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ABSTRACT

Human papillomavirus (HPV) vaccination remains a cornerstone of cervical cancer prevention. Innovative strategies are needed to enhance HPV-related knowledge, vaccination intention, and uptake. Serious games have emerged as a promising tool to deliver interactive, engaging, and scalable HPV interventions. The review synthesizes existing information on HPV serious games design, theoretical foundations, learning activities, gamification elements, and technologies. A systematic search was conducted for English-language studies published until December 2025. Twenty-one publications reporting 16 distinct serious games were identified. The sample comprised 21,590 participants (42.1% aged 10-14). Health Behavior Change Theories guided the development of several games; most were digital (87.5%), with quizzes and puzzles being more popular. Gamification elements such as score, avatars, and storytelling were frequently employed. Converging evidence suggests that serious games enhance HPV knowledge and vaccination. The findings highlight theoretical and technological approaches that can guide future interventions and inform serious games integration into national immunization programs.
Key Words: serious games, game-based learning, digital health, human papillomavirus (HPV), HPV vaccination
ΠΕΡΙΛΗΨΗ 
Ο εμβολιασμός κατά του ιού των ανθρωπίνων θηλωμάτων (HPV) αποτελεί βασικό πυλώνα πρόληψης του καρκίνου του τραχήλου της μήτρας. Καινοτόμες στρατηγικές για την ενίσχυση της γνώσης, πρόθεσης και αποδοχής του εμβολιασμού κρίνονται απαραίτητες. Τα παιχνίδια σοβαρού σκοπού αναδεικνύονται ως υποσχόμενο εργαλείο για διαδραστικές, ελκυστικές και ευρέως εφαρμόσιμες παρεμβάσεις. Η ανασκόπηση εξετάζει τον σχεδιασμό, το θεωρητικό υπόβαθρο, τις εκπαιδευτικές δραστηριότητες, τα στοιχεία παιχνιδοποίησης και τις τεχνολογίες των παιχνιδιών HPV. Πραγματοποιήθηκε συστηματική αναζήτηση για μελέτες που δημοσιεύτηκαν έως τον Δεκέμβριο 2025. Εντοπίστηκαν 21 δημοσιεύσεις που αφορούσαν 16 παιχνίδια, με 21.590 συμμετέχοντες (42.1% 10-14ετών). Θεωρίες Αλλαγής Συμπεριφοράς Υγείας καθοδήγησαν την ανάπτυξη αρκετών παιχνιδιών· τα περισσότερα ήταν ψηφιακά (87,5%), με τα κουίζ και τους γρίφους να είναι πιο δημοφιλή. Στοιχεία παιχνιδοποίησης, όπως βαθμολογία, αβατάρ και αφήγηση, χρησιμοποιήθηκαν συχνά. Τα αποτελέσματα αναδεικνύουν θεωρητικές και τεχνολογικές προσεγγίσεις που μπορούν να καθοδηγήσουν μελλοντικές παρεμβάσεις και να βοηθήσουν να ενσωματωθούν τα παιχνίδια σοβαρού σκοπού σε εθνικά προγράμματα εμβολιασμού.
Λέξεις Κλειδιά: παιχνίδια σοβαρού σκοπού, μάθηση μέσω παιχνιδιού, ψηφιακή υγεία, ιός των ανθρωπίνων θηλωμάτων (HPV), εμβολιασμός κατά του HPV
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CHAPTER 1
INTRODUCTION

This bachelor's thesis synthesizes the latest research on the implementation of serious games, both digital and analog, as innovative patient education tools that can enhance human papillomavirus (HPV) knowledge, strengthen vaccination intentions, and support vaccine uptake. Based on existing research, this study is the first systematic review to map the design, technical, and technological features of HPV serious games. Given the persistent gap between current HPV vaccination rates and global targets of the WHO, there is a pressing need for engaging, scalable, and person-centered educational strategies. This structured analysis allows a better insight into how specific study designs and game features contribute to health education and behavior change, improving HPV knowledge and vaccination uptake.
1.1 Literature review

In 2020, the World Health Organization (WHO) introduced a global plan to accelerate the eradication of cervical cancer as a public health issue. As part of this global strategy, interim targets were established for 2030, including achieving full vaccination against HPV in 90% of girls until the age of fifteen (World Health Organization 2020). This global effort was considered necessary because, despite cervical cancer being largely preventable and the HPV vaccine being available since 2006, the integration of HPV vaccination into national immunization programs has progressed gradually, with several countries introducing the vaccine only recently and the HPV immunization rates remaining low across several regions (EPF and European Cancer Organisation 2025). Nevertheless, following the WHO elimination initiative, global adoption has expanded substantially; by 2025, 148 countries had included HPV vaccination in their national immunization programs, providing the vaccine free of charge to targeted groups (Han et al. 2025).
In Greece, HPV vaccines are part of the national childhood vaccination program, with children aged 9-14 receiving two doses and adolescents aged 15-18 receiving three doses of the vaccine without copayment (Greek Republic Ministry of Health, 2023). However, HPV vaccination coverage remains suboptimal despite gradual improvements over time. Based on the latest data available from the Greek National Electronic Prescription Database, adolescent vaccination rates continue to fall short of the WHO’s target of 90% by age 15 in 2030, with full vaccination coverage being 52.5 % among girls and 27.7 % in boys in 2024 (Doulou et al. 2026). With present vaccination and screening coverage, a modelling study supported that the eradication of cervical in Greece could not be achieved before 2060-2074 (Palmer et al. 2025). 
Knowledge and attitudes appear to be a major determinant of this gap. Although HPV awareness is high (up to 96.6%), substantial misconceptions persist, including limited understanding of transmission, prevention, and vaccine efficacy. At the same time, it is important that HPV vaccine acceptability is also high (around 80-90%), indicating that inadequate knowledge, misinformation, and insufficient targeted communication strategies, rather than outright hesitancy, are key barriers to improved HPV vaccine coverage in Greece (Pergialiotis et al. 2024).
All the above highlight that the establishment of vaccination programs alone seems insufficient to achieve the desired levels of vaccine uptake. As highlighted above, HPV vaccination coverage remains considerably below the WHO targets, despite the extensive evidence demonstrating the vaccine’s safety, effectiveness, and long-term public health benefits (Mix et al. 2021; Falcaro et al. 2025). Improving HPV vaccination coverage requires sustained public health efforts aimed at increasing awareness, strengthening vaccine intention, and encouraging timely vaccination. 

Parents and legal guardians, the primary decision-makers for children and adolescents, play a central role in HPV vaccination uptake. Unfortunately, vaccine hesitancy among parents may have intensified following the COVID-19 pandemic, partly due to increased exposure to misinformation and broader societal polarization around vaccination (Woodall et al. 2025). Furthermore, historically, the HPV vaccine has also faced additional reluctance compared with other adolescent vaccines, largely because of its relatively recent introduction, safety concerns, and the association of HPV infection with sexual activity (Nguyen et al. 2021; Beavis et al. 2022). Reflecting these challenges, the most recent systematic review of global HPV vaccination coverage supported that in 2023, only 27% of girls globally had been administrated at least one HPV vaccine dose, whereas full vaccination coverage was only 20% (Han et al. 2025).

Considering all the above, innovative strategies are needed to improve HPV-related knowledge, attitudes, and vaccination behaviors. Playful tools could be employed to help young people increase HPV awareness, enhance self-efficacy, and take ownership of their vaccination (Tran et al. 2025). Evidence suggests that interventions that combine playful approaches with digital technologies, including mobile applications, social media, videos, and digital serious games, can positively influence HPV-related knowledge and vaccination uptake (Choi et al. 2023).

