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ARTICLE INFO ABSTRACT

Keywords: Type 2 Diabetes Mellitus (T2DM) is a chronic condition that requires ongoing self-management
Type 2 diabetes mellitus and education. In recent years, there has been a growing interest in utilizing mobile serious
TZPM games as a tool for patient education and engagement. This article presents the development of
Zeaﬁl;iscfgrjs DiaPo, a mobile serious game designed to improve self-management education for patients with

. T2DM. DiaPo integrates gamification techniques to increase patient engagement and motivation
Self-management education

Mobile health while providing essential information about disease management. The development of DiaPo
Patient engagement followed a structured design process, utilizing the Analysis, Design, Development, Implementa-
Multidisciplinary approach tion, and Evaluation (ADDIE) educational system. This systematic approach allowed for the

integration of best practices in educational game design and diabetes care. The development team
consisted of experts in medical informatics, game design, and diabetes care, ensuring a multi-
disciplinary approach to the game’s creation. The game’s narrative focuses on a T2DM patient
who earns positive points for making healthy lifestyle choices and negative points for poor ones.
This gamified approach aims to reinforce positive behaviors and provide immediate feedback on
negative ones. Interactive animations confirm or deny options selected by the player, further
enhancing the learning experience. DiaPo offers a flexible and adaptable platform suitable for
diverse audiences, promoting inclusiveness and accessibility in T2DM education. DiaPo repre-
sents a novel approach to self-management education for patients with T2DM, utilizing gamifi-
cation techniques and a multidisciplinary design process to create an engaging and informative
mobile serious game. By promoting inclusiveness and accessibility, DiaPo has the potential to
empower patients with T2DM to take an active role in their disease management. As the field of
mobile serious games continues to evolve, DiaPo stands as a promising tool for improving T2DM
education and patient outcomes.

1. Introduction

The increasing prevalence of Type 2 Diabetes Mellitus (T2DM) globally has resulted in a significant burden on healthcare systems
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and individuals [1]. Self-management education is a critical component of T2DM care, empowering patients to take control of their
condition and make informed decisions about their health [2]. However, traditional educational approaches may not always effec-
tively promote sustained behavior change due to lack of engagement [3,4]. Consequently, there is a growing interest in utilizing
technology, such as mobile serious games, to deliver self-management education in a more interactive and accessible manner [5-7].

This article is part of a PhD thesis in medical informatics focusing on the development of a mobile serious game (DiaPo) designed to
educate T2DM patients about self-management. The aim of this research is to explore the potential of serious games as a tool for
enhancing patient education and promoting behavior change in the context of T2DM.

The design of the serious game is informed by principles of user-centered design, behavior change theory, and evidence-based
practices in diabetes education [8-10]. By integrating these elements, the game aims to provide an engaging and effective platform
for delivering self-management education to T2DM patients [11,12]. Accessible on mobile devices, the game allows patients to engage
with the educational content at their convenience, overcoming barriers of time and location [13,14].

In addition to leveraging technology, gamification will play a key role in the design of the serious game [15,16]. Gamification
involves incorporating game-design elements and principles into non-game contexts to enhance engagement, motivation, and
participation [17-21]. By incorporating gamification into the serious game, it aims to make the learning process more enjoyable and
effective for T2DM patients through the use of rewards, challenges, and interactive activities to incentivize and motivate patients to
actively participate in their self-management education [22].

The development of the serious game involves a multidisciplinary approach, bringing together expertise in medical informatics,
game design, and diabetes care [23-25]. The process begins with a thorough needs assessment to identify the specific educational
needs and preferences of T2DM patients [26,27]. This is followed by iterative design and development cycles, involving user feedback
and usability testing to ensure that the game meets the needs and expectations of its intended audience [28-30].

The content of the serious game covers a range of topics relevant to T2DM self-management, including medication adherence,
dietary choices, physical activity, blood glucose monitoring, and coping with psychosocial challenges. The game employs interactive
features such as quizzes, challenges, and virtual rewards to encourage active engagement and knowledge retention. Additionally, the
game incorporates personalized feedback and goal-setting mechanisms to support behavior change and self-efficacy.

Furthermore, the serious game is designed to be adaptable to individual patient needs and preferences, promoting inclusivity and
accessibility in T2DM education.

In conclusion, the development of a serious game for educating T2DM patients about self-management represents an innovative
approach to addressing the educational needs of this population. By leveraging the interactive and immersive nature of gaming
technology, the serious game has the potential to enhance patient engagement, knowledge acquisition, and behavior change in T2DM
care. This article will delve into the design process, theoretical underpinnings, and potential impact of the serious game within the
context of T2DM education and patient empowerment.

Moving forward, further research and evaluation will be conducted to assess the effectiveness of the serious game in promoting
behavior change and improving health outcomes for T2DM patients. This will involve gathering feedback from patients who have used
the game, as well as conducting clinical studies to measure its impact on self-management behaviors and health-related outcomes.

In summary, the integration of gamification into the design of a serious game for T2DM education represents a promising avenue
for enhancing patient engagement and promoting positive behavior change [20,31,32]. By leveraging technology and game-design
principles, this innovative approach has the potential to revolutionize the delivery of self-management education for T2DM pa-
tients, ultimately improving their quality of life and reducing the burden of this chronic condition on healthcare systems.

2. Material and methods
2.1. Study design

Our study’s approach is flexible and multidisciplinary, merging the realms of medicine, computer science, and design. Our goal is to
develop an educational game that encourages self-management among individuals with Type 2 Diabetes Mellitus (T2DM). The game is
intended to be inclusive and appropriate for various age groups, spanning from young individuals to the elderly. From conception to
execution and assessment, we will meticulously shape the game to tackle essential aspects of T2DM management. While our primary
focus is on adults, the game’s adaptability makes it beneficial for a wider audience.

2.2. Theoretical framework

The research project was structured into three distinct phases, each serving a specific purpose in addressing the educational needs
of individuals living with Type 2 Diabetes Mellitus (T2DM). The initial phase involved a comprehensive analysis aimed at identifying
the specific educational requirements of this patient population. Through this process, valuable insights were gained regarding the
informational gaps and challenges faced by patients in effectively managing their condition. This foundational knowledge then served
as the basis for the second phase, which focused on the development of an educational serious game tailored to the unique needs of
individuals with T2DM. The resulting digital game was meticulously designed to deliver essential information and guidance, with the
ultimate goal of empowering users to better self-manage their condition. By addressing the identified educational needs through an
innovative and engaging platform, the aim was to provide individuals with a means to enhance their understanding and management
of T2DM. The third and final stage of the research involved the evaluation of the game, incorporating feedback from both users and
experts. This evaluation process was crucial in assessing the effectiveness and usability of the educational serious game, ensuring that it
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truly meets the needs of individuals living with T2DM and contributes to their overall well-being.
2.3. First phase: need assessment

During the needs assessment phase, a comprehensive five-step process was employed to identify the information needs of in-
dividuals with type 2 diabetes. The initial step involved conducting a thorough review to ascertain these needs, taking into account the
perspectives of both patients and healthcare providers. This review encompassed an examination of articles and diabetes clinical
guidelines sourced from reputable entities such as the Ministry of Health, established diabetes scientific associations, and educational
websites overseen by diabetes scientific associations. Subsequently, the identified informational needs of type 2 diabetes patients were
collated and categorized, with an emphasis on unifying terminology and organizing them into a multi-level structure termed the
knowledge-based message library. This hierarchical structure featured overarching general topics at higher levels and more specific
sub-topics at lower levels. Each individual message within this structure was assigned a unique code and contained care recom-
mendations and verified facts designed to augment patient knowledge and awareness.

After identifying the informational needs of type 2 diabetes patients, we proceeded to develop a questionnaire aimed at addressing
these needs. The questionnaire consisted of ten approved subject headings, each accompanied by explanations for the content it
encompassed. Patients were then asked to rate the importance and priority of each item using a 4-point Likert scale. This method
allowed us to systematically gather and analyze the patients’ perspectives on the relevance of the identified informational needs.

Subsequently, the questionnaire was distributed to a sample of ten patients. The purpose of this exercise was to extract and pri-
oritize the information needs of type 2 diabetes patients based on their feedback. Items that scored more than 75 % in terms of
importance and priority were considered as the key informational needs of diabetic patients. This rigorous selection process resulted in
the identification of 157 educational messages that were deemed to have high importance and priority.

These educational messages, covering a wide range of topics relevant to managing type 2 diabetes, were then incorporated into an
educational game. By integrating these crucial informational needs into an engaging and interactive format, we aimed to provide
patients with a novel and effective means of learning about their condition. This approach not only addresses the informational needs
of diabetic patients but also seeks to enhance their overall understanding and management of type 2 diabetes.

In conclusion, the development of the questionnaire and the subsequent extraction and prioritization of informational needs have
been instrumental in shaping the content of the educational game. By focusing on the specific needs and priorities of type 2 diabetes
patients, we have been able to create a resource that is tailored to their requirements and designed to facilitate meaningful learning
experiences. We believe that this approach will contribute to empowering patients with the knowledge and skills necessary to
effectively manage their condition and improve their overall well-being.

Finally, our review study on digital health interventions and their impact on type 2 diabetes has provided valuable insights into the
requirements and design features of interventions and digital games. Through a comprehensive approach, we have systematically
extracted and prioritized the information needs of type 2 diabetes patients. This ensures that our educational game is tailored to
effectively address the specific needs of this patient population. Moving forward, we will use this knowledge to develop a digital health
intervention that has the potential to make a significant impact on the management and treatment of type 2 diabetes. Our findings will
also contribute to the growing body of research on digital health interventions for chronic disease management, providing a foun-
dation for future studies and developments in this important area of healthcare.

