenge was significant enough to require effort but not so difficult as to make students

feel incapable.

Effort /Importance

The Effort /Importance subscale measures the amount of energy participants perceive they

invested in the activity. The mean score (u = 4.96) indicates that students did not play
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passively; they mobilized cognitive resources to solve the architectural puzzles. In the
context of learning, a high level of effort combined with high interest is the ideal scenario
for active learning. It suggests that students were trying hard, not because they were

forced, but because they valued the outcome of the game.

Pressure/Tension

Pressure/Tension is a negative predictor of intrinsic motivation. Unlike the other sub-
scales, higher scores on this subscale would indicate anxiety, which undermines the learn-
ing experience. The results were highly positive, with a low mean of y = 2.69. As shown
in Figure 5.3 (items 19-23), the vast majority of responses indicate a relaxed state. This
demonstrates that the game environment was psychologically safe. Students did not feel
nervous or pressured to perform, which fosters a mindset conducive to exploration and

error-based learning without fear of judgment.

Perceived Choice

This subscale assesses the participants’ sense of autonomy. The results here were the most
mixed, with the lowest positive mean (u = 4.48) and the highest variability (o = 2.16).
The high standard deviation implies a strong divergence in user experience. The presence
of reverse items, such as "I felt like I had to do this” (Q27), highlights that while some
students felt they participated by choice, others may have perceived the mandatory nature
of the classroom activity as a constraint on their autonomy. This suggests a potential area
for improvement in future iterations, perhaps by allowing more flexible rules or optional

paths within the game to enhance the sense of volition.

Value/Usefulness

Finally, the Value/Usefulness subscale embodies the idea that people internalize activities
they experience as valuable for themselves. This factor achieved the highest mean (u =
6.26) and the lowest standard deviation (o = 1.08), representing the strongest finding of
this study. The items Q31-Q37 show an almost unanimous consensus. This confirms that

students clearly recognized the pedagogical value of ” Architectural Stories.” Regardless
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of whether they found the game easy or hard, they agreed it was highly relevant for

improving their understanding of SA content.

5.3.4 Results Obtained from the Application of IMMS

The IMMS was employed to evaluate the motivational quality of the instructional com-
ponents of the game Architectural Stories. The IMMS is theoretically grounded in the
ARCS motivational model, which defines four core dimensions that support learner mo-
tivation: Attention, Relevance, Confidence, and Satisfaction. The instrument is widely
used in educational research to assess learners’ perceptions of instructional design and

motivational appeal.

Scoring Methodology and Reverse Items

The IMMS consists of 36 items evaluated on a five-point Likert scale, ranging from 1 (Not
true) to 5 (Very true). To minimize acquiescence bias and improve measurement reliabil-
ity, the questionnaire includes several reverse-worded items, identified with an R. Before
statistical aggregation, these items were reverse-scored using the standard transformation
for five-point scales:

Scoreagjustea = 6 — Score,qy (5.2)

This procedure ensures that all items contribute consistently to their respective motiva-
tional constructs, such that higher scores uniformly represent more positive motivational
perceptions. The complete questionnaire, including item allocation to ARCS factors and

the identification of reverse-scored items, is provided in Annex D.

Overview of Results

Figure 5.4 presents the distribution of responses across all questionnaire items, while Table
5.3 summarizes the descriptive statistics for the four motivational dimensions defined by
the ARCS model. Across all factors, mean scores were above the midpoint of the scale,
indicating an overall positive motivational evaluation of the instructional game.

The graphical distribution reveals a strong predominance of positive responses,

with most items showing high concentrations in the categories "Agree’ and ’Strongly
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Agree’. Negative responses were infrequent and generally limited to small proportions of
participants, suggesting that motivational challenges, when present, were localized and

did not compromise the overall instructional experience.

Table 5.3: Descriptive Statistics of IMMS Factors (N = 34).

Factor Mean () Std. Dev. (o)
Attention (A) 3.90 1.08
Relevance (R) 4.03 1.14
Confidence (C) 3.74 1.18
Satisfaction (S) 4.18 0.94

Attention

The Attention dimension assesses the extent to which the instructional material cap-
tures and sustains learners’ curiosity and interest. This factor achieved a mean score of
1 = 3.90, indicating a strong level of engagement. The response distribution indicates a
predominance of agreement, with relatively few negative responses, suggesting that most
participants found the game engaging.

According to the ARCS model, attention is supported through perceptual and
inquiry-based arousal. The visual presentation, narrative structure, and interactive chal-
lenges of Architectural Stories appear to have contributed to sustained engagement, even
when learners were confronted with abstract and conceptually demanding topics such
as SA patterns. Some neutral responses observed in this dimension suggest individual

variation in sustained attention, which is expected in heterogeneous learning groups.

Relevance

The Relevance dimension evaluates the perceived alignment between the instructional
content and learners’ academic or professional goals. This factor obtained a mean score
of © = 4.03, reflecting a strong perception of applicability. The graphical distribution
shows a clear concentration of responses in the "Agree’ and "Strongly Agree’ categories,
with minimal disagreement.