Among these playful approaches, serious games are gaining attention as an effective and popular approach for delivering scalable health education and behavior change interventions. By integrating educational content into interactive, engaging gameplay, serious games can facilitate learning, enhance motivation, and sustain user engagement. Importantly, digital serious games represent a cost-effective method for disseminating health information to large populations while maintaining high levels of user interaction (Wang et al. 2022). Consequently, an increasing number of studies have been published lately, using gaming and gamification to promote vaccination and address vaccine hesitancy for various diseases including HPV (Hakim et al. 2024; Ou et al. 2024), or focused to investigate how gamified interventions, especially those offered via digital platforms, can improve knowledge, attitudes, and willingness to receive the HPV vaccine. (Taseen et al. 2026).

1.2 Research hypothesis
Building on the growing body of studies highlighting serious games as impactful tools for teaching health concepts and encouraging behavior change, this thesis hypothesized that serious games (both digital and analog) designed to improve HPV-related knowledge and promote vaccination have increased in number in recent years, with a notable shift toward digital formats. This transition is expected to be driven by advances in technology and the broader digitalization of health. In addition, the thesis assumes that multiple distinct serious games have been developed, with digital formats being more prevalent than analog ones. These games are anticipated to incorporate a range of learning activities, gamification elements, and theory-driven design approaches. Finally, it is hypothesized that while serious games for HPV vaccination vary in design and implementation, common patterns can be identified in their key characteristics, including frequently used technologies, gameplay features, and development frameworks. 

To systematically examine the hypothesis, the thesis was guided by a set of research questions that explored trends in the development of HPV serious games, their design and technological characteristics, and the learning approaches used in supporting knowledge acquisition and vaccination-related outcomes. These questions (analyzed in Chapter 4) facilitate the generation of clear, evidence-based conclusions.

1.3 Aim and research significance of the thesis

Given that cervical cancer ranks as the fourth most common malignancy in women worldwide (660,000 new cases and 350,000 deaths annually) and that in Greece burden is also notable, being the third leading cause of cancer mortality among women (697 new cases and 282 deaths each year), the research significance of this thesis is evident and clearly justified (Bruni et al. 2023; Bray et al. 2024). In addition, countries achieving 85-90% HPV vaccination coverage report substantial reductions in cervical cancer incidence (61.6%-68.4%), underscoring the importance of comprehensive vaccination programs and effective strategies (Kumar et al. 2025).
The present thesis synthesizes existing evidence on digital serious games as preventive tools aimed at improving HPV related knowledge and promoting HPV vaccination uptake. In addition to examining the reported outcomes, the review also analyzes the technical and technological characteristics of these interventions, including design features, gameplay mechanics, and implementation platforms. By providing a comprehensive overview of current developments in this field, the review aims to generate insights that may inform the design of future serious games targeting HPV vaccination. 

The synthesis of available evidence is particularly important for identifying effective design elements and guiding stakeholders, such as public health practitioners, researchers, and policymakers, in the development of innovative serious games as tools to promote HPV vaccination. Ultimately, the objective of this review is to promote HPV vaccination and advance global progress toward WHO targets for cervical cancer elimination by inspiring countries like Greece and other counterparts that haven’t yet developed HPV-related serious games to invest in their implementation and add them to the HPV national campaigns in an effort to accelerate HPV vaccination coverage. 

CHAPTER 2

DEFINITIONS AND TERMINOLOGY 
This chapter introduces and clarifies some of the key terms used in this thesis, covering concepts such as digital health, game-based learning, serious games, human papillomavirus-HPV, and HPV vaccination to establish a clear conceptual framework for the thesis.

2.1 Digital health

The term digital health refers to “the use of information and communications technology in support of health and health-related fields” (WHO, 2019). When applied to HPV vaccination, digital health tools enable individuals (and especially young adolescents), to explore “what-if” scenarios, assess the potential advantages and risks of their decisions, and connect these decisions to real-life health consequences (Haji Said et al. 2025). 
Common digital health strategies used to encourage HPV vaccination include text messaging, videos, mobile applications, digital games, and social media platforms and websites. These interventions can deliver HPV education in a cost-effective way, create interactive spaces to address parental vaccine hesitancy, and support adolescents in initiating and completing the HPV vaccination (Choi et al. 2023). 
2.2 Game-based learning

Game-based learning can be simply defined as a learning approach that uses games to engage and motivate learners, combining fun, meaningful experiences, and progressive challenges while encouraging autonomy, interaction, and feedback (Perrotta et al. 2013). Game-based learning can apply to all educational activities, and the game (analog or digital), can act as the main approach to learning or as an additional tool to other teaching methods (Whitton, 2012).

Nowadays, most definitions on game-based learning assume that the defined game is a digital game (Plass et al. 2015). It is worth mentioning that compared with other digital health tools, interventions using serious games have shown notable success in supporting knowledge gain, long-term retention, and behavior modification, especially in youth (Baranowski et al. 2013). Furthermore, systematic reviews suggest that game-based interventions generally have a positive impact on vaccine knowledge and vaccination behaviors, encouraging immunization in young populations (Ou et al. 2024). 
2.3 Serious games

Game-based learning incorporates the use of serious games that aim to enhance a specific learning goal by transforming a learning task into a distinct game to make learning more interesting and effective (Schrader 2023). In simple words, serious games are those that integrate educational or informational goals with engaging and playful aspects of traditional gaming (Alvarez et al. 2011). Over the past few decades, serious games have been increasingly applied across various scientific fields, including healthcare (Tori et al. 2022; Chatzea et al, 2025; Chatzea et al. 2026). 
Serious games demonstrate the remarkable capacity to place individuals at the center of their own health decisions, with their development serving as a valuable tool for assessing and influencing public health outcomes, particularly among adolescents (McCallum 2012). Therefore, serious game-based interventions have emerged as innovative approaches and valuable tools for disease prevention and health promotion, including also targeted efforts to address gaps in vaccination coverage (de Souza Gaspar et al. 2020; Peng and Bai 2021). 

2.4 Human papillomavirus (HPV)

Human papillomavirus (HPV) is classified within the Papillomaviridae family, a large family of viruses that can infect a broad spectrum of animal and human hosts. To date, scientists have identified more than 200 types of HPV, among which at least 13 types are labeled high-risk because they are known to play a causal role in cervical neoplasia, as well as other anogenital and oropharyngeal malignancies by infecting epithelial cells disrupting the normal regulation of the cell cycle, causing cells to divide uncontrollably and accumulate genetic abnormalities and DNA damage (Crosbie et al. 2013). 
As the most prevalent sexually transmitted infection worldwide, HPV is estimated to affect the majority of sexually active individuals at some point in their lives, regardless of their gender (Dunne et al. 2007; Centers for Disease Control and Prevention 2024a).

2.5 HPV vaccination

The HPV vaccine is both safe and effective, providing long-lasting protection against high-risk HPV infections that are most often linked to cancer (Centers for Disease Control and Prevention 2024b). Administering the vaccine before exposure to the virus ensures the highest level of protection. The vaccine is designed to prevent HPV infection by inducing neutralizing antibodies that specifically bind to viral particles, thereby blocking their entry into host cells (Butterfield and Dhanani 2021). 
Currently, three prophylactic vaccines targeting high-risk human papillomavirus (HPV) types are approved and widely marketed internationally for the prevention of HPV-related diseases. Licensed in 2006, the quadrivalent vaccine protects against HPV types 6, 11, 16, and 18; the bivalent vaccine, aimed at types 16 and 18, was approved in 2007; and the nonavalent vaccine, which includes nine HPV types (6, 11, 16, 18, 31, 33, 45, 52, and 58), gained approval in 2014 (World Health Organization, 2017; Zeitouni et al. 2025).