2.4. Second phase: design and implementation of digital game

In the second phase of the project, the emphasis transitioned to the development and execution of a digital game designed for
educational purposes. This phase began with thorough planning of educational material and information-based communications,
guaranteeing their harmony with the educational goals. Following this, the essential authorizations were pursued to integrate this
material into the digital game, ensuring adherence to pertinent standards and regulations.

During the design phase of the educational game, three key stages were undertaken to ensure a comprehensive and effective
approach. The first stage involved the development of the game scenario, which required careful conceptualization of the game’s
narrative, setting, and overall structure. This stage was crucial in determining how the educational content would be seamlessly in-
tegrated into the game in a manner that would engage and maximize its impact on the target audience. This required meticulous
attention to detail and a thorough understanding of the educational objectives in order to create a game that would effectively convey
the intended content to the players [33,34].

After setting up the game scenario, the design phase advanced to the development of the game’s visual and interactive elements.
This encompassed the creation of graphical components, user interface, and overall aesthetics to deliver an engaging and visually
captivating experience for the players. Furthermore, great attention was given to crafting interactive features that would promote
learning through meaningful interactions and challenges, enhancing the overall educational value of the game [22,35].

During the final stage of the design phase, the focus shifted towards programming the game. This crucial step involved bringing to
life all the conceptualized elements and designs through coding and technical implementation. It was essential for the design and
development teams to work closely together during this stage to ensure the seamless integration of educational content into the
gameplay mechanics. Furthermore, it was imperative to guarantee that the overall functionality of the game met the specified re-
quirements. This collaborative effort was vital in ensuring that the educational objectives were effectively incorporated into the final
product, ultimately enhancing the overall user experience.

Throughout the various stages of development, a strong emphasis was placed on ensuring that the game design was aligned with the
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educational objectives, with the goal of creating a gameplay experience that not only engaged players but also facilitated meaningful
learning. The iterative nature of the design process enabled continuous refinement and improvement, as feedback from relevant
stakeholders was incorporated to enhance the educational effectiveness and overall quality of the digital game.

In conclusion, the second phase of the project encompassed a thorough process of developing and integrating a digital game with
educational material. Every step, from detailed content curation to careful design and technical execution, was carried out meticu-
lously to produce an immersive and influential educational experience through digital gaming.

2.5. Developing the game scenario

In the process of developing the game scenario, we began by collecting and approving headlines and educational messages. These
were then shaped into a game scenario following the principles of game scenario design and expert opinions [36-42]. The game was
specifically tailored to address the important issue of diabetes self-management education. To enhance the game’s engagement and
effectiveness, we utilized the sukr framework, which is designed for the gamification of educational content [43,44].

The game’s storyline revolves around a type 2 diabetes patient who earns positive points for making correct choices related to their
drug consumption, diet, physical activity, and more. Conversely, they receive negative points for incorrect choices, and can visualize
the effects of their decisions through leaderboards, points, and badges. Additionally, users receive feedback on their choices.

To further engage users and encourage them to answer all questions, we designed a character for each educational topic. Through
animation, these characters confirm or deny selected options (good or bad/true or false) and provide feedback to the user. For instance,
if a user is asked about regular use of blood sugar control drugs and chooses not to take them, an animated medicine icon in the form of
a capsule will illustrate the negative consequences of not taking medication regularly or correctly.

Users have the option to answer questions an unlimited number of times and receive different feedback, or answer the questions
only once. Upon re-entering the game, they will proceed directly to the knowledge-oriented message section to review the messages.
Furthermore, if a user is interested in a particular message within any of the six axes, they can save the desired message in their profile
by selecting the “like” option and review them at their convenience.

It is important to note that as all stages of game design were conducted by the research team, the initial scenario of the game
underwent multiple changes throughout the design process. As the written scenario became more tangible, ideas emerged to enhance
the game’s engagement and overall appeal.

2.6. Game design

We utilized the structured model of the ADDIE educational system to design DiaPo, incorporating five key stages: analysis, design,
development, implementation, and evaluation [45,46]. In the initial stage, we conducted a needs assessment by analyzing the in-
formation requirements of type 2 diabetes patients and the educational process. Subsequently, the design phase involved determining
the method of information transfer, followed by the production of educational content and the design of the educational game. The
implementation stage focused on executing the educational process through the designed game, while the evaluation stage involved
data collection and analysis.

Additionally, we employed the MDA (Mechanics, Dynamics, Aesthetics) framework to guide the design and development of the
game [47-49]. Mechanics encompassed the game’s rules, structure, and functional components that enable the game designer to
control and direct player behavior. Game dynamics referred to the interaction of players with the functional components of the game,
while aesthetics pertained to the emotional reactions of players following their interaction with the game.

During the game design phase, we created prototypes for each game component, implementing cycles of repetition and new so-
lutions. The game stages were designed to maximize appeal for type 2 diabetic patients, encouraging continued engagement. Our
structured process included implementing the idea on paper, creating a prototype, documenting, selecting the general game mode,
determining rules and challenges, deciding on game levels and player behavior, and adjusting values iteratively to optimize gameplay.
We also maintained a comprehensive record of all values and their relationships.

To ensure that the game content was easily understandable and memorable, we applied principles from the evidence-based health
communication guide [50-52]. This involved designing the appearance of game pages, strategically placing messages, and effectively
utilizing graphic features. Each page was structured with specific titles and purposes, employing visual cues to emphasize key points.
Consistency in content arrangement patterns, use of icons, colors, animations, and images across all game pages facilitated user
navigation without requiring them to learn a new interface each time.

2.7. Programming

To develop the game DiaPo, Unity game engine was used, requiring a significant amount of programming. This involved connecting
all game components through a set of language structures that control various aspects of the game [53-55]. The coding for DiaPo was
done in Visual Studio 2019, and the game was ultimately developed as an application software program for the Android operating
system, following the designed scenario [56].

The initial step in creating the game involved identifying the target population and defining the required system. This required the
design team to conduct research on specialized websites to determine the most commonly used devices and their features [57]. Factors
such as screen resolution, internet accessibility via mobile phones, tablets or desktops, accessibility, required network specifications,
and data consumption were carefully analyzed. Additionally, specific features for gamification and gameplay were also taken into
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consideration [58-61].

The development of a game is guided by several essential requirements to ensure its success. These requirements include the ability
to play the game offline on the mobile platform, the ability to use the game without the need for registration, compatibility with simple
processors and low memory devices, maintenance of the player’s score history, the ability to share the game on social networks, display
of the user’s rank, provision of additional information for game questions, and provision of information about the project, institution,
and team. By keeping these requirements in mind, the design team can create a game that is accessible, engaging, and tailored to the
needs of the target population [62,63].

The educational content within DiaPo aims to improve the self-management skills of type 2 diabetes patients. To achieve this, the
Sukr framework was utilized as a guideline for designing a game-like self-management system for diabetes (Fig. 1). Educational
content was incorporated into gamification using the framework’s eight components, which are crucial for successful gamification of
diabetes self-management [22,64,65].

Gamification is a powerful tool that can be used to create an enjoyable and engaging learning experience. Our team has developed a
game specifically designed to educate type 2 diabetes patients about essential aspects of self-management. The game incorporates four
key elements: Fun, Self-Management, Growth, and Motivation [66,67].

In terms of Fun, the game integrates badges, points, challenges, and competition to enhance user engagement. Users can earn points
through correct responses to questions, allowing them to track their ranking compared to others. Captivating animations related to the
educational content have also been incorporated to further enhance the game’s appeal and interactivity.

Regarding Self-Management, our game comprehensively covers the educational requirements of type 2 diabetes patients. It is
structured into six axes, each featuring relevant and visually appealing animations and images. The content has been meticulously
analyzed using segmentation, thematic analysis, and standardization. Messages have been evaluated for accuracy, transparency,
relevance, and comprehensiveness. Users receive feedback symbolized by each educational axis, such as a blood drop animation with a
confirmation sign for knowledge-based messages related to blood pressure.

Growth is an essential element of our game. Providing meaningful and relevant feedback is integral to the success of gamification.
We ensure continuous feedback throughout the game, including rewards and incentives. Users can earn cups signifying progress upon
completion of each axis. Feedback is also utilized to encourage users to revisit messages if they answer questions incorrectly. Phased
feedback is provided every 5 to 6 messages, allowing users the option to continue or exit the game.

Motivation is another key component of our game. Our focus is on providing accurate, comprehensive, and transparent answers to
the questions and informational needs of type 2 diabetes patients. Internal motivation is expected from users to engage with the game.
Additionally, visual and auditory factors, along with an attractive design, serve to boost external motivation. Users can earn points and
monitor their progress in the game, thereby increasing their awareness of diabetes self-management and motivating continued
participation.

Recognizing the significance of social interaction in gamification, we have incorporated features that allow users to share the game
with friends through active social networking platforms on their smartphones. Furthermore, users have the opportunity to engage with
the game design team, ask questions, participate in surveys, and provide feedback on their experience with the game’s content,
appearance, and usability.

Drawing from Maslow’s theory, our gamification elements aim to fulfill users’ need for respect and recognition within the right
context. Users can view their leaderboard ranking, progress bar, and receive trophies, thereby satisfying their need for acknowl-
edgment and positively impacting their self-esteem. The game’s progress bar displays the user’s advancement in all stages of the game,
while also allowing them to track completion of image puzzles related to the educational axes.