These results indicate that participants perceived the game content as meaningful

and closely related to real-world software engineering practices. The contextualized archi-
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tectural scenarios and decision-making processes reinforced the usefulness of the instruc-

tional material, a central condition for sustained motivation within the ARCS framework.

Confidence

The Confidence dimension measures learners’ expectations for success and their perceived
control over learning outcomes. This factor presented a mean score of y = 3.74, which,
although positive, was lower than those observed for Relevance and Satisfaction. The
response distribution reveals a greater presence of neutral responses, suggesting variability
in learners’ confidence levels.

From the perspective of the ARCS model, this pattern indicates that while the
game provided sufficient support for most participants, some learners experienced un-
certainty when engaging with complex architectural concepts. Nonetheless, the limited
occurrence of negative responses suggests that the balance between challenge and instruc-

tional support was generally effective and did not lead to widespread frustration.

Satisfaction

Satisfaction refers to the positive affective responses associated with learning achievements
and the instructional experience. This dimension achieved the highest mean score among
all factors (1 = 4.18) and exhibited the strongest concentration of Strongly agree responses
in the graphical distribution.

These results indicate that learners experienced a high level of enjoyment and a
sense of accomplishment when interacting with the game. According to the ARCS frame-
work, satisfaction plays a critical role in reinforcing motivation and promoting positive
attitudes toward future learning activities. The high satisfaction scores suggest that the
instructional design of Architectural Stories was effective not only in supporting learning
outcomes but also in fostering a rewarding educational experience.

Overall, the IMMS results provide consistent evidence, at both the statistical and
item-level distributions, that the instructional design of Architectural Stories successfully

supported learner motivation in alignment with the principles of the ARCS model.
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5.3.5 Discussion

This work investigated the motivational and educational impact of the Architectural Sto-
ries, guided by the RQ presented in Section 1.2. To address this question comprehensively,
the game was evaluated using three complementary instruments: MEEGA+, IMI, and
IMMS, each targeting distinct yet interrelated dimensions of the learning experience. The
triangulation of results provides consistent and robust evidence that the card-based game
has a positive influence on students’ motivation, engagement, and perceived learning of
software architectural patterns.

From the perspective of game quality and player experience, the MEEGA+ results
indicate a high level of acceptance and effectiveness. The strong performance across both
major factors, Usability and Player Experience, demonstrates that the game successfully
balances clarity of interaction with engaging gameplay. In particular, the exceptionally
high scores in Accessibility, Social Interaction, and Relevance highlight that the design
choices adopted in Architectural Stories effectively lowered entry barriers, even for par-
ticipants with limited prior experience with non-digital games. This is a relevant finding
in an educational context, as more than half of the participants reported playing tabletop
games rarely. Despite this, the game remained intuitive, visually comprehensible, and
easy to engage with, reinforcing its inclusiveness as a pedagogical tool.

The prominence of Social Interaction as the highest-rated MEEGA+ dimension
is significant. It suggests that motivation and engagement emerged primarily through
collaborative reasoning, debate, and collective problem solving, rather than through indi-
vidual immersion. This interpretation is further supported by the lower scores in Focused
Attention, which should not be understood as a weakness of the design. Instead, they
reflect the inherently social and dialogical nature of the activity, where attention is dis-
tributed across peers, arguments, and shared decision-making processes. In this sense, the
game aligns with social constructivist perspectives on learning, which hold that knowledge
is actively constructed through the interaction and negotiation of meaning.

The IMI results complement the MEEGA+ findings by providing deeper insight
into the students’ intrinsic motivational states. High scores in Interest /Enjoyment confirm

that the card game format transformed the learning of architectural patterns into an



5.3 Results and Data Analysis 74

engaging and enjoyable experience, mitigating the abstraction and cognitive heaviness
typically associated with this topic. More importantly, the Value/Usefulness subscale
achieved the highest mean across all IMI factors, indicating a strong internalization of the
educational value of the activity. This result is central to answering the research question,
as it demonstrates that motivation was not driven solely by fun or novelty, but by a clear
recognition of the game’s contribution to learning.

Moderate-to-high scores in Perceived Competence and Effort /Importance further
indicate that students felt capable of engaging with the challenges presented by the game
and were willing to invest effort in solving them. The observed variability in these dimen-
sions reflects the heterogeneous background knowledge of the participants, particularly in
terms of their familiarity with architectural patterns. However, this variability did not
translate into increased anxiety, as evidenced by the low scores on the Pressure/Tension
scale. This combination of challenge, effort, and low pressure suggests that the game fos-
tered a psychologically safe learning environment, in which students could explore ideas,
make mistakes, and learn collaboratively without fear of negative evaluation.

The Perceived Choice subscale presented the most divergent responses, indicat-
ing that some students experienced limited autonomy due to the mandatory nature of
the classroom activity. This finding highlights an inherent tension in formal educational
settings, where instructional activities are often required rather than voluntary. Never-
theless, even in the presence of reduced perceived autonomy for some participants, the
overall motivational profile remained strongly positive. This suggests that the game’s
relevance, enjoyment, and collaborative structure were sufficient to sustain motivation
despite contextual constraints.

