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Introduction: Applying game design techniques to create engaging health interventions has become more common, though still met with challenges and criticisms. This scoping literature review evaluates the extent to which recent health-based game intervention studies have improved from past criticisms around the process of game development, theoretical grounding, and implementation in terms of research design.



Methods: Following a search of relevant databases and an AI tool (Elicit.org), 26 published articles met our selection criteria of reporting a game-based health intervention task developed by the article's authors. In each article, the reported theoretical grounding, use of game mechanics, and methodologies for developing and implementing game-based interventions were assessed. Our procedure involved coding for psychological or game design theories, game mechanics, and the research methods and design approaches used for intervention development. We reasoned that articles grounded in theory would be more likely to report effective methodologies and support for their design choices.



Results: Our findings revealed that authors frequently used quantitative methods to determine intervention impact, explicitly referenced psychological (vs. game design) theory more frequently, and used more than one game mechanic in the interventions. In line with recommendations, the majority of studies used large sample sizes and applied their interventions in real-world settings.



Discussion: Despite these improvements, we identified areas of growth: utilizing interdisciplinary teams, user-centered and iterative approaches, and standardizing the reporting of intervention design components. This review is intended to inform the future of applied game design in health contexts.
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1 Introduction

Applied Game Design, the method of creating games for non-gaming contexts, is on the rise in cognitive and healthcare settings (1). This method has promise for health behavior change: the observation of positive changes in behavior that lead to better health outcomes (2). Research findings about the effectiveness of Applied Game Design in health contexts have been mixed, leading researchers to debate whether it is an effective method for improving health outcomes. However, the misuse of Applied Game Design along with the use of weak study designs (3, 4) could contribute to these mixed results and obfuscate its effectiveness as a tool for delivering treatment. Given the increasing use and accessibility of game-based applications, it is important to continue evaluating the impact of Applied Game Design on the efficacy of health interventions.

In this paper, we take the position that Applied Game Design would be most beneficial when it is informed by design theory and by psychological findings and frameworks. With this starting point, after defining some key constructs relating to Applied Game Design, its use in behavioral interventions is discussed. Then, an overview of the use of Applied Game Design in health behavior change and critiques of the literature is provided. Next follows a review and evaluation of the extent to which theory and methods from game design and behavioral and health psychology have been used to inform the design of game-based health interventions. This evaluation allows us to establish whether recent research addresses prior critiques and to identify areas of growth for the development of future game-based interventions. Finally, recommendations for future directions utilizing Applied Game Design and their assessment are provided.


1.1 What is Applied Game Design?

Applied Game Design commonly refers to the creation of games and use of design techniques and methods for non-gaming contexts such as in health and education. Applied Game Design includes adding game mechanics and elements to tasks, such as story, aesthetics, and technology, not originally conceived as a game, and designing games specifically for non-gaming contexts (1, 5). Applied Game Design encompasses other common terms such as gamification and serious games (1, 5–7), along with applied games and game-based approaches (4).

In game design, a set of elements are used to form a game experience that leads to play and improved engagement. A game is thought to comprise four elements: technology, story, aesthetics, and mechanics (8). Technology refers to any material that makes the game possible, be it pen and paper or a computer. The story provides the reason for playing a game and gives background to the gameplay and environment. Aesthetics is the look and feel of a game. Lastly, mechanics encompasses the procedures and rules that make up a game. Mechanics can consist of objects, attributes (e.g., space, time), and states (e.g., the current state of the game or character) (8).

Mechanics are what dictate gameplay and are vital to eliciting player engagement and motivation. In the context of health-related applications, improved motivation and engagement are important in that they increase adherence to interventions, potentially contributing to positive health outcomes and behavior change (1, 9). The categorization of mechanics in the literature can vary. A common categorization of mechanics distinguishes between goals (providing progress through achievements, milestones, quests, and levels), status (bringing social influence through rankings or the sharing of achievements), randomness (implemented through events not impacted by user action to give the appearance of luck), appointment (engaging the user at set times), scoring (providing feedback to through points and bonuses), and immersion (emerging from the game through story, character roles, and the ability to explore) (1). However, other categorizations distinguish between critical, fatal, incentive, and avoidance mechanics (10), and performance, ecological, social, fictional, and personal mechanics (11). The specific typology notwithstanding, it is important to evaluate how mechanics contribute to the development of effective interventions.