Personalized profiles are essential in showcasing users’ goals and abilities within the gamified system, thus enhancing their ability
to interact with the platform. At the onset of the game, users can introduce themselves by selecting a preferred name and answering
questions related to their diabetes self-management lifestyle to receive tailored feedback.

To ensure lasting effects of gamification, we have integrated specific elements (stimulus, flow, storyline/theme, and flip) into the
Sukr framework based on game design and behavioral theories. Flow and storyline are effective in sustaining long-term user attention
in educational games, while trigger and flip are designed to influence user behavior in a desired direction. Additionally, we send
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Fig. 1. Wheel of sukr.
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reminders to encourage users to engage with the game and receive educational messages. These reminders undergo review and
approval by three experts specializing in medical education, clinical psychology, and medical informatics.

2.8. Third phase: game evaluation

In the third phase of the project, an assessment was conducted on a serious game aimed at educating individuals on self-
management of type 2 diabetes. This evaluation occurred at two distinct levels: process evaluation, effect evaluation. The process
evaluation, entailed comprehensive testing of the initial version of the DiaPo game from various perspectives. This involved identifying
any bugs and making necessary enhancements prior to its release. The game was downloaded and installed on multiple devices to
uncover any potential issues. The initial test version, known as the “Alpha” version, was made available to testers during the game
design phase, enabling the research team to modify and enhance the game before finalization [68,69]. The research team, comprising
individuals with expertise in endocrine and medical informatics, as well as game design specialists, provided valuable feedback that
was instrumental in refining the game and addressing any identified issues. Through this iterative process, general defects within the
game were identified and rectified, ensuring an improved final product.

In order to effectively communicate and distribute our game to our target audience, we employed a comprehensive approach that
involved a variety of coordinated actions. One key aspect of our strategy was the establishment of dedicated social network accounts on
platforms such as Telegram, Bale [70], and Eitaa [71]. These platforms played a vital role in our outreach efforts, serving as important
channels for engaging with our audience and disseminating information about DiaPo. Additionally, we strategically placed posters in
diabetes clinics to encourage patients to participate in DiaPo through our digital channels. Furthermore, we expanded our outreach by
directly contacting patients, obtaining their contact information, including phone numbers, and reaching out to them through
personalized invitation messages. These messages were tailored specifically for individuals living with Type 2 Diabetes Mellitus,
extending a warm invitation to join the DiaPo community. Our goal was to ensure that DiaPo was accessible to those with Type 2
Diabetes Mellitus by providing multiple avenues for engaging with our educational game.

The study conducted a thorough statistical analysis using a dataset obtained from a dedicated email for the game. This dataset
encompassed a wide range of variables, including user demographics such as age, gender, and educational background, as well as
performance metrics related to user engagement in the game. These metrics comprised the number of correct and incorrect answers,
total duration of participation, and frequency of game utilization. Additionally, the dataset tracked user progress through the questions
section, including the number of questions answered and remaining. It also included individual scores achieved by users, which served
as indicators of their performance and mastery of the game’s content. Moreover, qualitative insights from user feedback via polls and
messages provided valuable information about user perceptions and experiences. The meticulous analysis of this comprehensive
dataset aimed to extract meaningful insights and draw robust conclusions, thereby enhancing our understanding of user engagement
and learning outcomes within the DiaPo diabetes empowerment game.

Analyzing the evaluation results using specific heuristics allowed us to identify the strengths and weaknesses of the DiaPo game’s
user interface. Furthermore, incorporating both experts and real users in the evaluation process enriched its significance, offering a
diverse perspective on usability and user satisfaction. The insights obtained will guide us in refining and enhancing the game’s user
interface, ultimately contributing to an improved user experience and the successful achievement of our educational objectives.

2.9. Ethical aspects

The project places a strong emphasis on ethical considerations, particularly in relation to data protection and privacy. It adheres to
stringent standards to ensure the safeguarding of user information. Notably, the project does not require user registration, and no user
data is stored in databases. Instead, only indirect reports and temporary data related to user interactions are utilized for analysis, thus
prioritizing the rigorous protection of user privacy. Importantly, the project fully complies with all data usage regulations in the Is-
lamic Republic of Iran and transparently communicates to users about the indirect use of non-sensitive data, thereby promoting
transparency and fostering trust. Furthermore, the project has undergone a comprehensive ethical review and obtained approval from
the Ethics Committee of Mashhad University of Medical Sciences, as evidenced by the Ethics Committee Code: IR.MUMS.
REC.1400.105. This underscores the project’s unwavering commitment to upholding ethical and legal standards, particularly with
regard to data usage and privacy. Prior to engaging in any research procedures, written informed consent was diligently obtained from
all participants, ensuring that they were fully informed and had the opportunity to explicitly grant consent for their participation. This
meticulous process reflects the project’s dedication to upholding ethical principles and safeguarding the rights of participants. The
project’s unwavering commitment to obtaining informed consent further underscores its adherence to ethical and legal standards
across all aspects of implementation, particularly in relation to data usage and privacy.

3. Results and discussion
The research findings will be presented as the outcomes of three phases of needs assessment, game design and game evaluation.
3.1. First phase: need assessment

A structured review was conducted to identify the information needs of type 2 diabetes patients. A search in the PubMed databases
yielded 142 articles, and upon review, it was discovered that a similar study had gathered information needs from 26 articles.
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According to the guidelines published by the Agency for Healthcare Research and Quality (AHRQ), if the research question of an
existing study aligns with the PICO elements of the ongoing study, the existing study can be considered for use in the new study. As a
result, 14 articles were accepted for inclusion in the current study. To supplement the findings, a search was conducted between July
2015 and October 2021, resulting in the retrieval of 42 articles, of which 3 were eligible for inclusion. In addition, 58 clinical
guidelines were retrieved from the International Bank of Clinical Guidelines, and 4 were accepted for full text review. The Diabetes
Educator Training Guide in the Systematic Comprehensive Model of Health Education and Promotion (SHEP) was also reviewed as an
internal source.

To identify and screen the most important informational needs of type 2 diabetes patients, three nurses with expertise in diabetes
self-management were enlisted to validate the messages. The evaluation process involved assessing the messages for accuracy,
transparency, relevance, and comprehensiveness. Messages scoring above 75 % in each index were accepted, while those scoring
below 75 % underwent correction and re-evaluation. Approximately half of the messages were accepted in the initial stage, with the
remaining undergoing a second stage of evaluation. Based on the results of the first validation stage, appropriate corrective actions
were taken, including deletion, rewriting, or literary editing, depending on the specific shortcomings identified. In cases where the
completeness of messages was not approved, new messages were added. Ultimately, 192 messages across 10 chapters were approved,
with an average evaluator score of 97.75 % for accuracy, 87.86 % for transparency, 83.5 % for relevance, and 82.47 % for compre-
hensiveness, all of which were considered acceptable.

To develop a questionnaire aimed at evaluating the information requirements of individuals with type 2 diabetes, we proceeded by
creating 192 educational messages categorized into 10 distinct headings. These messages were subjected to evaluation by three as-
sessors to ensure their appropriateness. Subsequently, we administered the questionnaire to 10 type 2 diabetes patients to gauge the
perceived significance and urgency of self-care education needs related to diabetes. Following the collection of responses, we calcu-
lated an importance and priority index for each heading, considering those that scored above 75 % as meeting the necessary criteria.
These selected messages and headings were then deemed as the final educational content suitable for inclusion in the DiaPo educa-
tional game.

The process of identifying and prioritizing the information needs of type 2 diabetes patients has resulted in the identification of six
main axes, each with specific topics that are essential for patient education and support. These axes, labeled as diabetes, nutrition, drug
use, physical activity, blood pressure control, and foot health, encompass a wide range of knowledge-based messages that are crucial
for the management and understanding of type 2 diabetes.

The diabetes axis comprises 28 messages that cover factors affecting high blood sugar, signs of high blood sugar in the body, and the
consequences of high blood sugar. These messages are fundamental in helping patients understand the impact of their condition and
how to manage it effectively.

In the nutrition axis, 37 knowledge-based messages focus on the dangers of improper nutrition, the effects of high sugar intake, and
the importance of following proper nutrition for controlled sugar levels. These messages aim to guide patients in making informed
dietary choices to better manage their diabetes.

The library of drug use messages includes 8 knowledge-based messages that provide information on the application, mechanism of
action, conditions of use, and side effects of drugs used in diabetes management. Additionally, these messages address motivational
aspects and overcoming obstacles to regular drug use, offering patients comprehensive support in medication management.

The physical activity axis covers 25 messages that emphasize the importance and benefits of physical activity, highlight the risks of
inactivity, and provide sports recommendations tailored to different weather conditions throughout the year. These messages aim to
encourage patients to engage in regular physical activity as part of their diabetes management plan.

The blood pressure control axis contains 53 knowledge-based messages that address the causes of high blood pressure, signs and
symptoms of hypertension, as well as its complications and consequences. These messages are crucial in educating patients about the
importance of blood pressure management in relation to their diabetes.

Finally, the foot health axis encompasses 6 messages that offer guidance on choosing the right shoes and foot care practices. These
messages are essential in preventing and managing diabetic foot complications, which are common among type 2 diabetes patients.

In summary, the identification of these knowledge-based messages across the six main axes provides valuable insights into the
information needs of type 2 diabetes patients. These messages are integral in shaping the educational content and support systems
aimed at empowering patients to effectively manage their condition and improve their overall well-being.

