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A educagao médica enfrenta o desafio de promover atividades de aprendizagem
que garantam o desenvolvimento do raciocinio clinico, da tomada de decisao e da
aplicagao do conhecimento em contextos reais de cuidado em satide. Nesse cenario,
08 jogos sérios surgem como uma ferramenta promissora, ao oferecer um ambiente
seguro e de baixo custo no qual os aprendizes podem explorar diferentes decisoes
clinicas e observar suas consequéncias. No entanto, duas revisoes rapidas da liter-
atura, um survey com profissionais de desenvolvimento de jogos e um estudo de caso
conduzidos nesta dissertagao convergem para o mesmo achado: a auséncia de méto-
dos de design de jogos que integrem formalmente protocolos clinicos ao processo
de desenvolvimento de jogos sérios. Diante dessa lacuna, esta dissertacao propoe,
desenvolve e avalia o método Play Your Protocol (PYPr), um método de design
de jogos digitais para jogos do tipo visual novel baseados em protocolos clinicos,
voltado a estruturar o desenvolvimento de jogos sérios na area da satide e a apoiar
a comunicacao entre equipes multidisciplinares, incluindo médicos, artistas e desen-
volvedores. A metodologia Action Design Research (ADR), proposta por Sein et al.
(2011), foi adotada como principal estratégia de pesquisa, por permitir intervengao
e avaliagao constantes do artefato ao longo de sua construcao. O PYPr foi desen-
volvido e refinado iterativamente ao longo de trés ciclos, durante o desenvolvimento
do jogo sério SOS SCA, em parceria com a equipe médica da UFRJ. A avaliacao
do método foi realizada por meio de um formulério com questoes em escala Likert e
questoes abertas, analisadas segundo o método de Analise de Contetdo de Laurence
Bardin (2011). Os resultados indicam que o PYPr contribuiu positivamente para

o processo de desenvolvimento: os casos clinicos se consolidaram como o principal
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artefato de ligacao entre o conhecimento médico e as decisoes de design do jogo, a
comunicagao entre as equipes multidisciplinares melhorou, e os ciclos intermediérios

de validacao reduziram o retrabalho ao longo das versoes do jogo.
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Medical education faces the challenge of promoting learning activities that de-
velop clinical reasoning, decision-making, and the application of knowledge in real
healthcare contexts. In this scenario, serious games are a promising tool, offering a
safe, low-cost environment in which learners can explore clinical decisions and ob-
serve their consequences. However, two rapid literature reviews, a survey with game
development professionals, and a case study conducted in this dissertation converge
on the same finding: a lack of game design methods that formally integrate clini-
cal protocols into the development process of serious games. To address this gap,
this dissertation proposes, develops, and evaluates the Play Your Protocol (PYPr)
method, a digital game design method for visual novel games based on clinical pro-
tocols, aimed at structuring serious game development in healthcare and supporting
communication among multidisciplinary teams, including physicians, artists, and
developers. The Action Design Research (ADR) methodology proposed by Sein et
al. (2011) was adopted as the main research strategy, given its support for contin-
uous intervention and evaluation of the artifact throughout its construction. PYPr
was iteratively developed and refined across three cycles during the development of
the serious game SOS SCA, in partnership with UFRJ’s medical team. The method
was evaluated through a form combining Likert-scale and open-ended questions,
analyzed using Bardin’s (2011) Content Analysis method. Results indicate that
PYPr positively contributed to the development process: clinical cases emerged as
the primary artifact bridging medical and game design knowledge, communication
among multidisciplinary teams improved, and intermediate validation cycles reduced

rework across game versions.
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Chapter 1

Introduction

1.1 Motivation

The use of games for purposes beyond recreation has become increasingly common
and can be of crucial importance in education and business training (PAPASTER-
GIOU, [2009). Studies reveal that games have been used as educational tools across
sectors of the economy, including health (MCCAMMON et al., |2024; STEENSTRA
et al), 2024), architecture (ORNEK, 2013)), and public services (CLASSE et al.,
2020al, 2018c; JANSSEN et al., 2021a).

The growing importance of this topic has led some countries, such as Brazil, to
establish specific legal regulations, such as Lei 14.852/2024, which created a legal
framework for the electronic games industry and recognizes electronic games as au-
diovisual works, allowing the use of public funding for the development of educational
games and encouraging their use in school and research environments (AGENCIA
SENADO| 2024)), as well as the PL 4.139/2024, which aims to include electronic
games as an extracurricular activity in public and private basic education schools
and is currently under consideration for approval (CAMARA DOS DEPUTADOS,
2024).

This effort also aligns with broader international commitments for improving
healthcare, particularly Sustainable Development Goal 3 (Good Health and Well-
Being) and its target 3.4, which aims to reduce mortality from non-communicable
diseases (UNITED NATIONS, [2025)). The development of serious games grounded
in validated clinical protocols, such as the game developed in this dissertation, rep-
resents one possible contribution to this broader agenda.

In the healthcare sector, medical education faces the challenge of promoting
learning activities that guarantee the development of clinical reasoning, decision-
making, and the application of knowledge in real healthcare contexts (LAMPERT
et al., |2009). Among the approaches that promote learning centered on the de-



velopment and assessment of professional competencies are the experience-based
learning (ExBL) pedagogical model and the problem-based learning (PBL) family
of methodologies (BARROWS and TAMBLYN] [1980; DORNAN et al., [2019)).

Experience-Based Learning (ExBL) is a pedagogical model that emphasizes
learning derived from lived experience in the clinical environment, recognizing that
knowledge is constructed through active participation in real-world practice and
reflection on these experiences (DORNAN et al., 2019; KOLB, 1984)). Unlike tra-
ditional passive educational models, ExBL places the student at the center of the
learning process, transforming regular practice into a primary source of learning
(YARDLEY et al., 2012). The ExBL can be implemented through problem-based
learning, integrating theory and practice from the early stages of the learning pro-
cess and contributing to the development of students or professionals (DORNAN
et all 2019; [EORY and DORNAN| 2024} KOMASAWA and YOKOHIRA| [2023];
WEI et al., 2025).

Problem-Based Learning (PBL) is a pedagogical approach adopted in medical
education to promote student-centered learning through the resolution of authentic
clinical problems (BARROWS and TAMBLYN], |1980). This pedagogical approach
is grounded in presenting contextualized problems that guide the learning process,
encouraging students to actively and reflectively integrate theoretical knowledge,
formulate hypotheses, and develop clinical reasoning (HMELO-SILVER| [2004). In
this model, students work in small groups to analyze cases that simulate real clinical
practice, identify knowledge gaps, formulate diagnostic hypotheses, and actively seek
relevant information, thus promoting student autonomy and meaningful learning
(SCHMIDT et all 2011).

According to DOLMANS et al.|(2005), PBL enhances the integration of basic and
clinical sciences and increases student motivation and engagement when compared
to traditional lecture-based teaching methods. However, the effectiveness of PBL
depends on the quality of the scenarios presented and on their ability to represent the
complexity of clinical processes, including decision-making flows and protocol-based
clinical management.

Although direct experience in clinical settings is important to medical educa-
tion, it is often constrained by ethical considerations, patient safety concerns, and
limited availability of clinical scenarios. Besides, professionals and students, partic-
ularly those in basic science courses, are required to memorize a large amount of
information and procedures (JORDAN et al., 2019; LUJAN and DICARLO), [2025;
O’CARROLL et al., [2015; YOUNG et al., [2014)).

In this context, serious games are promising tools that enable the creation of
dynamic, interactive, and evolving clinical problems in which learners can explore

different decisions and observe their consequences within a safe and controlled envi-



ronment at a lower cost, thus contributing to the training of these groups (FADOUS
et al., 2026; KOELEWIJN et al. [2024; MEHRAEEN et al., [2025; XU et all 2023).

However, developing serious games in the health domain presents significant chal-
lenges, particularly given the interdisciplinary nature of the teams involved (JAC-
CARD et al.,2021). The health field relies on specialized technical terminology and
domain-specific knowledge that professionals from art, design, or software develop-
ment backgrounds may not readily understand (KRAUSE-JUTTLER et al., [2022;
STEIHAUG et al., 2016]), undermining stakeholder communication and diminishing
the game’s educational coherence (DUFFY et al.,[2025). These challenges emphasize
the need for structured approaches that bridge the gap between clinical knowledge
and game development practice.

Despite the growing adoption of serious games in medical education, the liter-
ature reveals a lack of systematic game-design methods to guide the development
of serious games grounded in clinical protocols. Most existing initiatives rely on ad
hoc approaches, which compromise pedagogical consistency, reproducibility, and the
rigorous evaluation of educational impact.

In response to these challenges, the initial idea for this dissertation was to apply
CLASSE et al.| (2019a)’s Play Your Process method to design a medical game.
However, experiments showed that the method was not indicated for games based
on clinical protocols. Considering this, this dissertation proposes the Play Your
Protocol (PYPr) method, a digital game design method for visual novel games
based on clinical protocols, aimed at addressing the identified gap and supporting
the development of educationally coherent and clinically grounded serious games/f|

The following sections present the research objectives, the methodological ap-

proach, the study’s main contributions, and the study’s organization.

1.2 Objective

The general objective of this master’s dissertation is to propose, develop, and eval-
uate the Play Your Protocol (PYPr) method, a digital game design method for
visual novel games based on clinical protocols, aimed at structuring the serious game
development process in healthcare and supporting communication among multidis-
ciplinary teams.

The dissertation also has the following specific objectives:

e Identify and map digital game design methods based on medical protocols;

1Since this dissertation includes experiments involving human participants to evaluate the
proposed method and the games developed, the study was submitted to and approved by the
Comité de Etica em Pesquisa do Instituto de Estudos em Satde Coletiva at UFRJ (https:
//www.iesc.ufrj.br/)), ensuring formal consent and participant confidentiality. The approval is
presented in Annex [Blunder the number 7178783.
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e Describe the case study of the first medical game developed in collaboration
with the medical team of the Programa de Cardiologia at UFRJ ] called RCP,

Reanimacao Cardiaca Pediatrica ;

e Conduct a survey study to obtain perceptions of the potential use of process

models in digital game design;

e Describe the process of development of the method, presenting the proposal,
evaluation, improvement, and application of each cycle of the method concep-

tion;

e Describe the application of the method during the development of the SOS
SCA game, a serious game to learn acute coronary syndrome care, also devel-

oped with the RCP group responsible for the RCP game;

e Conduct a post-mortem evaluation of the proposed method.

1.3 Methodology

This study adopts the Action Design Research (ADR) methodology proposed by
SEIN et al.| (2011)) as the main research strategy to conduct the investigation, de-
velopment, and evaluation of the method Play Your Protocol (PYPr) . The author
selected ADR  because this methodology combines principles from Design Science
Research (DSR) (DRESCH et al., 2015; HEVNER et al., 2004; PEFFERS et al.|
2008; PIMENTEL et al., 2020) and Action Research (AR) (BASKERVILLE, [1999;
DAVISON et al., [2004), allowing continuous intervention and evaluation of the ar-
tifact throughout its creation process.

The ADR methodology generates design knowledge by building, intervening
in, and evaluating artifacts within organizational contexts (SEIN et al., 2011)). It
combines researchers’ theoretical intentions with users’ practical influences and real-
world applications, enabling researchers and users to evolve the artifact through both
conceptual design and contextual use (COLLATTO et all 2018). In this method-
ology, researchers build the artifact, intervene in the organization, and evaluate the
artifact concurrently rather than sequentially.

ADR  comprises four cyclical and iterative stages: Problem Formulation;
Building-Intervention-Evaluation (BIE) ; Reflection and Learning; and Formaliza-
tion of Learning. Figure illustrates the ADR diagram adapted for this study.

The next sections describe the ADR stages and the Content Analysis method-
ology proposed by BARDIN| (2011), which this dissertation uses to analyze the

qualitative results.

’https://www.poscardio.ufrj.br/
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Figure 1.1: ADR Elements Mapping of the study ‘Play Your Protocol: a digital
game design method based on medical protocols’. Created by the author.

1.3.1 Problem Formulation

Problem Formulation is the first stage of the methodology and marks the point
at which researchers identify the study problem. The researchers formulated the
problem based on a literature review (chapter ; a survey study conducted with
development professionals (chapter |4]); and an exploratory case study (chapter [5)).

Dr. Glaucia de Oliveira and Dr. Thais Salim coordinated the group that con-
ducted the case study. These physicians also participated in the RCP project ad-
dressed in this dissertation, which ensured continuity of the organizational and clin-
ical context and allowed the researchers to observe game development practices in
the absence of a formalized design method.

The main objective of these studies was to investigate the current state of the

art and to determine whether developing a method to support the digital game



development process was an interesting and relevant topic in both academic and
professional contexts.

Figure illustrates the problem formulation step used in this dissertation.

Diagram of the Problem Formulation Step in Action Design Research

Goal: Identify studies related
to the use of clinical protocols
combined with digital game
design.
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(2019).

Type of Study: Snowballing.
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design.

Type of Study: Survey.
Results: Opportunities,
challenges, and potential roles
of process models in game

development.

Figure 1.2: Diagram of the Problem Formulation Step in Action Design Research.
Created by the author.

The literature review phase included two rapid reviews. The first investigated
the use of process models as a basis for digital game design, situating the PYPr
method within the existing body of knowledge on process-based game design. The
second examined game design methods used in medical serious games, with par-
ticular attention to whether clinical protocols had been adopted as foundational
elements in the design process. Together, the reviews aimed to map the state of the
art and identify research gaps that could justify developing a new method.

The survey was conducted among game development professionals to assess their
familiarity with process modeling techniques and their perceptions of the potential

use of process models in digital game design. The case study examined the devel-



opment of the RCP game, which involved the same medical team later engaged in
the SOS SCA project, and was conducted before any structured design method ex-
isted. Both studies provided empirical grounding for the problem formulation and
informed the requirements of the PYPr method. The detailed findings of each study
are presented in their respective chapters.

The studies conducted during the Problem Formulation stage were each guided
by specific research questions, which collectively support the two general research

questions that guide this dissertation:

e How can digital game design be structured to support the develop-

ment of serious games based on clinical protocols?

e How effective is the proposed method in supporting the development

of a serious game based on clinical protocols?

Because this dissertation adopts Action Design Research, in which the construc-
tion and evaluation of the artifact occur concurrently rather than sequentially, both
general research questions were defined together from the outset, rather than the
second being formulated only after the artifact’s construction was complete. Each
of the four studies conducted during the Problem Formulation stage addressed a
distinct dimension of the first general research question, with its specific research

questions presented in the corresponding chapter.

1.3.2 Building, Intervention, and Evaluation (BIE)

Building, Intervention, and Evaluation (BIE) is the second stage of the methodology.
During this stage, the collaborative team designs, builds, and implements prototypes
in the actual organizational setting. The team continuously evaluates the artifact,
allowing iterative refinements based on real-world use.

This stage was applied during the development process of the game SOS SCA -
SOS Sindrome Coronariana Aguda. During this process, PYPr served as an inter-
vention tool to create the three phases of the game, each with its own character and
clinical protocol. The multidisciplinary team, including the art team, physicians,
and development team, incrementally designed and tested the method through col-
laborative interventions divided into cycles.

Each cycle comprised refining the method based on the identified requirements
and assessing results across usability, medical accuracy, and engagement. The re-
searchers used qualitative and quantitative analyses to obtain participant feedback.
The study also used multiple sources of evidence, including meeting records and field
notes, design documents and artifacts generated during development, interviews and

evaluation questionnaires, and direct observations and user feedback.
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The results of each cycle informed adjustments to the artifact, resulting in an
iterative and reflective process. Chapter [6] describes the BIE stage and illustrates
each cycle of the PYPr method.

1.3.3 Reflection and Learning

Reflection and Learning is the third stage of the methodology and occurs cyclically
with Stages 1 and 2, as illustrated in Figure[I.I] During this stage, the team reflects
on the evaluation data and conceptually moves from building a localized solution
to understanding how the solution addresses a broader class of problems. In this
study, researchers and practitioners held reflection sessions after the BIE stage to
analyze how the method influenced the design process and how the real-world con-
text affected it. These reflections generated insights for both artifact improvement
and theoretical contributions to the design of serious digital games in the healthcare
domain and to the development of SOS SCA. This stage is described in Chapters [
and [7l

1.3.4 Formalization of Learning

The last stage of ADR is Stage 4, Formalization of Learning. During this stage,
the researchers synthesized the empirical and conceptual results and formalized the
proposed method PYPr | including guidelines for its application and implications
for future research. This stage contributed to the scientific knowledge base of Soft-
ware Engineering applied to healthcare by supporting reproducibility and knowledge
transfer.

Throughout the method development process, the author of this dissertation
served as a facilitator and active participant, conducting reflection sessions and
documenting design decisions. Additionally, the development and art teams partici-
pated as co-designers, contributed practical insights, and continuously validated the

artifact. Chapter [7] describes this stage in greater detail.

1.3.5 Content Analysis (CA)

During the writing of this dissertation, the researchers conducted several semi-
structured interviews and collected discursive responses through online forms. This
section defines and describes the Content Analysis (CA) method, which the re-
searchers adopted as the qualitative analysis technique to examine the empirical
data collected for this dissertation.

Content Analysis (CA) is a structured qualitative research method proposed

by BARDIN| (2011) and used to interpret communication, such as texts, interviews,



and media, by organizing, coding, and categorizing data into themes. It follows
three phases: pre-analysis, material exploration, and treatment and interpretation
of results (VALLE and FERREIRA| 2025)).

According to [ BARDIN (2011)), pre-analysis is the phase dedicated to preparing
and organizing all collected material. During this phase, researchers perform floating
reading, select the corpus, define analytical indicators, and prepare the material,
such as interview transcriptions.

During the material exploration phase, the researchers identified, coded, and
grouped relevant elements into categories to define the Recording Units (RUs), which
represent the smallest segment of content that researchers can independently char-
acterize, classify, and categorize (KRIPPENDORFF) 2019).

During the treatment and interpretation of results phase, the researchers ana-
lyzed the created categories to identify patterns, meanings, and relationships. In
addition to interpreting the data in light of the research objectives, the researchers
formulated inferences to answer the proposed research questions.

Chapters [l [l and [7] describe the findings from the qualitative analysis.

1.4 Use of Artificial Intelligence Tools

Throughout this dissertation, artificial intelligence tools were used only to support
specific technical and linguistic tasks. Because the dissertation was written in En-
glish by a native Portuguese speaker, ChatGPTE]was occasionally consulted to verify
terminology and idiomatic expressions, while Grammarly E] assisted with grammar
and style revision.

AT tools were also used to support secondary technical activities, such as con-
verting bibliographic references to BibTeX format, identifying formatting issues in
LaTeX tables, checking the consistency of figure and table captions, and suggesting
possible structures for organizing sections during the writing process.

All suggestions provided by these tools were critically reviewed by the author
before adoption. The research design, literature review, data collection and analysis,
development and evaluation of the Play Your Protocol method, interpretation of
results, and all scientific contributions presented in this dissertation were conceived
and produced exclusively by the author under the supervision of the advisors Geraldo

Xexéo and Tadeu de Classe.

3https://chatgpt.com/
‘https://grammarly.com/
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1.5 Main Contributions

This dissertation contributes to the fields of Software Engineering, Serious Games,
and Medical Education by proposing, developing, and evaluating the Play Your Pro-
tocol (PYPr) method designed to support the development of digital games. The
study addresses the gap between the formal structure of clinical protocols and the
development processes commonly adopted in educational and serious games, espe-
cially in contexts that require fidelity to healthcare procedures and multidisciplinary
collaboration.

The main contribution of this study is the Play Your Protocol (PYPr) method
itself. PYPr adapts and extends concepts originally derived from the Play Your
Process (PYP) approach (CLASSE et al., 2018¢c) to the healthcare domain, estab-
lishing a structured process for translating clinical protocols into game mechanics,
rules, flows, and educational interactions. Unlike generic game design approaches,
PYPr was conceived specifically to preserve the procedural and decision-oriented
characteristics of medical protocols, enabling the development of visual novel games
aligned with healthcare practices and educational objectives.

The method was developed and refined throughout the dissertation using the
Action Design Research (ADR) methodology, which enabled iterative cycles of con-
struction, intervention, and evaluation, generating both practical and theoretical
knowledge during the research process. Initial evaluations indicated that PYPr con-
tributed positively to communication between multidisciplinary teams, facilitated
the interpretation of clinical terminology by non-medical team members, and re-
duced the time required to release new versions of the SOS SCA game developed
during the study.

Another contribution of this dissertation is the execution of two Rapid Reviews.
The first rapid review complements two previously reviews conducted by Classe et
al. (CLASSE and ARAUJO,| 2015; |[CLASSE et al., |2018a)). The findings of this
first rapid review were published as an article at the XXIII Brazilian Symposium
on Games and Digital Entertainment (SBGames 2025) (LIMA et al) 2025). After
that, we were invited to submit an extended version of the article to the Journal
of Interactive Systems (JIS) for consideration; it is currently under review by the
journal’s editors and reviewers.

While the first review investigated the relationship between game design and
business processes, the second rapid review identified the game design methods used
to develop medical games and verified whether any of them used clinical protocols
as a basis for game design. The review synthesized evidence from the literature on
existing methods, design practices, and limitations in the development of serious

medical games. The findings of the review supported the identification of research
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gaps and informed the definition of the requirements and principles adopted in the
PYPr method.

The dissertation also contributes by conducting a survey of professionals in the
design field. The survey identified perceptions, challenges, and practices associated
with the design and development of serious games and process-oriented educational
experiences. The results provided empirical insights regarding the needs of design
practitioners when dealing with structured processes and complex domains such as
healthcare. These findings also supported the refinement of the PYPr method by in-
corporating perspectives related to usability, communication, visual representation,
and collaborative design practices.

A case study involving the development of the RCP game, based on the Pediatric
Cardiopulmonary Resuscitation protocol, is also a contribution of this study. Con-
ducted before any structured design method existed and involving the same medical
team later engaged in the SOS SCA project, the case study provided empirical ev-
idence of the practical challenges that arise when multidisciplinary teams develop
medical serious games without methodological guidance. The findings directly in-
formed the requirements and design principles adopted in the PYPr method.

Therefore, this dissertation provides a basis for future investigations into
protocol-based game development methods, healthcare training technologies, and
process-oriented serious games. The proposed method can be adapted to other
medical protocols and healthcare domains, opening opportunities for future research,
including validation across different educational contexts, automation of protocol-to-

game adaptations, and integration with digital health and simulation environments.

1.6 Document Organization

This Master’s dissertation is organized into 8 chapters. This introduction presented
the study’s context and objective, as well as its methodology and results. The
remaining chapters are organized as follows.

Chapter [2] presents the theoretical foundation for this study, addressing relevant
themes such as serious and medical games. It also discusses the relationship between
business process and medical protocols. It introduces the Play Your Process (PYP)

method for digital game design based on business process.

Chapters [3] through [5] present the studies conducted during the Problem For-
mulation stage of the Action Design Research (ADR) methodology and address the
first general research question. Chapter [3| presents two rapid literature reviews on
the use of process models and clinical protocols in digital game design. Chapter
[] presents a survey conducted with game development professionals regarding the

potential use of process models in game design.
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Chapter o presents the case study of the RCP game, developed by the same med-
ical team later involved in this dissertation, prior to the existence of any structured
design method.

Chapter @ presents the Building, Intervention, and Evaluation (BIE) stage, de-
scribing the iterative development of the Play Your Protocol (PYPr) method during
the creation of the serious game SOS SCA, also addressing the first general research
question.

Chapter [7] presents the Reflection and Learning stage, which corresponds to the
evaluation of the final version of the PYPr method and addresses the second general
research question.