The IMMS results provide additional confirmation from an instructional design
perspective, grounded in the ARCS motivational model. High scores in Attention indicate
that the narrative structure, visual elements, and interactive challenges of Architectural
Stories successfully captured and maintained learners’ interest. The Relevance dimension
reinforces earlier findings from both MEEGA+ and IMI, showing that students consis-
tently perceived the instructional content as aligned with their academic goals and future

professional practice in software engineering.
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Although the Confidence dimension obtained slightly lower mean values compared
to other IMMS factors, this result does not undermine the overall effectiveness of the
instructional design. Instead, it highlights opportunities for refinement, particularly in
supporting learners with less prior knowledge of architectural patterns. The inclusion of
additional visual scaffolding, simplified summaries, or progressive disclosure of complex
information could further enhance learners’ confidence without reducing the intellectual
challenge of the activity. Importantly, the high scores in Satisfaction indicate that students
experienced a strong sense of accomplishment and positive affect, reinforcing motivation
and supporting favorable attitudes toward future learning activities.

When considered together, the findings from MEEGA+, IMI, and IMMS offer a
coherent and multifaceted answer to the research question posed in Section 1.2. The use
of a card game influences students’ motivation to learn software architectural patterns by
activating multiple motivational mechanisms simultaneously. First, it increases situational
interest through playful and interactive dynamics. Second, it fosters collaborative learning
by structuring meaningful social interaction and collective reasoning. Third, it supports
the internalization of learning value by clearly connecting game activities to course content
and professional relevance. These mechanisms operate in synergy, resulting in heightened
engagement, sustained effort, and positive perceptions of the learning experience.

In summary, the discussion demonstrates that Architectural Stories functions
not merely as a gamified supplement to traditional instruction but as a mediating educa-
tional artifact that bridges abstract theoretical knowledge and collaborative sense-making.
The consistency of positive results across three well-established evaluation instruments
strengthens the validity of this conclusion and underscores the potential of card-based
educational games as effective pedagogical strategies in software engineering education.
The findings also provide clear directions for future improvements and research, partic-
ularly regarding adaptive scaffolding and autonomy support, further consolidating the

contribution of this work.
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5.4 Threats to Validity in the Evaluation of Game

Despite the efforts made to ensure methodological rigor in the evaluation of Architectural
Stories, it is necessary to acknowledge that certain threats to validity may have influenced
the findings. Explicitly identifying these threats enables a more careful interpretation of
the results and their limitations (MOURAO et al., 2020). The main concerns and their
respective mitigation strategies are discussed below.

A primary threat to external validity concerns the generalizability of the re-
sults. The evaluation involved 34 students enrolled in a single Software Engineering
course at one university. This sample may not adequately represent students from other
institutions, learners with different academic backgrounds, or practitioners in professional
settings. Additionally, participation occurred within a formal classroom context, which
may influence motivation and engagement differently from informal or voluntary learning
environments. Replications with larger and more diverse populations, as well as applica-
tions in different educational and professional contexts, are necessary to strengthen the
generalizability of the findings.

Threats to construct validity relate to whether the instruments used accurately
captured the intended constructs, such as engagement, motivation, perceived learning, and
instructional quality. The study relied primarily on self-reported data collected through
three validated instruments: MEEGA+, IMI, and IMMS. Although these instruments are
well established and widely used, they assess participants’ perceptions rather than objec-
tive learning outcomes. As a result, constructs such as learning effectiveness and compe-
tence were measured subjectively, without direct verification through performance-based
assessments, such as pre- and post-tests. Furthermore, the novelty of the game-based ac-
tivity may have positively influenced responses across all three instruments, particularly
in dimensions related to enjoyment, interest, and attention.

Regarding internal validity, the short duration of the gameplay session, ap-
proximately 30 minutes, limits the ability to evaluate sustained engagement or long-term
learning effects. The instructional material and game rules were provided for autonomous

group study, which may have led to variations in interpretation and gameplay dynamics
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across groups. These differences could have influenced both the learning experience and
the motivational responses captured by the MEEGA+4, IMI, and IMMS. Additionally,
the absence of a control group using a traditional instructional approach prevents causal
inferences about the effectiveness of the game compared to alternative teaching strategies.

Finally, threats to conclusion validity from the analytical approach adopted in
the study. The results were analyzed using descriptive statistics, including means, frequen-
cies, and standard deviations, without inferential statistical testing. Consequently, it is
not possible to determine whether observed differences between dimensions or instruments
are statistically significant. The relatively small sample size also limits statistical power
and increases sensitivity to individual variation. While the triangulation of MEEGA—+,
IMI, and IMMS strengthens interpretive confidence by providing complementary perspec-
tives, the findings should still be interpreted as exploratory and indicative of perceived
experience rather than as evidence of statistically robust causal relationships.

Overall, while these threats do not invalidate the results, they highlight limita-

tions and point to clear opportunities for methodological refinement in future studies.