The serious game’s educational objectives are specifically tailored to address the information needs of individuals dealing with type

((((Need*[Title] OR Wish*[Title] OR Desire*[Title] OR Preference*[Title] OR Request*[Title] OR require*[Title] OR Seek*
[Title] OR provision*[Title] OR perception*[Title] OR expectation*[Title] OR interest*[Title] OR question*[Title] OR
ask*[Title] OR search*[Title] OR demand*[Title] OR call*[Title] OR Talk*[Title])) AND (Information[Title] OR
Knowledge[Title] OR Awareness[Title] OR Self-care[Title] OR self-management[Title] OR education[Title] OR support
[Title])) AND (Diabetes[Title] OR Type 2 diabetes[Title] OR Diabetes mellitus type 2[Title] OR Diabetic[Title] OR T2DM
[Title])) AND (Patient*[Title] OR People[Title])
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2 diabetes. The game encompasses six distinct subject areas, each meticulously designed to deliver targeted information and support.
The first area, The Diabetes Alphabet, provides a comprehensive understanding of the factors influencing blood glucose levels,
elucidating symptoms and consequences while delving into detailed exploration. The nutritional advice section offers crucial insights
into the risks of poor nutrition and non-compliance with dietary guidelines, emphasizing controlled carbohydrate intake and healthy
eating habits. The drug use segment delves into the complexities of medication management, offering valuable information on usage,
mechanisms of action, and potential side effects, along with addressing motivational aspects and strategies for overcoming barriers to
medication adherence.

Recognizing the significance of physical activity, the game includes three key areas highlighting its importance and benefits,
outlining the risks of physical inactivity and providing comprehensive exercise recommendations. The blood pressure category is
divided into five sections, clarifying the factors contributing to high blood pressure and delivering messages about symptoms, com-
plications, and potential consequences, offering a comprehensive understanding of the field. Lastly, the foot health section offers
valuable guidance on selecting appropriate footwear and optimal foot care practices, raising awareness about the importance of
effective foot health management.

Through these intricately designed subject areas, the serious game effectively achieves its educational objectives, equipping users
with the knowledge and skills necessary for informed and empowered self-management of type 2 diabetes. These outcomes underscore
the game’s commitment to providing comprehensive learning experiences for its users.

In the process of conducting a review for the purpose of digital game design, a comprehensive search strategy yielded a total of
1572 studies. These articles underwent thorough scrutiny to identify and eliminate any duplications, resulting in 1397 unique articles.
Subsequently, two researchers independently assessed the titles and abstracts of the remaining articles, leading to the exclusion of
1252 articles that did not align with the predetermined inclusion criteria. The full text of the remaining 145 articles was then obtained
and meticulously examined, with particular attention given to screening their references in order to identify any additional relevant
articles not captured in the original search. Following this rigorous screening process, 84 articles were excluded based on the
established exclusion criteria, leaving 61 articles for further analysis. Additionally, two articles were excluded due to unavailability of
their full text, ultimately resulting in a total of 59 articles being included in the study. This systematic and meticulous approach
ensured that the final selection of articles was comprehensive and aligned with the objectives of the review in the context of digital
game design.

The digital health interventions studied were classified into six groups based on the type of intervention, taking into consideration
factors such as simplicity, comprehensibility, and technological complexity. The categories include telehealth, which encompasses
telemedicine, telecare, teleconferencing, teleconsultation, tele education, telemonitoring, videoconferencing, and real-time video or
audio interventions. Another category is mHealth, which utilizes mobile applications, messaging systems, telephone systems, and call
centers. Web-based services make use of Internet-based tools, online services, and patient portals. Game-based support involves games,
serious games, gamification, virtual reality, and digital games. Social platforms utilize social media platforms such as Facebook,
YouTube, Instagram, Twitter, Pinterest, Reddit, LinkedIn, Tik Tok, Snapchat, QQ, WhatsApp, and Telegram. Lastly, the sensor/device/
computer category involves wearable devices, personal digital assistants, personal smart assistants, pocket computers, pagers, touch
screens, computer-aided assessment, self-monitoring devices, interactive CD-ROM programs, and portable monitoring devices.

There may be overlap between these categories; for example, mobile devices can be used for digital gaming or remote monitoring.
The most common types of interventions evaluated in the reviews were mobile health, web-based interventions, telehealth, sensor/
device/computer interventions, social platforms, and game-based interventions. Approximately 25 % of the reviews examined only
one type of intervention. A significant majority of the studies reported positive effects of digital health interventions on diabetes self-
management.

3.2. Second phase: design and implementation of digital game

The outcomes of the second phase involved the creation and execution of the digital game, including the compilation of the game
scenario. Initially, the game design team developed the game graphics, encompassing the logo and graphic design for each scene in
accordance with the game scenario (Fig. 2). The usage of these graphics is permitted for non-commercial purposes upon obtaining
consent from the game designer. The serious game’s main interface features buttons to access educational messages on predefined
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DiaPo

Fig. 2. sample of game prototype.



S. Ghodousi Moghadam et al. Heliyon 10 (2024) e37755

topics, accompanied by a progress bar indicating the player’s progression and the accuracy of their answers. A quick access icon allows
players to exit the game, while the option to save important and favorite messages is available in the middle and bottom of the page.
The main menu enables users to select their topic of interest, explore training messages, view earned points, participate in surveys,
access saved messages, communicate with game support, and obtain additional information about the project and development team,
all while ensuring privacy protection and allowing username changes. Upon exiting the game, players have the option to share it via
social networks.

Upon selecting a topic from the main menu, users are presented with a series of questions. Following their responses, users receive
feedback on the accuracy of their answers, accompanied by audio-visual effects for enhanced engagement. Successful completion of all
questions results in a congratulatory message and a trophy next to the relevant topic. Conversely, incorrect answers prompt a message
encouraging users to retry the questions. The score page displays the number of correct and incorrect answers for each user, providing
a comprehensive overview of their performance within the game.

The necessary system for serious game development encompasses a comprehensive array of essential requirements aimed at
optimizing accessibility, usability, and user engagement. The game is specifically engineered to offer a seamless and consistent
experience across various mobile platforms, ensuring that users can easily access it without the need for a cumbersome registration
process. Furthermore, the game is designed to be compatible with devices possessing limited processing power and memory capacity,
thereby extending its reach to a wider audience. In addition, users have the capability to enjoy uninterrupted gameplay in offline
mode, eliminating the dependence on an internet connection. This feature enhances the game’s accessibility and usability, particularly
in areas with limited connectivity.

Moreover, users are empowered to track their progress and achievements over time, maintaining a comprehensive history of their
game scores. This functionality not only fosters a sense of accomplishment but also encourages continued engagement with the game.
Furthermore, users have the ability to share their game experiences and achievements on social networks, thereby promoting inter-
action within the community. This social element adds a layer of engagement and connectivity, enriching the overall user experience.

Additionally, users can view their ranks and compare their performance with that of other users, fostering a sense of healthy
competition and motivation for improvement. This competitive aspect can serve as a powerful incentive for continued engagement and
skill development. Furthermore, users have access to additional information and can pose game-related questions to an expert team.
This feature enhances the educational value of the game by providing users with a direct channel for seeking clarification and
additional insights.

It is worth noting that the transparency of the academic members who approved the project and the expert team who developed the
game contributes to building user trust. This transparency underscores the commitment to quality and expertise, instilling confidence
in the game and its educational value.

In summary, these meticulously crafted system requirements are geared towards ensuring that the serious game not only effectively
delivers educational content but also offers a user-friendly and engaging experience that caters to the diverse needs and preferences of
its audience. By prioritizing accessibility, usability, and user engagement, the game is poised to make a meaningful impact in the realm
of serious game development.

In the development of a diabetes-centered educational game, the ADDIE educational system design model was utilized as a
foundational framework, guiding the process through five distinct phases. The initial phase, known as the needs assessment phase,
involved a comprehensive analysis of the information requirements of individuals with type 2 diabetes, with the objective of iden-
tifying essential components for the educational process. Subsequently, the design study phase focused on determining the most
effective approach for delivering necessary information, taking into consideration both educational content and game design. The
subsequent development phase encompassed the creation of educational content and the actual design and construction of the serious
game within the Unity environment. Following this, the implementation study phase was dedicated to executing the educational
process and making the designed game accessible to the target audience. Finally, the evaluation study phase involved an extensive
collection of data and analyses to assess the game’s effectiveness in achieving its educational objectives.

Throughout the design and development stages, the MDA (Mechanics, Dynamics, Aesthetics) framework was extensively incor-
porated into the game. This framework played a pivotal role in shaping the mechanics, dynamics, and aesthetics of the game, ulti-
mately resulting in a comprehensive and captivating user experience. The focus on mechanics centered on establishing the rules and
structural components of the game, providing the game designer with the ability to influence player behavior and shape their
interaction with game elements. In addressing dynamics, emphasis was placed on the interaction between players and the functional
aspects integrated within the game, ensuring that player reactions to game mechanics were carefully evaluated to maintain an
engaging and responsive user experience. Aesthetic considerations were directed towards the emotional impact of player interactions
within the game environment, aiming to evoke specific emotional responses and interactions from players to create an immersive and
emotionally resonant overall game experience.

The gamification of educational content has become increasingly popular in the field of education, with the Sukr framework, also
known as the Sukr Cycle, emerging as a valuable tool for this purpose. This framework comprises eight key components that contribute
to an engaging and multifaceted user experience, making it a valuable asset in the gamification of educational content. By integrating
the Sukr framework into serious games, educational content can be contextualized in a way that promotes user engagement and
enhances learning outcomes.