CHAPTER 3

Serious Games in Enhancing Health Education
The application of serious games in health education field extends beyond professional training, encompassing patient education as a highly effective tool (Pystina et al. 2022). Interactive games specifically designed to provide knowledge about particular diseases or to support the management of health conditions can serve as invaluable instruments for enhancing patient understanding, promoting self-management, and improving adherence to treatment protocols (Ingadottir et al. 2020).
The educational potential of serious games has also emerged as an important aspect of public health initiatives, given that full involvement and engagement of learners in health education activities enhances knowledge acquisition and promotes long-term retention of information. This approach signifies a shift from earlier public health campaigns that primarily relied on conveying information. For health behaviors to be successfully encouraged, it requires participants to be actively engaged in educational programs employing interactive tools such as serious games, which serve as particularly effective strategies for reaching younger populations (Ancona et al. 2024). 

More specifically, serious games use interactive gameplay to educate and engage children and adolescents, enhancing health knowledge, promoting positive attitudes, and supporting informed decision-making. By incorporating key game design elements, these interventions provide immersive and engaging learning experiences in which users actively engage, make decisions, and experience the consequences of their choices. Educational content spanning a range of health topics can be seamlessly embedded within game narratives, challenges, and reward structures. Through the use of compelling storylines, problem-solving tasks, feedback mechanisms, and motivational incentives, serious games provide a distinctive platform to enhance learner engagement, stimulate critical thinking, and promote sustainable behavior change (Ancona et al. 2024).
Serious games promote health-related behaviour change by leveraging well‑established psychological and behavioural science mechanisms within an engaging gameplay context. These interventions are typically grounded in well- established behavioural change theories such as the Theory of Planned Behavior and the Social Cognitive Theory (Hammady and Arnab 2022). Serious games designed according to behavior change frameworks show promise in improving health recommendations compliance, adopting healthier lifestyles, and reinforcing self‑regulated health behaviors (Lamas et al. 2023).

To this line, serious games interventions have recently emerged as innovative and promising strategies in health promotion and disease prevention, particularly in addressing vaccination gaps and increasing coverage among targeted populations (de Souza Gaspar et al. 2020; Peng and Bai 2021). Research indicates that using serious games to promote vaccination represents a novel public health tool that should be further encouraged to validate its effectiveness and practical benefits (Ohannessian et al. 2016).

CHAPTER 4
METHODOLOGY
4.1 Study design and research questions

A systematic review was conducted to identify articles describing serious games designed to improve HPV knowledge and promote HPV vaccination. The review was performed in PubMed and Scopus. The following research questions guided the study:
Question 1 (Q1): 
Q1.1 How many articles described serious games promoting HPV vaccination?
Q1.2 Which was the geographic and temporal distribution of those published articles?

Question 2 (Q2):

Q2.1 How many participants engaged with the emerged serious games? Which recruiting settings were more common?

Q2.2 Which target groups were identified, and what were their demographic profiles?

Question 3 (Q3):

Q3.1 How many distinct HPV serious games have been developed?

Q3.2 What types of HPV serious games were most commonly reported?

Q3.3 Which learning activities were most frequently incorporated into these games?

Q3.4 Which theoretical frameworks guided the game's development?

Question 4 (Q4):

Q4.1 What key design characteristics were reported in the included serious games?

Q4.2 Which gamification elements were frequently employed in serious games promoting HPV vaccination?

Q4.3 Which technologies were most commonly used in digital HPV serious games?

4.2 Search strategy and eligibility criteria
To address the posed research questions, a systematic search of peer-reviewed literature was conducted. Initially, search algorithms were developed incorporating the most relevant keywords in two main categories: (1) key terms related to HPV and HPV vaccination, and (2) serious games-related terms. Two search algorithms were developed: one in Scopus, a broad multidisciplinary research database, and one in PubMed, a database specialized in health-related literature. The PubMed search algorithm incorporated MeSH terms, while the Scopus algorithm relied on multiple keywords to ensure a thorough review of the literature (Table 4.1).
Table 4.1. Implemented search algorithms tailored for each database.
	Database
	Search Algorithm

	PubMed
	("Papillomavirus Infections"[MeSH] OR "Papillomavirus Vaccines"[MeSH] OR "Cancer Vaccines"[MeSH] OR "Human Papillomavirus Viruses"[MeSH] OR hpv[tiab] OR HPV[tiab] OR "human papillomavirus*"[tiab] OR "papillomavirus*"[tiab]) AND ("Gamification"[MeSH:noexp] OR "Video Games"[MeSH:noexp] OR "Games, Experimental"[MeSH:noexp] OR "Mobile Applications"[MeSH:noexp] OR "serious gam*"[tiab] OR "game*"[tiab] OR "gamif*"[tiab] OR "gaming"[tiab] OR "educational gam*"[tiab] OR "edugam*"[tiab] OR "video gam*"[tiab] OR "computer gam*"[tiab] OR "videogam*"[tiab] OR "digital gam*"[tiab] OR "computer-based gam*"[tiab] OR "mobile gam*"[tiab] OR "mobile app*"[tiab] OR "mobile gam*"[tiab] OR "online gam*"[tiab] OR "web-based gam*"[tiab] OR "game based"[tiab] OR "game-based"[tiab]) Filters applied: English, from 1000/1/1 - 2025/12/31. 

	Scopus
	( TITLE-ABS-KEY ( hpv OR "human papillomavirus*" OR papillomavirus* OR "papillomavirus infection*" OR "human papillomavirus virus*" OR "hpv vaccine*" OR "papillomavirus vaccine*" OR "cancer vaccine*" ) ) AND ( TITLE-ABS-KEY ( gamification OR "serious gam*" OR game* OR gamif* OR gaming OR "educational gam*" OR edugam* OR "video gam*" OR "computer gam*" OR videogam* OR "digital gam*" OR "computer-based gam*" OR "mobile gam*" OR "mobile app*" OR "online gam*" OR "web-based gam*" OR "game based" OR "game-based" ) ) AND PUBYEAR > 2001 AND PUBYEAR < 2026 AND ( LIMIT-TO ( LANGUAGE , "English" ) )


Studies published in English by December 31, 2025, were included in the final sample if they described digital or analog serious games designed to improve HPV vaccination knowledge and vaccine uptake. Among the exclusion criteria were: studies designed as reviews/systematic reviews/meta-analyses, studies introducing/focusing on game theories, and studies targeting HPV knowledge or attitudes among healthcare personnel solely.

4.3 Study selection process
The review process began with duplicate removal, followed by title and abstract screening, and concluded with full-text assessment to determine study eligibility. The selection process is summarized in Figure 4.1 (PRISMA flowchart) (Page et al. 2021). In total, 277 articles were identified, 90 duplicates were removed, and upon a thorough review of the remaining 187 articles, 19 studies met the inclusion criteria. Furthermore, two relevant articles were included in the final sample following the snowballing technique. 
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Figure 4.1. Study selection flow diagram (according to PRISMA 2020) 
The most frequent reasons for excluding articles per stage included:

1) Title evaluation: lack of relevance, literature review studies, and articles using the word “game” as an idiom/expression

2) Abstract screening: non-relevance, studies focusing on game theories 
3) Full text reviewing: unable to retrieve full text, games, inadequate game information, studies aiming only at healthcare personnel
4.4 Data extraction and analysis
For the results analysis, data extraction was performed using an Excel spreadsheet. The initial data extraction was performed by a single author and later cross-checked by two independent reviewers with complementary expertise—one specializing in HPV-related variables and the other in serious games. Any disagreements were first resolved through discussion and consensus between the primary reviewers, with unresolved issues resolved by an external reviewer. Extracted data included country of the study, publication year, participants characteristics, recruiting settings, research design, serious games objectives, and theoretical frameworks guiding games/interventions development. Furthermore, comprehensive information regarding game design features, the technologies and devices employed, core gamification components, types of learning activities implemented, and other technical characteristics or technological aspects were also thoroughly recorded.
CHAPTER 5