5.5 Final Considerations

The evaluation results presented in this chapter consistently demonstrate that Archi-
tectural Stories is an effective and motivating tool for teaching software architectural
patterns. Thedata from MEEGA+, IMI, and IMMS confirmed that the game not only
promotes high social interaction and engagement but also successfully bridges the gap
between abstract concepts and practical understanding. While the analysis identified op-
portunities for refinement in scaffolding for novice learners, the overall positive impact
on student motivation and perceived learning validates the research-driven design of the
artifact. With the empirical validation complete, the following chapter provides the con-
clusions of this work, summarizing its contributions, presenting the publications derived

from this research, and outlining directions for future studies to advance SAE further.
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6 Conclusion

SAE requires supporting students in reasoning about design, connecting contexts to solu-
tions, and articulating architectural rationale. Although literature reports several game-
based approaches to foster engagement, few focus on training learners to interpret nar-
rative descriptions and infer Architectural Patterns from contextual clues. Architectural
Stories addresses this gap by combining narrative deduction, collaborative reasoning, and
pattern-based design.

This work proposes Architectural Stories, a non-digital educational card game
where students collaboratively analyze architectural scenarios and construct solutions
integrating diagnosis, justification, and prescription. The evaluation with 34 undergradu-
ates combined three instruments (MEEGA+, IMI, and IMMS), providing a multidimen-
sional perspective on usability, experience, motivation, and learning. Results indicate
strong acceptance, high engagement, and positive perceptions regarding relevance, learn-

ing support, and instructional value.

6.1 Contributions

The first contribution of this work is a comprehensive SMS that synthesizes two decades
of research (2005-2025) on Software Architecture Education. By analyzing 45 primary
studies, this mapping provides the most up-to-date and extensive overview of the field to
date, identifying dominant topics, educational strategies, tools, and empirical evidence.
Beyond consolidating existing knowledge, the SMS highlights persistent gaps, such as the
limited focus on narrative reasoning, the challenge of bridging abstraction and practice,
and the need for approaches that better simulate real-world architectural ambiguity. This
contribution establishes a rigorous foundation for both researchers and educators, directly
informing the design decisions of the educational intervention proposed in this work.

A second contribution of this work is the proposal of an educational game that

emphasizes the interpretation of narrative scenarios as a core architectural competency.
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Unlike approaches that focus on pattern recognition or classification, Architectural Stories
requires players to reason from incomplete and contextualized descriptions, simulating the
ambiguity and trade-off analysis inherent in real-world architectural decision-making.

A third contribution lies in the development of a reusable and well-structured
educational package, including rulebooks, scenario cards, facilitator guidelines, and refer-
ence materials on Architectural Patterns. This package enables instructors to integrate
the game into different moments of a course, such as introductory activities, consolidation
exercises, or collaborative reviews, without requiring extensive prior preparation.

The fourth contribution is the empirical evaluation of the game using validated
instruments. The combined use of MEEGA+-, IMI, and IMMS allowed for triangulation of
results related to usability, player experience, intrinsic motivation, and instructional qual-
ity. The findings demonstrate that the game supports collaborative learning, promotes
perceived learning and relevance, and fosters intrinsic motivation, even among students
with limited prior experience in non-digital games.

In summary, Architectural Stories offers an effective approach to teaching Archi-
tectural Pattern selection through narrative interpretation and collaborative reasoning.
By addressing a higher-order cognitive skill that is often challenging to develop through
traditional instruction, the game contributes to both research and practice in SAE. With
continued refinement, expanded evaluation, and the development of a digital version,
Architectural Stories has strong potential to become a versatile instructional tool for

academic and professional learning contexts.

6.2 Publications

The research conducted in this work resulted in the following publications:

1. MENEZES, Maria Clara Ribeiro de; VALLE, Pedro Henrique Dias; OLIVEIRA,
Alessandreia Marta. Two Decades of Software Architecture Education: State of the
Art, Challenges, and Future Directions. In: ICSE-SEET '26. 2026 IEEE/ACM /8th

International Conference on Software Engineering, Software Engineering Education

and Training Track, April 12-18, 2026, Rio de Janeiro, Brazil. DOI: (https://dx.


https://dx.doi.org/10.1145/3786580.3786954
https://dx.doi.org/10.1145/3786580.3786954
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doi.org/10.1145/3786580.3786954). (Accepted for publication)

2. MENEZES, Maria Clara Ribeiro de; VALLE, Pedro Henrique Dias; OLIVEIRA,
Alessandreia Marta. A Card Game for Architectural Patterns Education. Submit-

ted to: EduComp 2026 Brazilian Symp. on Computing Education. (Under review)

6.3 Future Work

Several directions for future work emerge from both the quantitative results and the qual-
itative feedback collected during the evaluation. One immediate improvement concerns
enhancing learnability through the addition of visual scaffolding. Participants suggested
the inclusion of diagrams, icons, and more concise summaries of Architectural Patterns
to reduce cognitive load, particularly for students with less prior exposure to the topic.

Another direction involves broadening the empirical evaluation. Future studies
should replicate the game with more diverse audiences, including early-stage undergradu-
ates, graduate students, and industry practitioners, as well as in different institutional con-
texts. More rigorous experimental designs, incorporating pre- and post-tests and control
groups, would enable the assessment of learning gains beyond self-reported perceptions.