The game begins by allowing users to personalize their experience through the selection of a username and description of their
unique style of self-management. This initial step encourages users to reflect on their self-management choices and receive feedback,
thereby increasing their understanding and active participation (Fig. 3). The game encompasses various aspects related to diabetes
self-management, including user information, blood sugar control, dietary choices, physical activity, blood pressure, foot care, stress
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levels, sleep patterns, and lifestyle habits. The incorporation of engaging animations throughout the game ensures that an element of
fun is maintained while delivering educational content.

Knowledge-based messages about blood pressure are presented in the form of questions, with correct answers triggering positive
animations and confirmation icons. This integration of text, sound, and images engages users’ senses and enhances their understanding
and retention of the content. The game is designed across six dimensions, each enriched with attractive animations and images. Careful
content analysis ensures that educational messages are accurate, clear, relevant, and comprehensive. A progress bar visually tracks the
user’s advancement through the game, reinforcing a sense of accomplishment and value. Continuous feedback is provided as users
respond to knowledge-based messages, with instant audio and video feedback enabling them to gauge the accuracy of their choices.
Users also receive badges as they progress through each dimension, serving as a motivational tool.

The phased delivery of content ensures that users receive feedback and opportunities to review. Users witness the gradual
completion of puzzles related to educational dimensions as they choose the correct options, with scores and progress tracking
encouraging continued engagement and increasing awareness of diabetes self-management. Notification reminders prompt users to re-
engage with the game and receive additional messages, ensuring that their information needs are consistently met. The game’s
foundation in meeting the information needs of type 2 diabetes patients is evident in its provision of accurate, comprehensive, and
transparent answers that serve as internal motivation and align with users’ information needs.

Extrinsic motivation is fostered through attractive design, visual and auditory elements, and gamification features. The compre-
hensive educational content covers all aspects of diabetes self-management in every dimension, with feedback delivered through
carefully designed personas associated with each training aspect to sensitively educate users on best practices and potential pitfalls.
Additionally, the game allows users to share it with their friends on active social media platforms and interact with the game design
team through polls, ensuring a collaborative and community-oriented approach.

Overall, the Sukr framework is intricately woven into the fabric of the game, creating an engaging learning experience that ad-
dresses intrinsic and extrinsic motivation, promotes learning, and fosters a sense of growth and achievement among users.

The development process for the DiaPo self-management training game involved several key steps, all of which were crucial in
creating an engaging and educational gaming experience. Using Visual Studio 2019 and the Unity environment, the game was
meticulously programmed to ensure a seamless and immersive experience for the players. The hierarchical approach to the design
process can be outlined as follows:

Firstly, educational content and knowledge-oriented messages were compiled to form the foundation of the game’s learning ob-
jectives. This was followed by the design of the game play style, which was carefully crafted to align with the educational content and
provide an interactive learning experience for the players. The compilation of the game scenario and the design of required items were
then carried out to further enhance the overall gaming environment.

In the Unity 2020.3.33f1 environment, items were strategically placed to optimize the visual and functional aspects of the game.
The presentation of educational messages was designed using the Sukr framework, ensuring that the delivery of educational content
was both effective and engaging. These educational messages were then integrated into the Unity environment to seamlessly blend
with the overall gaming experience.

The design and placement of game characters, along with the creation and integration of required animations, played a pivotal role
in bringing the game to life. This was followed by meticulous game programming and coding in the Visual Studio 2019 environment,
ensuring that all elements of the game functioned seamlessly and in accordance with the intended design.

Attention to detail was also given to the Unity environment lighting, as well as the incorporation of voicing and sound effects to
further enhance the immersive nature of the game. The design of the game list, along with alpha output for game modification and beta
output for bug fixes, were essential in refining and optimizing the game for release.

In summary, the development process for the DiaPo self-management training game involved a systematic and comprehensive
approach to game design, programming, and integration of educational content. Each step was carefully executed to ensure that the
final product delivered an enriching and enjoyable experience for players while effectively conveying key self-management principles.

3.3. Third phase: game evaluation

In the third Phase, results of the digital game evaluation involved two key stages: process evaluation and effect evaluation. During
the process evaluation, which took place during the development of the Alpha version of the game, the research team had the op-
portunity to identify and address general defects in the game design. This stage allowed for modifications and improvements to be
made before the finalization of the game. Moving on to the effect evaluation, which took place during the “Beta” version, the focus
shifted to examining the effectiveness of the game and gathering feedback from the target audience [72,73]. Specifically, a pilot group
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Fig. 3. feedback characters for Medication Use, Physical Activity, Blood Pressure, and Foot Health.
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of type 2 diabetes patients provided valuable insights that were incorporated into the game to enhance its relevance and impact.
Additionally, a broader group of testers, including experts in game design, application design, website design, as well as endocri-
nologists and diabetologists, further evaluated the beta version from various perspectives. This comprehensive testing process enabled
the identification and resolution of minor issues, ensuring that the creators were satisfied with the modified version of the game prior
to its release.

Over the span of three months, DiaPo was successfully distributed to patients, resulting in a total of 142 installations being
completed. Among these installations, 109 individuals actively engaged with the educational messages by reading and interacting with
them. DiaPo is designed with 17 demographic questions and 157 educational questions, thus offering a comprehensive assessment
framework that integrates several key parameters. Users are provided with the flexibility to access and review the educational mes-
sages as many times as they desire, enabling them to revisit and reinforce their understanding of the content at their convenience. A
report detailing the functional parameters of the educational game DiaPo, based on a sample size of 53 users, provides valuable in-
sights into its effectiveness and user engagement (Table 1).

Users’ feedback on the program was assessed through a survey, with 25 participants providing responses on various aspects of the
program. The survey questions aimed to gain insights into user satisfaction, experience, and perceived usefulness of the app, enabling
an evaluation of its effectiveness and identification of areas for improvement based on user feedback. The quality of the game was
evaluated using the MEEGA + scale, with 21 users actively participating in the process (Table 2). This scale allowed for the classi-
fication of the game into different quality levels based on user perception, ranging from low quality to excellent quality. The quality
level was determined by collecting data using the MEEGA + measurement tool. Additionally, a comprehensive quality assessment was
conducted to gather users’ views on the dimensions of usability, player experience, and perceived learning in the DiaPo educational
game. Each criterion was rated on a scale of 1-5, with the maximum cumulative score across all dimensions being 105, providing
average scores and clarifying the performance of the game across various dimensions.

The users’ assessment of the program was conducted through a survey, which aimed to gauge satisfaction and opinions regarding
different aspects of the program. The survey questions provided valuable insights into user experience, satisfaction, and the perceived
usefulness of the app. This evaluation enabled the identification of potential areas for improvement based on user feedback. The
quality of the game was evaluated using the MEEGA + scale, with 21 users actively participating in the process. The MEEGA + scale
allowed for the classification of the game into different quality levels based on user perception (Table 3). These levels ranged from low
quality to excellent quality, with the determination made by collecting data using the MEEGA + measurement tool. Furthermore, a
comprehensive quality assessment of DiaPo was conducted to provide average scores across various dimensions and clarify its per-
formance. This assessment gathered users’ views on the characteristics of three important dimensions of the DiaPo educational game:
usability, player experience, and perceived learning. Each criterion was rated on a scale of 1-5, with 5 being the highest score, and the
maximum cumulative score in all dimensions was 105. The evaluation revealed that DiaPo achieved high average scores in usability,
player experience, and perceived learning outcomes, indicating a positive user response to the program.

Experts were enlisted to evaluate the quality of the educational game, DiaPo, through a questionnaire designed and reviewed by
Mehraeen et al. [74] A total of 13 experts provided their opinions on four key aspects of DiaPo: user-friendliness, ease of use, security
and reliability, as well as motivational and educational effects. Each aspect was rated on a scale of 1-5, with 5 being the highest score,
resulting in a maximum cumulative score of 65 across all dimensions (Table 4). The expert group comprised 8 women and 5 men, with
4 holding doctorates and 9 possessing master’s degrees. Additionally, 8 of the experts were employed professionals, while 5 were
students, with 11 falling between the ages of 18 and 40, and 2 being over 40 years old. Upon consolidating the experts’ scores, DiaPo
was categorized into four distinct levels based on the total score: poor (25 % of the total score), moderate (25-50 % of the total score),
good (50-75 % of the total score), and very good (more than 75 % of the total score). The average scores for user-friendliness, ease of
use, security and reliability, and motivational and educational effects were 54.2, 50.5, 53.7, and 54.7, respectively.