1.2 Advantages of Applied Game Design

In Applied Game Design, game design elements and mechanics are used to enhance learning and encourage behavior change through improving engagement, motivation, and its potential for wide dissemination. The game elements described in the previous section, along with others, are thought to improve engagement in the task, including emotional involvement and passion (1, 5, 8). Game elements can place participants in a state of flow, a period of intense engagement, and immersion, a state of deep involvement with and focus on the task (1, 12). Game elements elicit enjoyment and positive emotions (5) by introducing challenge and fun while allowing players to achieve goals in a safe environment (13, 14). Enjoyment in a task is thought to contribute to better performance outcomes, including better retention in learning contexts, which is why applied game design is already being applied in various contexts, such as education (14).

Additionally, game elements can also have a positive impact on participants' motivation by providing intrinsic and extrinsic motivators (5). Intrinsic motivation refers to driving actions through internal satisfaction, such as curiosity and overcoming challenges (14). Extrinsic motivation refers to external drivers, such as rewards (14). Games are typically designed to be inherently challenging, leveraging goal setting theory, which posits that setting difficult but achievable goals motivates individuals (5, 15). Games can also improve motivation by providing clear and quick communication on performance (goals, scoring, rewards, etc.), which is associated with individuals feeling competent in their actions and satisfying needs for praise and accomplishment (5, 14, 16). Feedback during gameplay guides participants on whether their actions are right or wrong, and is associated with users reporting more positive experiences and spending more time on the task (5).

Games also have the unique property of being easily disseminated (12, 16). A significant draw for Applied Game Design is the increased reach it offers: this delivery method can be used to reach individuals that are not able to seek out medical or mental health care, overcoming the limitations of administering these tasks in a lab or a health care provider setting (12). An example of this can be seen in the Personal Zen game (37), a gamified version of an empirically tested attentional bias modification task to reduce anxiety. Participants are able to play this game on their own time on their personal smartphone, outside of the lab, and still experience the effects of reduced anxiety (12, 17). Game-based tasks, especially those accessible online, also support the feasibility of recruiting large and diverse samples of participants (15, 18). Due to the advantages of Applied Game Design, researchers across many fields in the health sciences, including clinical psychology, have leveraged its use in interventions.



1.3 Applied Game Design in health

Applied Game Design has been applied not only to educational contexts and cognitive training tasks, but also to health behavior change interventions targeting the improvement of physical health, mental health, and health behaviors (4, 12, 19–21). It has been used to encourage the use of healthy behaviors such as self-monitoring, better eating habits, physical activity, and sunscreen use, and to discourage unhealthy habits, such as substance abuse (4, 20, 21). For mental health, Applied Game Design has resulted in games in which participants practice skills from cognitive behavior therapy, cognitive training, and positive psychology with the goal of decreasing depressive symptoms (12). These tasks have been tested in the lab and outside the lab in both cross-sectional and longitudinal studies (4, 12, 20, 21).

Over the years, reviews have offered some insight into how game-based interventions are commonly designed. Some reviews have revealed that the mechanics implemented most frequently in game-based interventions are the use of levels [this is included in the “goal” category by (1)], points/scoring, rewards [these are included in the “scoring” category by (1)], and use of a narrative/story. The most common of these in game-based health interventions is the use of points/scoring (3, 22), which provide clear feedback to the player about their performance (1). The number of game mechanics used varies across tasks, with the majority of studies implementing around five game mechanics in their task (3).

The extant research still leaves open queries about the use of game mechanics, including which game mechanics are best for improving motivation and engagement in a health intervention and what is the optimal number and combination of mechanics to be used in particular contexts. The optimal selection of mechanics likely depends on the goal of the task, its theoretical grounding, the researchers' and developers' approach, including what the players are meant to be doing, and for how long. Through our review, we aim to shed light on the interplay of some of these factors.



1.4 Is Applied Game Design effective?

Over the years and across reviews, the effects of Applied Game Design on outcomes have been mixed. Although it is clear that motivation and engagement are positively impacted by game-based interventions, their effects on targeted health outcomes vary (4, 23). Some studies find positive effects on motivation, with game-based tasks being more motivating to participants compared to non-game-based tasks (23). Uses of Applied Game Design seem to have an overall positive impact on health and well-being outcomes; for example, by helping individuals increase their physical activity–with 59% of studies reporting positive effects (4). However, there is still a large percentage of studies displaying mixed or null findings (4). As others have noted, null findings may have to do with limitations of the studies that can impact the efficacy of the intervention, which we address next (4, 16, 23, 24).


1.4.1 Recent criticisms

One criticism concerns the varied methods used in designing and implementing game-based interventions. Some game-based interventions are delivered in more controlled settings, such as in the lab on a computer, while others are delivered on the participant's personal device; the number of training sessions also varies, with session durations ranging from a short five minutes to over an hour (23).