RESULTS
5.1. Overview of the included studies
The systematic review included 21 articles (Amresh et al. 2019; Bocquier et al. 2023; Cates et al. 2018a; Cates et al. 2018b; Cates et al. 2020; Chau et al. 2023; Darville-Sanders et al. 2018; Duclaud et al. 2025; Epstein et al. 2021; Ferreira et al. 2025; Hasni et al. 2023; Lo et al. 2025; Maciel et al. 2022; Nirmal et al. 2013; Occa et al. 2022; Ruiz-Lopez et al. 2019; Steenstra et al. 2024; Trane et al. 2025; Woodall et al. 2021; Woodall et al. 2025; Zhu et al. 2021). Table 5.1 summarizes the descriptive characteristics of the included studies, addressing Q1.1 and presenting their main characteristics (reference, title, game description, game type, and aim). As far as the year of publication is concerned, most of the studies have been published within the past five years (n = 14), with a particularly high number released in 2025 (n = 5). Figure 5.1 shows the publication trends of HPV serious games over time, depicting their annual distribution.
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Figure 5.1. Annual distribution of published studies on HPV serious games.

Table 5.1. Summary of the included studies and overview of the HPV serious games.

	Reference 
	Title
	Game short description1
	Game type
	Aim of the game1

	Amresh et al. 2019
	A Game Based Intervention to Promote HPV Vaccination among Adolescents.
	In “WeCare-Teen,” players explore organs infected by HPV, fight enemies, collect knowledge drops, and fight a boss to achieve the elimination of HPV.
	Digital
	Encourage parent-child discussion and improve self-efficacy in vaccine decision-making to promote HPV vaccination rates.

	Bocquier et al. 2023
	Co-development of a school-based and primary care-based multicomponent intervention to improve HPV vaccine coverage amongst French adolescents (the PrevHPV Study).
	“HPV, in search of action” is a video game where players explore HPV in a College environment, answering questions and completing mini games.
	Digital
	Educate pupils on HPV infection and HPV vaccination.

	Cates et al. 2018a
	Immunization effects of a communication intervention to promote preteen HPV vaccination in primary care practices.
	“Land of Secret Gardens” uses growing a healthy garden as a metaphor for a healthy body protected against HPV.
	Digital
	Enhance HPV vaccination initiation and completion.

	Cates et al. 2018b
	Developing a Serious Videogame for Preteens to Motivate HPV Vaccination Decision Making: Land of Secret Gardens.
	In “Land of Secret Gardens”, players earn points in mini games to buy seeds and ingredients to create a vaccine to protect seedlings. Embedded within the game are HPV messages.
	Digital
	Increase HPV vaccination knowledge, promote communication with parents and providers, and influence a decision toward initiating the vaccine.

	Cates et al. 2020
	Evaluation of a Serious Video Game to Facilitate Conversations About Human Papillomavirus Vaccination for Preteens: Pilot Randomized Controlled Trial.
	In “Land of Secret Gardens,” players protect seedlings by creating a potion with points earned through minigames such as hidden objects in a garden shed and shooting spiky balls (the HPV) before they reach the budding plants.
	Digital
	Motivate interest in HPV vaccination and promote conversations with parents, family members, and friends.

	Chau et al. 2023
	User Engagement on a Novel Educational Health Intervention Aimed at Increasing HPV Vaccine Uptake in Hong Kong: a Qualitative Study.
	A quiz game testing the knowledge of HPV and HPV vaccination that adolescents gained from animations, videos, and a booklet.
	Digital
	Raise HPV knowledge levels and increase vaccine uptake to address vaccine hesitancy.

	Darville-Sanders et al. 2018
	Customization of Avatars in a HPV Digital Gaming Intervention for College-Age Males: An Experimental Study.
	“Vax!” is a puzzle-simulation where users are immersed in an HPV contagion scenario. Players vaccinate individuals to contain disease spread. 
	Digital
	Increase HPV risk perceptions, self- efficacy, and behavioral intention to receive the HPV vaccine.

	Duclaud et al. 2025
	Boosting Human Papillomavirus Vaccination Rates: Protocol for a Randomized Controlled Trial of Awareness Interventions in Réunion Island.
	“HPV-Vax game” is a non-digital card-based serious game designed to be played by students working in teams.
	Analog
	Enhance HPV vaccination rates among children.

	Epstein et al. 2021
	Pragmatic cluster randomised control trial using Vaxcards as an age-appropriate tool to incentivise and educate school students about vaccination.
	“Vaxcards” is a strategic battle-style card game. Players collect diseases to eradicate each other. The game maintains disease characters' scientific names, terminology and symptomatology.
	Analog
	Increase acceptance rates of school HPV, diphtheria, tetanus, and pertussis vaccination consent. Children returning the consent form were given a ‘pack’ of the card game.

	Ferreira et al. 2025
	Engaging education: Boosting HPV vaccination through a serious game.
	Serious game in the form of a card game. 
	Analog
	Tackle doubts, misconceptions, and concerns regarding the HPV vaccine.

	Hasni et al. 2023
	Serious “human papillomavirus vaccine” game for Malaysian adolescents: Development and preliminary study.
	In “HPV Vaccine” players shoot HPV viruses and collect stethoscopes while answering multiple-choice questions.
	Digital
	Enhance knowledge, create awareness, and promote cervical cancer prevention practices.

	Lo et al. 2025
	Effects of an educational health promotion intervention to improve human papillomavirus vaccination acceptance and uptake among adolescent girls: a cluster randomized controlled trial.
	Intervention included an online game quiz covering topics including stages of cervical cancer, HPV infection, and HPV vaccination.
	Digital
	Enhance female adolescents’ vaccination intention, knowledge, attitudes, and uptake of HPV vaccination.

	Maciel et al. 2022
	Construction and validation of a serious game about human papillomavirus infection.
	“Electronic roulette” is divided into 8 sections. Players spin it, resulting in a multiple-choice question related to HPV knowledge areas.
	Digital
	Educate players about HPV infection, transmission, prevention, symptoms, vaccination, cancer risk.

	Nirmal et al. 2013
	Digital health game on cervical health and its effect on american women's cervical cancer knowledge.
	In the “HPV game” board game, players roll dice, move avatars, earn coins, and take myth/fact quizzes to collect 5 Fact/Myth cards to win.
	Digital
	Provide information about HPV/cervical cancer to the public, as a standalone tool or as a supplement to conventional ones.

	Occa et al. 2022
	Helping Children to Participate in Human Papillomavirus-Related Discussions: Mixed Methods Study of Multimedia Messages. 
	“Salute e HPV” is a quiz game. Players answer five key HPV-related questions by choosing between correct and incorrect statement pairs.
	Digital
	Improve knowledge about HPV and the HPV vaccine intentions. 

	Ruiz-Lopez et al. 2019
	FightHPV: Design and Evaluation of a Mobile Game to Raise Awareness About Human Papillomavirus and Nudge People to Take Action Against Cervical Cancer.
	“FightHPV” is a 60-level puzzle game. Players solve puzzles by moving epithelial cells on the game board using as few moves as possible.
	Digital
	Inform adolescents about HPV vaccination and other preventive methods.

	Steenstra et al. 2024
	Engaging and entertaining adolescents in health education using llm-generated fantasy narrative games and virtual agents.
	“The Quest for the HPV Vaccine” is a game where players protect a village from HPV by finding the HPV vaccine through riddles, quizzes, and battles.
	Digital
	Promote HPV vaccination, as lack of HPV knowledge contributes to suboptimal HPV vaccination rates.