4. Conclusion

In conclusion, the development of DiaPo, a mobile serious game designed to assist individuals in effectively managing type 2
diabetes, represents a significant advancement in addressing the escalating global diabetes epidemic. The research project underwent
three distinct phases, each contributing significantly to addressing the educational needs of individuals with Type 2 Diabetes Mellitus
(T2DM). The initial phase involved a comprehensive analysis to identify the specific educational requirements of T2DM patients,
providing valuable insights regarding the informational gaps and challenges faced by patients in effectively managing their condition.
The second phase focused on the development of an educational serious game tailored to the unique needs of individuals with T2DM,
with the game scenario meticulously designed to deliver essential information and guidance. The final stage involved evaluating the

Table 1

Report of functional parameters of educational game (DiaPo) (n = 53).
Functional Parameters Description (n = 157) Mean + SD
Checked questions Number of questions that users have read 43 +£111
Correct answers Number of correct options selected in response to questions 145 + 171
Wrong answers Number of wrong options chosen in response to questions 140 + 82
Game duration (minutes) Amount of time users spends playing the game 27 + 46
Times entering the game Number of times users enter the game 6+ 10
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Table 2

Game survey questions to evaluate user satisfaction (n = 25).
Evaluation questions Yes — n (%) No —n (%)
Were the app messages helpful to you? 23 (92) 82
Was the app visually appealing to you? (68) 17 (32)8
Was the program easy to use? (96) 24 ®1
Did you like the program overall? (92) 23 ) 2

Table 3
Evaluation of the quality of DiaPo game by users (n = 21).
Features of the options Strongly Agree  Neither agree disagree  Strongly Average (of Percent
game agree nor disagree disagree 105)
applicability The game design is attractive 8 5 4 3 1 80.33 76
The font and color of the text have a 6 9 2 4 0
good combination and consistency
Learning this game was easy for me 4 8 7 2 0
The rules of the game are clear and 7 8 4 2 0
easy to understand
The fonts used in this game are easy to 7 8 4 2 1
read
The colors used in the game are 8 7 4 1 1
meaningful
Player This game is suitably challenging for 6 9 4 2 0 80.8 76
experience me
I feel satisfied with the things I have 6 7 6 2 0
learned from the game
I recommend this game to my 4 10 5 2 0
colleagues
I enjoyed the game 6 7 5 3 0
This game is a suitable training method 9 6 3 3 0
for this disease
Perceived The game helped me remember the 7 9 3 2 0 84.33 80
learning concepts of the diabetes alphabet
The game helped me remember the 8 9 2 2 0
concepts of diabetic nutrition
The game helped me remember the 7 9 4 1 0
concepts of taking medicine
The game helped me remember the 6 10 2 3 0
concepts of physical activity
The game helped me remember the 8 8 5 0 0
concepts of blood pressure control
The game helped me remember the 8 8 1 3 1

diabetic foot concepts

game, incorporating feedback from users and experts to assess its effectiveness and usability, ensuring that the educational serious
game truly met the needs of individuals living with T2DM and contributed to their overall well-being.

Leveraging the MEEGA + model, a comprehensive framework for evaluating educational games, our research focused on usability
and player experience, both of which have a substantial impact on user satisfaction and learning outcomes. The evaluations from users
and experts alike have indicated that DiaPo is a game of exceptional quality, with its user-friendly interface and valuable messaging
appealing to a broader demographic. The game’s narrative follows a type 2 diabetes patient earning positive points for making correct
choices related to medication consumption, diet, physical activity, and more while receiving negative points for incorrect choices. User
feedback has emphasized the value of DiaPo’s messages and its user-friendly interface, demonstrating the game’s potential to effec-
tively cater to the educational needs of individuals managing type 2 diabetes. Furthermore, the game’s appeal to users who were not
regular digital gamers underscores its ability to engage a broader demographic.

The integration of gamification into the design of DiaPo represents a promising avenue for enhancing patient engagement and
promoting positive behavior change. By leveraging technology and game-design principles, this innovative approach has the potential
to revolutionize the delivery of self-management education for T2DM patients, ultimately improving their quality of life and reducing
the burden of this chronic condition on healthcare systems. In the face of the growing global diabetes epidemic, innovative digital tools
such as DiaPo offer a timely and effective approach to combatting this pressing global health challenge. The success of DiaPo serves as
evidence of the capability of well-designed serious games not only to educate but also to motivate and engage individuals in their self-
management journey, highlighting its potential for broad-reaching impact.

In summary, DiaPo exemplifies the potential of serious games to enhance diabetes self-management and empower patients through
engaging and informative experiences. The development of DiaPo represents a significant advancement in addressing the educational
needs of individuals managing type 2 diabetes. The success of DiaPo serves as evidence of the capability of well-designed serious games
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Table 4
Evaluation of the quality of DiaPo educational game from the point of view of experts (n = 13).
Features of the game Options Strongly agree  Neither agree disagree  Strongly Average (of  Percent
agree nor disagree disagree 65)

User friendly Readability of the text 6 7 0 0 0 54.17 79
Appropriateness of the font 6 5 1 1 0
used
Use the appropriate form and 4 5 4 0 0
sign
The appropriateness of the 4 4 4 1 0
music used
Variety of colors used 3 6 2 2
Desirability of the user 3 5 3 1 1
environment

ease of use Ease of searching for 3 4 4 2 0 50.5 77
information
Easy to change pages 4 4 4 1 0
Ease of applying user settings 4 3 3 2 1
Easy registration of 8 3 2 0 0
information
Ease of returning to the home 4 5 3 1 0
page
Ease of returning to previous 5 4 2 2 0
pages

Security and reliability Suitable reminder for training 5 6 1 0 1 53.67 82
The level of security and 5 6 2 0
confidentiality
The validity of the information 9 4 0 0 0
The accuracy of the 8 5 0 0 0
information
Change username 4 4 1 3 1
Use username 4 4 2 2 1

Motivational and Providing appropriate 8 5 0 0 0 54.71 84

educational effects educational information

Use motivational messages 7 4 2 0 0
Motivate to follow the diet 6 6 1 0 0
Incentivize the visit 3 7 3 0 0
Motivation to continue 5 4 4 0 0
treatment
Recommend the software to 5 3 5 0 0
others
Willingness to use the software 5 3 5 0 0

not only to educate but also to motivate and engage individuals in their self-management journey, highlighting its potential for broad-
reaching impact. Further research and evaluation will be conducted to assess the effectiveness of DiaPo in promoting behavior change
and improving health outcomes for T2DM patients, solidifying its role as a valuable tool in patient education and empowerment.

4.1. Key features
DiaPo incorporates several key features to enhance the learning experience for patients with T2DM. These features include.

- Gamified Learning: By integrating game mechanics such as points, rewards, and feedback, DiaPo aims to make self-management
education engaging and motivating for patients.

- Interactive Animations: The use of interactive animations allows for immediate feedback on patient choices, reinforcing learning
outcomes in a visually engaging manner.

- Flexibility and Adaptability: DiaPo is designed to be flexible and adaptable, catering to diverse learning styles and preferences
among patients with T2DM.

- Multidisciplinary Approach: The development team’s expertise in medical informatics, game design, and diabetes care ensures a
comprehensive and holistic approach to patient education.

4.2. Clinical application

DiaPo has the potential to be integrated into clinical practice as a supplementary tool for T2DM education. Healthcare providers
can recommend DiaPo to their patients as a means of reinforcing self-management strategies and providing ongoing support outside of
clinical settings. The game’s user-friendly interface and engaging content make it an attractive option for patients seeking additional
resources for disease management.
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4.3. Future directions

As mobile serious games continue to gain traction in healthcare, future directions for DiaPo include ongoing updates and en-
hancements based on user feedback and emerging technologies. Additionally, research studies can be conducted to evaluate the impact
of DiaPo on patient knowledge, self-management behaviors, and clinical outcomes. Collaborations with healthcare organizations and
patient advocacy groups can further promote the adoption of DiaPo as a valuable resource for T2DM education.

4.4. Limitation
The limitations of this article are.

1. Generalizability: Although the research focuses on developing a serious game for patients with type 2 diabetes, the findings might
not apply universally to other populations without additional testing.

2. Cultural specificity: The study is centered around the Iranian context, specifically at Mashhad University of Medical Sciences, which
could limit the applicability of the findings outside of that region unless cultural adaptation is performed.

3. Longitudinal evaluation: The article mentions future research and evaluation to assess the effectiveness of the serious game in
promoting behavior change and improving health outcomes for type 2 diabetes patients. Without long-term follow-up data, it
remains uncertain how sustainable the benefits of the intervention would be.

These limitations do not necessarily invalidate the work but rather highlight areas where further investigation or refinement might
be needed to strengthen the conclusions drawn from the research.

Data availability statement

You can access my game by clicking on the following link:
https://s32.picofile.com/file/8478865642/DiaPo_V_2_0.apk.html.

CRediT authorship contribution statement

Sara Ghodousi Moghadam: Writing — review & editing, Writing — original draft, Visualization, Validation, Supervision, Software,
Resources, Project administration, Methodology, Investigation, Funding acquisition, Formal analysis, Data curation, Conceptualiza-
tion. Zahra Mazloum Khorasani: Writing — review & editing, Visualization, Supervision, Conceptualization. Nahid Sharifzadeh:
Writing — review & editing, Visualization, Software. Hamed Tabesh: Writing — review & editing, Visualization, Supervision, Project
administration, Methodology, Investigation, Funding acquisition, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

