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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 speci ¢ contexts
(SOMMERVILLE, 2018). These solutions de ne the roles, responsibilities, and interac-
tions of elements, often bundling multiple architectural tactics that inherently introduce
trade-o s 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 e ectively, 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 speci c challenge arises in training students to identify archi-
tectural patterns from narrative descriptions, a competency that demands technical pro -
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), gami cation, and educational
tools (CARVALHO et al., 2025). In particular, educational games serve as e ective 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 scienti c 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-o Analysis Method (ATAM) (MON-
TENEGRO; ASTUDILLO; ALVAREZ, 2017), or decision-making processes (LAGO et
al., 2019), there is a notable de ciency in approaches speci cally designed to train the
skill of pattern identi cation from narrative contexts. Existing games predominantly o er
prede ned 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 di culty 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 in uence 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 speci ¢ objectives were established:

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;

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

grates social interaction with core architectural concepts;

Evaluate the impact on student motivation: Assess the e ectiveness 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 Storigsvherein 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 ve distinct phases: (1) ldenti cation of Existing Approaches, (2) De nition 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.
Ihttps://tinyurl.com/mry3zr5h







	List of Figures
	List of Tables
	List of Abbreviations
	Introduction
	Context and Problem
	Research Question
	Objectives
	Methodology
	Organization

	Theoretic Foundations
	Software Architecture
	Architectural Patterns
	Educational Games
	Definitions and Game Elements
	Games in Software Architecture Education

	Final Considerations

	Related Work
	Contextualization
	Research Method
	Research Questions (RQs)
	Search String
	Control Studies
	Inclusion and Exclusion Criteria
	Digital Libraries
	Study Selection

	Results and Discussion
	Challenges and Future Directions
	Threats to Validity of the SMS
	Conclusion of the SMS
	Final Considerations

	Architectural Stories Game
	Objectives and Targeted Competencies
	Game Components and Physical Artifacts
	Mystery Cards

	Scoring System and Progress Tracking
	Supplementary Instructional Materials
	Gameplay Structure and Role Dynamics
	Final Considerations

	Evaluation of Architectural Stories
	Evaluation Planning
	Evaluation Execution
	Results and Data Analysis
	Participants’ Profile
	Results Obtained from the Application of MEEGA+
	Results Obtained from the Application of IMI
	Results Obtained from the Application of IMMS
	Discussion

	Threats to Validity in the Evaluation of Game 
	Final Considerations

	Conclusion
	Contributions
	Publications
	Future Work

	Bibliography
	Appendices
	Appendix Game Cards
	Appendix Manual of Architectural Stories
	Appendix Informed Consent Form
	Annexes
	Annex Guidelines for Architectural Patterns in Architectural Stories
	Annex Model for the Evaluation of Educational Games
	Annex Intrinsic Motivation Inventory
	Annex Instructional Materials Motivation Survey