	Tran et al. 2025
	Engaging education: Boosting HPV vaccination through playful learning.
	“Papillomavirus: l’Escape Game” is a game guiding player through learning about HPV, its consequences, and how to prevent infection.
	Digital
	Increase awareness and understanding of HPV; reinforce HPV prevention strategies.

	Woodall et al. 2025
	TeenVac.org: A Mobile Web App to Improve Human Papillomavirus Vaccine Uptake for Adolescent Boys.
	“Teen Tools”, a TeenVac app subsection, features three mini-games: HPV Myth vs. Truth, HPV Cancer Jump (“shoot-the-cancer-cells”), and a body scanner showing HPV-related cancer risks.
	Digital
	Provide engaging, motivating, and accurate information about HPV and HPV vaccination.

	Woodall et al. 2021
	Vacteens.org: A Mobile Web app to Improve HPV Vaccine Uptake.
	“Teen Tools” is a subsection of the Vacteens mobile app providing games for teens (HPV Challenge Quiz, and HPV Myth vs. Truth swiping game).
	Digital
	The focus is to increase HPV and HPV vaccine knowledge and to correct misinformation.

	Zhu et al. 2021
	Experimenting with a Prototype Interactive Narrative Game to Improve Knowledge and Beliefs for the HPV Vaccine.
	In “Vaccination Vacation” the player as a doctor treats patients with HPV-related cancers while on vacation. Players answer questions about HPV vaccination and use a machine to target HPV-related cancer cells. 
	Digital
	The game combines interactive conversations, quiz-style questions, and an action component to improve knowledge and beliefs about HPV and its vaccine.


1 Provided short descriptions and the aim of each game are based on what authors have reported in their studies (in the majority of cases)

Furthermore, for Q1.2, a world map presents the geographical distribution of HPV serious games publications (Figure 5.2). Eight countries in total, with at least one representative from each continent, have published studies describing serious games designed to promote HPV vaccination. The United States (USA) accounted for the largest number of publications (n = 10), followed by France (n = 4) and China (n = 2). The remaining countries had one publication each (detailed information in Appendix, (Table 1).
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Figure 5.2. Number of studies published on HPV vaccination serious games per country.

5.2 Participant characteristics and recruitment
To assess the total sample size and address Q2.1, we excluded articles that (1) used the same participant sample as a prior publication (Ferreira et al. 2025), and (2) the HPV serious game introduced was not pilot tested (Tran et al. 2025). Across the remaining 19 studies, a total of 152,832 participants were recruited, counting also the people who participated in the control groups and hence didn’t utilize the HPV serious games. However, for the present systematic review analysis, only participants who were exposed to the HPV serious games were included. Consequently, the final study sample comprised 21,590 participants, derived from the 19 studies that reported the exact number of individuals who engaged with HPV serious games. Results support that 42.1% of the participants were recruited from academic environments (schools/universities), while common recruiting settings were also clinics and healthcare centers (21%). One study was community-based (5.3%), while several studies enrolled participants from multiple settings, including a combination of schools, community, clinics, and research organizations (15.8%). Participants in 3 surveys were enrolled from other settings (15.8%), including the internet, a scientific event, and a workplace. 

As far as Q2.2 is concerned, the majority of the studies targeted children and adolescents (47.4%), fewer studies enrolled only adults (21%), while several studies chose a mixed sample of minors and adults (31.6%). A detailed analysis of the participants' sample size highlights that 68.4% of the studies included participants of both sexes, 21.1% focused only on girls/women, and 10.5% targeted exclusively boys/men. As regards the predominant age category of the participants, the majority of the studies (42.1%) included young adolescents (age 10-14), while many studies (21.1%) enrolled young and older adolescents (age 10-19) as their focus group. Some studies (10.5%) targeted children and young adolescents (age 9-14), others included students (10.5%), and a few focused on the adult population (10.5%). Only one study (5.3%) was implemented among older adolescents (age 15-19). Also, in 31.6% of the studies, one of the main inclusion criteria was that the participants should not have received or completed the HPV vaccination.

5.3 Characteristics of HPV serious games
To address Q3.1, articles covering the same serious game across different publications were excluded (see Appendix, Table 2). Upon removing five articles reporting on previously described games, we identified 16 distinct serious games designed to improve HPV knowledge and promote HPV vaccination. This approach ensured that each serious game was counted only once in the analysis. The same criterion was applied in the data analysis for the remaining research questions (Q2, Q3 and Q4). To answer Q3.2, game type categories included: (1) quizzes; (2) simulations; (3) role-playing games; (4) strategy games; 5) puzzles; and (5) adventure games. Several serious games incorporated features from multiple game types. For classification purposes, each game was categorized according to its dominant gameplay type, following a genre-based classification commonly adopted in serious games research. This method ensured that each game was assigned to a single category. According to the results (Figure 5.3), the most common game types were quizzes and puzzles (31.2% each), followed by adventure games (18.7%). 
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Figure 5.3. Distribution of HPV serious games per game type (N = 16).

To answer Q3.3, learning activities implemented in serious games were classified into five major categories including: (1) simulation-based learning (simulation activities); (2) action learning (arcade, adventure, platforming games); (3) knowledge testing (quizzes, myths vs truth); (4) problem solving (riddles, escape rooms, puzzles); and (5) decision making/strategy (strategic thinking and decision-making learning). Serious games featuring several learning activities were assigned to more than one category. Knowledge testing (56.2%) and problem-solving activities (43.7%) were the most popular. The frequency, percentage, and associated study references for each category are detailed in Table 5.2.
Table 5.2. Classification of HPV serious games by type of learning activity.
	Learning Activity Type
	Frequency (%)
N = 16
	References1

	
	
	

	Simulation-based learning
	2 (12.5)
	Darville-Sanders et al. 2018; Zhu et al. 2021

	Action learning
	4 (25.0)
	Amresh et al. 2019; Woodall et al. 2021; Hasni et al. 2023; Steenstra et al. 2024

	Knowledge testing
	9 (56.2)
	Nirmal et al. 2013; Woodall et al. 2021; Zhu et al. 2021; Maciel et al. 2022; Occa et al. 2022; Bocquier et al. 2023; Chau et al. 2023; Hasni et al. 2023; Steenstra et al. 2024

	Problem solving
	7 (43.7)
	Darville-Sanders et al. 2018; Ruiz-Lopez et al. 2019; Cates et al. 2020; Bocquier et al. 2023; Steenstra et al. 2024; Duclaud et al. 2025; Tran et al. 2025

	Decision-making/strategy
	3 (18.7)
	Darville-Sanders et al. 2018; Cates et al. 2020; Epstein et al. 2021


1 Most recent or informative publication per serious game was included.

Furthermore, the theoretical background informing the design of the studies and hence the development of HPV serious games was analyzed (Q3.4). Unfortunately, this information was available in only 10 (62.5%) of the studies included. Theoretical backgrounds and frameworks were classified into 6 groups: (1) Health Behavior Change Theories including the Health Belief Model (HBM), Integrated Behavior Change Model (IBC), Theory of Planned Behavior (TPB), Social Cognitive Theory (SCT), Theory of Reasoned Action and Planned Behavior (TRA); (2) Theories of motivation such as Self-Determination Theory (SDT); (3) Theories of development communication including Diffusion of Innovations (DOI) and Participatory communication approach; (4) Decision-Making Frameworks like Informed Decision Making (IDM) theory; (5) Evaluation Frameworks incorporating Logic model and Theory of change; and (6) Evidence-Based Content Development which was based on content of an integrative literature review identifying knowledge gaps. Each game could be informed by a single theoretical framework or by a combination of two or more theories. Figure 5.4 presents the most commonly used theories informing the development of HPV serious games. Among these, the HBM and SCT were the only frameworks applied more than once (each being utilized by two different games).
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Figure 5.4. Bubble chart of theoretical frameworks used in the included studies/games (circle size represents frequency of use).