References

[1] S. Kocbek, P. Kocbek, L. Gosak, N. Fijacko, G. Stiglic, Extracting new temporal features to improve the interpretability of undiagnosed type 2 diabetes mellitus
prediction models, J Pers Med 12 (3) (2022).
[2] A. Tol, F. Alhani, D. Shojaeazadeh, G. Sharifirad, N. Moazam, An empowering approach to promote the quality of life and self-management among type 2
diabetic patients, J. Educ. Health Promot. 4 (2015) 13.
[3] A.H.Krist, S.T. Tong, R.A. Aycock, D.R. Longo, Engaging patients in decision-making and behavior change to promote prevention, Stud. Health Technol. Inf. 240
(2017) 284-302.
[4] S.B. Haga, R. Mills, J. Aucoin, J. Taekman, Interprofessional education for personalized medicine through technology-based learning, Per Med 12 (3) (2015)
237-243.
[5] E. Swartwout, A. El-Zein, P. Deyo, R. Sweenie, R. Streisand, Use of gaming in self-management of diabetes in teens, Curr. Diabetes Rep. 16 (7) (2016) 59.
[6] K. Krishnamurthy, N. Selvaraj, P. Gupta, B. Cyriac, P. Dhurairaj, A. Abdullah, et al., Benefits of gamification in medical education, Clin. Anat. 35 (6) (2022)
795-807.
[7] A. Kuwabara, S. Su, J. Krauss, Utilizing digital health technologies for patient education in lifestyle medicine, Am. J. Lifestyle Med. 14 (2) (2020) 137-142.
[8] C. Cheek, T. Fleming, M.F. Lucassen, H. Bridgman, K. Stasiak, M. Shepherd, P. Orpin, Integrating health behavior theory and design elements in serious games,
JMIR Ment Health 2 (2) (2015) ell.
L. Patchen, L. Ellis, T.X. Ma, C. Ott, K.H.K. Chang, B. Araya, et al., Engaging african American youth in the development of a serious mobile game for sexual
health education: mixed methods study, JMIR serious games 8 (1) (2020) e16254.
[10] J. Ngrlev, C. Derosche, K. Sondrup, O. Hejlesen, S. Hangaard, Using distance communication for the user-centered development of a smartphone-based serious
game for children with type 1 diabetes: participatory design approach, JMIR serious games 10 (1) (2022) e33955.
[11] U. Ernawati, T.A. Wihastuti, Y.W. Utami, Effectiveness of diabetes self-management education (DSME) in type 2 diabetes mellitus (T2DM) patients: systematic
literature review, J Public Health Res 10 (2) (2021).
[12] Y. Wu, H. Min, M. Li, Y. Shi, A. Ma, Y. Han, et al., Effect of artificial intelligence-based health education accurately linking system (AI-HEALS) for type 2 diabetes
self-management: protocol for a mixed-methods study, BMC Publ. Health 23 (1) (2023) 1325.
[13] D. Suh, H. Kim, E.E. Suh, H. Kim, The effect of game-based clinical nursing skills mobile application on nursing students, Computers, informatics, nursing : CIN
40 (11) (2022) 769-778.

[9

[}

14


https://s32.picofile.com/file/8478865642/DiaPo_V_2_0.apk.html
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref1
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref1
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref2
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref2
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref3
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref3
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref4
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref4
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref5
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref6
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref6
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref7
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref8
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref8
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref9
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref9
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref10
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref10
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref11
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref11
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref12
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref12
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref13
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref13

S. Ghodousi Moghadam et al. Heliyon 10 (2024) e37755

[14] D.J. Cook, A. Moradkhani, K.S. Douglas, S.K. Prinsen, E.N. Fischer, D.R. Schroeder, Patient education self-management during surgical recovery: combining
mobile (iPad) and a content management system, Telemed. J. e Health : the official journal of the American Telemedicine Association 20 (4) (2014) 312-317.

[15] M. Fitzgerald, G. Ratcliffe, Serious games, gamification, and serious mental illness: a scoping review, Psychiatr. Serv. 71 (2) (2020) 170-183.

[16] L. Altomari, N. Altomari, G. Iazzolino, Gamification and soft skills assessment in the development of a serious game: design and feasibility pilot study, JMIR
serious games 11 (2023) e45436.

[17] C. Rutledge, C.M. Walsh, N. Swinger, M. Auerbach, D. Castro, M. Dewan, et al., Gamification in action: theoretical and practical considerations for medical
educators, Acad. Med. 93 (7) (2018) 1014-1020.

[18] L.F. Rodrigues, A. Oliveira, H. Rodrigues, Main gamification concepts: a systematic mapping study, Heliyon 5 (7) (2019) e01993.

[19] A.Berglund, T. Jaarsma, E. Berglund, A. Stromberg, L. Klompstra, Understanding and assessing gamification in digital healthcare interventions for patients with
cardiovascular disease, Eur. J. Cardiovasc. Nurs. : journal of the Working Group on Cardiovascular Nursing of the European Society of Cardiology 21 (6) (2022)
630-638.

[20] L. Xu, H. Shi, M. Shen, Y. Ni, X. Zhang, Y. Pang, et al., The effects of mHealth-based gamification interventions on participation in physical activity: systematic
review, JMIR mHealth and uHealth 10 (2) (2022) e27794.

[21] M. Orsoni, A. Dubé, C. Prandi, S. Giovagnoli, M. Benassi, E. Mazzoni, M. Benvenuti, Learning landscape in gamification: the need for a methodological protocol
in research applications, Perspect. Psychol. Sci. (2023) 17456916231202489.

[22] M. Cascella, A. Cascella, F. Monaco, M.N. Shariff, Envisioning gamification in anesthesia, pain management, and critical care: basic principles, integration of
artificial intelligence, and simulation strategies, J Anesth Analg Crit Care 3 (1) (2023) 33.

[23] D. Jaccard, L. Suppan, F. Bielser, Contribution of the co.LAB framework to the collaborative design of serious games: mixed methods validation study, JMIR
serious games 9 (4) (2021) e33144.

[24] S. Carlier, V. Naessens, F. De Backere, F. De Turck, A Software Engineering Framework for Reusable Design of Personalized Serious Games for Health:
Development Study, vol. 11, JMIR serious games, 2023 e40054.

[25] V.C. Sparapani, A.D.S. Petry, R.O.B. Barber, L.C. Nascimento, Prototyping process and usability testing of a serious game for Brazilian children with type 1
diabetes, Computers, informatics, nursing : CIN 41 (12) (2023) 941-948.

[26] E.Haglund, A. Bremander, S. Bergman, I. Larsson, Educational needs in patients with spondyloarthritis in Sweden - a mixed-methods study, BMC Musculoskelet
Disord 18 (1) (2017) 335.

[27] M.L. Marques, R.J.O. Ferreira, P.M. Machado, A. Marques, J.A.P. da Silva, M. Ndosi, Educational needs in people with ankylosing spondylitis and psoriatic
arthritis: a cross-sectional study, Clin. Exp. Rheumatol. 38 (2) (2020) 282-288.

[28] C. Hill, T. Reardon, L. Taylor, C. Creswell, Online support and intervention for child anxiety (OSI): development and usability testing, JMIR formative research 6
(4) (2022) e29846.

[29] R. Harte, L. Glynn, A. Rodriguez-Molinero, P.M. Baker, T. Scharf, L.R. Quinlan, G. Olaighin, A human-centered design methodology to enhance the usability,
human factors, and user experience of connected health systems: a three-phase methodology, JMIR human factors 4 (1) (2017) e8.

[30] A.Revenis, A.C. Johansson, M. Ehn, Integrating key user characteristics in user-centered design of digital support systems for seniors’ physical activity
interventions to prevent falls: protocol for a usability study, JMIR research protocols 9 (12) (2020) e20061.

[31] M.D. Szeto, D. Strock, J. Anderson, T.E. Sivesind, V.M. Vorwald, H.R. Rietcheck, et al., Gamification and game-based strategies for dermatology education:
narrative review, JMIR Dermatol 4 (2) (2021) e30325.

[32] S. Bassanelli, N. Vasta, A. Bucchiarone, A. Marconi, Gamification for behavior change: a scientometric review, Acta Psychol. 228 (2022) 103657.

[33] M. Suppan, G. Catho, T. Robalo Nunes, V. Sauvan, M. Perez, C. Graf, et al., A serious game designed to promote safe behaviors among health care workers during
the COVID-19 pandemic: development of "escape COVID-19", JMIR serious games 8 (4) (2020) e24986.

[34]1 J.H. Cooley, S. Larson, M. Cheung, A preceptor development program using an interactive board game, Curr Pharm Teach Learn 15 (8) (2023) 769-773.

[35] J.F. Villada Castillo, M.F. Montoya Vega, J.E. Munoz Cardona, D. Lopez, L. Quinones, O.A. Henao Gallo, J.F. Lopez, Design of Virtual Reality Exergames for
Upper Limb Stroke Rehabilitation Following Iterative Design Methods: Usability Study. JMIR Serious Games, vol. 12, 2024 e48900.

[36] E. Cowen, The waiting game, Nurs. Child. Young People 29 (2) (2017) 15.

[37]1 J.M. Koivisto, S. Havola, J. Engblom, T. Buure, K. Rosqvist, E. Haavisto, Nursing students’ scenario performance: game metrics in a simulation game, Nurs. Educ.
Perspect. 44 (4) (2023) 222-228.

[38] T. Obana, M. Takubo, Y. Orito, K. Murata, H. Sai, T. Okamoto, The online attention game for digital identity education: an exploratory study, Rev Socionetwork
Strateg 15 (1) (2021) 251-276.

[39] C.M. Donovan, A. Cooper, S. Kim, Ready patient one: how to turn an in-person critical care simulation scenario into an online serious game, Cureus 13 (9)
(2021) el7746.

[40] L. Cunningham, O. Murphy, Embracing the universal design for learning framework in digital game based learning - a set of game design principles, Stud. Health
Technol. Inf. 256 (2018) 409-420.

[41] C.A. Boyd, J. Warren, M.A. Glendon, Gaming the system: developing an educational game for securing principles of arterial blood gases, J. Prof. Nurs. 32 (5s)
(2016) S37-s41.

[42] E.M. Whyte, J.M. Smyth, K.S. Scherf, Designing serious game interventions for individuals with autism, J. Autism Dev. Disord. 45 (12) (2015) 3820-3831.

[43] A. AlMarshedi, G. Wills, A. Ranchhod, Gamifying self-management of chronic i llnesses: a mixed-methods study, JMIR serious games 4 (2) (2016).