Chapter 8| presents the Formalization of Learning stage, synthesizing the results
of this dissertation and outlining its contributions, limitations, and directions for

future work.
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Chapter 2
Theoretical Foundation

This chapter presents the theoretical foundation of this dissertation and describes
important concepts that may be unfamiliar to the reader. The following sections
define games, serious games, and medical games. After that, it presents the concepts
of Narrative in games, Visual Novels, Cybertext, Ergodic Literature, and Procedural
Rhetoric. Additionally, this chapter addresses the Play Your Process method, which
provided the initial concepts for developing the artifact proposed in this Master’s
dissertation and the concepts of business processes and clinical protocols, discussing
their characteristics and their relationship, establishing the conceptual background

necessary for this research.

2.1 Serious Games and Medical Games

Games have existed in society for a long time, and throughout history, several au-
thors have attempted to define the term “Game”. XEXEO et al| (2017) state in
their technical report that Wittgenstein was among the first to attempt to define
the term. However, there is an extensive number of definitions, which emphasizes
the possibility of multiple approaches.

The term “Game” originates from the Latin word “jocus”, which means joke,
amusement, or entertainment (EQUIPE DO SIGNIFICADOS - TODA MATERIA,
2012). It refers to a playful activity, whether physical or intellectual, guided by a
system of rules. It is practiced voluntarily and aims at entertainment, skill develop-
ment, or competition, always resulting in an uncertain outcome for the participants
(SILVA and SOARES, [2023; XEXEO et al., 2017).

"Serious games" is, at the same time, a widely adopted and discussed term,
since serious seems to indicate a lack of fun (PILOTE and CHINIARA| 2019).
In this context, "serious" means the game was designed for "serious" applications
(SERIOUS GAMES SOCIETY], 2023)). ABT| (1970) defines the term serious games

as games used for purposes beyond entertainment, such as education, training, and
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simulation. In serious games, players acquire knowledge while practicing their skills
as they face the challenges presented throughout the game. These challenges are
based on the pedagogical content expressed through the game’s elements (JUAN
et al., 2017, NAZRY et all 2017).

The democratization of access to technology contributes to the use of serious
games as a tool in teaching and learning (ZHONGGEN, 2019). In this context,
game-based learning (GBL) , in which curricular content is integrated directly into
the gameplay (GEE, 2003), is used as an approach that allows learners to develop
knowledge through active participation, problem solving, and immediate feedback
(PLASS et al., [2015)).

Serious games can be applied in various areas, including the health sector, with
medical games being well documented (DERVISEVIC et al, [2020; GRAAFLAND
et al,2012; VARKEY et al., 2006;[WANG et al., 2010). According toBIGDELI and
KAUFMAN]| (2017)), medical games, a subarea of serious games, are digital or non-
digital games designed to simulate clinical scenarios, support medical training, or
promote health-related learning and behavior change. In addition, the use of med-
ical games as a training tool can contribute to learning, participation, and motiva-
tion among physicians and medical students (DJAOUTTI et al., [2011; ZHONGGEN,
2019).

It is also important to note that medical games demonstrate significant im-
pact and relevance in healthcare education and clinical practice (WATTANASOON-
TORN et al., 2013)). Such games support the development of clinical reasoning,
procedural skills, and decision-making in safe, controlled environments, reducing
the costs and risks associated with real-world training (KOST) 2001). In many
cases, these games are designed based directly on clinical protocols, allowing learn-
ers to practice guideline-driven decision-making and experience standardized clinical
pathways in an interactive format (SARDI et al., 2017).

Additionally, studies emphasize the effectiveness of these serious games in
improving task performance, teamwork, and commitment to clinical protocols
(KARIMIAN et al., |2025; MHADHBI et al., [2024; SHRIVASTAVA et al., 2024]).
The results of the paper by GORBANEV et al. (2018)) show that medical games are

an important complementary approach to traditional training, facilitating learning.

2.2 Narrative in Games

Game narrative, also known as storytelling, plays an important role in the game
development process and refers to how a story is told in an electronic or board game
(AARSETH, [1997; PICCINI, 2018). Unlike cinema or literature, it is unique in its

interactivity, allowing the player to be not just a spectator but an active participant
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who influences or discovers the plot through their actions and decisions (LIMA and
LIMA, 2015; |QIN et al., |2009).

Game narratives can assume different structures, such as linear, branching, or
emergent, the latter of which results directly from the interaction between system
rules and player actions (MURRAY/,[2012; NAUL and LIU| 2020). Complementarily,
MURRAY]| (2012)) proposes the concept of narrative as architecture, in which game
spaces and elements function as means of storytelling. In this model, the player does
not simply follow a narrative but discovers it through environmental exploration.

The author Marie-Laure Ryan also makes important contributions to the study
of game narratives by applying the semantics of possible worlds to explain fictional
immersion in virtual environments (RYAN] 2001, 2006). According to her, video
games function as dynamic ecosystems endowed with their own spatial, temporal,
and mental dimensions, in which the plot ceases to be a static sequence and becomes
a simulation of alternative realities.

For RYAN (1991), the playful experience is marked by a constant tension between
the ludic and narrative worlds, requiring the user to act as an ontological agent. This
way, the player no longer merely interprets textual signs but, through their internal
or external interactive decisions, updates the available virtual paths, transforming
the system architecture into a living and meaningful narrative.

There are several genres of games, and each uses the narrative differently. Ac-
cording to DICKEY] (2006)), in some genres such as role-playing games (RPGs),
action games, and adventure games, narrative plays a more prominent role than in
first-person shooter games, sports games, and racing games. The method developed
in this dissertation addresses the genre called Visual Novel.

Visual Novels are a genre of digital games primarily focused on textual narra-
tive combined with visual and sound elements (CAMINGUE et al., 2021). They
emerged during the transition period between games without effective narratives,
such as Tetris and Pong, and primitive RPG-style games from the 1980s (ALVES
and TABORDA| 2015).

According to |JALVES and TABORDA| (2015), visual novels feature simple me-
chanics and allow players to follow the game’s story through thoughts, dialogue,
music, images, and text presented to them. Most of the experience consists of read-
ing dialogues and descriptions displayed on the screen.

As a genre closely connected to textual narrative, visual novel digital games
employ various textual and narrative techniques to enhance the player experience.
The next two sections discuss the concepts of ergodic literature, cybertext, and

procedural rhetoric, definitions that contribute to storytelling in visual novels.

15



2.3 FErgodic Literature and Cybertext

Espen J. Aarseth introduced the concepts of Ergodic Literature and Cybertext in his
book 'Cybertext: Perspectives on Ergodic Literature’ (AARSETH, [1997). Although
originating from literary theory, these concepts provide relevant analytical tools
for understanding the logic of participation and traversal that distinguishes digital
games from other forms of media.

The term ergodic originated from the Greek words ergon (work) and hodos (path)
and was coined to describe texts that require nontrivial effort from the reader to
traverse. In conventional literature, the reading path is predetermined, linear, pre-
dictable, and independent of the reader’s decisions. In ergodic literature, however,
the path must be actively constructed: the reader makes decisions, performs actions,
and navigates the text to build meaning (AARSETH, [1997).

It is important to note that ergodicity is not exclusive to the digital medium.
Aarseth identifies significant analog predecessors, such as the I Ching, whose con-
sultation depends on a ritual involving coin tossing (RIEMMA| 2023); Rayuela,
by Julio Cortazar, which offers alternative reading sequences and disrupts the con-
ventional chapter order (CERVANTES, 2022); and House of Leaves, by Mark Z.
Danielewski, with its labyrinthine paratextual apparatus composed of notes, appen-
dices, and disorienting typography (DANIELEWSKI and TRUANT, [2000). This
analog genealogy demonstrates that the reader’s active participation is a structural
property of certain textual forms rather than an effect exclusive to digital technology
(AARSETH, |1997).

Cybertext is a subcategory of ergodic literature, specifically referring to texts
mediated by cybernetic systems, such as computers and machines, in which the tex-
tual mechanism itself participates in the generation of discourse. To describe this
mechanism, Aarseth proposes a conceptual distinction between three instances: tex-
tons, the units of text stored within the system; scriptons, the sequences effectively
read or experienced by the user; and the traversal function, the set of rules governing
the conversion of textons into scriptons (AARSETH| 1997)). This distinction is fun-
damental for understanding the ontology of digital games: unlike the printed book,
in which textons and scriptons are identical and stable, the digital game is an object
whose “text” exists only as a process, realized through the interaction between the
player, the system, and its rules.

This perspective has direct implications for game development models. 80 Days,
for example, contains hundreds of thousands of words stored as textons, yet no
player traverses them in their entirety: each playthrough generates a unique set of
scriptons determined by the player’s choices and the system’s internal states (INKLE
STUDIOS, 2014). In this sense, game design becomes the design of the traversal
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function itself, the architecture of rules that defines which paths are possible, which
content becomes accessible under specific conditions, and how the player’s actions

modify the state of the fictional world.

2.4 Procedural Rhetoric

Procedural rhetoric is a concept formulated by BOGOST| (2007) to describe the
capacity of computational systems, especially digital games, to construct arguments
through rules and processes. Unlike verbal rhetoric, which persuades through dis-
course, or visual rhetoric, which operates through images, procedural rhetoric func-
tions through the internal logic of systems: what is allowed, what is rewarded, what
is punished, and what is rendered impossible within a simulated environment.

In the context of digital games, this perspective has direct implications for nar-
rative design. When mechanics and narrative converge toward the same argument,
the game produces a coherent and rhetorically consistent experience (TAVARES),
2014). BOGOST! (2007) describes this condition as effective procedural rhetoric, in
which the player does not merely read or observe a message, but actively experi-
ences it through interaction with the system. Contrarily, when there is a divergence
between what the narrative communicates and what the mechanics encourage, the
phenomenon described by [HOCKING] (2009) as ludonarrative dissonance emerges,
a tension that may compromise the communicative integrity of the artifact or, when
intentional, produce critical and reflective effects.

For software engineering applied to digital game development, procedural
rhetoric offers a relevant analytical lens. It suggests that design decisions, data
structures, reward systems, victory and failure conditions, and feedback loops are
not communicatively neutral, but rather constitute choices with argumentative po-
tential. This understanding justifies the inclusion of narrative and rhetorical criteria
within the processes of game system modeling and specification, so that coherence
between mechanical and narrative layers may be treated as a quality requirement
rather than merely an aesthetic concern addressed a posteriori.

Authors such as SCHELL (2020) and FULLERTON]| (2024) reinforce this per-
spective by treating game design as an essentially systemic activity in which each
structural element shapes the player’s experience. The adoption of procedural
rhetoric as a theoretical framework, therefore, supports the need for development
methods that integrate the narrative dimension into the technical project from the

earliest stages of conception, treating both as inseparable parts of the same system.
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2.5 Game Design and Play Your Process Method

Given the use of serious games in educational contexts and their impact on learning,
as discussed in the previous section, the game design process must be efficient and
share the intended information accurately and coherently. After all, as emphasized
by ROONEY] (2012)), the fact that a game is entertaining does not ensure that it will
offer significant or worthwhile learning outcomes. Therefore, it is necessary to have
methods that support the game development process, providing not only engaging
experiences but also an accurate representation of pedagogical concepts within the
game.

Play Your Process (PYP) is a method developed by Tadeu de Classe in his
doctoral thesis (CLASSE, [2019)), emerging from a need identified during the devel-
opment of serious games within the Brazilian public services sector. The primary
goal of this method is to guide game designers in developing serious games based on
business processes. Motivated by the need to develop strategies to help citizens un-
derstand public service business processes, the author proposes using serious games
as a tool and emphasizes the importance of methods for developing games based on
business process models.

Below, some key concepts are presented that describe the PYP method and the
relationship between business processes and clinical protocols, justifying the initial
idea of this dissertation to use the PYP method for the development of games based

on clinical protocols.

2.5.1 Play Your Process Method

Play Your Process (PYP) is a method that supports the development of serious dig-
ital games based on business process models. The primary goal of this method is to
guide the game designer in creating serious games that promote players’ understand-
ing and reflection on organizational processes in the context of public services, using
playful elements to translate complex workflows (CLASSE et al., 2020b, 2019b).
Its main objective is to convert complex BPMN models into game design ele-
ments, facilitating the learning and understanding of workflows by employees and
customers. The PYP method lies at the intersection of Business Process Manage-
ment and Game Design. It differs from other design approaches by using business
process models, such as BPMN, and their documentation as the primary source of
information for extracting assets, rules, and game elements (CLASSE et al., 2018b)).
Additionally, PYP addresses the challenge of making bureaucratic workflows ac-
cessible to non-specialists. By using digital games as a communication medium, the
method enables traditionally complex processes to be represented interactively, pro-

moting greater transparency and social participation and contributing to initiatives
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aimed at democratizing information and improving public services.
Figure [2.1] presents the BPMN diagram of the PYP method. The method con-
siders four teams: the Target Audience, the Project Implementers, the Game Design

Team, and the Development Team. The stages of the method are as follows:

e Context Study of the Process: In this initial phase, the designer seeks to
understand the organizational context, the details of the process (objectives,
challenges, and actors), and the user context (customers’ feelings and difficul-
ties) to identify qualitative information and values that should be reflected in

the game environment and in the behavior of the characters.

e Elements Mapping: This stage consists of the systematic translation of
process model elements, in BPMN notation, into game design elements, such
as associating “lanes” with characters or locations and “activities” with tasks,

resulting in an initial version of the Game Design Document (GDD) .

e Game Project: At this point, the designer’s creativity is applied to define the
game’s narrative, mechanics, aesthetics, and technologies, using the GDD to
balance the fidelity of the process with the level of ludic involvement required

to prevent the game from becoming merely a simulator.

e Development / Prototyping: This phase involves implementing and coding
the game using game engines (such as RPG Maker) to build a playable version

that meets the project’s requirements.

e Evaluation: The method proposes validation at three levels: team validation,
executors’ validation, and target audience validation. In team validation, de-
signers verify whether the prototype complies with the GDD and whether the
ludic elements are well-balanced. In executors’ validation, professionals who
perform the process in real life validate whether the game faithfully represents
the rules, tasks, and organizational environment. In target audience valida-
tion, the game is tested with end users (citizens) to assess the quality of the
experience and whether there was a gain in knowledge about the represented

process.

e Game Packaging and Delivery: After validations and adjustments, the

game is packaged and made available to players on accessible platforms.

In addition to the method, the author also developed, in his dissertation, a tool
called Process Model Game Design (ProModGD) , which acts as a technological
support that translates elements of business process models (BPMN) into elements of
game design (CLASSE, |2019). This automation is carried out through BPMN Model
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Figure 2.1: Play Your Process BPMN diagram adapted from (CLASSE, 2019).

Processing, a Conceptual Mapping Framework, a Mapping and Scoring Algorithm,

and Structured GDD Generation. However, this tool was not used as a basis in this

dissertation.
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The main characteristic of the method lies in its ability to systematically map
process elements to game elements. Through supporting frameworks such as Pro-
ModGD (CLASSE et al., 2018b)), activities, events, actors, and rules present in
BPMN models are translated into typical components of digital games, such as

missions, characters, mechanics, resources, and narratives (CLASSE et al., 2020b),

2019h).

2.5.2 Business Process and Clinical Protocol

Business processes are structured sets of interrelated activities that organizations
execute sequentially or conditionally to achieve organizational goals and generate
value for stakeholders or end users (DUMAS et al., 2018). Business analysts and
Software Engineering practitioners use business process modeling to understand,
analyze, and improve complex systems by explicitly representing activities, decision
points, roles, inputs, outputs, and exceptions (WESKE|, 2019).

Clinical protocols are clinical decision algorithms. However, developers do not
easily represent them within an educational game environment. Integrating clinical
protocols into educational games requires a smooth transition between evidence-
based medicine and system architecture. According to HE et al.|(2019)), formalizing
these protocols as technical flow diagrams enables developers to identify critical
states in which user interaction must be validated.

Furthermore, clinical protocols resemble business processes. They consist of
formal guidelines that define standardized sequences of clinical actions to support
healthcare professionals in diagnostic, treatment, and patient management processes
(FIELD and LOHR; [1990). The purpose of clinical protocols is to reduce variability
in clinical practice and increase patient safety (GROL et al., 2013). In practice,
healthcare professionals represent these protocols through clinical pathways, which
describe the temporal flow of care, including decision points, alternative courses of
action, and expected outcomes for specific clinical conditions (CAMPBELL et al.|
1998; VANHAECHT et al., [2007)).

Like business processes, clinical protocols involve multiple actors, well-defined
activities, decision rules, and exception manipulation. However, they differ in that
they involve greater uncertainty, time-sensitive decisions, and severe consequences
for errors, thereby increasing their complexity and requiring rigorous verification
(PELEG, [2008)).

According to WOUTERS et al| (2013), in process-oriented educational games,
developers can directly derive game mechanics from protocol elements such as ac-
tivities, gateways, and outcomes, allowing players to experience realistic clinical

decision-making processes within a safe, controlled environment. Also, process mod-
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els serve as mediating artifacts between healthcare professionals and developers,
facilitating interdisciplinary communication and helping maintain clinical fidelity
throughout game design and implementation (BECKER et al. [2013]). According
to Graafland et al. (GRAAFLAND et al), 2012), the system’s ability to replicate
real-world protocols precisely determines the validity of a medical simulator, thus
avoiding the transfer of negative learning.

This conceptual proximity enables the application of process-oriented methods,
originally developed in business process management, to the healthcare domain.
Considering this, this study adopted the Play Your Process method as the foundation
for developing the initial version of the Play Your Protocol method. The next chapter
presents the literature review as part of the first phase of the methodology used in

this dissertation.
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Chapter 3

Literature Review: Process Model
and Clinical Protocol as Basis for

Digital Games Construction

This chapter presents a literature review to assess the state of the art and identify
a research gap that could be explored in this master’s dissertation. It is part of the
first phase of the ADR methodology: the problem formulation phase. In this study,
the author decided to conduct two rapid reviews due to the time available and the
number of people willing to participate.

According to KHANGURA et al.| (2012), a rapid review is a form of knowledge
synthesis in which components of the systematic review process are simplified or
omitted in order to produce timely information. Also, the number of reviewers
involved is smaller, and the range of databases searched is more limited than in a
systematic review. In this study, the rapid review was conducted only by the author
of this Master’s dissertation, but since the objective was to replicate two previous

reviews, the number of databases was kept the same.

3.1 First Rapid Review: Beyond Play Your Process

This section presents a rapid review of the literature conducted in two phases. The
first phase was conducted from March 2024 to July 2024. The article resulting
from this study was accepted and published in the XXIII Brazilian Symposium
on Games and Digital Entertainment (SBGames 2025) (LIMA et al.l 2025)). After
that, we were invited to submit an extended version of the article to the Journal
of Interactive Systems (JIS) for consideration. It is currently under review by the
journal’s editors and reviewers. The updated version was conducted from December

2025 to February 2026, and the results of both versions will be presented together
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in this section.

The main objective of this rapid literature review is to identify and evaluate
studies on the use of process models in digital game design contexts, from the re-
searcher’s perspective.

This study complements two previous systematic reviews conducted by Tadeu de
Classe. The first literature review was conducted in 2015 (CLASSE and ARAUJO,
2015)), and no results were found on the topic. The second review was conducted
in 2017 (CLASSE et al., 2018a), and the results still indicate a lack of literature on
the use of digital game design combined with business process models. Only one of
the 3 accepted articles mapped a BPMN proposal to game design.

This rapid review also aims to analyze the papers that have cited the article "The
Play Your Process Method for Digital Game Design Based on Business Processes"
by (CLASSE et al|(2019b)), one of the first to suggest combining digital games and
process models in the context of digital game design, and to verify the applications
and future work of this paper that has been accomplished in the research field.

The application of the review protocol yielded 201 articles; however, only 23 were
fully read, and 15 were accepted. Although the resulting number represents five
times as many articles as in the last systematic mapping, most of them illustrate
applications and adaptations of the Play Your Process (PYP) method (CLASSE
et al., 2019b; FERREIRA et all 2022; JANSSEN et al 2021a), which is described
in this dissertation in chapter 2]

3.1.1 Rapid Review Protocol

Since the last review was conducted in 2017 (CLASSE et al., 2018a) and the last
week of November and the first week of December were already covered, this research
covers the period from January 2018 to February 2026.

The research questions (RQs) of this study, presented in Table , aim to inves-
tigate the use of process models as a basis for digital game design and to identify
opportunities for future research in the field. These RQ were considered for both
rapid review and snowballing.

As scientific database sources and keywords, this rapid review considered the
same scientific databases as the previous ones: ACM Digital Libraryfl, E1 Compen-
dexﬂ, Google Scholar (Portuguese)E]7 IEEE Digital Libraryﬁ, ISI Web of ScienceE],

"http://portal.acm.org
’http://www.engineeringvillage.com
3https://scholar.google.com/
‘http://ieeexplore.ieee.org
Shttp://www.isiknowledge.com
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Table 3.1: Beyond Play Your Process Rapid Review Research Questions. Created
by the author.

RQs Description
PRRQ1 | Is there research that approaches the use of process models as a
basis for digital game construction and design?
PRRQ2 | What approaches, methods, techniques, and technologies involve
the use of process models in digital game design?
PRRQ3 | Did the document carry out any experiment part of the ’future
work’ section of the article "The Play Your Process Method for
Business Process-Based Digital Game Design’?

Science Directff] Scopud], and Wiley & Sond

Due to a filtering limitation, only articles in Portuguese were considered in Google
Scholar because of the number of results when documents in English were also in-
cluded. The Portuguese language was chosen because the research is contextualized
within Brazilian services.

This paper considered the same keywords, variants, and synonyms used in the
last two systematic reviews: "game design", "process model", and "digital democ-
racy". However, we noticed that including the term "digital democracy" did not
affect the number of results in the scientific databases. The appropriate changes
were made to each search string, taking into account the database used to find the

articles.

(TITLE-ABS-KEY (("process model" AND "game design"))

As selection criteria and data extraction, the selection of papers was conducted
in two phases. In the first phase, exclusion criteria were applied; in the second, the
remaining articles were analyzed to determine whether they addressed the research
questions.

The first filter (F1) functioned as an exclusion stage, removing: (i) duplicated
papers; (ii) papers written in languages other than English or Portuguese; (iii)
publications whose full text was not available online; (iv) articles that conducted
systematic reviews; (v) studies whose keyword context was not related to game
design; and (vi) studies published before 2017. Additionally, for the snowballing,
a sixth criterion was applied: (vii) papers that had already been identified in the
rapid review were excluded.

The second filter (F2) was applied after a full reading of the remaining papers

and aimed to determine which studies would be included. Articles were accepted if

Shttp://www.sciencedirect.com
"http://www.scopus.com
Shttps://onlinelibrary.wiley.com/
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they used process models in digital game design (PRRQ1) or reported an experiment
described as future work in the article “The Play Your Process Method for Business
Process-Based Digital Game Design.” At the same time, exclusion criteria were
maintained, removing publications that did not refer to digital games or that did
not establish any association between process models and digital game design.

The author used the Parsif.al] platform to organize all information and the ar-
ticles selected during this rapid review. The PICOC used to structure the research
questions and facilitate the search for scientific evidence was: Population: Articles
published in journals or conferences; Intervention: Software Engineering, Business
Process, Game Design; Comparison: Limitations, Research gap; Outcome: Identify
and evaluate studies regarding the use of process models combined with digital game
design, from the researcher’s point of view, in digital game design contexts; Context:

Business process education, corporate training, and process modeling.

3.1.2 Rapid Review Execution

This section presents the execution of the rapid review itself. After the analysis, the
review protocol returned 201 articles. Table shows the results and application
of filters 1 and 2. The 'Found’ column shows the number of articles found in each
scientific database. It is evident that Google Scholar and Scopus returned the most
papers. The 'Removed’ column shows the results after the first filtering process
(F1). In this phase, the filter removed articles based on their titles and abstracts.
The 'Included’ column lists the articles selected for full reading.

Of the 201 papers, 178 were removed, and 23 were given a full reading. After
the second filtering (F2), 15 articles were accepted, most of them from the Google
Scholar scientific database. The accepted articles were those that, upon a complete

reading, answered the research questions presented in this dissertation.

Table 3.2: Business Process and Game Design Rapid Review: Results. Created by
the author.