The quality of Applied Game Design studies also fluctuates greatly, ranging from being rated as having weak to strong methods (16). Many studies have small sample sizes (N < 50) and are too underpowered to evaluate the impact of the intervention. Studies also tend to report a lack of appropriate controls: many studies do not include a direct comparison between Applied Game Design methods and other types of intervention (4). This variability in method use and quality could be due to a lack of set procedural guidelines during the implementation and development of the studies (16).

The lack of interdisciplinary teams working on this research could also contribute to methodological weaknesses (16), as for example when researchers without design or technical background do not effectively integrate game elements in the intervention. Indeed, the wrong choice or combination of elements can tax cognitive load and frustrate participants (16). Using Applied Game Design effectively seems to require, not only more standardized procedural guidelines for its development and implementation, but also knowledge from both psychological and health science and game design (7, 16).

Past work has varied in its use of theories to inform design (16, 24). Researchers in Applied Game Design often draw from a wide array of psychology and health behavior change theories (24) to explain behavior and game design choices. However, the extent to which Applied Game Design studies ground their design choices in theory is often unclear. One issue is that, until recently, there have not been widespread frameworks for Applied Game Design to guide researchers in designing and implementing these interventions (16).

Psychological theory and game design theory relevant for Applied Game Design include frameworks around engagement, motivation, and behavioral drivers. Among psychology and health behavior change theories, developers of game-based intervention have used social cognitive theory (SCT), the health belief model (HBM) (20), social-determination theory (SDT) (5, 16) and behavioral economics (22, 25). Among game design theories, developers of game-based interventions have drawn from flow theory (26), goal setting theory (15), narrative transportation theory (27), the proteus effect (28), and AGILE development (29). These theories and concepts provide different perspectives on motivation, with implications about how to choose game and intervention components. For example, flow theory describes an intrinsic motivation coming from a state of intense focus driven by the enjoyment and challenge of a task (26). Behavioral economics posits human behavior to be driven by emotion and motivated by concepts of “loss” and “gain” (22, 25). AGILE development encourages the use of intended users in design choices and an iterative process (29). When applied to game design, flow theory is used to inform how to balance the challenge of the game with player abilities (21). Behavioral economics is often used to support the use of a reward and punishment system within the gameplay (22, 25) And the AGILE suggests that the best games are made by integrating knowledge of experts and players (29).



1.4.2 Recent recommendations

Despite some mixed results regarding the efficacy of game-based interventions in health, most researchers still see the promise of game-based health interventions and have offered recommendations for how to improve its use moving forward (16, 23). The recommendations include using larger sample sizes, including control groups, using interdisciplinary teams, and better grounding the development of the game-based intervention in theory. There has also been a push for using more iterative, or cyclical, design processes during development that entails prototyping, testing, evaluating, and redesigning/refining (16, 23). Additionally, it has been suggested that development processes should be universalized (namely, through the use of a pre-development, development, and post-development phases) and that these development processes should use iterative design (16). These recommendations underscore the need to establish set guidelines or common practices for developing game-based health interventions.




1.5 The current study

This scoping review is focused on recent studies that use game-based interventions to improve health outcomes in order to evaluate common threads and gaps in this domain, specifically the current methods for developing game-based health interventions, patterns in design, and provide recommendations for future work. The goal is to aid in the future development of health technologies by providing insight into current design practices and recommendations. As the creation of game-based health interventions grows, there is a need for reviews in this work to reflect on methodology and guide improvements.

The purpose of this review is therefore three-fold. The first aim is to characterize common patterns in the development, assessment, and reporting of game-based health interventions. Common patterns in the mechanics used, prominent game design and psychological theories, and the methods used to support this design and implementation of game-based health interventions are considered. By evaluating the methods of applying game elements and mechanics used across studies, the hope is to identify common techniques that have been shown to be effective. By evaluating the theoretical grounding of research in this domain (namely, whether psychological theories of behavior change and theories of Applied Game Design are being applied), we can gain insights about decisions made during the design and the implementation of the intervention, since these can be motivated and informed by theory.

The second aim is to establish whether there has been improvement in this research area in recent years, given prior critiques, with researchers theoretically grounding their design choices, using robust empirical methods, and describing consistently and transparently their game development process.

The third aim, based on our findings, is to synthesize the current state of this literature and identify areas of growth to provide recommendations for researchers for improving the development, implementation, and transparent reporting of Applied Game Design work.




2 Methods


2.1 Article selection

A scoping review is an approach to reviewing the literature and synthesizing evidence used to examine concepts and methodology for complex areas of work. It entails assessing the current state of research, including the examination of gaps (30–32). The literature on Applied Game Design for health lends itself for a scoping review: the area is increasingly complex, studied across disciplines and health contexts, through different methodologies, which has been a criticism of the work (16, 24).