Comparative studies with other instructional strategies, such as case-based dis-
cussions, existing architecture games, or traditional exercises, also represent a promising
avenue to position Architectural Stories within the broader landscape of SAE.

Finally, we will focus on refining and systematically evaluating the digital version
of Architectural Stories. This digital version is currently under development and has an
initial functional release available online!”. Future efforts will focus on enhancing usability,
gameplay balance, and pedagogical alignment, as well as conducting empirical studies to
evaluate the software’s effectiveness in supporting software architecture learning in online
and hybrid settings. Additionally, the digital format opens opportunities for features
such as automated feedback, adaptive difficulty, learning analytics, and support for larger
groups, while also helping to reduce variability in rule interpretation and gameplay flow

observed during presencial gameplay sessions.

"https:/ /mariaclarall.github.io/architectural-stories/
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A Game Cards

This appendix presents the complete collection of the 20 Mystery Cards developed for
the Architectural Stories game. As detailed in Chapter 4, these cards serve as the core
pedagogical artifact for fostering analytical reasoning and architectural diagnosis among
students. Each card is displayed with its two complementary sides: the Enigma, which
presents a narrative-driven scenario of a software system failure, and the Solution, which
outlines the architectural root cause and recommends design patterns. The full set of
visual designs and technical content for cards 1 through 20 is organized sequentially in
Figures A.1 to A.5, illustrating the asymmetric information structure essential for the

game’s investigative dynamics.
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B Manual of Architectural Stories

This appendix presents the full Instruction Manual for Architectural Stories, providing the
operational framework necessary to implement the game in an educational or professional
setting. As outlined in Section 4.4, the manual was designed to ensure that the game
can be played autonomously by students, serving as the primary source for understanding
roles, mechanics, and victory conditions. It details the specific responsibilities of the
Architecture Master and the Investigators, the iterative process of inquiry through closed-
ended questions, and the complete solution rule, which is central to the game’s pedagogical
goal of connecting symptoms to architectural patterns. By formalizing these procedures,
the manual ensures a consistent and structured experience that balances competitive

engagement with collaborative architectural reasoning.

Overview and Objective

Architectural Stories is a deduction game for 3-5 players. Players take on the role of
Investigators trying to solve an “architectural crime” (a software problem) described on
a card. To win the round, an Investigator must present the Complete Solution, which
consists of both the Diagnosis (the problem) and the Prescription (the Architectural

Pattern that solves it).

Player Roles

In each round, one player assumes the role of the Architecture Master (AM). The AM
does not compete and is aware of the card’s secret solution. Their sole responsibility is
to judge the Accusations and answer the Investigators’ questions.

The remaining players act as Investigators. Their objective is to ask questions

and gather clues to decipher the architectural mystery presented in the round.
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Game Flow

The game is divided into multiple rounds. At the beginning of each round, the AM draws
a card and reads the Riddle (Side 1) aloud to all Investigators. Subsequently, the AM
silently reads the Solution (Side 2) and keeps it secret.

The Investigators then begin the investigation by asking closed-ended questions
to the AM. The AM may respond only with one of the following three words: “Yes”,
“No”, or “Irrelevant”. Open-ended questions, such as “What is the problem?”, are not
answered.

The round continues until an Investigator makes a Correct Accusation. At that
point, the round ends and the AM reveals the complete solution aloud. For the next
round, the AM role passes to the player on the left, who draws a new card and restarts

the process.

The Complete Solution Rule (The Accusation)

At any moment during a round, an Investigator may make an Accusation. For the accu-

sation to be considered Correct, it must include both:
e the Diagnosis (the architectural problem);
e the Prescription (the architectural pattern that solves it).

If the Investigator states only one of these elements, the Architecture Master

must respond with “Incomplete”.

Scoring and Victory
The game uses an Insight Points (IP) board with a maximum of 8 points.
e If the Accusation is Correct, the Investigator gains +1 IP and the round ends;

e If the Accusation is Incomplete or Incorrect, the Investigator loses —1 IP.
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After a correct accusation, the AM reads the complete solution aloud. The AM
role then passes to the player on the left, and a new round begins.
The Investigator who reaches the end of the IP board, or who has the highest

number of IP at the end of the game, is declared the winner.

Quick Guide for the Architecture Master

The role of the Architecture Master is to guide the players rather than act as an obstacle.
The response “Irrelevant” should be used to redirect Investigators away from details that
do not contribute to identifying the architectural solution, such as questions like “Was

the system written in Python?”.
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C Informed Consent Form

This

appendix presents the Informed Consent Form (ICF) used in this study.