Scientific Found Removed Included Rejected Accepted
Source (Seek) (F1) (F1) (F2) (F2)

Google Scholar 68 53 15 5 10
Scopus 52 49 3 1 2
ACM Digital Library 0 0 0 0 0
El Compendex 20 19 1 1 0
IEEE Digital Library 4 4 0 0 0
ISI Web of Science 18 15 3 0 3
Science @ Direct 13 13 0 0 0
Wiley & Sons 26 25 1 1 0
Total 201 178 23 8 15

9nttps://parsif.al/
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The PRISMA flow diagram of the rapid review execution is presented in Figure
and a table with all accepted studies is presented in Appendix [A]

L Previous studies 1 [ Indication of new studies via databases and registers ]
T
s Studies included in
E= : - : Studies identified from: x :
I previous version of review: Databases (n = 8) Studies removed before screening:
% Classe et al. 2015 (n =0) Registers (n = 201) Duplicated studies (n = 39)
* Classe et al. 2018 (n = 3) 9
=
—
Studies screened Studies excluded
(n=162) (n=139)
= :
£ Studies sought for retrieval
@ (n=23)
2
A4
wv
Studi luded:
Studies assessed for eligibility u e ?
(n = 23) * The paper did not associate process
models and digital game design (n = 8)
S
T
New studies included in review
= (n=15)
7]
©
=
2
= Total studies included in review
(n=18)
-

Figure 3.1: Business Process and Game Design Rapid Review PRISMA flow dia-
gram. Created by the author.

3.1.3 Snowballing execution

The snowballing of the article "The Play Your Process Method for Business Process-
Based Digital Game Design’ (CLASSE et al., 2019b) was released in February 2026.
Table [3.3] presents the results obtained. Column ’Found’ presents all the articles

found, 45 in total. Column 'Removed’ shows the papers that didn’t receive a com-

plete reading. In this section, the duplicate articles and the papers already identified
in the rapid review presented in the last subsection were removed. After fully read-
ing the articles listed in the ’'Included’ column, only one article from Scopus was
rejected, whereas fewer than 50% of the articles from Google Scholar were. In col-
umn "Accepted’, 6 articles were accepted as a result of this snowballing.

The PRISMA flow diagram of the snowballing process is presented in Figure [3.2]
and a table with all accepted studies is presented in Appendix [A]l
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Table 3.3: Snowballing the article "The Play Your Process Method for Business
Process-Based Digital Game Design’: Results. Created by the author.
Scientific Found Removed Included Rejected Accepted

Source (Seek) (F1) (F1) (F2) (F2)
Google Scholar 33 20 13 9 4
Scopus 12 9 3 1 2
Total 45 29 16 10 6
[ Indication of new studies via databases and registers ]
S
£
0
_§ Shudiesidentitied o Studies removed before screening:
S Databases (n = 2) Duplicated studies (n=11)
= Registers (n = 45) P
=
—

Studies screened Studies excluded
(n=34) (n=18)
=) - :
= Studies sought for retrieval
=
o (n=16)
s
o
n
. o Studi luded:
Studies assessed for eligibility o
[H=16) The paper did not associate process
models and digital game design (n = 10)
—
—_—
New studies included in review
o (n=16)
@
©
=
2
= Total studies included in review
(n=6)
—

Figure 3.2: Snowballing PRISMA flow diagram. Created by the author.

3.1.4 Rapid Review Results

This section presents the results of both the rapid review and the snowballing,
organized according to the research questions defined in the review protocol. A total
of 21 articles were accepted, 15 from the rapid review and 6 from the snowballing. 17

of the 21 accepted studies describe using process models as a foundation for digital
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game design, addressing both PRRQ1 and PRRQ2. The identified approaches range
from standalone frameworks to comprehensive methods with multiple extensions.

Three studies propose frameworks independent of the Play Your Process method.
ROSENTHAL and STRECKER] (2018) used a BPMN model of a German manufac-
turer’s bidding and order management process as the structural basis for a serious
game applied to 500 employees, demonstrating that process models can effectively
support organization-wide training initiatives. JIRAPANTHONG et al.| (2018]) pro-
posed a process model profile to guide VR game development, covering stages from
3D modeling to sound integration and programming. Evaluation with 12 respon-
dents yielded a weighted average satisfaction score of 60.27%, indicating perceived
usefulness and systematic applicability. ARCHUBY et al.| (2023)) introduced the
DIJS methodology for designing serious educational games, balancing entertainment
and learning goals through structured stages. Although DIJS does not explicitly rely
on business process models, it shares structural similarities with the PYP approach.

More recently, STEVANO H. TOBING] (2024) proposed a framework integrat-
ing Design Thinking and Game Design to support video game development in the
tourism domain, organizing the process into problem and solution spaces with phases
such as understanding, observation, ideation, and prototyping. |CIEMER et al.
(2025)) introduced the CIEMER model, a co-creative, interdisciplinary process model
for developing a VR fall-prevention exergame that incorporates knowledge from hu-
man movement science, game design, and UX. Both studies reinforce the relevance of
structured process models in guiding digital game design across diverse application
domains.

The majority of the accepted studies, 12 out of 21, are directly related to the
Play Your Process (PYP) method (CLASSE et al.l [2019b), which constitutes the
most prominent approach identified in this review. The PYP method systematizes
digital game design by using business process models as its foundation, aiming to
improve both the design workflow and the players’ understanding of the modeled
processes.

The method was originally introduced by CLASSE et al.|(2020b} 2019b) and sub-
sequently extended in two variations. The Play Your Process with Values (PYPwV)
(JANSSEN et al., 2021b) incorporates human values into game narratives, particu-
larly targeting public service contexts. The Scripting Your Process (SYP) method
(CLASSE and FERREIRA, 2023} [FERREIRA et all [2022) complements PYP by
providing a systematic approach to generating game narratives from business pro-
cess models, embedding process flows into timelines, representing actors as charac-
ters, and mapping resources to game environments. A proof of concept using the
game "Desaparecidos" and a subsequent application to a real industrial process in

a multinational mining company both confirmed the consistency of SYP-generated
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narratives with their corresponding process models.

To further support the design workflow, CLASSE et al.| (2018b)) proposed the
Process Model Game Design (ProModGD) tool, which structures the game design
process into stages including context analysis, process-to-game element mapping,
game design documentation, prototyping, evaluation, and publishing.

Several studies document concrete applications of PYP and its extensions across
different domains. (CLASSE et al.| (2021}, 2018c) describe the development of adven-
ture and RPG games representing Brazilian public services, including "The ProUni
Game," "Cartao SUS Adventure," and "O Recruta." (CLASSE et al. (2020a)) present
"Onde Estamos?", a game designed to disseminate information about missing per-
sons. LOPES and ARAUJO) (2021) propose using PYP for business process training,
while GOMES et al|(2021) apply it to develop "Mediador Game," a game support-
ing conflict mediation training in the judiciary. |CHAGAS et al| (2022) describe
"Morro Novo," developed with PYP to train mining company employees in equip-
ment maintenance management processes. MELO et al.| (2023) used both SYP and
PYP to develop a game that represents an internal university transfer process and
conducted a comparative evaluation of a BPMN model, an interactive narrative, and
the resulting digital game. Technical reports by LOPES et al.| (2023) and |JANSSEN
et al.| (2021a)) further document the values transmitted by PYP-based games and
their perceived impact on players.

Nine of the 21 accepted studies can be directly linked to research directions
identified as future work in the original PYP article (CLASSE et al., 2019b)). These
include the development of PYPwV (JANSSEN et al., [2021b), which addresses the
incorporation of human values into game design; the SYP method (CLASSE and
FERREIRA| [2023; FERREIRA et al., 2022)), which formalizes narrative generation;
and multiple applications of PYP in different organizational and public service con-
texts (CHAGAS et al., 2022; (CLASSE et al., |2020a, 2021; (GOMES et al., 2021;
MELO et al.,2023). Also, the article 'Beyond Play Your Process-Game Design and
Business Process Model: A Rapid Review’ (LIMA et al), 2025), which is part of
this dissertation, presents a rapid review aiming to identify and evaluate studies
related to the use of process models combined with digital game design in digital

game design contexts.

3.1.5 Discussion

This section presents the discussion obtained in this literature review. The re-
sults demonstrate that research on the use of process models in digital game design

has grown considerably since the systematic mappings conducted by Classe et al.
(CLASSE and ARAUJO, 2015; |CLASSE et al., 2018a)). While previous reviews re-
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ported few or no studies directly connecting process models and digital game design,
the present review identified 21 relevant studies when combining rapid review and
snowballing results.

One of the most significant findings is the diversity of roles played by process
models throughout game development. Rather than serving exclusively as represen-
tations of business processes, process models have been used as gameplay founda-
tions, narrative generators, design support mechanisms, and development manage-
ment artifacts. This diversity suggests that process models offer a flexible represen-
tation that supports multiple dimensions of game design.

The review also revealed the emergence of a consolidated research line centered
around the Play Your Process (PYP) method. A substantial portion of the iden-
tified studies either proposed extensions to PYP or reported practical applications
of the method. The development of approaches such as PYPwV (JANSSEN et al.|
2021b)) and SYP (FERREIRA et al.,2022) demonstrates an effort to address aspects
that were not fully explored in the original proposal, particularly those related to
narrative construction and value-oriented game design.

The practical applications identified in the literature indicate that process-based
game design has been successfully employed in different domains, including public
service dissemination, organizational training, conflict mediation, industrial train-
ing, and educational contexts. The reported results consistently suggest improve-
ments in process understanding, knowledge dissemination, and user engagement.

The findings also reinforce the potential of process-based approaches for support-
ing the systematic development of serious games. Unlike traditional game design
approaches, which often rely heavily on designers’ experience and intuition, process-
based methods provide structured artifacts that facilitate communication among
stakeholders, increase traceability, and support knowledge transfer between domain
experts and game developers.

Despite these contributions, some limitations of the literature remain evident.
Most of the identified studies are concentrated within a relatively small research
community, and many are directly related to the Play Your Process ecosystem. This
concentration suggests that the field is still emerging and would benefit from broader
participation by researchers from different institutions and application domains.

The review also identified several promising directions for future research. Most
of the games reported in the literature fall into the adventure or RPG genres, sug-
gesting that other genres, such as simulation, strategy, or puzzle games, remain
largely unexplored in combination with business process models. Furthermore, the
reviewed studies rely almost exclusively on BPMN as the underlying modeling no-
tation; future work could investigate alternative or complementary notations, such

as UML activity diagrams or Petri nets. Applying PYP and related methods to
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domains with formally structured processes, such as clinical workflows in health
games, also represents an underexplored direction with significant practical poten-
tial. Finally, the absence of longitudinal studies evaluating the long-term impact of
process-based games on players’ understanding and behavior highlights a relevant

gap for future empirical research.

3.2 Second Rapid Review: Clinical Protocols and

Game Design

This rapid review was conducted from December 2024 to January 2025 and analyzed
763 articles obtained from various scientific sources. The objective of this study
was to identify the game design methods used in developing medical games and
to verify whether any of them used clinical protocols as a basis for game design.
Additionally, the authors aim to verify whether the methods used considered the
BPMN or CMMN diagram mapping during the design process.

3.2.1 Rapid Review Protocol

This section presents the rapid review protocol covering the period from January
1983 to December 2024. The research questions (RQs) of this study are presented
in Table [3.4] aiming to investigate the use of clinical protocols as a basis for digital

games design, from the researcher’s perspective.

Table 3.4: Clinical Protocols and Game Design Rapid Review Research Questions.
Created by the author.

CRRQs | Description

CRRQ1 | Is there research that presents a method to develop digital games
in the health field?

CRRQ2 | Is there research that approaches the use of clinical protocols as a
basis for digital game construction and design?

CRRQ3 | What approaches, methods, techniques, and technologies involve
the use of clinical protocols in digital game design?

This rapid review considered the scientific databases ACM Digital Library [[7],
Cochrane Library [} EI Compendex [%, ERIC [F] IEEE Digital Library [ IST Web

Ohttp://portal.acm.org
"Uhttps://www.cochranelibrary.com/
2http://www.engineeringvillage.com
Bhttps://eric.ed.gov/

14h‘c‘l:p ://ieeexplore.ieee.org
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of Science [?] PubMed [ Science Direct [/ Scopus [}] and Wiley & Sons [’l The
search strategy incorporated the keywords, variants, and synonyms “game design”,
“clinical protocol”, “healthy games”, and “digital game”, with appropriate adaptations

made to each database’s search string to retrieve relevant studies.

(TITLE-ABS-KEY (("medical protocol") AND ("game design")))
OR
TITLE-ABS-KEY (("clinical protocol") AND ("game design"))

The selection of papers was conducted in two phases. In the first phase, exclusion
criteria were applied through an initial filter (F1), which removed duplicate papers,
studies written in languages other than English or Portuguese, publications without
full text available online, systematic reviews, studies whose keyword context was
not related to game design, and papers that did not describe digital training games.
In the second phase, the remaining articles were fully analyzed using a second filter
(F2) to determine their acceptance. At this stage, only studies that addressed the
use of clinical protocols in the digital game design process (RQ1) were included.
Additionally, papers were excluded if they did not refer to digital games or failed to
treat digital game design as a meaningful component of their methodology.

The platform Parsif.al P°] was used to organize all information from the arti-
cles and to select them during the review. The platform presents the PICOC |
Population: Articles published in journals or conferences; Intervention: Clinical
Protocol, Business Process, Game Design, Healthy Games; Comparison: Limita-
tions, Research gap; Outcome: Identify and evaluate studies on the use of clinical
protocols combined with digital game design, from the researcher’s point of view, in
digital game design contexts; Context: Serious games for health education, clinical

case-based training, and medical education.

3.2.2 Rapid Review Execution

This section presents the execution of the rapid review. Typical medical scientific
sources were included to ensure a more exhaustive coverage of the article analysis.

The table shows the results and application of filters 1 (F1) and 2 (F2).
A total of 763 papers were found using the string search specified in the review

protocol. The number of articles found in each scientific database is shown in the

Yhttp://www.isiknowledge.com
https://pubmed.ncbi.nlm.nih.gov/
http://www.sciencedirect.com
¥http://www.scopus.com
Yhttps://onlinelibrary.wiley.com/
2Onttps://parsif.al/
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"Found’ column. Scopus and PubMed were the databases that returned the largest
number of papers. The 'Removed’ column shows the results after the first filtering
process (F1). In this phase, the filtering removed articles based on their titles
and abstracts and identified and removed duplicate papers. The ’Included’ column
lists the articles selected for full reading. Of 763 papers, 61 were duplicated, and
682 were removed. Only 20 were qualified to receive a full reading. The second
filter (F2) represents the documents that received a complete reading in light of
this review’s research questions. Only 6 articles were accepted, the most from the

Scopus database.

Table 3.5: Clinical Protocol and Game Design Rapid Review: Results. Created by
the author.

Scientific Found Removed Included Rejected Accepted
Source (Seek) (F1) (F1) (F2) (F2)

ACM Digital Library 3 3 0 0 0
Cochrane Librar 57 56 1 1 0
ERIC 0 0 0 0 0
El Compendex 51 51 0 0 0
IEEE Digital Library 81 7 4 3 1
ISI Web of Science 0 0 0 0 0
Science @ Direct 21 21 0 0 0
PubMed 170 168 2 2 0
Scopus 380 367 13 8 5
Wiley & Sons 0 0 0 0 0
Total 763 743 20 14 6

Figure 3.3 presents the PRISMA flow diagram to provide a clearer understanding

of the rapid review.

3.2.3 Rapid Review Results

This section presents the results of the rapid review, organized according to the
research questions defined in the review protocol. Of the 20 articles that received
a complete reading, only 6 were accepted. Although most of the rejected articles
mentioned clinical protocols, they did so as pedagogical background rather than as
formal components of the game design process, the central criterion for acceptance
in this review.

None of the six accepted studies fully integrates clinical protocols as a formal,
systematic element of the game design process. However, they differ significantly in
how explicitly and structurally clinical procedures are incorporated, ranging from
implicit content reference to partial procedural modeling.

VIDANI and CHITTARO, (2009) present the most structured approach among
the accepted studies. The authors proposed using ConcurTaskTrees (CTT) | a

34



[ Indication of new studies via databases and registers ]

P "
-
2
© Studies identified from: : :
= Studies removed before screening:
!5 Daravases m=10) Duplicated studies (n = 61)
5 Registers (n = 763) P
-
—
A 4
Studies screened ol Studies excluded
(n=702) (n =682)
Y
E‘ ‘ Studies sought for retrieval
= (n =20)
e
L=
v
v Studies excluded:
Studies assessed for eligibility | The research did not approach the use
(n=20) of clinical protocols as a basis for digital
game construction and design (n = 14)
—_—
Y
New studies included in review
- (n=6)
@
o
=
3 Y
=
= Total studies included in review
(n=6)
o

Figure 3.3: Clinical Protocol and Game Design Rapid Review PRISMA flow dia-
gram. Created by the author.

task-modeling formalism, to structure the pedagogical content of a serious game to
train nurses in emergency medical procedures for patients with disabilities. CTT
was used to model the actions and tasks that players perform in the game, and an
XML parser was developed to extract information from CTT models and to build
tree-like data structures representing possible scenario paths. While this approach
approximates formal process modeling, it presents two notable limitations: CTT
does not incorporate explicit error modeling, and the clinical protocol itself is not
treated as a foundational design artifact—it informs the content but does not drive
the method’s structural logic.

BENECH et al| (2011)) developed an RPG serious game for teaching osteopathic
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diagnosis, structuring the design process through the ISiS model (Intentions, Strate-
gies, and Interactional Situations) and the ScenEdit tool. The ISiS model pro-
vides a goal-oriented framework for designing learning scenarios, offering a degree
of methodological structure. However, neither BPMN nor CMMN diagrams were
used to represent the clinical protocol, and the protocol was not explicitly integrated
as a design artifact.

RIBEIRO et al.|(2016) describe the development and evaluation of "Sepsis Fast
Track," a simulation game to train health professionals in Portuguese hospitals in
the Sepsis Fast Track protocol. The design process was grounded in the Problem-
based Gaming Model (KIILI, |2007) and the Input-Process-Outcome Game Model
(GARRIS et all 2002)), structuring the game around an input-process-outcome cycle
in which players interact with a virtual environment, perform medical procedures,
and receive real-time feedback. Although the game is directly based on a named
clinical protocol, this protocol is treated as pedagogical content rather than as a
formally modeled design layer. No diagram notation was used to represent the
protocol structure.

KOIVISTO et al|(2018) adopted a design-based research methodology to iden-
tify and refine design principles for simulation games aimed at training clinical rea-
soning in nursing students. The game was structured around the ABCDE [] assess-
ment approach. The study contributes a set of empirically derived design principles
but does not present a formal game design method, nor does it employ BPMN or
CMMN to represent clinical workflows.

ASTER et al. (2024) describe the development and evaluation of "DIVINA," a
simulation game of an emergency department featuring a virtual patient generator,
a chatbot, and performance feedback. Development followed a structured three-
phase framework by Olszewski and Wolbrin (OLSZEWSKI and WOLBRINK] [2017)),
comprising Preparation and Design, Development, and Formative Evaluation, with
an emphasis on interdisciplinary collaboration among physicians, software designers,
and students. Despite this structured approach, the clinical protocol was neither
diagrammatically represented nor formally embedded in the design logic.

COLTELI et al.| (2015) propose a semi-formal method for eliciting and formal-
izing requirements in the design of medicine games. The method aims to describe
teaching needs in a structured way but does not mention clinical protocols as a
specific design component. Notably, the study presents only a proposal, with no
subsequent publications reporting results or further development, which limits its
contribution to the field.

2Thim, T., Krarup, N.H.V., Grove, E.L., Rohde, C.V., Lgfgren, B., 2012. Initial assessment
and treatment with the airway, breathing, circulation, disability, exposure (ABCDE) approach.
Int. J. Gen. Med. 5, 117-121. http://dx.doi.org/10.2147/IJGM.S28478.
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None of the six accepted studies employed BPMN or CMMN diagrams to repre-
sent clinical protocols or workflows as part of the game design process. The closest
approximation is the CTT formalism used by Vidani and Chittaro (VIDANI and
CHITTARO, 2009)), which shares structural similarities with process modeling no-
tations in its representation of tasks and sequences, but does not conform to either
standard. The remaining studies rely exclusively on pedagogical models, design
frameworks, or informal descriptions of clinical procedures. This finding indicates
the gap that motivates the present dissertation: formal process modeling notations

are absent from the game design methods identified in the health games literature.

3.2.4 Discussion

The results of this rapid review indicate a methodological gap between the develop-
ment of serious games for medical education and the use of formalized methods that
explicitly integrate clinical protocols into game design. Although all six accepted
studies acknowledge clinical procedures as central to their games’ educational goals,
none treats these protocols as structured modeling artifacts that formally guide or
constrain design decisions.

The accepted studies can be broadly characterized along a spectrum of formal-
ization. At one end, VIDANI and CHITTARO) (2009) and BENECH et al. (2011)
employ structured modeling tools, CTT and ISiS, respectively, that partially approx-
imate formal process representation. At the other end, KOIVISTO et al. (2018]) and
RIBEIRO et al.|(2016) anchor their methods in pedagogical models, treating clinical
procedures as learning content rather than design inputs. ASTER et al. (2024) oc-
cupy an intermediate position, adopting a structured development framework while
leaving the clinical protocol outside the formal design logic. COLTELI et al. (2015)
remain at the level of an unevaluated proposal.

Across all accepted studies, BPMN and CMMN are entirely absent. This is
particularly significant given that both notations have been developed precisely to
represent the kinds of structured, conditional, and role-dependent workflows that
characterize clinical protocols. Their absence from the health games literature sug-
gests that the communities of practice in medical education game design and in
business process modeling have not yet converged, despite sharing a common need
for structured procedural representation.

The findings point to promising directions for future research. The most immedi-
ate opportunity is the development and validation of a formal method that integrates
clinical protocol modeling, using notations such as BPMN or CMMN;, into the dig-
ital game design process for health education. Such a method would bridge the

gap identified across all accepted studies and provide designers with a structured
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approach that ensures both procedural accuracy and educational relevance.
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Chapter 4

Survey Study: Perceptions of the
Potential Use of Process Models in

Digital Game Design

This chapter presents a survey conducted to complement the results obtained from
the literature review described in the previous chapter. The main objective of the
survey is to identify the perceptions of game designers and students about the po-
tential use of process models in digital game design. In addition, the survey aims to
identify how frequently participants follow a structured method or framework during
game development, which process modeling techniques they are familiar with, and

the main advantages and disadvantages of using process models in game design.

4.1 Survey Planning and Execution

The survey planning considered two main research questions to guide the construc-
tion of the study’s questionnaire and to determine the profile of the survey partici-
pants, as illustrated in Table

Table 4.1: Research Questions of the Survey Study. Created by the author.

Code | Research Question

SSRQ!1 What is the level of familiarity of game development
professionals with process modeling techniques?

What is the perception of game design professionals regarding

the usefulness of business process models in digital game design?

SSRQ2

The study included 15 participants, and the sample was selected through con-
venience sampling by distributing the survey via WhatsApp groups associated with
the SBGames event and the LUDES laboratory at UFRJ, with no randomization or

systematic selection procedure applied. By participating in the study, participants
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declared that they were over 18 years old, healthy, and had knowledge of game
design at one of the following levels: beginner, intermediate, or advanced.

Most participants (46.7%) identified themselves as Researcher/Academic, fol-
lowed by Game designers (26.7%), students (13.3%), and one Programmer /devel-
oper and one Artist/animator. Figureshows the distribution of experience levels
across the spectrum, with 43.3% having at least 7 years of experience and 33.3%
having 1-3 years of experience, indicating that the sample is not predominantly inex-
perienced. Regarding game types, entertainment and serious games were cited by 8
participants (53.3%), while educational, experimental, simulation, and sociocultural

games were cited by 1 participant each.

M Less than 1 year
W 1-3 years
4-6 years
m 7-10 years
B More than 10 years

Figure 4.1: Distribution of participants’ years of experience in game development.
Created by the author.