5.4 Design and implementation features 

To address Q4.1, we analyzed all available data on the key design characteristics of HPV serious games interventions. First of all, 50% of the studies followed experimental design, primarily randomized controlled trials (RCTs) or cluster RCTs, while the remaining 50% employed non-experimental design (evaluation, feasibility, qualitative, or beta testing studies). Of the 16 identified games, 12 were developed as standalone interventions (75.0%), whereas 4 games were implemented as part of a multi-component intervention (25.0%). Most HPV serious games were self-directed (68.7%), while in five games (31.3%), an external agent (a parent or, in one case, a teacher) facilitated the game delivery. Regarding gameplay sessions, in 37.5% of the studies, participants played the game only once, whereas in another 37.5%, participants were able to engage in multiple sessions within a specified time frame. In the remaining 25.0% of the studies, information on gameplay frequency was not reported.

Overall, as shown in Figure 5.5, two games were analog (12.5%), whereas the majority were digital (87.5%). Most games were designed for single-player mode (68.7%), while a smaller proportion supported multiplayer gameplay (18.7%); an even smaller number allowed both single-player and multiplayer modes (12.5%). The majority of games (62.5%) did not include features of collaboration or competition in their gameplay. Three games (18.8%) were designed as competitive, one game (6.2%) was collaborative, and one game (6.2%) included elements of both collaboration and competition (where players cooperated within teams while competing against other teams). Finally, for one game (6.2%), insufficient information was given to determine the playing mode.
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Figure 5.5. Distribution of digital and analog HPV serious games
The primary aims of each study were further analyzed and classified according to the specific outcomes targeted by each game. Multiple outcome constructs could be assigned to a single game, reflecting their multifaceted objectives. For the analysis, the following categories were formed: (1) Knowledge, focusing into increasing knowledge about HPV and HPV vaccination; (2) Attitude/Intention, referring to changing beliefs, attitudes, or vaccination intentions; (3) Behavior/Uptake, targeting actual HPV vaccination uptake; and (4) Communication/Self-efficacy, aiming to encourage discussion with parents or healthcare providers and increase confidence in decision-making. The results indicated that the majority of games (75.0%) aimed to enhance knowledge about HPV and the HPV vaccine. More than half of the interventions (56.2%) targeted changes in beliefs or aimed to promote vaccination intention, while several games (37.5%) focused on influencing actual vaccination uptake. Few games (25.0%) sought to strengthen communication among healthcare professionals/parents and children or to improve vaccination decision-making self-efficacy.

To answer Q4.2, gamification elements were categorized into the following groups: (1) score, including performance indicators such as points, coins, or stars; (2) game progress, such as progress bars or levels of increasing difficulty; (3) rewards and other recognition systems like badges, achievements, or medals; (4) leaderboards, reflecting player’s performance rankings; (5) time constraints referring to time limits for task completion; (6) avatars/characters including player avatar or other in-game characters; and (7) narrative/storytelling, meaning the presence of a structured storyline. Each game was able to integrate multiple gamification features; the frequency of these elements across HPV serious games is shown in Figure 5.6. The most frequently observed were score systems (n = 9), avatars/characters (n = 8), and narrative/storytelling (n = 7). Of the 16 serious games identified, three (18.7%) did not provide sufficient information.
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Figure 5.6. Key gamification elements in HPV serious games
Finally, to answer Q4.3, we analyzed data derived only from the digital games included in our sample (n = 14). Initially, we assessed the target devices of the HPV serious games. Based on the available information, the games were categorized as follows: (1) personal computers games; (2) mobile device games including tablets, iPods, and smartphones; and (3) games compatible with both personal computers and mobile devices. In one study, the relevant information could not be extracted; Consequently category (4), “not specified” was also included. In Figure 5.7 the distribution of games across the device categories is presented. The results indicate that more than half of the HPV serious games (57.2%) were designed for personal computers. 
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Figure 5.7. Devices used by digital HPV serious games (percentage distribution, N = 14).

Following, the technological approaches utilized to develop HPV serious game environments, such as overall interactive design, animation and graphics were analyzed. The games were categorized based on their environment as either (1) three-dimensional (3D) or (2) two-dimensional (2D). The majority of the games utilized 2D technologies (78.6%), while 3D technologies were reported less frequently (21.4%). Furthermore, almost all games were web-based (71.4%), while only one game reported that it didn’t require an internet connection (7.2%). In three games (21.4%), relevant information was not available.

As a final point, nine studies (64.0%) reported sufficient details regarding the technical development of the HPV serious games. Provided information was categorized into six groups: (1) programming languages; (2) game engines; (3) software frameworks/libraries; (4) integrated development environments (IDEs); (5) AI-based development tools; and (6) game-based learning systems. The remaining studies (36.0%) did not provide relevant technical details. Table 5.3 summarizes all reported development approaches. Notably, no single tool, engine, or programming language predominated; each was mentioned only once. Additionally, one study reports employing a professional game developer company, but did not provide further details on the design or development process of the game (Cates et al. 2018b).

Table 5.3. Tools used in HPV serious games development.

	Development approach
	Tools used to develop HPV serious games

	Programming languages
	(1) Swift; (2) Java; (3) C++; (4) C#; (5) JavaScript

	Game engines
	(1) Unity; (2) GameMaker Studio 2

	Software frameworks/ libraries
	(1) Microsoft XNA Framework; (2) d3.js; (3) jQuery UI

	Integrated Development Environments
	(1) MonoDevelop

	AI-Based Development Tools
	(1) ChatGPT; (2) Midjourney 

	Game-Based learning systems
	(1) Kahoot


Finally, Appendix (Table 3) presents the HPV serious games, with images sourced either directly from the original articles or, where necessary, from additional sources. Overall, 13 of the 16 identified HPV serious games are illustrated in the table, which significantly enhances the ability to visualize the concepts described in the manuscripts and to better understand the gameplay of each game.
CHAPTER 6

DISCUSSION

The present systematic review identified 21 publications describing 16 distinct serious games designed to enhance HPV knowledge and vaccination intention. The results exceed those reported in previous reviews, which identified between 4 and 9 eligible articles depending on the year of publication and the specific inclusion criteria applied in each study (Choi et al., 2023; Ou et al. 2024; Hakim et al. 2024; Haji Said et al. 2025; Taseen et al. 2026). Several factors may explain this discrepancy. To start with, the body of literature on HPV serious games has expanded substantially, with a notable increase in publications observed in 2025. In addition, the research design and scope of the present review were broader, encompassing both analog and digital serious games, as well as stand-alone interventions and games embedded within digital multicomponent interventions. This comprehensive approach likely contributed to the higher number of identified studies. The observed growth in 2025 is consistent with the increasing utilization of serious games in health behavior interventions. Furthermore, focusing solely on HPV prevention, previous systematic reviews have concluded that serious games can positively influence HPV-related knowledge and enhance vaccination intentions, supporting further their implementation (Choi et al. 2023; Taseen et al. 2026).

As regards the annual distribution of the included publications, no steady pattern is observed, apart from a notable increase in the number of publications in 2025. The analysis of the game’s country of development and implementation depicts a small distribution, including all five continents, though only 8 countries emerged. Among them, the USA is by far the leader in the field, accounting for almost half (47.6%) of the published articles included. This is consistent with previous bibliometric analyses, which characterize the USA as a pioneer in serious games development (Irmade et al. 2021; Wang et al. 2022). 