Voluntary Participation: Your participation in this research is entirely voluntary
and essential for obtaining meaningful insights that will help us better understand

the quality of the game Architectural Stories;

Procedures: Your participation in this study consists of answering a questionnaire

containing both open-ended and closed-ended questions about the game;

Data Handling: The information collected will be used exclusively for academic
purposes. All data will be anonymized and processed securely, with full respect for

the privacy of respondents;

Benefits: You will not incur any costs or burdens by participating in this study,
nor will you receive any type of reimbursement or compensation for authorizing the

use of your data in the research;

Right to Refuse Participation: You have the right to decline to participate in
the research and may withdraw at any time, revoking your consent without any

penalty, retaliation, or disadvantage.
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A Guidelines for Architectural Patterns in

Architectural Stories

This appendix provides a comprehensive reference guide for the architectural patterns
and principles integrated into the Architectural Stories game. As discussed in Section
4.4, these guidelines serve as the theoretical scaffolding designed to support players during
the investigative process. Each entry summarizes the core intent, structural organization,
and key trade-offs of a specific pattern. By consulting this material, players can move
beyond intuitive guessing to evidence-based reasoning, allowing them to validate their
hypotheses against established architectural theory and articulate their final solutions
using precise technical vocabulary. This catalog ensures that the game functions not only

as a diagnostic challenge but also as a continuous learning tool for Software Architecture.

Layers

Organizes the code into layers with specific responsibilities (e.g., Presentation, Business,
Data), communicating only with the layer directly below. It provides high maintainability,
organization, and separation of concerns. As drawbacks, it may introduce slight latency

and increase initial complexity.

Client—Server

Divides the system into a Server (data and logic) and Clients (interface). It benefits from
centralization, security, and ease of maintenance. Drawbacks include dependence on a

single point of failure and the risk of server overload.
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Model-View—Controller (MVC)

Separates the system into Model (data), View (interface), and Controller (control). It pro-
motes separation of concerns, maintainability, and testability. The downside is increased

complexity in managing state across components.

Pipe and Filter

Processes data in independent stages connected by “pipes,” where the output of one filter
becomes the input of the next. It offers flexibility, reusability, and testability, but may

incur performance overhead and require standardized data formats.

Event-Driven Architecture

Components react to events (e.g., “OrderCreated”) asynchronously, without direct depen-
dency between producer and consumer. It provides decoupling, scalability, and resilience.

Drawbacks include increased debugging complexity and eventual data consistency.

Service-Oriented Architecture (SOA)

Integrates enterprise systems through reusable business services, orchestrated by a Service
Bus (ESB). It benefits from reuse, consistency, and centralized governance. Drawbacks

include increased complexity and reduced team autonomy.

Publish—Subscribe (Pub/Sub)

Decouples publishers and subscribers through message topics. It offers high scalability
and flexibility. Downsides include debugging difficulty and the lack of strong message

delivery guarantees.
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Microservices

Organizes the system into small, independent services, each with its own logic and
database. It provides autonomy, scalability, and resilience. Trade-offs include operational

complexity, latency, and debugging difficulty.

Microkernel

Defines a minimal core with essential functions, while additional functionality is provided
through independent plugins. It offers extensibility, flexibility, and stability, but the API

can be complex, and communication may be slow.

Broker

A messaging pattern in which an intermediary (broker) manages communication between
producers and consumers (e.g., a task queue). It provides temporal decoupling, resilience,
and load spike control. The main drawback is the risk of the broker becoming a single

point of failure and a performance bottleneck.

Peer-to-Peer (P2P)

A decentralized network where there is no central server, and each node acts as both client
and server simultaneously. The system becomes more scalable and resilient to failures, as
each new node strengthens the network. However, it faces challenges related to security,

efficient peer discovery, and the lack of centralized control.

Hexagonal Architecture (Ports and Adapters)

Separates the application core from the infrastructure through ports and adapters. It
ensures high testability and flexibility, but has high initial complexity due to the large

number of interfaces and layers.
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Saga Pattern

Manages distributed transactions through local steps and compensating actions in case

of failure. It maintains data consistency, but is very complex to implement and debug.

Adapter

A structural pattern that converts the interface of a component into another interface
expected by the client, enabling integration between new and legacy systems. It promotes

reuse and compatibility, but introduces an extra layer that can increase complexity.

Facade

Creates a simplified interface that encapsulates interaction with complex subsystems,
hiding internal details and complexities. It eases usage, reduces coupling, and improves
code readability, but may concentrate too much logic, becoming a critical maintenance

point.

Proxy

An object that controls access to another object by “pretending” to be the real one. It
is used to add functionalities such as security (permissions), caching (storing responses),
or lazy loading. The benefit is separation of concerns; the drawback is slight latency and

increased complexity.

Mediator

Centralizes communication among a set of objects (“colleagues”). Instead of commu-
nicating in an all-to-all manner, they interact only with the Mediator. The benefit is
decoupling; the drawback is that the Mediator can become complex and a single point of

failure.
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Message Bus

A centralized communication infrastructure (a “bus”) where multiple systems (e.g., Fi-
nance, HR) connect to exchange messages. The benefit is standardized integration; the
drawback is that the bus becomes a single point of failure and a complex bottleneck to

manage.

Blackboard

Solves complex problems with no clear solution path (e.g., AI). Multiple independent
“experts” collaborate by writing partial findings to a shared space (the “Blackboard”)
until a solution emerges. The benefit is flexibility; the drawback is the extremely high

complexity of implementation and debugging.
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B Model for the Evaluation of Educational

Games

This appendix presents the measurement instrument based on the MEEGA+, which was
employed to evaluate the quality of Architectural Stories. The MEEGA+ is a specialized
framework designed to assess educational games through two primary quality factors:
Usability and Player Experience.