The study was conducted through an online questionnaire made available via
Google FormsEl and divided into three parts: (i) demographic and background in-
formation, (ii) familiarity with structured design methods and process modeling
techniques, and (iii) perceptions of the usefulness of process models across differ-
ent stages of game development. The questionnaire was in Portuguese and had
10 multiple-choice questions and 4 open-ended questions. The questions and an-
swers were translated into English for presentation in this chapter. The complete
questionnaire is available in Appendix [B]

Although the questionnaire used was not scientifically validated, it was reviewed
by Geraldo Xexéo and Tadeu de Classe, both of whom have extensive experience
in research and publication in the field of games. The level of abstraction of the
questions was considered to make them accessible to participants with different
backgrounds, including those without formal knowledge of process modeling.

The quantitative responses were analyzed using descriptive statistics to identify

trends in how game development professionals perceive process models. The open

responses were analyzed using Content Analysis (BARDIN, [2011) to identify re-

Thttps://forms.gle/thuJfe8XywSShDAS7
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curring themes regarding the perceived advantages and limitations of using process

models in digital game design.

4.2 Survey Results

This section presents the survey results, organized to address the two research ques-
tions defined during the planning phase. The notation used throughout is: Qx for
question number; Ay for participant y’s response; Cz for category z; and Sk for sub-
category k, for example, Q11C1S2A2 refers to question 11, category 1, subcategory
2, participant 2.

Figure shows how frequently participants use structured methods or frame-
works during game development. Ounly one participant (6.7%) always uses them,

while 26.7% never do; the remaining 66.6% use them at least sometimes.

m Always

B Frequently
Sometimes

B Rarely

B Never

Figure 4.2: Distribution of participants’ use of a structured method or framework
during the game development process. Created by the author.

Of the 9 participants who cited specific methods, the MDA framework
NICKE et all 2004) was the most frequent (Al, A3, A4, A5, A7), followed by
Elemental Tetrad (A1, A3) (SCHELL 2020), SCRUM (A2, A8) (AWS],[2026), Endo
GDC (A4, A9) (TAUCEL [2019), GDD (A7, A9), LUDES-GD (A6) (MANGELI
let all [2021)), and MoSCoW (A8) (MIRANDA] 2022). Notably, most cited frame-

works are conceptual or project management tools rather than formal process mod-

eling methods — a finding explored further in the Discussion.

Regarding familiarity with process modeling techniques, 80% of participants re-
sponded affirmatively. BPMN was the most mentioned (A2-A8, A10-A12), followed
by UML (A2, A6-A8, A10-A12), general flow representations (A5, A6, A8-A11),
UCM and EPCC (A2), and Play Your Process (Al).

Figure[4.3]shows participants’ opinions on whether process-model-based methods
can contribute to serious game development. No participant disagreed or strongly

disagreed; 46.7% strongly agreed, 33.3% agreed, and 20% were neutral.
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M Strongly agree
W Agree

Neutral
B Disagree

B Strongly disagree

Figure 4.3: Distribution of participants’ opinions about game design method con-
tributions. Created by the author.

Participants were asked to identify the stages at which process models could
be most useful. Player flow/progression was the most selected stage (86.7%), fol-
lowed by level design (73.3%), gameplay design and narrative design (66.7% each),
and documentation and team communication (60%). Only one participant selected
production (6.7%).

Table presents the categorization of the open elaborations on this question.
The most frequent category was visualization and flow representation (C1, n=9),
followed by structure and organization of design (C2, n=8), support for gameplay
and progression design (C3, n=7), communication and team alignment (C4, n=6),
analysis and process improvement (C5, n=>5), narrative support and decision struc-
turing (C6, n=4), and formalization and software engineering support (C7, n=2).
These results are consistent with the multiple-choice responses and reinforce that
participants associate process models primarily with the systemic and structural

dimensions of game design.

Table 4.2: Categorization of Open-Ended Responses to Question 8.1 — Perceived
Functions of Process Models in Game Design. Created by the author.

Category

Visualization and Flow Representation
Structure and Organization of Design

Support for Gameplay and Progression Design
Communication and Team Alignment
Analysis and Process Improvement

Narrative Support and Decision Structuring
Formalization / Software Engineering Support
Total 41

M%WCD\IOO@C?
K

Table [£.3] and Figure [£.4] present the content analysis of perceived advantages

across 33 coded responses. Structure and organization (C1, 39.4%) was the dominant
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category, with participants highlighting workflow organization (S1), idea structuring
(S2), and clarity of steps (S3), for example: "structured organization of the work-
flow" (Q11C1S1, A4) and "clarity in steps, objectives, and methods" (Q11C1S3,
A11). Understanding and visualization (C3, 21.2%) and communication and align-
ment (C2, 15.2%) followed, with participants noting improvements in comprehend-
ing game flow and branching paths, and in facilitating shared understanding across
multidisciplinary teams. Efficiency and productivity (C4, 12.1%), technical support
(C5, 9.1%), and process fidelity (C6, 3.0%) were less frequent but point to alignment

with software engineering practices and serious game applications respectively.

Table 4.3: Categories and subcategories related to the advantages of using process
models in game design. Created by the author.

Category Subcategory Freq
1.1 Workflow organization 6
1. Structure and Organization 1.2 Idea structuring 4
1.3 Clarity of steps 3
L . 2.1 Team communication 3
2. Communication and Alignment 5.2 Shared vision alignment 5
: : . 3.1 Flow visualization 4
3. Understanding and Visualization 3.2 Progression and branching 3
. . 4.1 Rework reduction 2
4. Efficiency and Productivity 1.2 Agility 5
. 5.1 Documentation 2
5. Technical Support 5.2 Requirements and testing 1
6. Process Fidelity 6.1 Real-world process representation 1
Total 33
14
12—
10
8 [I—
6 [
4 [I— —— —— I
2 [ E— —— —— — ——
0
Structureand Communication Visualization Efficiency Technical Process
organization support fidelity

Figure 4.4: Advantages of using Process Models. Created by the author.

Table [.4] and Figure [4.5] present the content analysis of perceived limitations
across 21 coded responses. Creativity limitation (C7, 38.1%) was the most frequent

concern, with participants describing process models as potentially "stiffening cre-
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ativity" (Q12C7S1, A7) or "limiting the creative process" (Q12C7S2, A9). Com-
plexity (C8, 28.6%) followed, particularly for professionals without prior experience
in process modeling. Design vs. structure conflict (C9, 9.5%), technical limitations
(C10, 14.3%), and adoption and integration issues (C11, 9.5%) were less frequent

but signal practical barriers to adoption.

Table 4.4: Categories and subcategories related to the difficulties and limitations of
using process models in game design. Created by the author.

Category Subcategory Freq
. L 7.1 Rigidification 5
7. Creativity Limitation 7.2 Reduced creative freedom 3
: 8.1 Learning difficulty 3
8. Complexity 8.2 Model complexity 3
9. Design vs Structure Conflict | 9.1 Balancing creativity and requirements 2
. e 10.1 Insufficient representation 2
10. Technical Limitations 102 Lack of clements i
11. Adoption and Integration 11.1 Team integration 2
Total 21
9
8
7 [
6 I
5 [ I—
4 — I—
3 — I—
2 — I—
1 — I— I— I— I— I
0
Creativity Complexity Design vs Technical Adoption
limitation structure limitations issues

Figure 4.5: Limitations of using Process Models. Created by the author.

Figure shows that 80% of participants believe new game design methods
based on process models should be developed, with no participant answering No.
Table[4.5 and Figure[4.7|present the content analysis of interest in adoption across 18
coded responses. Positive interest (C12, 61.1%) was dominant, though a significant
portion expressed conditional interest (C13, 27.8%), with adoption depending on
ease of use, low complexity, clear visualization, and automation of repetitive tasks.

Only 11.1% expressed uncertainty:.
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@ Yes
® Maybe
@ No

Figure 4.6: Distribution of participants’ opinions on the development of new meth-
ods based on process models. Created by the author.

Table 4.5: Categories and subcategories related to the interest in using process
models in game design. Created by the author.

Category Subcategory Freq

12. Positive Interest 12.1 Direct acceptance 11

13. Conditional Interest 13.1 Tool-dependent gdop‘mon 3

13.2 Ease of use requirement 2

14. Uncertainty 14.1 Indecision 2

Total 18
12
10
8
6
4
2
0

Positive Conditional Uncertainty

interest interest

Figure 4.7: Interest in structured methods based on process models. Created by the
author.

4.3 Discussion

The survey results provide convergent evidence on both research questions, while

also revealing an important tension that has implications for method design.
Although 80% of participants reported familiarity with at least one process mod-

eling technique, with BPMN being the most recognized, the methods actually used

during game development are predominantly conceptual frameworks (MDA, Ele-
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mental Tetrad) or agile project management tools (SCRUM, MoSCoW) rather than
formal process modeling notations. This gap between familiarity with process mod-
eling and its systematic adoption in game design workflows suggests a need for
methods that lower the barrier between these two knowledge domains.

Participants perceived process models as most applicable to the systemic and pro-
cedural dimensions of game design, particularly player flow and progression, level
design, and gameplay design, rather than to expressive or narrative dimensions.
The content analysis of advantages (Q11) and of useful stages (Q8) yielded highly
convergent categories: structure and organization, visualization, and communica-
tion emerged as dominant themes in both questions, reinforcing the consistency of
participants’ perceptions across different question formats.

However, the results also reveal a critical tension between formalization and
creativity. The predominant limitation identified, potential restriction of creative
expression (38.1%), suggests that traditional process modeling approaches, rooted
in software engineering, may not fully align with the exploratory and iterative na-
ture of game design. Crucially, this concern did not translate into rejection: 80%
of participants supported developing new methods based on process models, and
61.1% expressed interest in adopting them if appropriate tools were available. This
indicates that the concern is not with the idea of using process models in game de-
sign, but with the rigidity of existing modeling notations and tools when applied to
creative workflows, which directly motivates the development of adapted methods
such as the one proposed in this dissertation.

Together, these findings confirm both a perceived need and a professional demand
for structured approaches that bridge formal process modeling and practical game
design workflows, particularly in domains such as serious games and healthcare

simulation, where procedural accuracy is as critical as creative design.
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Chapter 5

Case Study: RCP - Reanimacao

Cardiopulmonar Pediatrica

This chapter is part of the first phase of this study, the problem formulation. It
presents the case study of an educational platform called '/RCP - Reanimagao Car-
diopulmonar Pediatrica’ , which offers a learning experience through a medical visual
novel game simulating pediatric cardiopulmonary resuscitation. The educational
platform is presented as a game, and it is part of the final project of the PhD
student Thayanne Mendes de Andrade, a physician graduated from UFRJ .

The fact that games have been used as effective educational tools (ALDRICH]
2005) and promote the development of creativity and logical thinking (SACA-
HUELEDEL et all [2024) highlights the relevance of this case study, as analyzing
a game design method can affect the speed and quality of game development. The
diagnosis from this case study met the scientific and practical requirements for de-
veloping the artifact of this dissertation.

Following [YIN| (2018) definition, the case study presented in this dissertation
is classified as an explanatory and descriptive single-case study. Single-case study,
because it focuses on the development of one game during the analysis, explanatory
because it seeks to understand how the game design process was conducted during
the development of the RCP platform, without formulating or testing predefined
hypotheses, and descriptive because it includes the characterization of the develop-
ment process, the roles of the participants involved, the tools and artifacts used,

and the structural properties of the resulting game.

5.1 Case Study Protocol

This case study was conducted in August 2024, and the project was carried out

in partnership with the Escola de Medicina and the Programa de Engenharia de
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Sistemas e Computacao, both from UFRJ. The primary objective was to analyze
the game design process and determine whether any specific game design method was
used during the game’s creation. The case study also had some specific objectives,

such as:

e Understand how the game was developed;

Verify what tools were used during the development process;

Identify if the result of the game was satisfactory;

Understand how the clinical protocol was represented in the game;

e Examine whether the medical game supports multiple possible pathways by

examining its:

— degrees of freedom:;
— cyclomatic complexity;

— game genre.

To achieve that, several steps were taken, including analyzing the game’s char-
acteristics, investigating the design process through chats, documents, and GitHub
data, interviewing project participants, and examining the research articles. This
case study was guided by four research questions, informed by YIN| (2018)’s logic of
case study research, particularly regarding “how” and “what” questions.

Since the purpose of this study is to investigate the development process of a
serious game based on a medical protocol, the research questions aim to explore the
methodological foundations adopted, the structural design decisions regarding alter-
native flows, the transformation of a formal medical protocol into game elements,
and the challenges that emerged during the game design process. Table describes

the research questions.

Table 5.1: Research Questions of the Case Study. Created by the author.
Code | Research Question
How was the game development process organized, and which
CSRQ1 | development methodologies, design frameworks, or structured
processes guided the creation of the game?
How did the game narrative design address alternative flows

CSRQ2 or decision-making structures?

CSRQ3 How was the medical protocol interpreted, adapted, and integrated
into the game’s mechanics and narrative architecture?

CSRQ4 What challenges emerged during the game design process, and how

did the development team address them?
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5.1.1 Participants Description

The participants in the project were divided into two groups: Computer Science
students and Medicine students. The project was coordinated by three professors
Geraldo Xexéo (Computer Science Team), Glaucia de Oliveira, (Medical Team), and
Thais Salim (Medical Team). These professors were responsible for setting deadlines
and providing any additional support students needed.

Thayanne de Andrade was a PhD. student from the medicine group and one of
the most important people in providing medical information and references. The
medical team also had three undergraduate students: Mariara Marques, Maria Ed-
uarda, and Julia Marques. These students were also responsible for giving medical
information and supporting the development team.

In the computer team, the main contributor was the undergraduate student,
Carolina de Medeiros. She was responsible for developing the game and transcribing
the medical content into game elements. The computer team also had a PhD student
Marcus Parreiras, who created the art for some characters and participated as a

consultant.

5.1.2 Data Collection and Analysis

According to |[DENZIN] (2009), RUNESON et al.| (2012)), and [YIN| (2018]), triangula-
tion is an important strategy to ensure rigor, validity, and reliability in qualitative
research and case studies, as it enables the development of convergent lines of in-
vestigation. Furthermore, by drawing on multiple sources of evidence, triangulation
corroborates the case study’s findings and supports the construction of a coherent,
well-substantiated representation of the phenomenon under investigation.

Considering this, multiple sources of evidence were used in this case study:

e documents provided by the medical team;

WhatsApp project group backups;

GitHub commits;

gameplay logs;

published articles;
e interviews with project participants.

The participants formally granted access to project documentation, communica-
tion records, and repositories. Interviews were scheduled in advance, conducted with
informed consent, and recorded for transcription and analysis. All documentary and

digital evidence was archived to ensure traceability.
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The interviews were conducted with Thayanne (Medical Team) and Carolina
(Computer Science Team). This choice was made because they were responsible for
most of the game design. The primary goal of the interviews was to identify the
steps involved in developing the game, including the methods used during design,
the time required to complete the project, and the positive and negative aspects of

the design process, while addressing the research questions proposed in this study.

5.2 Results

5.2.1 Documents provided by the medical team

At the beginning of the project, the medical team provided three technical doc-
uments: the 2010 guidelines of the American Heart Association (AMERICAN
HEART ASSOCIATION AHA| [2010), the document “Part 4 — Pediatric Basic and
Advanced Life Support” (TOPJIAN et al.| 2020)), and a protocol from the Sociedade
Brasileira de Pediatria regarding basic life support for children who are victims of
cardiopulmonary arrest.

Although these materials present clinical algorithms, chains of survival, and
enumerated care sequences, most of the content consists of dense scientific prose
grounded in levels of evidence, comparisons between guideline versions, and the-
oretical justifications for clinical recommendations. The documents are oriented
toward the medical community, whose objective is to consolidate scientific consen-
sus rather than to present processes in a format directly translatable into interactive
systems.

Although the described algorithms present a logical structure compatible with
computational modeling, including conditionals such as "if/then/else", these ele-
ments are embedded within extensive explanatory text. Extracting the underlying
rules would require interpreting technical terminology and reconstructing the flows
into logical diagrams understandable to game developers. The absence of explicitly
structured process logic, combined with the high level of content specialization, in-
creases the cognitive and technical effort required to represent the clinical protocol

as game mechanics.

5.2.2 Gameplay logs, GitHub commits, and WhatsApp
group backup

The gameplay logs and GitHub commits provide evidence that the game took con-
siderable time to complete. The version history shows successive refinements to

mechanics, interface adjustments, flow restructuring, and incremental implementa-
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tion of clinical decision paths, indicating an extended, iterative development process
rather than a linear one.

The WhatsApp backup adds an important qualitative dimension. The messages
reveal frequent interactions between the developer and the medical team, particu-
larly to clarify clinical terminology, acronyms, and physiological conditions. Draft
versions of interface elements and gameplay screens were shared with the group for
physician validation, who provided feedback on clinical accuracy. This dynamic
evidences an ongoing negotiation between technical feasibility and domain fidelity.

The exchanges also document significant structural changes throughout devel-
opment: the transition from an initial React implementation to GameMaker as the
main environment, and the decision to remove the initial quiz and replace it with a
visual novel format. These shifts are consistent with patterns in GitHub commits,
which show refactoring phases and a redirection of technical efforts. The temporal
span of messages and commits indicates a development process of approximately

two years.

5.2.3 Published Articles

The project resulted in the article "Prototipagem de uma Plataforma de ensino
de Reanimagdo Cardiopulmonar Pediatrica Gamificada’, published in 2023 (AN-
DRADE et al., 2023). The article describes the initial methodological planning of
the platform, organized into three stages guided by instructional design principles
and operationalized through agile practices with iterative prototyping. It is impor-
tant to note that the results presented correspond to this planning phase and do
not necessarily represent the project’s final configuration. The contrast between
the structured process proposed in the article and the actual development practices

observed across the other sources is addressed in the Discussion.

5.2.4 Interviews with project participants

The Content Analysis of the interview transcripts yielded 50 recording units (RUs)
organized into four categories, each addressing one of the case study research ques-
tions. Each RU is presented preferably in its entirety; the symbol "[...]" is used only
to omit content that does not contribute to the context under analysis.

Table presents the categories, subcategories, and their absolute and relative
frequencies. Table presents the research questions that guided each category. In
all category tables, the Source column identifies the participant who contributed to
the RU, where T = Thayanne and C = Carolina.

Figure[5.1] presents the relative frequency distribution of all codes across the four
categories. The dominance of Category 1 (RF = 28%) reflects that the development
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Table 5.2: Categorization of the RCP case study interview transcripts into categories
and subcategories, with Absolute (AF) and Relative (RF) Frequencies relative to
the Recording Units (RU). Created by the author.

Category AF | RF | Subcategory AF¥ | RF
o 1.1 - Techmcal 6 12%
1 - Organization of organization
14 | 28%
the process 1.2 - Absence of 4 89
formal method ¢
1.3 - Unstructured
base document 4 8%
2 - Narrative Structure 2.1 - Lack of
and Flows 13 26% multiple flowchart 13 26%

3.1 - Development delay | 5 10%
13 | 26% | 3.2 - Interdisciplinary

3 - Development

Challenges o 4 8%
communication
3.3.— A§sessment 4 8%
limitation
. fl.l - Techmc.al 5 10%
4 - Integration of the 10 20% implementation
Clinical Protocol ¢ 4.2 - Clinical protocol
. 3 6%
representation
4.3 - Clinical validation 2 4%
Total 50 | 100% | Total 50 | 100%

process was primarily characterized by a lack of structured methodological guidance.
Categories 2 and 3 are tied at 26% each, underscoring that narrative linearity and
development challenges were equally prominent concerns. Category 4 (RF = 20%)
highlights the difficulties encountered in integrating the clinical protocol into the

game.

Category 1: Organization of the process (CSRQ1)

This category describes how the development process was structured, highlighting

both organizational decisions and the absence of formal methodological guidance.
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Figure 5.1: Relative frequency distribution of all codes across the four content anal-
ysis categories. Created by the author.

Table 5.3: Subcategories and Codes of Category 1 “Or-
ganization of the Process,” and the Absolute (AF) and
Relative (RF) Frequencies of the Identified Codes. Cre-
ated by the author.

Subcategory | Code RUs Example AF | RF | Source
No initial | “No specific genre was re- | 2 | 4% T,C

. genre defi- | quested.” “That the game
Technical .
o nition; could translate the way
organization .
the medical procedure |...]

should be carried out.”
Change of | “Higher incidence of death | 1 | 2% T

target au- | within  hospitals among

dience; trained and in-training
healthcare professionals.”

Use of | “In the middle of the| 1 | 2% C
BPMN; project, it was suggested

to represent the game flow
using BPMN.”
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Subcategory | Code RUs Example AF | RF | Source
Entry  of | “Doctoral candidate Marcus | 1 2% C
consultant; | began to participate and as-

sist us with the game de-

sign.”
Interface “We decided to remove the | 1 2% C
changes; initial quiz and insert a

defibrillator-use minigame.”
No struc- | “No method was used at the | 2 | 4% T,C

Absence of o )
tured beginning of the project."

formal method ]
method; “We did not have any struc-

ture to follow at the begin-
ning.”
Method “There was no method. At | 1 2% C
consid- first, the use of the Medieval
ered and | Method was considered, but
discarded; | it was discarded.”
Ad hoc | “Overall, it was quite ad | 1 | 2% C
process; hoc.  We figured things
out throughout the develop-
ment process.”
PDF in | “PDF document written in | 2 | 4% T,C

Unstructured ,

base docurment prose; prose." “Techmca'l proce-

dures presented in prose

form.”
Absence of | “The written text did not in- | 1 2% C
flowchart; | clude a flowchart or script to

be followed by the develop-

ers.”
Absence of | “Document  without a| 1 | 2% C
script; flowchart or algorithm.”

Subcategory 1.1 — Technical organization (AF = 6; RF = 12%) indicates

that the project’s structure emerged progressively through iterative decisions. The

project started without a clear genre specification — the requirement was simply

that "the game could translate the way the medical procedure should be carried

out" — and the target audience was later redefined from the general population

to in-training healthcare professionals after identifying a higher incidence of in-

hospital cardiac arrest among that group. As development progressed, BPMN was
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introduced to represent game flows, an external consultant was brought in to support
game design, and the interface was restructured to remove the initial quiz in favor
of a defibrillator mini-game.

Subcategory 1.2 — Absence of formal method (AF = 4; RF = 8%) confirms
that early development lacked methodological grounding. Participants reported that
"no method was used at the beginning of the project" and that "it was quite ad hoc."
Although the Medieval Method was briefly considered, it was ultimately discarded.

Subcategory 1.3 — Unstructured base document (AF = 4; RF = 8%)
highlights that the clinical protocol was provided as a "PDF document written in
prose," without flowcharts, algorithms, or structured scripts. Participants described
the document as lacking "a flowchart or script to be followed by the developers,"

which made it significantly more demanding to extract game-relevant logic.

Category 2: Narrative structure and flows (CSRQ2)
This category addresses how the game’s narrative and decision-making structures

were designed.

Table 5.4: Subcategories and Codes of Category 2: Narrative Structure and Flows.
Created by the author.

Subcategory | Code RUs Example F(n) | F(%) | Source
Lack of multiple Linear “The initial script 5 10% T,C
Aowcharts Game presented c,)’nly a
perfect flow.
Low deci- | “The written text 6 12% C
sion com- | did not include a
plexity flowchart or script
to be followed by
the developers.”
Two nar- | “In the end, the 2 4% T,C
ratives game had one ver-
(infan- sion for children
t/child) and another for in-
fants.”

Subcategory 2.1 — Lack of multiple flowcharts (AF = 13; RF = 26%) re-
veals a predominance of linearity throughout the game. The most frequent code was
low decision complexity (AF = 6; RF = 12%), linked to the absence of structured
guidance in the source document. The linear game code (AF = 5; RF = 10%) is
supported by the statement that "the initial script presented only a perfect flow,"
indicating that gameplay followed a single correct sequence of clinical actions. The
only meaningful narrative variation was the existence of two versions, one for in-

fants and one for children, representing contextual adaptation rather than structural
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branching.