The majority of the included studies (68.0%) recruited participants of both sexes. This aligns with the strategy of universal (or gender-neutral) vaccination, which provides an effective and faster approach to preventing the incidence of HPV-related cancers (Baker et al. 2020). Moreover, evidence supports that vaccinating both sexes against HPV may enable the elimination of HPV-related diseases even under moderate levels of vaccination coverage (Vänskä et al. 2020). As regards participants' age groups, nearly half of the studies focused exclusively on children and young adolescents, particularly those of 10-14 years (42.1%). This finding is consistent with WHO HPV vaccination priorities, which identify girls aged 9-14 years as the primary target. At the same time, the recommendations do not neglect the importance of vaccination for secondary targets, such as adolescent boys, or the benefits that emerge for vaccinating older females and males (World Health Organization 2022). In terms of recruitment settings, academic institutions were the most frequently utilized sites (42.1%) and were approximately twice as common as healthcare settings. This can be explained by the literature supporting that schools are considered ideal settings for the administration of adolescent vaccines, including HPV, especially for national immunization programs. Academic settings facilitate access to large, age-appropriate cohorts, are convenient for families, foster peer support and pro-vaccination social norms, and contribute to reducing inequities in vaccine access, and thereby facilitate higher vaccination coverage rates (Feldstein et al. 2020; Davies et al. 2023). Furthermore, a systematic review revealed that healthcare professionals’ personal concerns, reluctance, and gaps in knowledge hinder their ability to effectively promote the HPV vaccine (Sackey et al. 2022), raising questions about the effectiveness of healthcare sites in promoting HPV vaccination.

As regards serious games design, choosing an appropriate game genre is essential. Present findings suggest that puzzle-based games and quizzes were most frequently used. Literature supports those findings, as puzzle-based games are inclusive to all demographics and are brief and concise, as most adolescents have limited attention spans and enjoy games that quickly engage and educate them while conveying the intervention’s message (Amresh et al. 2019). As regards quiz-based games, they are widely accepted as effective tools enhancing participants’ learning and understanding by fostering constructive competition and peer-supported learning (Dengri et al. 2021).

Knowledge testing (56.2%) and problem solving (43.7%) were the most popular learning activities embedded within the emerging serious games. Indeed, the high importance of serious games as health education tools lies in the fact that they enable players to expand their knowledge and understanding via interactive learning while promoting well-informed decision-making (Wang et al. 2022; Chatzea et al. 2025). It is important that the majority of the emerging studies informed their research design and, therefore, their learning activities and overall gameplay of the interventions on theoretical backgrounds on well-studied frameworks that describe the processes and mechanisms driving changes in health-related behaviors. Indeed, Studies indicate that serious games grounded in theoretical models are successful in promoting changes in health-related behaviors (Darville et al. 2021). Among the present systematic review identified theories, the most common group was Health behavior change frameworks. These theories provide insights into the individual and contextual factors influencing health behavior changes and support the development of effective interventions, including the HBM and the SCT (the most frequently encountered in HPV serious games), which belong to the most commonly used theories in health behavior change research (Ratz and Lippke 2022). Furthermore, theories of development communication, with the field being dominated by two conceptual frameworks: diffusion and participation (Morris 2003) were reported in two HPV serious games. Diffusion of innovations explains how health-related initiatives spread through social systems via communication channels, while participatory communication emphasizes two-way dialogue and stakeholder engagement in the change process. 

As regards key design aspects of HPV serious games, findings support the dominance of digital HPV serious games (87.5%). This observation is in accordance with previous studies, supporting the acceleration of digital educational tools implementation, with numerous serious digital games being developed for various health-related disciplines (Kermavnar et al. 2023; Chatzea et al. 2025). However, it is worth mentioning that both analog games in our sample were developed recently (after 2020), while of note is the remark of one study reporting that the development of the game was in card form due to the local education authority, raising concerns over children’s high daily screen usage (Duclaud et al. 2025). 

Among the most frequent gamification elements of the included games were score and storytelling, which are also very common in healthcare serious games according to a recent meta-review (Damaševičius et al. 2023). More specifically, points and scoring systems foster feelings of competition and achievement, whereas storytelling technique and narrative elements enhance player immersion and provide context and meaning for the players’ actions (Maheu-Cadotte et al. 2018; Damaševičius et al. 2023). Furthermore, avatars also emerged as an often-utilized gamification component, with literature supporting that players often experience the emotions associated with success or failure through their avatars (Li et al. 2013). More specifically, avatar customization in serious games can enhance intrinsic motivation, as players feel a sense of self-representation during the learning process (Darville-Sanders et al. 2018). Hence, providing the option of customizing the player’s avatar is highly recommended when designing a serious game aiming for behavioral change on health-related outcomes.

Finally, the analysis of digital serious games indicates that most identified serious games were designed for computer-based use and employed 2D graphical environments. Generally, computer gaming is considered better than mobile gaming, as the influence of flow experience on player engagement is more effortless and the overall experience is more immersive and enjoyable (Kang et al. 2020). As regards the predominance of 2D environments, it can be attributed to the fact that the development of 2D games is typically faster, less expensive, and less complex, while at the same time they produce a significant learning gain for the participants (Koops et al. 2016; Sudarmilah et al. 2018). As far as the development process is concerned, results revealed considerable heterogeneity, encompassing a wide range of tools and platforms, from basic programming languages to the use of game-based platforms (e.g., Kahoot), AI-assisted development tools, and established game engines.

Evidence on the effectiveness of HPV serious games in vaccination outcomes was heterogeneous in terms of study design, populations, and measured endpoints. Nevertheless, some interesting observations emerged across studies. Preliminary findings of a recent study showed an increase in vaccination coverage after participants played an analog HPV serious game (Duclaud et al. 2025). Randomized and quasi-experimental studies assessing vaccine uptake and HPV vaccination completion reported mixed but promising findings. Three studies (Cates et al. 2018a; Woodall et al. 2021; Woodall et al. 2025) found significantly higher odds of HPV vaccination completion in the intervention groups (mostly multi-component interventions and not stand-alone HPV serious games). In contrast, other RCTs reported non-significant differences despite favorable trends reported in the HPV serious games participants (Cates et al. 2020; Lo et al. 2025). Finally, one study found no differences in vaccination consent rates between the HPV serious game groups and the intervention group (Epstein et al. 2021).

Regarding outcomes such as knowledge, attitudes, beliefs, and intentions, the evidence was more consistently positive. Multiple studies (Woodall et al. 2021; Zhu et al. 2021; Lo et al. 2025) reported significant improvements in HPV-related knowledge, vaccine confidence, and attitudes, including reductions in perceived barriers and risk denial. Game-based interventions also showed potential to influence health beliefs, particularly among previously unvaccinated individuals. Furthermore, one study interestingly suggests that when players customize avatars to resemble themselves, it enhances their risk perception and self-efficacy regarding the HPV vaccine, while creating avatars based on their ideal self, boosts HPV vaccination intentions (Darville et al. 2018).

Moreover, studies focusing on HPV knowledge acquisition and engagement consistently demonstrate beneficial effects. HPV serious games lead to significant pre–post increases in HPV knowledge and more positive perceptions of HPV vaccination (Ruiz-López et al. 2019; Occa et al. 2022; Steenstra et al 2024). Additionally, qualitative and usability-focused studies (Nirmal et al. 2013; Hasni et al. 2023) highlighted increased levels of engagement, acceptability, and perceived educational value, with participants often preferring game-based approaches over traditional informational methods. Furthermore, one study also reported high usability and modest improvements in HPV vaccine-related beliefs compared to standard information delivery (Zhu et al. 2021). 

Overall, while evidence for direct effects on vaccination behavior remains limited and inconsistent, the findings of the included studies indicate that HPV serious games are effective in improving HPV-related knowledge, attitudes, and engagement, which are important precursors to vaccination coverage. 