The complete set of items used in the evaluation is detailed in Table B.1, orga-
nized by their respective quality factors and dimensions, such as aesthetics, learnability,
challenge, and social interaction. It is important to note that, for this study, items 10,
11, and 12 from the original MEEGA+ were excluded. This modification was necessary
because those specific items address software customization and error protection, features

exclusive to digital platforms that do not apply to a non-digital card game.
Table B.1: MEEGA+ items used in the evaluation.

Quality Factor Dimension Item

Usability Aesthetics 1. The game’s design is appealing (interface, graphics, board,
cards, etc.).

Usability Aesthetics 2. The text, colors, and fonts match and are consistent.

Usability Learnability 3. I needed to learn only a few things before I could start

playing the game.

Usability Learnability 4. Learning to play this game was easy for me.

Usability Learnability 5. I think most people would learn to play this game quickly.

Usability Operability 6. I consider the game easy to play.

Usability Operability 7. The game’s rules are clear and understandable.

Usability Accessibility 8. The fonts (size and style) used in the game are readable.

Usability Accessibility 9. The colors used in the game are easy to understand.

Player Experience Confidence 13. When I first looked at the game, I had the impression that
it would be easy for me.

Player Experience Confidence 14. The organization of the content helped me feel confident
that I would learn from this game.

Player Experience Challenge 15. This game is appropriately challenging for me.

Player Experience Challenge 16. The game offers new challenges at an appropriate pace.

Player Experience Challenge 17. The game does not become monotonous in its tasks.

Player Experience Satisfaction 18. Completing the game’s tasks gave me a sense of accom-
plishment.

Player Experience Satisfaction 19. Tt is due to my personal effort that I am able to progress

in the game.



A Guidelines for Architectural Patterns in Architectural Stories

105

Continuation of Table B.1

Quality Factor Dimension Item
Player Experience Satisfaction 20. T feel satisfied with the things I learned in the game.
Player Experience Satisfaction 21. T would recommend this game to my classmates.

Player Experience

Player Experience
Player Experience
Player Experience
Player Experience

Player Experience

Player Experience

Player Experience

Player Experience

Player Experience

Player Experience

Player Experience

Player Experience

Player Experience

Social Interaction

Social Interaction
Social Interaction
Fun

Fun

Focused Attention

Focused Attention

Focused Attention

Relevance

Relevance

Relevance

Relevance

Perceived Learning

Perceived Learning

22. 1 was able to interact with other people during the game.
23. The game promotes moments of cooperation and/or com-
petition among players.

24. T felt good interacting with other people during the game.
25. 1 had fun with the game.

26. Something happened during the game that made me smile.
27. There was something interesting at the beginning of the
game that captured my attention.

28. T was so engaged in the game that I lost track of time.
29. I forgot about the environment around me while playing
this game.

30. The game’s content is relevant to my interests.

31. It is clear to me how the game’s content is related to the
subject.

32. The game is an appropriate teaching method for this sub-
ject.

33. I prefer learning with this game rather than in another
way.

34. The game contributed to my learning in the subject.

35. The game was effective for my learning compared to other
activities.
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C Intrinsic Motivation Inventory

This appendix presents the measurement instrument based on the IMI, which was used
to assess the participants’ subjective experience while playing Architectural Stories. The
IMI is a multidimensional measurement device designed to evaluate intrinsic motivation
and self-regulation through different psychological perspectives.

The specific version of the instrument selected for this study consists of 37 items,
which are detailed and organized by their respective subscales in Table C.1. These items
cover six dimensions: Interest/Enjoyment, Perceived Competence, Effort/Importance,
Pressure/Tension, Perceived Choice, and Value/Usefulness. The items were evaluated
using a 7-point Likert scale, ranging from ”"not at all true” (1) to ”"very true” (7).

As indicated in the table, items marked with an (R) are reverse-scored. This
means that to calculate the final score, the participant’s response is subtracted from 8
(e.g., 8 —response). This procedure ensures that a higher final score consistently indicates
a higher presence of the concept described by the subscale name (e.g., higher perceived

competence or higher interest).

Table C.1: IMI items used in the evaluation.

Subscale Item
Interest/Enjoyment 1. T enjoyed doing this activity very much.
Interest/Enjoyment 2. This activity was fun to do.
Interest /Enjoyment 3. I thought this was a boring activity. (R)
Interest/Enjoyment 4. This activity did not hold my attention at all. (R)
Interest/Enjoyment 5. I would describe this activity as very interesting.
Interest/Enjoyment 6. I thought this activity was quite enjoyable.

7

Interest/Enjoyment While I was doing this activity, I was thinking about how much I enjoyed

Perceived Competence 8. I think I am pretty good at this activity.

Perceived Competence 9. I think I did pretty well at this activity, compared to other students.
Perceived Competence 10. After working at this activity for awhile, I felt pretty competent.
Perceived Competence 11. I am satisfied with my performance at this task.

Perceived Competence 12. I was pretty skilled at this activity.

Perceived Competence 13. This was an activity that I could not do very well. (R)

Effort /Importance 14. I put a lot of effort into this.
Effort /Importance 15. T did not try very hard to do well at this activity. (R)
Effort /Importance 16. I tried very hard on this activity.