Category 3: Development challenges (CSRQ4)

This category synthesizes the main difficulties encountered throughout the project.

Table 5.5: Subcategories and Codes of Category 3: De-
velopment Challenges. Created by the author.

Subcategory | Code RU Example F(n) | F(%) | Source
o Confusing | “At the beginning, 2 4% T,C
Interdisciplinary | = ]
communication initial the meetings were
meetings quite confusing.”
Difficulty | “I didn’t know 1 2% C
extract- what to extract
ing game | from  the  text
elements since there was
no step-by-step
guidance."
Medical “At certain mo- 1 2% C
routine ments, the physi-
delayed cians took a long
validation | time to respond.”
Development Impact on | “The changes and 3 6% C
delay timeline difficulties with the
initial ~ document
caused the game to
take longer to be
developed.”
Game re- | “The initial quiz 2 4% C
structuring | was removed, and
we decided on a vi-
sual novel.”
Assessment Binary “We had difficulty 2 4% T,C
limitation metric creating a metric to
assess the knowl-
edge acquired after
using the game.”
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Table 5.5 continued from previous page

Subcategory | Code RU Example F(n) | F(%) | Source
Incorrect “Due to the num- 2 4% T,C
defibril- ber of possible

lator  use | flows, the result
without would indicate
significant | 100% achievement
conse- if the player won
quence the game and 0%
if they made any
mistake and the

patient died.”

Subcategory 3.1 — Development delay (AF = 5; RF = 10%) indicates that
the timeline was impacted by difficulties with the initial document and by struc-
tural redesign, particularly the transition to a visual novel format. Subcategory
3.2 — Interdisciplinary communication (AF = 4; RF = 8%) highlights early
misalignment between medical and technical teams, difficulty in extracting game
elements from clinical text, and delays due to physicians’ response times. Subcat-
egory 3.3 — Assessment limitation (AF = 4; RF = 8%) reflects the challenge
of evaluating learning outcomes in a game with limited branching, resulting in a
binary metric in which outcomes were either complete success or total failure, with

incorrect defibrillator use carrying no significant consequence.

Category 4: Integration of the clinical protocol (CSRQ3)

This category explains how the clinical protocol was incorporated into the game.
Subcategory 4.1 — Technical implementation (AF = 5; RF = 10%) shows
that structuring tools, particularly GitHub for collaboration and Yarn for flowchart
representation, were the primary means of organizing the protocol. A mid-project
migration from React to GameMaker represented a major technical shift that con-
tributed to delays. Subcategory 4.2 — Clinical protocol representation (AF =
3; RF = 6%) confirms that translating clinical procedures into interactive mechanics
was a central challenge, consistent with findings from Categories 1 and 3. Despite
these difficulties, subcategory 4.3 — Clinical validation (AF = 2; RF = 4%)
indicates that the final implementation achieved physician approval: "despite the

difficulties, the physicians were satisfied with the game."
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Table 5.6: Subcategories and Codes of Category 4: Integration of the Medical Pro-
tocol. Created by the author.

Subcategory Code RU Example F(n) | F(%) | Source
Clinical protocol | Difficulty The written text 3 6% T,C
representation translating did not include a
clinical pro- | flowchart or script
tocol into | to be followed by
gameplay the developers.
Technical Use of tools to | Creation  of a 4 8% C
implementation | organize the | GitHub reposi-
protocol tory. We used the
Yarn (.yarn) tool
to represent the
flowcharts.
Migration In the middle of | 1 2% C
from React to | the project, we mi-
GameMaker grated from React
to GameMaker.
Clinical valida- | Satisfaction Despite the difficul- 2 4% T,C
tion of physicians | ties, the physicians
were satisfied with
the game.

5.3 Discussion

The findings of this case study reveal a consistent contrast between the structured
methodology outlined in the published article (ANDRADE et al., 2023) and the
practices actually adopted throughout the project.

The evidence converges across all sources: the process was predominantly ad
hoc, particularly in its early stages. The interviews confirmed the absence of a for-
mal method (RF = 28% in Category 1), the GitHub commit history shows iterative
and reactive decision-making rather than a predefined workflow, and the WhatsApp
messages document ongoing conceptual and structural revisions. The progressive
introduction of structuring elements, BPMN, GitHub, Yarn, and an external con-
sultant reflects emergent organization rather than planned methodology. This di-
vergence from the article’s proposed model suggests that the published framework
served as an initial intention rather than as a prescriptive guide that was effectively
followed during development.

Despite the article’s intention to support adaptive, multi-profile scenarios, the
implemented game exhibited low decision complexity (RF = 12%) and a predomi-
nantly linear structure (RF = 10%), confirmed by both interview data and gameplay
logs. The only structural variation was the existence of two parallel narratives for

infants and children. This outcome reflects how the absence of structured source
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material constrained narrative design from the outset.

The integration of the clinical protocol emerged as the most critical challenge.
The source documents, while scientifically rigorous, were not structured for compu-
tational translation. This was confirmed by the interviews (RF = 20% in Category
4), corroborated by WhatsApp messages documenting repeated requests for clarifi-
cation, and further evidenced by the development of informal workarounds such as
Yarn flowcharts and GitHub-based collaboration. Nonetheless, the final implemen-
tation achieved clinical validation, indicating that the team successfully bridged the
gap between domain knowledge and game mechanics despite the absence of formal
modeling tools.

Three interrelated clusters of challenges were identified: interdisciplinary com-
munication difficulties, development delays caused by structural redesign and tool
migration, and assessment limitations stemming from the game’s linear architecture.
These findings are mutually reinforcing: the absence of a formal method contributed
to communication difficulties, which in turn caused delays, which constrained the
complexity of the final assessment design.

The triangulation of evidence across interviews, a published article, medical doc-
uments, GitHub commits, and WhatsApp messages strengthens the validity of these
findings. The lack of a formal development method, the difficulty of translating the
clinical protocol, the predominance of linear narrative structure, and the occurrence
of development delays are all consistently supported by convergent evidence from

independent sources.
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Chapter 6

Play Your Protocol

6.1 Considerations

This chapter presents the conception and development of a digital game design
method, named Play Your Protocol, aimed at supporting the development of visual
novel-based serious games based on medical protocols. The method was motivated
by findings from the literature review, survey, and case study presented in previous
chapters, which identified two major challenges in medical game development: the
time required to produce an initial playable version and communication barriers
among multidisciplinary teams arising from the complexity of medical terminology.
In the literature, for instance, ASTER et al.| (2024)) highlighted that one of the ma-
jor strengths of their project was the presence of a professional with expertise in
both medicine and software development, facilitating communication between do-
main specialists and developers, an uncommon scenario in most development teams.
These findings directly influenced both the structure of Play Your Protocol and the
strategy for investigating its application.

The method was conceived and iteratively refined during the development of
SOS SCA — Sindrome Coronariana Aguda , a serious game developed in partner-
ship with multiple UFRJ units, including the Escola de Belas Artes, the Escola
de Medicina, and the Parque Tecnolégico. The project received institutional sup-
port through a competitive grant from the Parque Tecnologico of UFRJ, a funding
mechanism designed to foster interdisciplinary collaboration across the university.
The initiative aligned with SDG 3, Good Health and Well-Being, particularly target
3.4, reduce mortality from non-communicable diseases and promote mental health
(UNITED NATIONS, 2025)), given its focus on improving training for healthcare
professionals to address cardiovascular disease outcomes. Development took place
between February 2025 and January 2026. The medicine group for this project was

coordinated by the same coordinators of the RCP game presented in the case study
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of Chapter [3]

In addition to the art, development, and medical teams, a multidisciplinary
game design team was established. The team included representatives from all
three groups and was responsible for providing design suggestions, discussing project
requirements, and validating modifications throughout the game’s development.

The game design team comprised Professor Geraldo Xexéo (project coordinator),
Antoénio (medical team), Daniel (game designer and project manager), Caroline
(Master’s student in Systems Engineering), Camila and José Alexandre (art team),
and Samuel, Thomas, and Ryan (development team).

SOS - Sindrome Coronariana Aguda is a visual novel-based serious game de-
signed to simulate emergency medical care scenarios related to Acute Coronary
Syndrome (ACS). In the game, the player assumes the role of a healthcare pro-
fessional responsible for diagnosing and treating patients through narrative-driven
choices, including clinical actions and medical dialogues. Progressing through new
cases promotes continuous learning about the manifestations of Acute Coronary
Syndrome and evidence-based treatment protocols.

The game contains three clinical cases, represented by the characters Antonio,
Maria, and Claudio, that increase in complexity and vary in disease severity, co-
morbidities, resource availability, and intervention urgency, simulating real-world
healthcare environments. Each character represents an algorithm described in the
Guidelines for the Care of Patients with Acute Coronary Syndrome, organized by
Paolo Blanco Villela, Bruno Ferraz de Oliveira Gomes, and Glaucia Maria Moraes
de Oliveira (CREMERJ} [2025), who also serve as coordinators of this project. Image
6.1 shows the game visuals.

The game begins with an introductory screen that explicitly encourages players
to consult the ACS clinical guideline booklet before engaging with the cases. This
recommendation reinforces the game’s role as more than a recreational experience,
positioning it as a protocol-driven educational artifact designed to support health-
care training and the application of evidence-based clinical procedures. Then the
player can choose a character.

The narrative of each case unfolds through structured story beats: patient pre-
sentation, initial assessment and triage, diagnostic evaluation, treatment decision,
and clinical outcome, across different emergency settings, including emergency unit
entrances, triage areas, consultation rooms, ambulances, and critical care rooms.
The player’s choices directly affect patient outcomes, including clinical improve-
ment, complications, or death, thereby reinforcing the consequences of correct or
incorrect clinical reasoning. Figure [6.2] presents the game’s initial scene, showing
the characters representing each clinical case that the player can choose.

All cases in the game will initially go through Algorithm I of the guideline, as
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Figure 6.1: Scenes of the game SOS SCA. Created by José Alexandre (2025) and
Camila Lopes (2025), participants of the SOS SCA project.

it serves as the entry point for the management of Acute Coronary Syndrome. The
first case (Antonio - Case 1) involves a patient with ST-segment elevation myocar-
dial infarction (STEMI) in an emergency care unit (UPA), where angioplasty is not
available, who follows Algorithm I and then Algorithm II. The second case (Maria
- Case 2) involves a patient with non-ST-segment elevation myocardial infarction
(NSTEMI) who requires referral for angioplasty, following Algorithm I and then Al-
gorithm IV. The third case (Claudio - Case 3) involves a patient with ST-segment
elevation myocardial infarction (STEMI), who requires referral for angioplasty, fol-
lowing Algorithm I and after Algorithm III.

The ’building, intervention, and evaluation’ stage is described below, presenting
the method’s development process and serving as an intervention in the development
of the SOS SCA game. This study describes each cycle followed by its Reflection and
Learning phase. Cycle 3 is the only one that does not include this section because

its results and discussion are presented in Chapter [7]

6.2 Building, Intervention, and Evaluation

6.2.1 Cycle 0 of the Play Your Protocol Method Development

Cycle 0 was the shortest, lasting approximately one month. The initial idea of this
dissertation was to apply the Play Your Process method to design the SOS SCA

game. We wanted to verify if the method could be applied in clinical contexts and in
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Figure 6.2: Characters of the game SOS SCA. Created by José Alexandre (2025)
and Camila Lopes (2025), participants of the SOS SCA project.

visual-novel-based games. To do so, the method was applied during the beginning
of the development of the first character of the game, Antonio, a 58-year-old male
patient with a history of hypertension and diabetes who presents with typical chest
pain radiating to the jaw, accompanied by diaphoresis. The symptoms recently
began with physical exertion, representing algorithms I and II described in the
guideline (CREMERJ|, 2025). In other words, a patient with ST-segment elevation

myocardial infarction (STEMI) in an emergency care unit (UPA) where angioplasty

is not possible.

Following the PYP method, as described in chapter 2] the physicians modeled
the clinical protocol as a BPMN diagram to help the game designers understand
not only the technical workflow but also its qualitative aspects. At this stage, the
goal was to understand the organizational context in which the protocol operates,
as well as the context and characteristics of its target users.

In addition, the design team created a PowerPoint (PPT) file to serve as the
game’s Game Design Document (GDD), storing key information for development
and providing an initial reference point for the design process.

Although the BPMN diagram was helpful, medical protocols are not equivalent to
business processes, and accurately translating them into game elements still required
information beyond what the diagram represented. The need to faithfully represent
patients’ facial expressions and skin tones, as well as additional details regarding
character representation, required more comprehensive initial documentation.

Also, during Cycle 0, the game design team considered using the CMMN to
represent the clinical protocol because the case management model notation is a
pattern for modeling activities based on cases, ideal for scenarios where human
decision-making is based on the evolution of a case (GROUP, 2025). Given that

the serious game accounts for clinical case descriptions and that patients may follow
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different clinical trajectories, the notation seemed like a natural fit.

However, from the outset, the team recognized that although CMMN diagrams
are suitable for cases that depend on the consequences of decisions, medical proto-
cols generally follow a standardized pattern of techniques and approaches applied by
healthcare professionals, regardless of the individual patient. Additionally, the no-
tation is unfamiliar to most members of multidisciplinary game development teams,
creating communication barriers precisely when collaboration is most critical. Tak-
ing this into account, the idea of using CMMN was discarded, as was that of using

BPMN.

6.2.2 Reflection and Learning

Cycle 0 established that the direct application of Play Your Process in a medical
context, without domain-specific adaptations, was insufficient to support the de-
velopment of a serious game based on clinical protocols. Three main lessons were
drawn from this cycle and directly informed the design of the subsequent version of
the method.

The process notation must match the team’s cognitive context. BPMN, while
familiar to computer science and software engineering professionals, proved demand-
ing for the medical team, who were not trained in process modeling. The attempt to
have physicians produce BPMN diagrams introduced friction at the earliest stage of
collaboration, precisely when shared understanding is most critical. This indicated
that the method should begin with artifacts native to the medical domain, such as
clinical guidelines and clinical pathways, rather than requiring domain experts to
translate their knowledge into an unfamiliar notation.

The notation must match the nature of the protocol. Both BPMN and CMMN
were evaluated and found inadequate as primary representations of clinical protocols.
BPMN'’s control-flow orientation, even with conditional gateways, remained closer
to a structured, sequential representation than to the case-based, patient-dependent
nature of medical decision-making (JUNGER et al., [2024). CMMN, despite being
better suited for case-based reasoning, lacked the expressive capacity to represent
time pressure, pedagogical feedback, and graduated failure states that are essential
in healthcare serious games. This finding motivated the search for a complementary
set of artifacts, ultimately leading to the introduction of clinical cases as the central
mediating document in the method.

Visual representation of clinical elements requires explicit guidance. The ap-
plication of PYP revealed that the art team lacked specific references for elements
with clinical significance, such as facial expressions indicating pain levels and skin

tones reflecting visible health conditions. These are not aesthetic choices but medi-
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cally relevant representations that can affect the learning process if inaccurate. This
finding indicated the need to incorporate domain-specific art guidance as a formal
component of the method.

These lessons established the foundation for Play Your Protocol as a domain-
specific method, rather than a simple adaptation of PYP. Cycle 0 confirmed that the
medical context introduces requirements, in terms of notation, artifact types, and
visual precision, that justify the development of a new methodological approach.

From a design perspective, Cycle 0 therefore produced not only evidence about
the limitations of PYP, but also the first design knowledge underlying PYPr: the
artifacts used to mediate clinical knowledge must be familiar to healthcare profes-
sionals, expressive enough to represent clinical decision-making, and sufficiently de-
tailed to support its translation into visual game elements. This knowledge directly
constrained the design space for the next cycle and motivated replacing process-

modeling notations with domain-native clinical artifacts.

6.2.3 Cycle 1 of the Play Your Protocol Method Development

Although some character and environment illustrations had already been developed
during Cycle 0, the first playable version of SOS SCA emerged in Cycle 1, moti-
vated by its presentation at the 42nd SOCERJ Congress, which celebrated the 70th
anniversary of the Cardiology Society of the State of Rio de Janeiro. Cycle 1 repre-
sents the intervention process of the first version of the Play Your Protocol (PYPr)
method in the development of Anténio’s clinical case. This version of PYPr is very
similar to the PYP method applied during Cycle 0 of the game’s development, dif-
fering only in modifications specific to the medical context. Figure presents the
BPMN diagram of Cycle 1 of the Play Your Protocol (PYPr) method.

While the PYP method begins with the game design team studying the process
context through a BPMN diagram and the Process Documents, the PYPr method
starts with a set of documents intended to facilitate understanding of the clinical
protocol. Specifically, PYPr recommends using clinical guidelines, clinical pathways,
and clinical cases.

At this stage, two changes stand out. First, clinical cases became a key source
of information for translating the protocol into game elements. Second, the story-
board became the primary reference for game development, replacing the BPMN
and CMMN diagrams used in the previous cycle.

The decision to adopt these documents was motivated by the difficulties iden-
tified during Cycle 0 in understanding the medical requirements that needed to be
represented in the game. It was also supported by the findings of both the case
study and the literature review, which highlighted developers’ dissatisfaction with
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Play Your Protocol (PYPr) - Cycle 1
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Figure 6.3: BPMN Diagram of Cycle 1 of the Play Your Protocol Method Develop-

ment. Created by the author.

the complexity of the initial contact with clinical protocols, the absence of a formal

method for presenting protocols to multidisciplinary development teams, and the
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need for documentation capable of helping designers, artists, and programmers un-
derstand technical medical terminology and translate it into game art, mechanics,
and gameplay flows.

Clinical guidelines and clinical pathways are common tools used by physicians
in both training and clinical practice, playing a role similar to process models in
software and systems engineering. According to HWANG et al(2023) and MUDZ-
INGWA et al|(2025), clinical pathways help standardize treatment, improve patient
outcomes, and reduce variations in care for specific medical conditions. They write
clinical guidelines by translating evidence-based recommendations into actionable
workflows, helping physicians organize diagnostic procedures, treatment sequences,
and referral timing.

Clinical cases, in turn, define the sequence of events and decision points that
will be represented in the game. Beyond presenting the protocol content in a more
accessible, contextually relevant manner, they enable the multidisciplinary team to
evaluate the feasibility of implementing the intended educational experience. During
clinical case preparation, different gameplay flows can be explored and validated,
allowing medical and development teams to identify implementation challenges early
and refine the design before production begins.

Given the short development period of only three months, the primary objective
of the first version of Antonio’s clinical case was to present a narrative that repre-
sented the clinical protocol to be learned. At this stage, the game was structured as
a branching cybertext (AARSETH| 1997)), whose ergodic expression was manifested
exclusively through text-based choices offered to players, each leading to a different
narrative path, and through cutscenes depicting medical procedures. No minigames
or additional interactive mechanics were incorporated that could establish a more
sophisticated form of procedural rhetoric (BOGOST) 2007).

Although this first version of the clinical case included an electrocardiogram
(ECG), players were not required to perform any intervention based on the exam-
ination findings. Instead, gameplay was limited to recognizing the general clinical
problem and selecting the option that best addressed the identified condition.

The next step in the method is 'Create GDD’, a common practice in the game
development market, also presented in the PYP method. This document compiles
key information for use during the development of the game, including technical
requirements, the game’s genre, the narrative to be represented, and links to the
repositories used. This is an activity of the game design team.

After this, the Art Team acts on the tasks 'Identify Game Elements’ and ’Create
the Art of the Game Elements’. This part is responsible for creating the initial
visuals for the game and the scenarios that make up the storyboard. Due to the

clinical case document, because the physicians described the ages of the patients
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and the scenarios in which specific in-game actions would be displayed, the "Identify
Game Elements’ part of the method occurs more naturally. It is important to note
that at this stage of the cycle, the physicians provided only images showing the
results of the medical exam. Images of scenarios such as the UPA corridor, the front
of a UPA, and the interior of an ambulance were only mentioned in the clinical case
descriptions, without more specific image references.

The next tasks of the method are done by the Game Design Team: ’'Create
Storyboard” and 'Update GDD’. These tasks, added to the phases ’Identify Game
Elements’ and ’Create the Art of the Game Elements’, substitute the steps "Elements
Mapping’ and 'Game Project’ of the PYP method. The ’Create Storyboard’ activity
provides a more visual representation of the clinical case to be implemented in the
digital game and helps the Development Team release the first version of the visual
novel. As the name suggests, 'Update GDD’ comprises all available documents
that have been updated: 'Game Elements’ and ’Storyboard’. Then, the 'GDD’
is forwarded to the Development team, which develops the game and produces a
version.

The method also includes a phase in which the game design team validates the
game version. This is an important stage to ensure the pedagogical content is error-
free. The last two parts of the method are 'Generate the final version of the game’

and 'Publish Game’, which occur when the game does not need updates.

6.2.4 Reflection and Learning

To guide the game’s art, the game design team met weekly to present progress and
discuss encountered design challenges. These meetings were effective in identifying
how each phase of the method was applied and in analyzing its effectiveness.

In the early stages of art creation, several gaps were identified that required
immediate attention to keep the art production process moving. Although visual
references for environments such as an emergency care unit (UPA) and a medical
office were easily found online, the characters’ facial expressions and skin tones
raised some uncertainty among the artists. Questions such as “What is the most
appropriate expression to represent this level of pain?” or “Which skin tone best
represents the visible health condition of a patient with white, yellow, or black
skin?” emerged. These were precise pieces of information that could adversely affect
the learning process if misrepresented.

To solve this problem, the physicians sent images for reference so the art teams
could get an idea of the skin tone. Regarding facial expressions, the game design
team added examples, numbered for convenience, so the medical teams could choose
the ones that best fit each part of the game. Image shows the example used to
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guide the development of the first prototype.
0 2 4 8 10

Figure 6.4: Face pain scale used to guide the prototype. Source: (MEIJER et al.|
2024).

It was in cycle 1 that the system for representing the character’s life was intro-
duced into the game. Since it is a game based on a medical protocol, there was
some uncertainty at first about how the character’s health status should be repre-
sented, as only a few game flows would allow for a substantial recovery of “life” if
the player made many mistakes. Furthermore, some player actions could lead to the
character’s death, which does not necessarily allow for a gradual loss of life in the
game.

Therefore, in order to ensure that players would be penalized for mistakes while
maintaining a balance between frustration and learning, the medical students re-
sponsible for developing the clinical case began to include in the document an in-
dication of penalties for choosing the wrong treatment for the character, always
considering the possibility that the mistake in question would not result in the pa-
tient’s death.

Using the Cycle 1 version of the method, the first version of the game was released
three months after the project began. The version included the first character,
Antonio. It was released for the presentation at the 42° Congress of SOCERJ,
mentioned before. During the presentation, many health professionals praised the
game. They asked about a version that could be used as a training tool and about
how to represent different kinds of protocols in the game.

Although the game received a positive reception at the event, it is also worth
noting that, during Cycle 1, it was validated only by the game design team, which
included a single medical student. In subsequent cycles, the game is also expected
to be validated by licensed physicians with clinical experience. Doctor Paolo, who
is also part of this project, noticed that Anténio’s hand position could indicate a
different disease. Also, Doctor Thais said the character needed an indication on
his arms to show the seriousness of the health problem. Figure shows a scene
with the first version of the character Antonio with the hands in a position that
could indicate a different disease and with no indication of the severity of the health
problem, wearing a watch.

In general, the cycle 1 version presents a basic flow of the method with four
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Infelizmente, Anténio foi classificado como Ficha Vermelha. Observe o relatério do Paciente...

Figure 6.5: Character Antonio wearing a watch and with his hands in the wrong
position. Created by José Alexandre (2025) and Camila Lopes (2025), participants
of the SOS SCA project.

Anténio foi classificade como Ficha Vermelha. Observe o relatério do Paciente. ..