For this scoping review, the recommended procedures (30–32) and reporting guidelines of PRISMA-ScR (31) were followed. Both authors used their knowledge on the topic and reviewed the literature to devise the research question and develop the search criteria. Our criteria to identify relevant studies included: articles were written in English, published in the last 10 years, in which authors reported the development of their own intervention task, and targeted the improvement of a health outcome. Reviews and meta-analyses were excluded.

To select potentially relevant papers for the review, the following databases were used during February and March of 2023: ProQuest (PsycINFO and ERIC), Web of Science (Web of Science Core Collection), and PubMed, along with the online search engine Google Scholar. As a first step, the first author manually searched these databases using the following keywords: “health”, “health behavior change”, “gamification”, “serious games”, “health intervention”, “game design”, “game elements”, “gamification and health”, “simulation and health behavior change” and “health and gamification intervention NOT review”. Although we did not retain information about how many articles the initial search yielded, to estimate that number we conducted a search in October 2024 to demonstrate our process (see Figure 1). This yielded an estimate of n = 27,215 of articles initially obtained. After removing duplicates and filtering out any articles without key words such as “game”, “gamification”, and “virtual” in the title, we identified 306 relevant to our review. Then, by our inclusion criteria, 15 articles were identified to be accessible through our institutional licenses with publishers. Given our criterion that the researchers had to develop their own intervention and describe their development process, approximately 43 papers were excluded as the intervention was described in another paper.
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FIGURE 1
Scoping review process. These #s are estimation as performed by 2024 data search, and are approximations to mirror the 2023 search.


As a second step, the tool Elicit was queried to expand our literature search to capture papers that were not identified by searching the traditional databases in the previous step. Elicit is a tool that uses large language models, and sources articles from multiple databases, to answer user question prompts about empirical research through searching the literature and identifying relevant articles (the version we used in spring 2023 is located at old.elicit.org). It requires a different search strategy–of using questions instead of keywords. The question prompts we used included “How does gamification impact health care outcomes?”, “How does gamification impact health outcomes in the long-term?”, “How does gamification impact health outcomes in the short-term?”, “What is the evidence for the efficacy of gamification in health interventions?”, “How are gamification health interventions made?”. Search results were filtered to include articles that were “randomized control trial” and “longitudinal” studies, and to exclude articles of other study types classified as “review”, “systematic review”, and “meta-analysis”. The resulting articles were screened based on the inclusion/exclusion criteria previously discussed. Because the Elicit tool produces an infinite scroll of results, it was not possible to quantify and document the search output. Seeing that Elicit still includes articles that are reviews and meta-analysis (as lower ranked items, farther down the results page), even when these are listed as exclusion criteria, we stopped looking at articles once the search output showed mostly review articles. Through this step, an additional 11 articles were identified (see Figure 1).

Finally, upon reading these selected articles, both authors confirmed that they met our criteria: that they were accessible with our institutional library's license, written in English, stated use of a novel intervention using applied game design, and reported having a health aim. Of the included articles, 21 explicitly reported designing their own intervention, while 5 articles seemed to be using a very similar intervention to one another article. Those 5 articles were included to be more inclusive in our selection, despite uncertainty about their distinctiveness, since each paper introduced a new condition or variant of the intervention.

This scoping review was limited in nature, since our investigation of the literature was not exhaustive. It is possible that, in addition to those articles behind a paywall that we excluded, relevant articles were missed due to our specific keywords, question prompts when searching the databases, and the architecture of the AI tool described above. More articles could be considered in a review that uses less strict inclusion criteria; in particular, one that does not require that the researchers developed their own intervention. In total, n = 26 articles were included for review.



2.2 Coding

For each of the 26 articles, data were charted (30–32) by coding along two main dimensions: (1) Development (theories invoked by the researchers to contextualize or motivate decisions surrounding the intervention, and the game mechanics that the intervention employed), and (2) Evaluation (the methods the researchers used to evaluate the intervention). To develop our coding scheme, qualitative methods similar to thematic and content analysis (30–32) were used, consistent with recommendations for scoping reviews. This approach is described below.



2.3 Coding of intervention development


2.3.1 Theories

We coded for the explicit mention of (a) game design theories (e.g., flow theory, Proteus effect, etc.), and (b) psychological and behavior change theories (e.g., goal setting theory, social cognitive theory, etc.). To be coded as present, these theories needed to be described by the authors of the articles as supporting the development of the interventions. For each article, we re-read the background and methods sections and looked for explicit mentions of game design and psychological theories being used in the intervention development.