Effort /Importance 17. It was important to me to do well at this task.
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Continuation of Table C.1

Subscale Item

Effort /Importance 18. T did not put much energy into this. (R)
Pressure/Tension 19. T did not feel nervous at all while doing this. (R)
Pressure/Tension 20. I felt very tense while doing this activity.
Pressure/Tension 21. T was very relaxed in doing these. (R)
Pressure/Tension 22. I was anxious while working on this task.
Pressure/Tension 23. 1 felt pressured while doing these.

Perceived Choice
Perceived Choice
Perceived Choice
Perceived Choice
Perceived Choice
Perceived Choice
Perceived Choice
Value/Usefulness
Value/Usefulness

Value/Usefulness

Value/Usefulness
Value/Usefulness

Value/Usefulness
Value/Usefulness

24.
25.
26.
27.
28.
29.
30.
31.
32.

I believe I had some choice about doing this activity.

I felt like it was not my own choice to do this task. (R)
I did not really have a choice about doing this task. (R)
I felt like I had to do this. (R)

I did this activity because I had no choice. (R)

I did this activity because I wanted to.

I did this activity because I had to. (R)

I believe this activity could be of some value to me.

I think that doing this activity is useful for improving my learning about

the content.

33.

I think this is important to do because it can help me better understand

the topic being studied.

34.
35.

I would be willing to do this again because it has some value to me.

I think doing this activity could help me to develop my problem-solving

skills.

36.

I believe doing this activity could be beneficial to me.

37. I think this is an important activity.
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D Instructional Materials Motivation Survey

This appendix presents the measurement instrument based on the IMMS, used to evaluate
the motivational aspects of the instructional material. The instrument is grounded in the
ARCS model (Attention, Relevance, Confidence, and Satisfaction).

The instrument consists of 36 quantitative items distributed across four main
categories, detailed in Table D.1. The items were evaluated using a 5-point Likert scale,
ranging from ”Not true” (1) to ”Very true” (5).

Items marked with an (R) are reverse-scored. To calculate the final score for these
items, the participant’s response is subtracted from 6 (e.g., 6 — response). This ensures

that higher scores consistently reflect higher levels of motivation across all dimensions.
Table D.1: IMMS items classified by ARCS dimensions.

Dimension Item

Confidence 1. When I first looked at this lesson, I had the impression that it would be easy for me.

Attention 2. There was something interesting at the beginning of this lesson that got my attention.

Confidence 3. This material was more difficult to understand than I would like for it to be. (R)

Confidence 4. After reading the introductory information, I felt confident that I knew what I was
supposed to learn from this lesson.

Satisfaction 5. Completing the exercises in this lesson gave me a satisfying feeling of accomplishment.

Relevance 6. It is clear to me how the content of this material is related to things I already know.

Confidence 7. Many of the pages had so much information that it was hard to pick out and remember
the important points. (R)

Attention 8. These materials are eye-catching.

Relevance 9. There were stories, pictures, or examples that showed me how this material could be
important to some people.

Relevance 10. Completing this lesson successfully was important to me.

Attention 11. The quality of the writing helped to hold my attention.

Attention 12. This lesson is so abstract that it was hard to keep my attention on it. (R)

Confidence 13. As I worked on this lesson, I was confident that I could learn the content.

Satisfaction 14. I enjoyed this lesson so much that I would like to know more about this topic.

Attention 15. The pages of this lesson look dry and unappealing. (R)

Relevance 16. The content of this material is relevant to my interests.

Attention 17. The way the information is arranged on the pages helped keep my attention.

Relevance 18. There are explanations or examples of how people use the knowledge in this lesson.

Confidence  19. The exercises in this lesson were too difficult. (R)

Attention 20. This lesson has things that stimulated my curiosity.

Satisfaction 21. I really enjoyed studying this lesson.

Attention 22. The amount of repetition in this lesson caused me to get bored sometimes. (R)
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Continuation of Table D.1

Dimension

Item

Relevance

Attention

Confidence

Relevance

Satisfaction

Attention

Attention

Relevance

Attention
Satisfaction
Relevance
Confidence

Confidence

Satisfaction

23. The content and style of writing in this lesson convey the impression that its content
is worth knowing.

24. T learned some things that were surprising or unexpected.

25. After working on this lesson for a while, I was confident that I would be able to pass
a test on it.

26. This lesson was not relevant to my needs because I already knew most of it. (R)

27. The wording of feedback after the exercises, or of other comments in this lesson,
helped me feel rewarded for my effort.

28. The variety of reading passages, exercises, illustrations, etc., helped keep my attention
on the lesson.

29. The style of writing is boring. (R)

30. I could relate the content of this lesson to things I have seen, done, or thought about
in my own life.

31.
32.
33.
34.

35.
material.

There are so many words on each page that it is irritating. (R)

It felt good to successfully complete this lesson.

The content of this lesson will be useful to me.

I could not really understand quite a bit of the material in this lesson. (R)

The good organization of the content helped me be confident that I would learn this

36. It was a pleasure to work on such a well-designed lesson.
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