Figure 6.6: Character Anténio wearing the red ribbon. Created by José Alexandre
(2025) and Camila Lopes (2025), participants of the SOS SCA project.

big blocks: Medical Team, Game Design Team, Art Team, and Development Team.
This version of the method is characterized by a linear workflow with implicit feed-
back loops, the use of Clinical Cases as a bridge between the medical and game
design domains, a minimally detailed game validation process, and the absence of
intermediate validation of the resulting art assets. Although functional, this version
emphasizes a sequential production approach and exhibits limited formalization of
quality control throughout the game development process.

Considering this, some changes were necessary to the method, including the
creation of a section to ensure physician validation of the art and to avoid wasting
time releasing game versions with visual errors.

From the perspective of design knowledge, Cycle 1 demonstrated that translating

a clinical protocol into a playable experience requires an intermediate representa-
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tion that is understandable to the different teams and sufficiently concrete to guide
production. The Clinical Case and Storyboard fulfilled this role by connecting clin-
ical decisions with narrative, visual, and gameplay elements. At the same time,
the cycle revealed that this translation was still predominantly sequential and that
visual validation occurred too late in the process. These observations became design

requirements for the next version of PYPr.

6.2.5 Cycle 2 of the Play Your Protocol Method Development

Cycle 2 of the PYPr method intervention in the development of the SOS SCA
game took place during the development of the game’s second character, Maria.
Additionally, Cycle 2 also included updates to the game flows represented by the
character Antonio, who was illustrated in Cycle 1.

The character Maria is a 68-year-old woman with hypertension and diabetes, who
has had recurring episodes of chest pain that have worsened over the past 24 hours.
Her ECG and initial tests show ST-segment depression in leads V3, V4, V5, and
V6, an initial troponin below the upper limit, and a need to calculate the HEART
Score, which results in 7 points and classifies the patient as high risk, representing
algorithms I and IV described in the guideline (CREMERJ| 2025)), a patient with
non-ST-segment elevation myocardial infarction (NSTEMI) who requires referral for
angioplasty.

Cycle 2 was marked by two major changes to the method: the introduction of
an intermediate art validation and minigames throughout the game, following the
necessary changes identified during the Reflection and Learning phase of Cycle 1.
Figure[6.7 presents the BPMN diagram of Cycle 2 of the Play Your Protocol (PYPr)
method.

During Cycle 2, the weekly meetings continued, and reports indicated that an
intermediate validation of the art before passing the information to the Develop-
ment Team improved the quality of the characters and settings created and reduced
rework. However, the design team still had some issues with the design of specific
equipment that should be represented in the game. Also, the game needed to repre-
sent some exam results with specific characteristics. For example, one of the game’s
scenes shows the character wearing a watch; however, the character should have a
red ribbon on his wrist. Images and show the correct and incorrect scenes,
respectively.

Due to the medical team’s routine, the time between an image or reference
request and the physicians’ response was often too long. Considering this, the
existence of an initial document containing some art and general design restrictions

began to be seen as an opportunity to demand this information from the beginning
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of the project.

Cycle 2 also introduced minigames as interactive mechanics requiring direct
player action within the clinical protocol flow, expanding the game’s ergodic ex-
pression (AARSETH] [1997) beyond the branching narrative choices established in
Cycle 1. Three minigames were developed and integrated into the game during this
cycle.

The first minigame, present in both Anténio’s and Maria’s clinical cases, requires
the player to drag the correct medications to the nurse’s hand. The second minigame
requires the player to drag an ambulance across a map to the appropriate destination
for patient referral, enacting the protocol-driven decision of determining the correct
care facility based on the patient’s clinical condition. The third minigame requires
the player to click and drag electrodes to the correct positions on the patient’s chest
and legs to perform an electrocardiogram (ECG), which is also present in both
clinical cases.

In addition to the minigames, Cycle 2 included a teleconsultation scene in which
a call center interaction between healthcare professionals takes place. Although
this scene is presented as a cutscene, the ECG report displayed during it directly
informs the player’s choices in the subsequent narrative phase. In Antonio’s case,
the report needed to depict ST-segment elevation in leads DII, DIII, and aVF,
indicating an inferior wall myocardial infarction. The art team was responsible for
visually representing this finding; however, the delayed availability of real ECG exam
references and examples of correct irregularity positioning from the medical team
introduced friction into the art production process, temporarily stalling this stage
of development.

To support the design and implementation of these mechanics, the method in-
corporated a dedicated ‘Create Minigames’ task within the Game Design Team’s
workflow, followed by an ‘Update Minigames’ task that feeds into the ‘Update Sto-
ryboard’ and ‘Update GDD ’ phases before the game is forwarded to the Develop-
ment Team. This structural addition reflects the increased complexity of the design
process when procedural elements are introduced: minigames require iterative re-
finement distinct from the narrative flow and must be validated for both clinical

accuracy and gameplay coherence.

6.2.6 Reflection and Learning

The Cycle 2 version of the method introduced quality control mechanisms and ex-
panded player interactions. It introduced new elements, such as intermediate art
validation and a clear loop of art refinements before advancing the project, and pro-

vided a clearer definition of the interactions among the storyboard, art, and GDD.
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These changes reduced rework in the final phases of development.

However, the art team still lacked design information to inform character and
scenario creation. Some clinical elements, such as the ECG machine and exam result
representations, were unfamiliar to the art team and required specific references that
the medical team was not yet formally required to provide. This gap became par-
ticularly evident during the development of the teleconsultation scene in Anténio’s
clinical case, in which the art team needed to represent ST-segment elevation in
leads DII, DIII, and aVF on an ECG report, a clinically precise visual requirement
for which annotated references arrived with a delay, temporarily stalling the art
production process.

Although the clinical case document guides the art team in representing char-
acters and environments, it does not formally require the medical team to supply
exam references and annotated examples of clinically relevant findings prior to the
art production phase. Considering this, the project teams recognized the need for
an art guideline document to outline certain art restrictions and present examples
of machines, scenarios, and exams, ensuring that medically significant visual ele-
ments are accurately represented and that art production is not blocked by the late
availability of clinical references.

From a design perspective, Cycle 2 demonstrated that the increasing complex-
ity of the game cannot be addressed only by adding new game elements; it also
requires changes to the method itself. The introduction of minigames created new
dependencies between clinical procedures, interaction design, visual representation,
and implementation, while intermediate art validation revealed the need to move
quality control closer to where design decisions are made. The Art Guideline there-
fore emerged not simply as an additional document, but as a design response to a

recurring coordination problem identified during the intervention.

6.3 Cycle 3 of the Play Your Protocol Method De-

velopment

The final version of the Play Your Protocol method was validated during the de-
velopment of the third character in the game SOS SCA, Claudio, and also included
updates to the clinical cases of Maria and Antoénio, developed in previous cycles.
Claudio is a 78-year-old man with progressive acute dyspnea, orthopnea, hypoxemia,
and a clinical presentation compatible with cardiogenic acute pulmonary edema. His
ECG indicates an extensive anterior/lateral wall ST-segment elevation myocardial
infarction (STEMI), and the case incorporates an important complication: a con-

traindication to pharmacological thrombolysis due to an ischemic stroke two months
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prior and severe hypertension. Claudio represents algorithms I and III described in
the guideline (CREMER.J, 2025)).

As in previous versions, the final version of the Play Your Protocol method
consists of a sequence of activities involving the medical, game design, art, and
development teams. Image shows the final version of the method. Each phase
contributes specific artifacts that support the transformation of clinical protocols
into a digital game. The most significant structural addition in this cycle is the
formal incorporation of the Art Guideline into the method’s workflow.

The method begins with the Medicine Team, which is responsible for producing
three foundational documents: the Care Guideline, the Clinical Pathways, and the
Clinical Cases. These documents structure domain knowledge in complementary
forms: the Care Guideline provides general evidence-based recommendations, the
Clinical Pathways describe the flow of procedures, and the Clinical Cases present
concrete scenarios that exemplify the protocol’s application in practice. In parallel,
the Game Design Team is responsible for the "Write Art Guideline’ activity, which
produces a document defining visual and representational constraints to ensure that
game elements align with the medical context described in the clinical documenta-
tion.

This document consolidates elements such as reference ranges for character rep-
resentation, including skin tones (CLEVELAND CLINIC, [2023; ERNSTMEYER!
and CHRISTMAN| [2021)) associated with visible health conditions and standard-
ized facial expression scales for pain levels (MEIJER et al., [2024)), as illustrated in
Figure [C.I} annotated visual references for clinical equipment and exam results rel-
evant to the scenario, such as ECG report irregularities and electrode positioning;
environment references for recurring clinical settings, including emergency units,
ambulances, and consultation rooms; and explicit restrictions on visual details that
could compromise clinical accuracy, such as the incorrect use of accessories illus-
trated in Figure [C.2]

Unlike the GDD, which centralizes narrative and technical decisions for the game
as a whole, the Art Guideline is scoped specifically to the visual fidelity requirements
identified by the medical team, and it is produced early in the cycle to prevent the
art production bottlenecks observed in Cycle 2.

With these artifacts in place, the Game Design Team initiates the ‘Create GDD’
activity, consolidating the game’s objectives, design decisions, and technical require-
ments into a single reference document. Concurrently, the Art Team begins "Identify
Game Elements’ and ‘Create the Art of the Game Elements’, translating clinical
content into visual assets. The Game Design Team then proceeds to ‘Create Sto-
ryboard’, structuring the game flow, followed by ‘Create Minigames’, in which the

interactive mechanics are specified. These activities feed into ‘Update Storyboard’
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and ‘Update Minigames’, which consolidate design decisions before the ‘Update
GDD’ activity forwards the complete documentation to the Development Team.
The need for close collaboration between teams became particularly evident dur-
ing the development of the electrode positioning minigame. When designing the
screen in which the player drags electrodes to the correct positions on the patient’s

body, a member of the art team sent the following message to the group:

“Good morning, everyone! I need the medicine and programming teams
to help me validate the feasibility of this new screen. I researched the
positioning of the 4 electrodes on the arms and legs and saw that they
are placed on the patient this way. To avoid impairing visibility and
gameplay, I had the idea of adding a scroll bar next to the body so that
the player can see it in full, and in that case, removing the dialogue box

after the player starts dragging the element.”

This message illustrates the type of interdisciplinary challenge that arises when
clinical procedures are translated into interactive mechanics. The art team member
independently researched electrode positioning and proposed interface solutions to
reconcile clinical accuracy with gameplay usability, requiring simultaneous input
from both the medical and development teams. This kind of demand underscores
the importance of the Art Guideline as a proactive document that anticipates such
questions before they stall the production process. Appendix[C]presents an example
of the art guideline document.

Throughout the design phase, art validation with the Medicine Team occurs
through the "Validate the Art’ activity, which produces an Evolution Report and
triggers refinement loops for both art assets and minigames when updates are re-
quired. Once all design artifacts are validated, the Development Team begins the
"Develop Game’ activity. The ‘Generate Game Version’ activity produces a playable
version, which is then subject to two sequential validation steps: ‘Validate Game’ by
the Game Design Team, followed by ‘Validate Game’ by the Medicine Team, each
generating an Evolution Report that can trigger further updates to the storyboard
and minigames if needed. The process concludes with ‘Generate Final Version of
the Game’ and ‘Publish Game’, marking the end of the development cycle.

Table presents a general comparison of PYPr evolution across cycles. It is
evident that with each cycle, the method became more structured, improving game
validation, quality control, and interdisciplinary integration. Table presents the
frequency of use for each consultation resource across the four development cycles,
on a scale from 0 to 5, where 0 indicates no use, and 5 indicates very frequent
use. The Clinical Protocol served as the foundational reference throughout all cy-

cles, maintaining maximum frequency from Cycle 0 to Cycle 3. BPMN and CMMN
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Table 6.1: General comparison of PYPr evolution. Created by the author.

Aspect Cycle 1 Cycle 2 Cycle 3
Flow Linear Partially Structured
Structure e Interactive Interactive
Art
Validation - Introduced Refined
Game . Better .
Validation Basic Defined Consolidated
Interdisciplinary . . :
Integration High High Very High
Quality . . .
Control Basic Medium High
Methodglogy Basic Intermediary | Consolidated
Maturity

Table 6.2: A 0-5 scale representing the frequency of use of each consultation resource
available in each cycle, where 0 indicates no use, and 5 indicates very frequent use.
Created by the author.

Cycle 0 | Cycle 1 | Cycle 2 | Cycle 3
Clinical Protocol 5 D ) )
BPMN 5 0 0 0
CMMN 5 0 0 0
Images 3 4 4 )
GDD 4 3 2 1
Clinical Case 0 D ) )
Storyboard 3 D ) )
Art Guideline 0 0 4 )

notations, which were extensively reviewed during Cycle 0 as candidate representa-
tions for the clinical protocol, were discontinued entirely from Cycle 1 to Cycle 3,
following lessons learned from that exploratory phase.

The Clinical Case and Storyboard, both absent or underused in Cycle 0, be-
came central artifacts from Cycle 1 onward, reflecting the method’s shift toward
domain-native documentation. The GDD, present across all cycles, showed a grad-
ual decline in consultation frequency as the Storyboard and Clinical Case assumed a
more prominent role in guiding development decisions. The use of visual references
and images increased progressively across cycles, reaching maximum frequency in
Cycle 3, consistent with the growing complexity of the game’s visual elements and
the demands introduced by minigames and clinical exam representations. Finally,
the Art Guideline, absent in Cycles 0 and 1, emerged as a recognized need during
Cycle 2, following the identification of art production bottlenecks, and was formally
incorporated as a method artifact in Cycle 3, reaching its maximum consultation

frequency.

76



Cycle 3 consolidates the design knowledge generated throughout the previous
interventions. The final configuration of PYPr incorporates the main requirements
identified across the cycles: domain-native clinical artifacts to mediate medical
knowledge, explicit design artifacts to guide the translation into game elements,
intermediate validation to reduce rework, and iterative validation involving both
game design and medical teams. In this sense, the final method represents a stabi-

lized design response to the problems progressively identified during its use in the
SOS SCA project.
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Chapter 7
Results and Discussion

This chapter presents the results and discussion of the analysis of applying the final
version of the Play Your Protocol method to the development of the last character
in the SOS SCA game, presented in Cycle 3. It is important to emphasize that this
dissertation presents only the evaluation of the Play Your Protocol method. The
evaluation of the SOS SCA game will be conducted later as part of Antonio Pena’s
doctoral dissertation, as a member of the project.

Although a formal, systematic evaluation of the SOS SCA game itself falls outside
the scope of this dissertation, the game was continuously and informally evaluated by
physicians and medical students throughout its development as part of the project’s
iterative design process. Most of these evaluators were members of the project
team but were not involved in designing the scenarios being implemented. Once an
initial version of the scenario was completed, the physicians and medical students
played the game and evaluated it according to several criteria: whether the possible
game trajectories (walkthroughs) accurately reflected the standardized protocol for
the management of Acute Coronary Syndrome (ACS); whether the game’s visuals
and dialogues corresponded to real-world clinical practice; whether the visuals and
dialogues contained any unnecessary information or inaccuracies that could lead
to misinterpretations; and whether the game was enjoyable to play and visually
appealing.

Having situated this informal, ongoing evaluation of the game itself, the remain-
der of this chapter turns to the central focus of this dissertation: the evaluation of
the Play Your Protocol method. The main objective of analyzing the results of the
method’s application was to identify the impact that the method had on the exe-
cution of the educational game development project and to determine which phases
of the method supported, delayed, or had no significant effect on the team. To this
end, a questionnaire comprising open-ended and Likert-scale questions was made
available via Google Forms to gather participants’ opinions. The initial hypothesis

was: “Will the creation of a method facilitate the development of a serious game

80



based on medical protocols? If so, what generates the greatest impact on game
development?” Nine participants took part in the evaluation. Eight of them were
members of the SOS SCA game development project, including two members of the
art team, four members of the development team, and two undergraduate students
from the medical team. The ninth participant was Carolina, who contributed to
the development of the RCP game described in Chapter [5| of this dissertation and
provided an external perspective on the method’s final version. The questionnaire
used in the evaluation is available in Appendix [D]

Following the pattern observed in the studies of this dissertation, the responses
to the open-ended questions were analyzed using BARDIN| (2011)’s content analysis
method, encompassing the stages of coding, categorization, and data interpretation.
The responses were divided into units of analysis based on the semantic meaning of
each excerpt and were subsequently grouped into codes, subcategories, and thematic
categories.

After collecting the participants’ responses, the questionnaires and interview
transcripts were organized in order to identify similarities, differences, and the main
points highlighted. Given the small number of participants interviewed, quantitative
analysis would have a limited impact on this study. Therefore, the Likert-scale
statements presented in the questionnaires were used as parameters to guide the

interviews.

7.1 Results

A total of 72 recording units were identified, distributed across five main categories:
Method Artifacts as Cognitive Facilitators, Interdisciplinary Communication, Struc-
tural Support for Development, Efficiency and Product Impact, and Limitations and
Areas for Improvement. Some recording units were associated with more than one
code when they expressed multiple relevant ideas, resulting in a total of 82 coded
occurrences derived from the 72 recording units.

It is also important to acknowledge that the SOS SCA project benefited from
organizational continuity with the RCP project: the same medical coordinators
(Dr. Glaucia de Oliveira and Dr. Thais Salim) participated in both initiatives, and
the RCP game case study directly informed PYPr’s requirements. This continuity
may have contributed to the positive results observed, independently of the method
itself, since the medical team had prior experience collaborating with a multidisci-
plinary game development team. Isolating the effect of PYPr from the effect of this
pre-existing organizational familiarity is not possible within the scope of a single-
project evaluation. Future applications of the method with medical teams lacking

prior experience in serious game development would help clarify the extent to which
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PYPr’s contributions are attributable to the method’s structure rather than to team
maturity.

Table presents the categorization of the interview transcripts into categories
and subcategories, along with their respective Absolute Frequencies (AF) in rela-
tion to the Recording Units (RU). Because some recording units expressed multiple
relevant ideas, they were associated with more than one code, yielding 82 coded oc-
currences in total. Relative frequencies are not presented, as no single denominator
accurately represents the distribution of occurrences across categories under these
conditions.

The most representative category was Method Artifacts as Cognitive Facilitators
(23 occurrences), highlighting the central role of the produced documents, especially
the clinical cases, in supporting the understanding of the medical protocol and trans-
lating this knowledge into game development. Clinical cases were identified as the
most relevant artifacts, serving as the primary reference for design and implemen-
tation decisions. On the other hand, BPMN showed a dual interpretation: in some
cases, it was considered useful for understanding process flows, while in others it was
perceived as unnecessary or underutilized, indicating possible gaps in its practical
adoption.

Interdisciplinary communication also stood out (20 occurrences), with both pos-
itive and negative mentions. On the one hand, participants reported improved
alignment among the medical, art, and development teams. On the other hand, de-
lays in feedback from the medical team were identified as a main issue, often leading
to rework and process delays.

The category Structural Support for Development (15 occurrences) demonstrates
the method’s role as an organizing element of the process, contributing to the def-
inition of stages, roles, and workflows. This aspect is reinforced by the perception
that, in the absence of the method, development would be more confusing and less
efficient.

Regarding Efficiency and Product Impact (13 occurrences), the results indicate
that the method helped reduce delays, increase productivity, and improve the final
quality of the game, ensuring greater fidelity to the medical domain and consistency
throughout development.

The category Limitations and Areas for Improvement (11 occurrences) high-
lighted challenges mainly related to deadline management and communication with
the medical team. The lack of clearly defined response times and the difficulty of
obtaining feedback were the most critical issues. Additionally, some difficulties were
identified in understanding technical terms and implementing specific functionali-
ties.

The perspective contributed by participant Carolina, who had prior experience
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Table 7.1: Categorization of the PYPr method evaluation interview transcripts into
categories and subcategories, with Absolute Frequencies (AF) relative to the Record-
ing Units (RU). Created by the author.

Category AF Subcategory Code AF
Clinical Cases Primary Sourf: ¢ 10
. of Understanding
Method Artifacts as — —
Cognitive Facilitators 23 Guldehnes Stan.dardlzatlon and 6
(Design/Pathways) Visual Support
BPMN Underutilization 4
(Negative) /Dispensability
BPMN Support for 3
(Positive) Comprehension
Team Communication 9
Interdisciplinary Integration and Alignment
. 20 —
Communication Communication Delays and 3
Issues Rework
Interdisciplinary Medical /Art 3
Validation Validation
Process Development 6
Structural Support 15 Structuring Organization
for Development Guidance Task 5
and Workflow Guidance
Initial . Documentation as a
Documentation : . 4
) Solid Foundation
Baseline
Productivity Reduction 6
Efficiency and 13 and Time of Delays
Product Impact Product Fidelity and
. . 4
Quality Consistency
Clarity and Reduction of 3
Understanding Ambiguity
Schedule Lack of Time 5
Limitations and Management Definition
Areas for 11 Underutilization Limited 3
Improvement of Tools Use of BPMN
Technical Difficulty with 9
Clarity Medical Terminology
Technical Mini-game 1
Difficulties Implementation
Total 82

developing a serious game without a structured method, reinforces the pattern ob-
served in the other responses. Her account of greater disorganization, increased
errors, and lower product quality in the absence of a method provides a contrastive
reference that contextualizes the gains reported by the SOS SCA team.

Taken together, the results indicate that the proposed method serves as an ef-
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fective facilitation mechanism for developing games based on medical protocols,
provided that interdisciplinary communication is efficient and the resulting artifacts
are actively used. The following sections present a more detailed analysis of each

identified category.

7.1.1 Category 1: Method Artifacts as Cognitive Facilitators

This category brings together evidence on the role of artifacts in mediating knowl-
edge transfer between the medical domain and game development. The identified
subcategories were clinical cases as the main source of understanding, use of BPMN
(positive and negative), and guidelines and pathways, associated with codes such as
facilitator, visual standardization, and support for modeling.

Table presents the subcategories, codes, recording units, and absolute fre-
quencies (AF) of Category 1. The results indicate that clinical cases supported
understanding of the medical protocol, with participants frequently reporting that
they were used more often than BPMN and that they contributed to both the pro-
cess and game development. It was also highlighted that clinical cases helped create
art assets and directly guided development, thereby consolidating their role as the

method’s main artifact.

Table 7.2: Subcategories, Codes, Recording Units, and Absolute Frequencies (AF)

for Category 1, “Method Artifacts as Cognitive Facilitators”. Created by the author.

Subcategory Code RUs Examples AF

“I relied more on clinical

cases than on BPMN.”
“Clinical cases 10
supported the creation

of art assets.”

“Design constraints related

to layout and color

Primary Source

Clinical Cases of Understanding

Guidelines Standardization and | significantly contributed to 6
(Design /Pathways) Visual Support the process.”
“The pathway supported
understanding.”
“It was not
BPMN Underutilization/ particularly missed.” 4
(Negative) Dispensability “Tt could have been
better explored.”
BPMN Support for “BPMN greatly supported
o . the understanding 3
(Positive) Comprehension N
of the process.
Total 23

Clinical cases emerged as the dominant artifact across teams, functioning not
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merely as reference documents but as active translation layers between clinical ex-
pertise and game design decisions. Participants reported that clinical cases helped
them understand the medical protocol in concrete, applicable terms, guided the cre-
ation of art assets, and directly informed development choices, thereby consolidating
their role as the method’s most impactful artifact. Statements such as "clinical cases
and BPMN greatly helped in understanding the medical protocol," "I used clinical
cases more than BPMN," "clinical cases helped in creating the art," and "clini-
cal cases guided the game development" illustrate this pattern consistently across
teams.

The ’guidelines’ subcategory also played a relevant role. Participants mentioned
that design constraints helped structure development decisions, and that the use
of pathways facilitated understanding beyond what clinical cases alone could pro-
vide. Statements such as "design constraints with positioning and colors greatly
help the development process" and "the pathway helped understanding beyond the
clinical cases" indicate that these artifacts contributed to the visual and structural
translation of medical content into game elements.