[44] A. AlMarshedi, G.B. Wills, A. Ranchhod, The Wheel of sukr: a framework for gamifying diabetes self-management in Saudi arabia, Procedia Computer Science 63
(2015) 475-480.

[45] The application of ADDIE model in developing adventure game-based multimedia learning to improve students’ understanding of basic programming, in: D.
R. Hidayanto, E.F. Rahman, J. Kusnendar (Eds.), 2017 3rd International Conference on Science in Information Technology (ICSITech), IEEE, 2017.

[46] H.R. Saeidnia, M. Kozak, M. Ausloos, C. Herteliu, Z. Mohammadzadeh, A. Ghorbi, et al., Development of a mobile app for self-care against COVID-19 using the
analysis, design, development, implementation, and evaluation (ADDIE) model: methodological study, JMIR formative research 6 (9) (2022) e39718.

[47] N. Balqis, B. Mohammad, MDA Framework in Game Design, Technical University of Malaysia Malacca, 2022.

[48] R. Junior, F. Silva, Redefining the MDA Framework—the pursuit of a game design ontology, Information 12 (10) (2021) 395.

[49]1 W. Walk, D. Gorlich, M. Barrett, Design, dynamics, experience (DDE): an advancement of the MDA framework for game design. Game Dynamics: Best Practices
in Procedural and Dynamic Game Content Generation, 2017, pp. 27-45.

[50] C.N. Burrows, H. Blanton, In-game health communication: delivering low-fear health messages in a low-fear videogame, Game. Health J. 7 (3) (2018) 182-187.

[51] M.R. Munson, J. Jaccard, Mental health service use among young adults: a communication framework for program development, Adm Policy Ment Health 45
(1) (2018) 62-80.

[52] W.E. Rosa, K. Levoy, K. Doyon, M. McDarby, B.R. Ferrell, P.A. Parker, et al., Integrating evidence-based communication principles into routine cancer care,
Support. Care Cancer 31 (10) (2023) 566.

[53] J.K. Haas, A history of the unity game engine, Diss Worcester Polytechnic Institute 483 (2014) 484, 2014.

[54] B. Nicoll, B. Keogh, B. Nicoll, B. Keogh, The Unity Game Engine and the Circuits of Cultural Software, Springer, 2019.

[55] M. Foxman, United we stand: platforms, tools and innovation with the unity game engine, Social Media+ Society 5 (4) (2019) 2056305119880177.

[56] A study of visual studio usage in practice, in: S. Amann, S. Proksch, S. Nadi, M. Mezini (Eds.), 2016 IEEE 23rd International Conference on Software Analysis,
Evolution, and Reengineering (SANER), IEEE, 2016.

[57] Desktop vs Mobile vs Tablet Market Share Worldwide, StatCounter Global Stats (2023) [Available from: https://gs.statcounter.com/platform-market-share/
desktop-mobile-tablet (access date: 9/12/2024).

[58] P. Caserman, K. Hoffmann, P. Miiller, M. Schaub, K. Straburg, J. Wiemeyer, et al., Quality criteria for serious games: serious part, game part, and balance, JMIR
serious games 8 (3) (2020) e19037.

15


http://refhub.elsevier.com/S2405-8440(24)13786-3/sref14
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref14
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref15
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref16
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref16
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref17
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref17
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref18
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref19
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref19
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref19
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref20
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref20
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref21
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref21
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref22
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref22
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref23
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref23
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref24
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref24
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref25
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref25
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref26
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref26
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref27
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref27
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref28
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref28
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref29
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref29
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref30
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref30
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref31
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref31
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref32
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref33
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref33
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref34
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref35
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref35
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref36
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref37
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref37
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref38
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref38
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref39
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref39
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref40
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref40
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref41
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref41
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref42
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref43
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref44
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref44
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref45
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref45
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref46
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref46
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref47
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref48
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref49
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref49
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref50
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref51
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref51
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref52
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref52
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref53
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref54
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref55
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref57
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref57
https://gs.statcounter.com/platform-market-share/desktop-mobile-tablet
https://gs.statcounter.com/platform-market-share/desktop-mobile-tablet
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref59
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref59

S. Ghodousi Moghadam et al. Heliyon 10 (2024) e37755

[59]

[60]

[61]
[62]
[63]

[64]
[65]

[66]
[671

[68]
[69]
[70]
[71]
[72]
[73]

[74]

J.D.S. Gaspar, E.M. Lage, F.J. Da Silva, E. Mineiro, 1.J.R. De Oliveira, I. Oliveira, et al., A mobile serious game about the pandemic (COVID-19-did you know?):
design and evaluation study, JMIR serious games 8 (4) (2020) e25226.

Desktop PC, tablet PC, or smartphone? An analysis of use preferences in daily activities for different technology generations of a worldwide sample. Human
Aspects of IT for the Aged Population Acceptance, in: C. Brohl, P. Rasche, J. Jablonski, S. Theis, M. Wille, A. Mertens (Eds.), Communication and Participation:
4th International Conference, ITAP 2018, Held as Part of HCI International 2018, Las Vegas, NV, USA, July 15-20, 2018, Proceedings, Part I 4, Springer, 2018.
D. Dochev, 1. Hristov, Mobile learning applications ubiquitous characteristics and technological solutions, Cybernetics and information technologies 6 (3)
(2006) 63-74.

C. Hemingway, E.S. Baja, G.V. Dalmacion, P.M.B. Medina, E.G. Guevara, T.R. Sy, et al., Development of a mobile game to influence behavior determinants of
HIV service uptake among key populations in the Philippines: user-centered design process, JMIR serious games 7 (4) (2019) e13695.

A. McWilliams, K. Reeves, L. Shade, E. Burton, H. Tapp, C. Courtlandt, et al., Patient and family engagement in the design of a mobile health solution for
pediatric asthma: development and feasibility study, JMIR mHealth and uHealth. 6 (3) (2018) e68.

A. AlMarshedi, G. Wills, A. Ranchhod, Gamifying self-management of chronic illnesses: a mixed-methods study, JMIR serious games 4 (2) (2016) el4.

Z.K. Westenhaver, R.E. Africa, R.E. Zimmerer, B.J. McKinnon, Gamification in otolaryngology: a narrative review, Laryngoscope Investig Otolaryngol. 7 (1)
(2022) 291-298.

S. Asadzandi, S. Sedghi, S. Bigdeli, M. Sanjari, A systematized review on diabetes gamification, Med. J. Islam. Repub. Iran 34 (2020) 168.

L.A. Diehl, R.M. de Souza, P.A. Gordan, R.Z. Esteves, I.C. Coelho, User assessment of "InsuOnLine," a game to fight clinical inertia in diabetes: a pilot study,
Game. Health J. 4 (5) (2015) 335-343.

P. Krebs, J.E. Burkhalter, B. Snow, J. Fiske, J.S. Ostroff, Development and alpha testing of QuitIT: an interactive video game to enhance skills for coping with
smoking urges, JMIR research protocols 2 (2) (2013) e2416.

Serious games usability testing: how to ensure proper usability, playability, and effectiveness. Design, user experience, and usability theory, methods, tools and
practice, in: T. Olsen, K. Procci, C. Bowers (Eds.), First International Conference, DUXU 2011, Held as Part of HCI International 2011, Orlando, FL, USA, July 9-
14, 2011, Proceedings, Part II 1, Springer, 2011.

bale application [social media]. Available from: https://bale.ai/.

eitaa application [social media]. Available from: https://eitaa.com/.

J.P. Davis, K. Steury, R. Pagulayan, A survey method for assessing perceptions of a game: the consumer playtest in game design, Game Stud. 5 (1) (2005) 1-13.
R. Kuba, S. Rahimi, G. Smith, V. Shute, C.-P. Dai, Using the first principles of instruction and multimedia learning principles to design and develop in-game
learning support videos, Educ. Technol. Res. Dev. 69 (2021) 1201-1220.

E. Mehraeen, T. Noori, Z. Nazeri, M. Heydari, A. Mehranfar, H.R. Moghaddam, V. Aghamohammadi, Identifying features of a mobile-based application for self-
care of people living with T2DM, Diabetes Res. Clin. Pract. 171 (2021) 108544.

16


http://refhub.elsevier.com/S2405-8440(24)13786-3/sref60
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref60
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref61
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref61
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref61
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref62
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref62
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref63
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref63
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref64
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref64
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref65
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref66
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref66
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref67
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref68
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref68
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref69
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref69
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref70
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref70
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref70
https://bale.ai/
https://eitaa.com/
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref73
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref74
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref74
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref75
http://refhub.elsevier.com/S2405-8440(24)13786-3/sref75

	A mobile serious game about diabetes self-management: Design and evaluation
	1 Introduction
	2 Material and methods
	2.1 Study design
	2.2 Theoretical framework
	2.3 First phase: need assessment
	2.4 Second phase: design and implementation of digital game
	2.5 Developing the game scenario
	2.6 Game design
	2.7 Programming
	2.8 Third phase: game evaluation
	2.9 Ethical aspects

	3 Results and discussion
	3.1 First phase: need assessment
	3.2 Second phase: design and implementation of digital game
	3.3 Third phase: game evaluation

	4 Conclusion
	4.1 Key features
	4.2 Clinical application
	4.3 Future directions
	4.4 Limitation

	Data availability statement
	CRediT authorship contribution statement
	Declaration of competing interest
	References