Summarizing the current research landscape, and in light of existing literature, although vaccinations remain among the most effective preventive measures, many people still neglect their benefits, highlighting the need for innovative motivational approaches, such as serious games, to enhance immunization awareness and engagement (Baranyi et al. 2024). In parallel, recent technological advancements have enabled a shift from traditional health interventions toward more interactive and user-centered experiences, aiming to enhance the effectiveness of vaccine-related interventions. 

Within this context, the concept of “digital health” has emerged, referring to the use of information and communications technologies to support health and health-related decision-making (World Health Organization 2019). To this point, an increasing number of HPV prevention initiatives have embraced technologies that resonate with younger populations, such as serious games. Qualitative findings further support this trend, with adolescents reporting that HPV vaccine interventions will be better and more effective through including games, explaining that game design helps young people learn more effectively (Cordoba-Sanchez et al. 2025). At the same time, another study investigating parents' perceptions of HPV vaccine interventions revealed that parents emphasized the value of adding games to increase adolescents' interest and interactivity (Becker et al. 2022). 

Converging evidence from recent systematic reviews reinforces these observations, demonstrating that serious games and gamified interventions can enhance adolescents’ HPV knowledge, shape their intentions, and increase vaccine uptake
 (Choi et al. 2023; Taseen et al. 2026). The present systematic review aimed to synthesize information from all the available HPV serious games, underlying the latest advances in the field, highlighting recent advancements and providing insights to inform future intervention design. The results may support healthcare policymakers and stakeholders in integrating serious games into HPV prevention strategies, recognizing their potential to enhance both knowledge and vaccine uptake. Nevertheless, we recognize that additional studies are needed to extend evaluation research and assess the effectiveness of HPV serious games interventions, particularly as regards actual HPV vaccine uptake. 

6.1 Study limitations

This review has a number of limitations that should be considered when interpreting the findings. Initially, the literature search was restricted to two databases, and only English-language publications were considered, which could have reduced the overall number of findings. Nevertheless, databases selected are among the most widely used in biomedical and informatics research, and the application of a comprehensive and systematic search strategy yielded a substantial number of studies, exceeding the number reported in similar previous reviews. Additionally, the data extracted from the included studies were mostly descriptive and demonstrated considerable heterogeneity, reducing results precision and limiting the ability to make direct comparisons or draw strong assertions. However, in an effort to mitigate missing or unclear information, additional steps were taken when possible, including reviewing previous publications reported by the authors and interacting with the serious games to verify or extract supplementary details. To mitigate heterogeneity, we categorized variables broadly using scientific rationale, while allowing some flexibility to report the data in more homogeneous groups. Despite these efforts, residual heterogeneity may still influence the interpretation of the aggregated findings. Furthermore, this review did not provide information regarding the effectiveness and efficacy of HPV serious games as the included studies differed substantially in their methodological designs. Nevertheless, the narrative synthesis of the reported outcomes reveals highly encouraging trends. Finally, the geographic distribution of the included studies was uneven, with limited representation from many regions. This imbalance may affect the external validity and findings generalizability.
CHAPTER 7

CONCLUSIONS

This systematic review sought to stimulate interest and raise awareness on the potential of serious games to improve HPV knowledge and vaccination coverage. Although the generalizability of the findings is constrained due to aforementioned limitations, the article outlines several ideas and multiple concepts on serious game types, learning activities, and development strategies that can act as guidelines to inform and encourage stakeholders to invest in HPV serious games development. Given the need for innovative approaches to effectively engage target populations and achieve WHO HPV elimination goals, serious games represent a promising tool within the evolving landscape of HPV prevention.

The findings provide evidence-informed insights into how serious games can facilitate knowledge acquisition, shape attitudes, and strengthen vaccination intentions, particularly among adolescent populations, a key target group for HPV prevention. By critically appraising both the content and development processes of HPV serious game interventions, the thesis offers a translational framework that bridges research, practice, and policy. It provides actionable guidance for healthcare professionals, educators, and decision-makers seeking to integrate engaging, theory-informed digital tools into HPV vaccination programs and broader health promotion initiatives, aiming to increase population vaccination coverage in accordance with the targets set by international organizations. 
Hence, Greece (and other counterpart countries) could strategically invest in serious games to improve HPV education and increase national vaccination coverage. By developing interactive, evidence-based serious games tailored to adolescents, the country can engage this population in an accessible and motivating way, fostering awareness of both HPV risks and the positive outcomes of vaccination. Such games could be integrated into school curricula, public health campaigns, mobile health platforms, and activities of the National Immunization Program, complementing traditional educational strategies while addressing misinformation and cultural barriers that hinder vaccine uptake. Overall, investing in serious games offers a scalable, cost-effective strategy for promoting HPV awareness, supporting vaccination efforts, and strengthening public health initiatives in Greece.
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APPENDIX
Table 1. Included studies per country.
	Country
	Number of Studies
	Studies References

	Australia
	1
	Epstein et al, 2021

	Brazil
	1
	Maciel et al, 2022

	China 
	2
	Chau et al, 2023; Lo et al, 2025

	France (including Réunion) 
	4
	Bocquier et al, 2023; Duclaud et al, 2025; Ferreira et al, 2025; Tran et al, 2025

	Italy
	1
	Occa et al, 2022

	Malaysia
	1
	Hasni et al, 2023

	Norway
	1
	Ruiz-López et al, 2019

	United States of America
	10
	Nirmal et al, 2013; Cates et al, 2018a; Cates et al, 2018b; Darville-Sanders et al, 2018; Amresh et al, 2019; Cates et al, 2020; Woodall et al, 2021; Zhu et al, 2021; Steenstra et al, 2024; Woodall et al, 2025


Table 2. Overlapping HPV serious games and participant samples among publications.
	Studies reporting the same serious game
	
	Studies reporting the same serious game and participant cohort

	Chau et al, 2023; Lo et al, 2025
	
	

	Woodall et al 2021; Woodall et al, 2025
	
	

	Duclaud et al, 2025; Ferreira et al, 2025
	
	Duclaud et al, 2025; Ferreira et al, 2025

	Cates et al. 2018a; Cates et al, 2018b; 
Cates et al, 2020
	
	


Table 3. Photos of the emerging HPV serious games.
	a/a
	Photo
	Serious game name/reference

	1
	[image: image11.png]Human Papillomavirus
(pronounced

| pap-ah-LO-mah-VYE-rus),

| also known as HPV, is the

<press space to close>





	We Care-Teen

Amresh et al. 2019

	2
	











	HPV, in search of action

Bocquier et al. 2023

Image attribution: https://play.google.com/store/apps/details?id=com.focusgames.hpv&pcampaignid=web_share 

	3
	











	The Land of Secret Gardens

Cates et al. 2018

Cates et al. 2020
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	VAX game

Darville et al. 2018

	5
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	Unnamed game
Duclaud et al. 2025
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	Vaxcards

Epstein et al. 2021

Image attribution: https://research.monash.edu/en/publications/a-qualitative-interview-study-of-stakeholder-use-of-vaxcards-in-s/ 

	7
	











	HPV Vaccine game
Hasni et al. 2023

	8
	











	HPV game
Nirmal et al. 2013

	9
	





	Salute e HPV
Occa et al. 2022

	10
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	FightHPV
Ruiz-Lopez et al. 2019

2nd image attribution: https://ipvsoc.org/news/fight-hpv-free-social-gaming-app/ 

	11
	





	The Quest for the HPV Vaccine
Steenstra et al. 2024

	12
	





	Papillomavirus: l’Escape Game
Tran et al. 2025
Image attribution: https://papillomavirus.preventioncancers.fr/desktop/build-mobile/mobile.php 

	13
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	Vaccination Vacation 
Zhu et al. 2021
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