BPMN, however, presented a more complex picture. While developers tended to
find it useful for mapping process flows, members of the art team either underutilized
it or considered it unnecessary at early stages. This divergence points to a structural
issue: BPMN'’s effectiveness appears to depend not only on its inclusion in the
method but on how actively it is mediated across teams. Its passive presence,
available but not integrated into collaborative routines, may explain why it remained
underexplored despite its potential. Statements such as "BPMN was not necessary
at the beginning of the process" and "the BPM could have been better explored"

reinforce the need to reconsider its role in the method’s workflow.

7.1.2 Category 2: Interdisciplinary Communication

The Interdisciplinary Communication category addressed interactions among the
medical, art, and development teams. The identified subcategories were team inte-
gration, communication issues, and interdisciplinary validation, associated with the
codes communication and alignment, delays and rework, and medical validation. Ta-
ble presents the subcategories, codes, recording units, and absolute frequencies
(AF) of Category 2.

The ’'team integration’ subcategory reflects participants’ perception that the
method improved coordination across teams, primarily by establishing a shared
artifact base that created a common interpretive framework. Statements such as "it

nn

generated good team communication," "it helped communication between teams,"

and "facilitating communication and collaboration between teams" indicate that
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Table 7.3: Subcategories, Codes, Recording Units, and Absolute Frequencies (AF)
for Category 2, “Interdisciplinary Communication”. Created by the author.

Subcategory Code RUs Examples AF
“Good communication
Team Communication and strong collaboration
. . between the teams. 9
Integration and Alignment | , .
It supported communication
between the teams.”
Communication Delays and “Delays in responses”
« ] ) . I 8
Issues Rework Physicians’ response time
C : “Havi hysici li
Interdisciplinary Medical/ aving physiclans va idate
Validation Art Validation the art assets iy 3
highly beneficial.”
Total 20

this alignment was tangible and valued. The ’interdisciplinary validation’ subcat-
egory reinforces this finding: participants highlighted that cross-team monitoring
of in-progress assets, particularly art assets, contributed to earlier identification of
inconsistencies. Statements such as "having access to what the art team is pro-
ducing helps validate characters and scenarios" and "it helped validate the images"
illustrate this dynamic.

However, the category also surfaced the most critical limitation identified in the
evaluation. The ’communication issues’ subcategory concentrated on the medical
team’s response time as a structural bottleneck. Statements such as "delays in re-
sponses, rework, and occasional disappearances," "the response time of the doctors,"
and "feedback was delayed, and when it arrived, the game was already developed"
reveal a recurring pattern in which late feedback generated rework and disrupted
the development flow. This tension exposes an important gap in the method as cur-
rently designed: while PYPr structures the flow of artifacts and activities, it does not
impose formal accountability mechanisms on stakeholders outside the core develop-
ment team. The participation of the medical team is assumed but not operationally
guaranteed, creating a vulnerability in precisely the most critical dependency of the

process.

7.1.3 Category 3: Structural Support for Development

The Structural Support for Development category comprises the subcategories pro-
cess structuring, guidance and workflow, and initial documentation base, associated
with code development, organization, task guidance, and documentation as a solid
foundation. Table [7.4] presents the subcategories, codes, recording units, and abso-

lute frequencies (AF) of Category 3.
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Table 7.4: Subcategories, Codes, Recording Units, and Absolute Frequencies (AF)
for Category 3, “Structural Support for Development”. Created by the author.

Subcategory Code RUs Examples AF
“It already presented,
in a well-structured manner,
Process Development | how the game should unfold.” 6
Structuring Organization “It helped better
guide the team’s
actions.”
“It directly influenced
the final outcome by
Guidance and Task better directing actions.” 5
Workflow Guidance “It supported how
the team’s workflow
was carried out.”
“Documents initially
Initial Documentation provided by the medical
Documentation as a Solid team” 4
Baseline Foundation “A solid foundation
for each team”
Total 15

The 'process structuring’ subcategory reflects participants’ perception that the
method’s artifacts provided a clear and well-organized foundation for development.
The statement "the clinical case already presented, in a well-structured way, how
the game should unfold" illustrates how initial documents established a shared un-
derstanding of the game’s flow before implementation began. This perception is
reinforced by the observation that "the structuring of the documentation was rel-
evant and is a common industry practice," situating the method within broader
professional standards.

The ’guidance and workflow’ subcategory captures the method’s influence on
directing team activities during execution. Statements such as "it helped better
direct the team’s actions" and "the method directly influenced the final result by
better guiding the team’s actions" indicate that the method not only organized the
process but also actively shaped decision-making throughout development.

The ’initial documentation base’ subcategory highlights the role of early artifacts
in establishing alignment across teams before development began. Statements such
as "the documents that the medical team initially provided" and "the precise defini-
tion of the initial documents built a solid foundation for each team" underscore the
importance of front-loading shared knowledge as a prerequisite for interdisciplinary
collaboration.

The method’s structuring function is further evidenced by participants’ reflec-
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tions on its absence. Statements such as "it could become much more confusing and
difficult to understand the stages" and "it would impact the organization, identifi-
cation of flows, and game mechanics" suggest that the method is perceived not as

an optional structure but as an essential element of the development process.

7.1.4 Category 4: Efficiency and Product Impact

This category concerns the method’s effects on process performance and final prod-
uct quality. The identified subcategories were: productivity and time; product
quality; and clarity and understanding. Associated codes included reductions in
delays, fidelity to the domain, and reductions in ambiguity. Table [7.5] presents the

subcategories, codes, recording units, and absolute frequencies (AF) of Category 4.

Table 7.5: Subcategories, Codes, Recording Units, and Absolute Frequencies (AF)
for Category 4, “Efficiency and Product Impact”. Created by the author.
Subcategory Code RUs Examples AF
“Without the method,
Productivity Reduction it would be delayed.”

and Time of Delays “Delivery would 0
take longer.”
“Maintaining fidelity
Product Fidelity and to the initial idea”
) . “ : . 4
Quality Consistency | “A decrease in quality

without the method”
“It would be more
confusing without the | 3
method.”
Total 13

Clarity and | Reduction of
Understanding | Ambiguity

The ’productivity and time’ subcategory reflects the participants’ perception
that the method’s absence would have had significant negative consequences for the
project timeline. Statements such as "the team would not be able to complete the
game by the scheduled date," "delivery would take longer," and "it would delay the
game development process" illustrate this perception, while "increasing efficiency
during game development" captures the method’s positive contribution to workflow
organization.

The 'product quality’ subcategory indicates that the method contributed to the
game’s internal consistency and alignment with the original design intent. State-
ments such as "it helped maintain fidelity to the initially proposed idea" and "this
was one of the ones with the best results" suggest that structured development
processes improve not only efficiency but the coherence of the final product.

The ’clarity and understanding’ subcategory highlights the method’s role in re-

ducing ambiguity, particularly in the project’s early phases. Statements such as
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"it greatly helped in the initial process of understanding the protocols" and "it
could become much more confusing without the method" indicate that the method’s
most immediate benefit was cognitive: by making the medical protocol legible to
non-clinical teams, it reduced interpretive uncertainty and enabled more confident

decision-making.

7.1.5 Category 5: Limitations and Areas for Improvement

The Limitations and Areas for Improvement category addresses weaknesses or op-
portunities to enhance the method. The subcategories are schedule management,
technical clarity, technical difficulties, and underutilization of tools, associated with
codes such as lack of temporal definition, difficulty with medical terminology, and
limited use of tools. Table [7.6] presents the subcategories, codes, recording units,

and absolute frequencies (AF) of Category 5.

Table 7.6: Subcategories, Codes, Recording Units, and Absolute Frequencies (AF)
for Category 5, “Limitations and Areas for Improvement”. Created by the author.

Subcategory Code RUs Examples AF
“Establishing deadlines”
Schedule Lack of Time “Waiting for images 5
Management Definition for a considerable
amount of time”
Underutilization Limited Use “Technical terms. .. 3
of Tools of BPMN complex”
Technical Difficulty with “Implementation of 9
Clarity Medical Terminology some mini-games”
Technical Mini-game “BPM could have
Difficulties Implementation been bettf g !
explored
Total 11

The ’schedule management’ subcategory was the most frequently identified lim-
itation, appearing across multiple participants and teams. Statements such as "it
would be important to establish deadlines for the stages of the method," "we waited

"and "the response time of the doctors" converge on a

a long time for the images,'
common diagnosis: the absence of formally defined timelines and response expec-
tations created unpredictability that disrupted the development flow. This finding
aligns with the communication bottleneck identified in Category 2 and reinforces the
need to incorporate explicit time-management mechanisms as structural elements of
the method rather than relying on informal expectations.

The ’technical clarity’ subcategory highlights the difficulties non-clinical team

members encounter when engaging with domain-specific content. The statement
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"some medical technical terms were somewhat complex to understand" suggests
that the method would benefit from supplementary resources, such as glossaries
or visual aids, to support comprehension of clinical terminology across teams with
varying levels of domain familiarity.

The "technical difficulties’ subcategory surfaces development-side challenges, par-
ticularly around the implementation of specific game mechanics. Statements refer-
encing "implementation of some mini-games" indicate that certain design decisions
introduced technical complexity that the method did not adequately prepare the
development team to handle.

Finally, the 'underutilization of tools’ subcategory reinforces the pattern iden-
tified in Category 1 regarding BPMN. The statement "the BPM could have been
better explored" suggests that the method’s integration of this artifact is currently
insufficient, and that its value, when present, depends on deliberate facilitation

rather than passive availability.

7.2 Discussion

This section presents the final phase of the ADR methodology, the formalization of
learning. It discusses the evolution of the Play Your Protocol method, analyzes the
implications of the evaluation results, and presents a comparative analysis between
PYPr and the Play Your Process (PYP) method.

The evolution of PYPr highlights a transition from an initial model focused on
organizing activities to a more comprehensive method, characterized by structured
iteration, continuous validation, and strong interdisciplinary integration. The PYPr
method underwent iterative refinement across three main versions: cycle 1, cycle 2,
and cycle 3. Each version reflects the evolution of the method in terms of structure,
team integration, and validation mechanisms.

The cycle 1 version presents an initial conception of the method that is closely
aligned with the original Play Your Process approach. This version, as well as subse-
quent ones, structures the development of digital games around medical protocols,
focusing on three main fronts: the medical team, the art/design team, and the
development team. In this version, the workflow is predominantly sequential, be-
ginning with the production of clinical artifacts, care guidelines, clinical pathways,
and clinical cases, and progressing to game concept creation, BPMN modeling, def-
inition of game elements, artistic production, and development. Although feedback
mechanisms are present, they are implicit and weakly formalized. Game validation
occurs only in the final stages, with no clearly defined intermediate quality-control
checkpoints.

The cycle 2 version introduces improvements by incorporating explicit validation
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and iteration mechanisms. Notably, it includes an art validation activity and a
decision point to determine whether revisions are required before proceeding. This
modification changes the nature of the workflow, shifting it from an essentially linear
process to one that includes controlled iterative cycles. Furthermore, this version
presents clearer integration among the artifacts produced, particularly between game
elements, art assets, and the storyboard. These changes help reduce rework in
later stages and improve consistency between game components and the underlying
medical protocol.

Cycle 3 and the final version in this dissertation consolidate the advancements in-
troduced in the Cycle 2 version, refine process organization, and enhance structural
clarity. Information flows and dependencies among artifacts are presented more
cohesively, and validation mechanisms for both art assets and the game itself are
fully integrated into the method. The process now includes two main quality-control
cycles: one focused on artistic production and another on final-product validation.
Additionally, there is a clearer separation among the conception, production, and
implementation phases, which improves both understanding and the method’s prac-
tical application.

Considering the application of the Play Your Protocol method during the de-
velopment of the game SOS SCA, the results indicate that the proposed method
plays a significant role in the game’s development, operating across structural and
communicative dimensions. Based on the identified categories, it is possible to dis-
cuss both the contributions and shortcomings of the method within the analyzed
context.

Concerning method artifacts as cognitive facilitators, the results point to the cen-
trality of clinical cases as the primary mechanism for translating medical knowledge
into the game development context. Unlike more abstract artifacts, clinical cases
were perceived as accessible and directly applicable, being widely used by both art
and development teams. In contrast, BPMN exhibited an ambivalent behavior, be-
ing considered useful in some situations but underutilized in others. This duality
suggests that the effectiveness of formal modeling tools depends not only on their
inclusion in the method but also on their practical integration into the workflow and
the team’s familiarity with such representations.

Interdisciplinary communication emerges as one of the most critical aspects of
the method. While the results indicate that the method improved alignment among
teams, particularly through shared artifacts, they also reveal that communication
with the medical team remains a significant bottleneck. Frequent mentions of de-
layed feedback, rework, and a lack of defined timelines indicate that the method’s
effectiveness is highly dependent on stakeholders’ availability and responsiveness.

Regarding structural support for development, the findings demonstrate that
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the method helps organize the development process. Participants’ statements reveal
that artifacts such as clinical cases and initial documents provided by the medical
team establish a clear foundation for development, reducing ambiguities and guid-
ing task execution. This result reinforces the importance of structured approaches
in serious game development, particularly in complex domains such as healthcare,
where a lack of organization may compromise both the process and the final product.
The perception that, without the method, the development process would be more
confusing and disorganized highlights its role as an essential structuring element.

The category efficiency and impact on the product shows that the method pos-
itively influences project performance, both in terms of productivity and quality.
Participants reported that the method helped reduce delays, improve efficiency, and
ensure greater fidelity to the medical protocol. Furthermore, comparisons with sce-
narios where no method was used, particularly from the perspective of a participant
with prior experience, reinforce the perception that the absence of a structured ap-
proach leads to disorganization, increased errors, and lower product quality. This
contrast serves as indirect evidence of the method’s effectiveness.

On the other hand, the category limitations and areas for improvement highlight
that the main challenges lie in the operationalization of the method. The lack of
clearly defined timelines for the medical team for validation was the most recurring
issue, indicating the need to incorporate formal mechanisms for time management
and accountability. Also, the underutilization of BPMN suggests a need to recon-
sider its role in the method, whether through improved integration, training, or
replacement with more accessible representations.

Therefore, this study contributes to the field by demonstrating that developing
games based on medical protocols requires not only well-defined processes and arti-
facts but also careful consideration of organizational and communication aspects. In
this sense, the proposed method represents an important step toward systematizing
this type of development while also identifying clear directions for future improve-
ments, particularly in timeline management, tool integration, and interdisciplinary
communication.

Together, the results presented in this chapter allow for a direct response to the
research hypothesis. The evidence collected across the five identified categories indi-
cates that the creation of a structured method facilitates the development of serious
games based on medical protocols. Participants reported reduced ambiguity in the
early stages of development, improved coordination among multidisciplinary teams,
and greater fidelity between the final product and the intended clinical protocol,
outcomes that were further corroborated by the contrastive account of a participant
with previous experience developing a serious game without any structured method.

Regarding the second part of the hypothesis, the findings suggest that the great-
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est impact on game development was generated by clinical cases, which functioned
as the primary cognitive bridge between medical knowledge and game design deci-
sions. Unlike more abstract artifacts, such as BPMN diagrams, clinical cases were
consistently used across all teams and were directly associated with reductions in
ambiguity, faster decision-making, and improved alignment between clinical content
and visual assets. The structural support provided by the method as a whole was
the second most impactful dimension, as participants indicated that the absence of a
structured process would have significantly compromised both the project’s timeline

and organization.

7.2.1 Comparison between Play Your Protocol and Play Your

Process

The Play Your Protocol (PYPr) method extends the Play Your Process (PYP)
method by introducing its principles to a new domain, medical protocols. This
section presents a comparative analysis of the two methods, emphasizing the main
differences, adaptations, and contributions introduced by PYPr.

As mentioned in chapter [2] the PYP method focuses on supporting the develop-
ment of serious games based on business process models, particularly using BPMN
as the primary source for extracting game elements. Its central objective is to
transform complex organizational workflows into interactive, understandable game
experiences that promote learning and reflection among users. In contrast, PYPr
maintains the core idea of translating structured processes into games but adapts
it to the healthcare domain, where processes are represented by clinical protocols
rather than business workflows. This change introduces new requirements related
to accuracy, safety, and domain specificity.

One of the main differences between the methods lies in the input artifacts.
While PYP relies primarily on BPMN models and process documentation, PYPr
incorporates a broader set of domain-specific artifacts, including care guidelines,
clinical pathways, and clinical cases. These elements enrich the design process by
providing multiple perspectives on the protocol, enabling a more comprehensive and
realistic representation of medical procedures within the game. As a result, PYPr
extends the original method by introducing a structured approach for integrating
clinical knowledge into game design.

Regarding the process structure, both methods share similarities, including the
use of intermediate artifacts (e.g., GDD) and the transition from conceptual de-
sign to implementation. However, PYPr introduces additional steps not explicitly
present in PYP, such as identifying game elements derived from clinical content,

creating visual assets aligned with medical scenarios, and developing storyboards.
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Furthermore, PYPr introduces a clearer separation among the conceptual, artistic,
and technical phases, improving the organization and traceability of the development
process.

Additionally, in PYP, the mapping between BPMN elements and game com-
ponents is central and systematic, often supported by tools such as ProModGD.
In PYPr, although the idea of mapping remains, it is expanded and partially re-
distributed across the method’s stages. Instead of relying solely on BPMN, PYPr
combines multiple clinical artifacts to derive game elements, making the mapping
process more complex yet more expressive and domain-aware.

The validation process also differs between the two methods. PYP proposes
three levels of validation: team validation, executors’ validation, and target audience
validation, focusing on ensuring both playability and fidelity to the modeled process.
PYPr adopts a similar multi-level validation approach but enhances it by introducing
intermediate validation cycles, particularly for artistic assets. This addition allows
issues to be identified and corrected earlier in the development process, reducing
the risk of inconsistencies in later stages. Moreover, due to the critical nature of
medical content, validation in PYPr assumes a more rigorous role in ensuring the
correctness of the represented protocol.

In terms of interdisciplinary integration, PYPr offers more explicit, structured
collaboration among teams. While PYP already involves multiple stakeholders,
PYPr clearly defines the roles of the medical, art, and development teams, em-
phasizing the continuous interaction between domain experts and designers. This
integration is essential in healthcare contexts, where domain knowledge cannot be
implicitly inferred and must be actively incorporated throughout the design process.

Also, PYPr addresses limitations of the original method when applied to highly
sensitive domains. Medical protocols require not only clarity and engagement but
also strict adherence to validated procedures. By incorporating domain-specific arti-
facts, iterative validation cycles, and stronger interdisciplinary collaboration, PYPr
improves the methodological support for developing serious games in healthcare.
Thus, it can be understood not just as an adaptation of PYP but also as an ex-
tension and specialization that enhance its applicability to contexts where accuracy
and reliability are critical.

While PYPr inherits the fundamental concept of transforming structured pro-
cesses into game elements from PYP, it advances the state of the art by introducing
domain-specific inputs, additional development stages, enhanced validation mecha-
nisms, and improved interdisciplinary integration.

Table [7.7] synthesizes the main distinctions between the methods, highlighting
the change from a general-purpose approach to a domain-specific one. It emphasizes

how the proposed method introduces additional layers of structure, validation, and
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Table 7.7: Comparison between Play Your Process and Play Your Protocol. Created

by the author.

Aspect Play Your Process Play Your Protocol
Domain Business processes Medical protocols
Main Clinical artifacts
Input BPMN models " BPMN
Core BPMN-to-game Multi-artifact
Approach mapping mapping
Process Semilinear [terative with
Structure validations
N Final validation Continuous and
Validation . o
stages multi-level validation
Interdisciplinary Strong
Integration Moderate (medical + design + dev)
Focus Process understanding Clinical aceuracy
+ learning
_— BPMN-based Extension to
Contribution . .
game design healthcare domain

collaboration to accommodate the limitations of healthcare. These differences rein-

force the idea that the new method is a refinement of the original approach, suited

to contexts that demand higher levels of rigor and specificity.
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Chapter 8
Conclusion

The increasing adoption of serious games in healthcare has created new opportunities
to train healthcare professionals and support clinical education. However, develop-
ing games based on clinical protocols remains challenging because it requires accu-
rately representing medical knowledge while coordinating multidisciplinary teams
comprising healthcare professionals, game designers, artists, and software develop-
ers. Although numerous studies have explored serious games for healthcare, this
dissertation identified a lack of structured game design methods specifically de-
signed to transform clinical protocols into game design artifacts while supporting
communication throughout the development process.

To address this gap, this dissertation proposed, developed, and evaluated the
Play Your Protocol (PYPr) method, a game design method for visual novel serious
games based on clinical protocols. Following the Action Design Research method-
ology, the method was conceived through iterative cycles of problem formulation,
artifact construction, intervention, and evaluation, allowing both the artifact and
the underlying design knowledge to evolve throughout the research.

The development process of PYPr was grounded in multiple sources of evidence.
Two rapid reviews established the research gap, a survey identified the needs and
perceptions of game development professionals regarding process-based methods,
and a case study of the RCP project revealed practical challenges faced by multi-
disciplinary teams when developing a medical serious game without methodological
guidance. These findings informed the iterative development of PYPr, which was
subsequently refined and evaluated as the SOS SCA game was developed.

The iterative cycles were not only stages of implementation but also successive
design episodes in which the method was constructed, tested against practical con-
straints, and redesigned based on the knowledge generated through its use. Cycle 0
established the initial design problem by showing that direct use of Play Your Process
and process-modeling notations was insufficient to represent clinical protocols and

support multidisciplinary collaboration. Cycle 1 transformed these findings into the
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first domain-specific version of PYPr, introducing clinical cases and the storyboard
as central design artifacts. Cycle 2 further redesigned the method by introducing
intermediate art validation and minigames, addressing rework, visual accuracy, and
the need to represent procedural interactions. Finally, Cycle 3 consolidated these
design decisions by formally incorporating the Art Guideline and more structured
validation loops. Thus, the final method is not the result of a single design deci-
sion, but the outcome of cumulative design knowledge generated through successive
interventions in the development context.

The evaluation demonstrated that the proposed method positively contributed
to the organization of the game development process by improving interdisciplinary
communication, facilitating non-medical team members’ interpretation of clinical
knowledge, supporting the validation of visual and gameplay assets, and reducing
ambiguity throughout development. Although some limitations remain, particu-
larly regarding project management aspects and the role of BPMN within multidis-
ciplinary teams, the results indicate that PYPr represents a feasible and effective
approach for supporting the development of serious games based on clinical proto-
cols.

This dissertation was guided by two general research questions: “How can digital
game design be structured to support the development of serious games based on
clinical protocols?” and “How effective is the proposed method in supporting the
development of a serious game based on clinical protocols?”

This study demonstrates that such structuring can be accomplished by ground-
ing the game design process on domain-native clinical artifacts, particularly clinical
cases, clinical pathways, care guidelines, and structured validation activities involv-
ing healthcare professionals throughout development. Rather than treating medical
knowledge solely as reference material, PYPr incorporates these artifacts directly
into the design workflow, allowing clinical protocols to guide narrative construction,
gameplay design, art production, and software implementation. The iterative ADR
cycles progressively refined these mechanisms, resulting in a structured method that
supports collaboration among multidisciplinary teams while preserving protocol fi-
delity.

The evaluation indicates that PYPr effectively supports the development pro-
cess by improving communication among team members from different backgrounds,
reducing misunderstandings regarding clinical concepts, organizing development ac-
tivities through well-defined artifacts, and promoting iterative validation of both
medical content and game assets. Participants consistently perceived the method as
facilitating collaboration and reducing rework, particularly through the use of clini-
cal cases and structured validation cycles. Although the method does not eliminate

organizational challenges that depend on external factors, such as the availability
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of medical experts, the findings demonstrate that it provides meaningful support

throughout the development lifecycle.

8.1 Scientific Contributions

This dissertation contributes to the literature at the intersection of Software En-
gineering, Serious Games, and Medical Education through three complementary
dimensions: methodological rigor, design knowledge, and practical and social con-
tribution.

From a methodological perspective, this study provides empirical evidence de-
veloped through an Action Design Research process. The method was built and
refined through successive interventions in a real multidisciplinary game develop-
ment project, rather than relying solely on theoretical assumptions. The research
drew on multiple sources of evidence, including literature reviews, a survey, a case
study, iterative development cycles, and a systematic evaluation of the final method.
This approach enabled the identification of problems addressed by PYPr, assessment
of design decisions, and formalization of the knowledge generated during the inter-
vention.

From a design perspective, the main contribution is the knowledge gained
through the method’s iterative redesign. Cycle 0 showed that directly applying
Play Your Process and standard process-modeling notations was inadequate for the
medical context. Cycle 1 addressed this by introducing clinical cases and story-
boards as key tools for translating clinical knowledge into game elements. Cycle 2
added intermediate art validation and minigames to address development challenges,
such as rework and representing procedural interactions. Cycle 3 formalized these
improvements by incorporating the Art Guideline and structured validation loops.
Thus, PYPr’s value extends beyond its final process structure to include insights on
transforming clinical knowledge into game design artifacts while preserving clinical
fidelity.

From a practical and social perspective, this dissertation shows that a structured
method can support collaboration among healthcare professionals, game designers,
artists, and software developers. The evaluation found that the method improved
communication, reduced ambiguity, clarified workflows, and supported validation of
clinical and visual elements. These benefits are especially important in healthcare
game development, where communication failures or inaccuracies can affect both
game quality and educational reliability. PYPr offers practical support for interdis-
ciplinary teams and promotes the broader adoption of serious games as educational

tools in healthcare.
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8.2 Limitations

This dissertation presents limitations that should be considered when interpreting its
findings. Across all four studies conducted during the Problem Formulation phase,
data selection, coding, and interpretation were performed by a single researcher,
potentially introducing subjectivity and affecting the consistency and reproducibility
of the analyses. The involvement of multiple independent researchers in these steps
would have reduced this risk, but it was not feasible within the time constraints of
this dissertation. Triangulation across multiple sources of evidence, particularly in
the case study, and the review of instruments by experienced researchers, partially
mitigate this concern.

Regarding the rapid reviews, the scope of both studies was bounded by the se-
lected digital libraries, language restrictions to English and Portuguese, and defined
time frames, which may have excluded relevant contributions published in other
languages or indexed in sources not covered by the search strategy.

The survey was conducted with a convenience sample of 15 participants, which
constitutes a non-probabilistic sample that limits the generalizability of the findings;
the exploratory design does not support causal interpretations.

The case study is inherently bounded by its single-case design, and its findings
are specific to the development of the RCP game, limiting their direct generalizabil-
ity to other serious game projects. A temporal gap between the published article on
the RCP project, which reflects its planning phase, and the remaining data sources
also introduces potential inconsistencies when comparing intended and actual de-
velopment practices.

Also, PYPr was conceived, refined, and evaluated within a single project, SOS
SCA, which limits the generalizability of the evaluation to other medical game de-
velopment scenarios. It is also worth noting that the SOS SCA project benefited
from organizational continuity with the RCP project; the same medical coordinators
participated in both initiatives, which may have contributed to the positive results
observed independently of the method itself. Isolating the effect of PYPr from the
effect of this pre-existing organizational familiarity is not possible within the scope

of a single-project evaluation.

8.3 Future Work

The Play Your Protocol method was conceived and preliminarily evaluated in the
context of narrative and visual-novel-based games derived from medical protocols.
Future work should explore its applicability to other game genres, such as simulation,

strategy, or puzzle games, which involve distinct mechanics and interaction patterns
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not addressed by the current formulation of the method.

The method’s validation was conducted within a single institutional context,
involving a specific multidisciplinary team and a single clinical domain, Acute Coro-
nary Syndrome. Replicating and evaluating the method across different clinical pro-
tocols, medical specialties, institutions, and team compositions, particularly with
medical teams lacking prior experience in serious game development, would help
clarify the extent to which PYPr’s contributions are attributable to the method’s
structure rather than to team maturity.

A significant limitation identified throughout this study is the absence of formal
mechanisms for managing the medical team’s response timelines. Future versions
of the method should incorporate project management components, such as defined
feedback windows, escalation protocols, or asynchronous review tools, to address
this structural bottleneck.

The role of BPMN within PYPr also warrants further investigation, following
the ambivalent results discussed above. Future work could evaluate whether BPMN
should be replaced by more accessible notations, augmented with training materials
and facilitation strategies for non-technical teams, or retained only for the specific
phases of the method where its process-representation capabilities are most beneficial
to the development team.

The integration of automation tools represents another promising direction.
Building on the ProModGD tool developed for the PYP method, a comparable
tool could help translate clinical protocol elements, such as pathways and guide-
lines, into structured game design artifacts, reducing cognitive load for non-clinical
team members.

Longitudinal studies evaluating the educational impact of games developed with
PYPr on healthcare professionals’ knowledge, decision-making, and protocol adher-
ence would provide evidence of the method’s downstream effectiveness and comple-
ment the process-focused evaluation conducted in this dissertation. Such studies
are particularly relevant in emergency care settings, such as Emergency Care Units
(UPAs), where healthcare professionals may need to make rapid decisions under time
pressure and with limited resources. In these contexts, serious games based on clini-
cal protocols may provide a safe environment to practice decision-making, recognize
clinical conditions, and understand the consequences of different actions without
exposing real patients to risk. Future research could therefore investigate the use
of PYPr-developed games as complementary training resources for healthcare pro-
fessionals working in or preparing to work in emergency care, examining whether
repeated interaction with protocol-based scenarios can contribute to knowledge re-
tention, decision-making, and adherence to evidence-based procedures.

The method could also be extended to support hybrid game formats that combine
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visual novel elements with simulation components or adaptive feedback systems,
broadening PYPr’s applicability to clinical training scenarios in which branching
narratives alone may be insufficient to capture the full scope of clinical decision-
making.

The Play Your Protocol method contributes at the intersection of Software En-
gineering, Serious Games, and Medical Education. Its relevance extends beyond
the organization of game development: by structuring how clinical protocols are
translated into interactive educational experiences, the method creates conditions
for developing training resources that can be further investigated for use in health-
care education, including the preparation and continuing training of professionals
who work in emergency care settings. The development of SOS SCA, which was
positively received by healthcare professionals and validated by the medical team
involved in its design, along with the involvement of the same medical team that
previously worked on the RCP project, whose challenges motivated this research,
suggests that the method is not only academically motivated but also practically
viable. This dissertation does not intend to offer a definitive solution to the com-
plex challenges of medical game design, but it advances the state of the art with a
method grounded in empirical evidence, refined through real-world application, and

evaluated by the practitioners who used it.
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Appendix A

Final Studies Selected for the

Literature Review

Table A.1: Synthesis of Findings from Literature Review

Title Reference Year | Origin

Onde Estamos?: Jogo Com Propoésito | ICLASSE et all| 2020 | Original Snow-

Para Divulgacao de Pessoas Desapare- | (2020a)) balling

cidas

Jogos baseados em processos de negd- | ILOPES and | 2021 | Original Snow-

cio: Aplica¢ao no treinamento de pro- | ARAUJO (2021) balling

cessos de negdcio

Mediador game: Um jogo baseado em | (GOMES et all| 2021 | Original Snow-

processo de negocio para treinamento | (2021) balling

organizacional

Public Processes Are Open for Play CLASSE et all| 2021 | Original Snow-
(2021) balling

DIJS: Methodology for the Design and | ARCHUBY 2023 | Original Snow-

Development of Digital Educational Se- | |et al.| (2023)) balling

rious Games

Learning VR Game Development To- | JIRAPANTHONG 2017 | Original Beyond

wards Software Basic Profile et al|(2018) Play Your Pro-

cess Rapid Re-
view

Business process modelling as serious | ROSENTHAL 2018 | Original Beyond

game: Findings from a field study and Play Your Pro-
STRECKER cess Rapid Re-
(2018) view

120




Title Reference Year | Origin
Construcao de jogos digitais sérios para | (CLASSE et all| 2018 | Original Beyond
processos de servicos publicos (2018c) Play Your Pro-
cess Rapid Re-
view
Process model game design: Uma fer- | (CLASSE et all| 2018 | Original Beyond
ramenta para apoio a sistematizagao de | (2018b]) Play Your Pro-
design de jogos digitais baseados em cess Rapid Re-
processos de negbcio view
The Play Your Process Method for |ICLASSE et all| 2019 | Original Beyond
Business Process-Based Digital Game | (2019h) Play Your Pro-
Design cess Rapid Re-
view
Play your process - um método de de- | (CLASSE| (2019) | 2019 | Original Beyond
sign de jogos digitais baseados em mod- Play Your Pro-
elos de processos de negocio cess Rapid Re-
view
PYP-VBr - Design de Valores em Jo- | [JANSSEN et all| 2020 | Original Beyond
gos Digitais Baseados em Processos de | (2021al) Play Your Pro-
Servigos Ptublicos Brasileiros cess Rapid Re-
view
Projetando Valores em Narrativas de | [ JANSSEN et all| 2021 | Original Beyond
Jogos Digitais Baseados em Processos | (2021h) Play Your Pro-
para Servigos Piblicos Brasileiros cess Rapid Re-
view
Morro Novo - Um jogo para treina- | (CHAGAS et all| 2022 | Original Beyond
mento de processos de manutengao de | (2022]) Play Your Pro-
equipamentos na area de mineracao cess Rapid Re-
view
Scripting Your Process - Design de Nar- | [FERREIRA 2022 | Original Beyond
rativas para Jogos Baseados em Proces- | |et al.| (2022) Play Your Pro-
sos de Negocio cess Rapid Re-
view
PYP4 Training - Método de Design de | ILOPES et all| 2023 | Original Beyond
Jogos Digitais Baseados em Processos | (2023) Play Your Pro-

de Negocio para Treinamento de Pro-

cessos de Negdcio

cess Rapid Re-

view

121




Title Reference Year | Origin
Representagoes Alternativas e Inter- | MELO et all| 2023 | Original Beyond
ativas de Modelos de Processos de | (2023) Play Your Pro-
Servicos Publicos cess Rapid Re-
view
Design de narrativas para jogos digitais | (CLASSE nd | 2023 | Original Beyond
baseados em processos de negocio EFERREIRAI Play Your Pro-
(2023)) cess Rapid Re-
view
Game Design in the Design Thinking STEVANO || 2024 Updated Beyond
Process For a Video Game Develop- | H. TOBING Play Your Pro-
ment Model to Support Tourism (2024) cess Rapid Re-
view
ExerPlainable Experiences - Mapping CIEMER. et al.| 2025 Updated Beyond
Experiences to an Interdisciplinary De- | (2025) Play Your Pro-
sign Process of a VR Fall Prevention cess Rapid Re-
Exergame view
Beyond Play Your Process - Game De- | [LIMA et all| 2025 | Updated Snow-
sign and Business Process Model: A | (2025) balling
Rapid Review
Using a task modeling formalism in the | VIDANI and/ | 2009 | Clinical Proto-
design of serious games for emergency cols and Game
medical procedures (2009) Design  Rapid
Review
Role-playing game for the osteopathic | BENECH et all| 2011 | Clinical Proto-
diagnosis (2011)) cols and Game
Design  Rapid
Review
Designing serious games for learning | (COLTELI et all| 2015 | Clinical Proto-
support in medicine studies: A specific | (2015)) cols and Game
method to elicit and formalize require- Design  Rapid
ments Review
Sepsis Fast Track: A simulation game | RIBEIRO et all| 2016 | Clinical Proto-
for Clinical education based on the Sep- | (2016)) cols and Game
sis Fast Track protocol Design  Rapid
Review
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Title Reference Year | Origin
Design principles for simulation games | KOIVISTO 2018 | Clinical Proto-
for learning clinical reasoning: A cols and Game
design-based research approach Design  Rapid
Review
Development and evaluation of an |[ASTER. et all| 2024 | Clinical Proto-
emergency department serious game for | (2024) cols and Game
undergraduate medical students Design ~ Rapid
Review
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Appendix B

Survey Questionnaire

B.1 Section 1 — Participant Profile

1. What is your primary role in game development?

Game designer

Programmer /developer

Artist /animator

Researcher/academic
Student
o Other

2. How many years of experience do you have with games?

e Less than 1 year
e 1-3 years

e 4-6 years

o 7-10 years

e More than 10 years
3. What types of games do you primarily work with?

e Entertainment games
e Serious games

o Other
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B.2 Section 2 — Experience with Design Methods

4. Do you usually follow any structured method or framework during the game

development process?

e Always
e Frequently
e Sometimes
e Rarely

e Never
4.1. If yes, which one?

5. Are you familiar with any process modeling techniques?

Examples: BPMN, activity diagrams (UML), flowcharts.

o Yes
e No

5.1. If yes, which one?
6. Are you familiar with any structured methods for digital game design?

e Yes
e No

6.1. If yes, which one?

B.3 Section 3 — Perceptions About Process Models

7. Do you believe that methods based on process models can contribute to im-
proving the development of serious games?
e Strongly agree
o Agree

Neutral

Disagree

Strongly disagree

8. In which stages of game development could business process models be useful?
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9.

10.

11.

12.

13.

Gameplay design

Narrative design

Level design

Player flow /progression
e Documentation and team communication

o Other

8.1. Could you further elaborate on your answer according to the options

selected above?
In which areas do you believe games based on process models could be applied?

e Education
e Corporate training

Healthcare

Public services

Organizational processes

Simulations

e Other

Do you believe that new game design methods based on process models should

be developed?

e Yes
e Maybe
e No

In your opinion, what would be the main advantages of using process models

in game design?

What difficulties or limitations do you perceive in the use of process models

in game design?

Would you be interested in using structured methods to support digital game

design if appropriate tools were available?
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Appendix C

Art Guideline

C.1 Art Guideline, Structure and Content

The Art Guideline is a domain-specific document produced jointly by the Medicine
Team and the Game Design Team during Cycle 3 of PYPr. It consolidates visual
and representational constraints that must be respected during art production, so
that clinically meaningful details are not left to informal, late-arriving clarification.
This section describes its structure and gives concrete examples from its application
in the SOS SCA project.

The Art Guideline is organized into four sections:

C.1.1 Character Representation, Reference Ranges for Visi-
ble Patient Conditions

Defines acceptable ranges for depicting visible signs of the patient’s clinical state,
so that art assets remain medically accurate without requiring per-asset physician

sign-off.

e Skin tone reference ranges, associated with visible health conditions (e.g.,
pallor, cyanosis, diaphoresis), based on clinical references such as (CLEVE-
LAND CLINIC| 2023) and (ERNSTMEYER and CHRISTMAN; [2021)).

e Accessory restrictions: explicit notes on what a character must wear to
correctly signal clinical severity (e.g., a red ribbon marking a priority case),

and what should be avoided when it could be clinically misleading, as shown

in Figures and [C.3]

e Hand and body positioning: notes on postures that could visually suggest
an incorrect diagnosis (e.g., hand position that resembles a different condition),

flagged during physician review in Cycle 1, as shown in Figures and [C.3]

127



C.1.2 Facial Expression Scales

A standardized pain-expression scale (adapted from (MEIJER et al. 2024)), with
numbered reference images so that non-medical team members (artists, designers)
can select the expression that matches the pain level specified in a given clinical case,
without needing to interpret medical language directly. Each numbered expression

is paired with a short clinical descriptor (e.g., "mild discomfort, brow slightly fur-
rowed" vs. "severe distress, eyes closed, grimace").

0 2 4 8 10

Figure C.1: Facial pain-expression scale (0-10) used to guide character expressions
across clinical cases. Adapted from (MELJER et al., |2024).

C.1.3 Equipment and Examination References

e Annotated reference images for clinical equipment appearing in the game

(e.g., ECG leads, defibrillator, monitors), with correct positioning marked.

¢ Examination result references: for scenes requiring a specific finding (e.g.,
an ECG image showing ST-segment elevation in specific leads), the Guideline
specifies which leads and what visual pattern must be shown, so the art team
does not need to wait for an ad hoc physician response mid-production. This
directly addresses the Cycle 2 bottleneck in which annotated ECG references

arrived late and stalled art production.

e Environmental references for recurring clinical settings (emergency unit
corridor, ambulance interior, consultation room), sourced from real-world pho-

tographic references agreed upon with the medical team.

C.1.4 Explicit Restrictions

A running list of details that are visually plausible but clinically incorrect, framed
as "do not" rules with a brief rationale for each, e.g., specific accessory/position
combinations that could imply a different diagnosis, or exam results inconsistent
with the stated clinical case. This list grows across the project as issues are found
during art validation; each entry records what was wrong, why it mattered clinically,

and the corrected version.
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Infelizmente, Anténio foi classificado como Ficha Vermelha. Observe o relatério do Paciente...

Figure C.2: Original scene: incorrect hand position and no visible severity indicator.
Created by José Alexandre (2025) and Camila Lopes (2025), participants of the SOS
SCA project.

Note: The Art Guideline is a living document, updated through the inter-
mediate art-validation loop described in this dissertation. FEach validation
cycle that identifies a new type of clinically significant visual error results

m a new entry.

C.1.5 Appendix: Worked Example, Character Anténio

The following in-game screenshots illustrate two Art Guideline rules described in
this study, identified during physician review in Cycle 1. In the original scene
(Figure, the character was drawn with his hands in a position that could visually
suggest a different clinical condition, and with no visible indicator marking the case’s
clinical severity. Physician review flagged both issues as clinically misleading rather
than merely stylistic. Figure shows the corrected scene: the hand position was

revised, and a red ribbon was added to mark the patient as a clinical priority case.
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Anténio foi classificade como Ficha Vermelha. Observe o relatério do Paciente. ..

Figure C.3: Corrected scene: revised hand position and the red ribbon marking
clinical severity. Created by Jos¢ Alexandre (2025) and Camila Lopes (2025), par-
ticipants of the SOS SCA project.
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Appendix D

Play Your Protocol Evaluation

(Questionnaire

Table D.1: Play Your Protocol Evaluation Questionnaire

Section Question Question Type

Utility The method helped to better structure the Likert scale
game development process.

Utility The method contributed to integrating work Likert scale
across different areas (art, development, and
medicine).

Utility The method supported the team’s under- Likert scale
standing of the medical protocol.

Utility The method’s stages facilitated decision- Likert scale
making during game design.

Utility The method provided clarity regarding the Likert scale
educational and clinical objectives of the
game.

Quality The method’s stages are well-defined and un- Likert scale
derstandable.

Quality The language and concepts used in the Likert scale
method are clear and appropriate to my area.

Quality The method’s documentation and support- Likert scale
ing materials are complete and easy to use.

Quality The method is flexible enough to be adapted Likert scale
to different types of games.

Quality The time required to apply the method was Likert scale
appropriate.
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Section

Question

Question Type

Effectiveness | The use of the method resulted in a game de- Likert scale
sign more aligned with the medical protocol.

Effectiveness | The method helped ensure the accuracy and Likert scale
fidelity of medical information.

Effectiveness | The method contributed to the creation of a Likert scale
more engaging and meaningful game.

Effectiveness | The method supported the team in identi- Likert scale
fying and correcting issues during develop-
ment.

Effectiveness | I would use this method again in future Likert scale
healthcare game projects.

Effectiveness | Which parts of the method were most useful Open-ended
or impactful for your work?

Effectiveness | Were there any stages or concepts that Open-ended
caused doubts or confusion?

Effectiveness | Which aspects of the method could be clearer Open-ended
or better structured?

Effectiveness | In your opinion, in which aspects did the Open-ended
method most support (or not support) the
development process?

Effectiveness | How did the method impact the final game Open-ended
or the team’s workflow?

Effectiveness | What would have changed if the method had Open-ended

not been used?
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Annex A

Avaliacao do Jogo SOS SCA - SOS

Sindrome Coronariana Aguda

Abaixo serao apresentadas algumas perguntas as quais os executores deverao re-
sponder entre NAO, MAIS OU MENOS, SIM. Considerando que NAO, MAIS OU
MENOS e SIM, equivalem respectivamente, 0 (zero), 5 (cinco) e 10 (dez) pontos,

sera calculada a média de todas as questoes, implicando em uma nota final, a qual

indicaré o Parecer se o jogo conseguiu representar os aspectos do processo na visao

de seus executores.

1. Contexto Institucional / Clinico

#

NAO

MAIS OU
MENOS

SIM

PERGUNTA

1.1

O jogo apresenta/informa qual é a institui¢ao
de satude (hospital, clinica, unidade baésica,
servi¢co de emergéncia, etc.) responsavel pela
aplicacao do protocolo médico?

1.2

O jogo apresenta/informa outros protoco-
los clinicos ou assistenciais executados pela
mesma instituicao?

1.3

O jogo apresenta/informa a missdo institu-
cional da organizacao de saide relacionada a
assisténcia, ensino ou seguranca do paciente?

14

O jogo apresenta/informa quais sdo os obje-
tivos clinicos e assistenciais da instituicao re-
sponsavel pelo protocolo?

1.5

O jogo apresenta/informa quais sdo os val-
ores institucionais (ex.: ética, seguranga do
paciente, cuidado centrado no paciente) da or-
ganizacao de saude?
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2. Contexto do Publico-Alvo (Profissionais de Satde / Estudantes /

Pacientes)

MAIS OU

# | NAO | reNos

SIM

PERGUNTA

2.1

O jogo apresenta/informa claramente quem é
o publico-alvo do protocolo médico (ex.: médi-
cos, enfermeiros, técnicos, estudantes, pa-
cientes)?

2.2

O jogo apresenta/aborda as visoes, percepgoes
e responsabilidades do profissional de satude
que executa o protocolo?

2.3

O jogo apresenta/aborda informagdes do pro-
tocolo que frequentemente nao sao plena-
mente conhecidas ou compreendidas pelos
seus usuérios?

24

O jogo demonstra ao usuério a utilidade
clinica do protocolo e os motivos para sua cor-
reta execugao?

2.5

O jogo apresenta/aborda as dificuldades,
riscos ou barreiras relatadas pelos usuarios na
aplicagao do protocolo médico?

3. Contexto do Protocolo Médico
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NAO

MAIS OU
MENOS

SIM

PERGUNTA

3.1

O jogo apresenta claramente qual protocolo
médico esta sendo simulado ou encenado?

3.2

O jogo apresenta qual é o problema clinico
ou condicao de saude que o protocolo visa
resolver ou tratar?

3.3

O jogo apresenta quais sao os objetivos clini-
cos do protocolo (ex.: diagnostico precoce,
padronizagao da conduta, reducao de erros)?

3.4

O jogo apresenta os motivos e evidéncias que
justificam a criagao do protocolo (ex.: segu-
ranca do paciente, diretrizes clinicas, evidén-
cia cientifica)?

3.5

O jogo apresenta os principais eventos clini-
cos envolvidos na execugao do protocolo?

3.6

O jogo apresenta as principais agoes, proced-
imentos ou decisoes clinicas do protocolo?

3.7

O jogo apresenta os principais profissionais
de satude envolvidos na aplicacao do proto-
colo?

3.8

O jogo apresenta os ambientes clinicos onde o
protocolo é executado (ex.: emergéncia, en-
fermaria, UTI, ambulatorio)?

3.9

O jogo apresenta os recursos clinicos, instru-
mentos, exames, medicamentos ou insumos
necessarios para o protocolo?

3.10

O jogo apresenta os desafios e riscos clinicos
associados & execugao do protocolo?

3.11

O jogo representa corretamente os resultados
clinicos ou informacoes geradas a partir de
cada acao ou decisao do jogador?

3.12

O jogo consegue retratar adequadamente os
desfechos clinicos esperados ao final do pro-
tocolo?

3.13

O jogo representa o fluxo principal (conduta
padrao) do protocolo médico?

3.14

O jogo retrata os fluxos alternativos ou
excegoes clinicas (ex.: complicagoes, con-
traindicagoes, respostas inesperadas)?

3.15

As regras do jogo representam adequada-
mente as regras clinicas, normas e diretrizes
do protocolo médico?

3.16

A narrativa do jogo é condizente com casos
clinicos reais ou plausiveis de aplicacao do
protocolo?
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Annex B

Parecer CEP
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