During coding, some points warranted discussion to refine our decision criteria. For example, from the outset it may be ambiguous whether goal setting theory constitutes a game design or a psychological theory. So, for goal setting theory, our determination was based on whether the authors described the theory as guiding a choice in the design of the game (game design theory) or as support for how aspects of their game impact human thought and behavior (psychological theory). We also made the decision to not code mentions of adopting a “gamification approach” as constituting a theory per se, since gamification is not a theory on its own. Although some researchers invoked the “gamification approach” and related constructs (e.g., “serious games”) in the motivation for their work, it was implicit that all researchers in our sampled articles used an applied game design approach. Therefore, references to a gamification approach were coded as a separate category, distinct from theories.

The first author coded all the articles, and the second author a subset of them (five articles or 19% of the sample). For the initial coding, the coders had 80% agreement on game design theories and 70% agreement on psychological theories. After discussion, coders came to 100% agreement for both theory types.



2.3.2 Game mechanics

Game mechanics were classified as belonging to five main categories: reinforcement, immersion, performance, social components, and ecological components. Reinforcement encompasses rewards and punishments, including points, badges, medals, and feedback. Immersion includes the use of story or narratives, use of an environment for gameplay, and inclusion of an explorable area. Performance pertains to the use of goal setting, challenges, levels, and progress tracking. Social components include the use of competition, leaderboards, social pressure, collaboration, or communication with other players or an AI system. Ecological components include timed events, time limits, randomness or surprises, and use of marketplaces or economies.

We chose to use a different categorization than that of other researchers [e.g., (1)], reviewed in our introduction. Our categorization was derived in both a bottom-up manner, by surveying and grouping the game mechanics used by the authors, and a top-down manner, by consulting prior classifications [e.g., (1, 10, 11)]. All the unique mechanics terms noted by the authors were collected, then synonymous or functionally similar terms (e.g., badges, medals) were grouped together, forming semantically related categories. Lastly, following principles from thematic analysis and its iterative process, we distilled the category name for these groups of terms while consulting relevant articles and we refined these categories, as needed (30, 33). In some cases, we needed to clarify how we would apply these categories during coding, based on how these terms were used in the articles. For example, there was originally a separate category for Goals (which included goal setting, assigned challenges, levels, self-progression) and Progress (which included tracking) but these categories were combined into Performance (goal setting, assigned challenges, levels, tracking) because all these mechanics served similar purposes associated with advancement. Τhis choice was validated by the fact that Performance is a standalone category in some taxonomies [e.g., (11)].

In applying the coding scheme, we dealt with some additional ambiguities in classifying some mechanics (e.g., whether delayed rewards should be considered as falling under Reinforcement or the Ecological dimension), or deciding whether an aspect of the intervention should be classified as a mechanic (e.g., whether the dosing of intervention/gameplay is a game mechanic or a general intervention method). Upon discussion of these points, we made executive decisions and finalized our coding (e.g., to consider delayed rewards as Reinforcement and to not consider dosing a mechanic).

The first author coded all the articles, and the second author a subset of them (five articles or 19% of the sample). For the initial coding, the coders had 84% agreement in identifying game mechanics from the five key categories. Upon discussing and resolving the ambiguous cases above, agreement was 96% on identifying the same mechanics in these articles.



2.3.3 Developmental approaches

Developmental approaches are those concerning the development of the intervention, the steps and methodologies used by researchers to create the game-based intervention. For developmental approaches, we coded for whether researchers used user-centered approaches (e.g., eliciting feedback/participant input, reporting engaging in a co-creation process with users, reporting being patient-centered), testing or pilot testing strategies (piloting an intervention, engaging in feasibility or acceptability testing), and an iterative design approach to integrate feedback (using iterative processes or multistage designs and methods to integrate feedback in the development of the intervention). These categories were derived using an inductive approach. Methodological terms used by researchers were collected to describe their study design and process used to inform the design of their interventions. Similar terms were then grouped together based on the definitions used by the researchers. Once grouped together, both authors decided on a category name to define each grouping.

We also coded the stage of development of the intervention, adopting the distinction made by Khaleghi and colleagues (16) to situate the intervention in the pre-development, development, or post-development stages. Studies were classified as predevelopment if the researchers conducted prototyping and feasibility testing while still in the planning phase of their interventions, or else stated their goal was to improve the initial development of the intervention. Studies were classified as being in the development stage if they were testing the efficacy of their intervention or testing the most effective implementation of their intervention. Studies were classified as being in the post-development stage if the researchers stated their intervention had already been determined to be effective, stated their goal was to test its efficacy in other populations, or if the study involved disseminating/applying the intervention. This coding was done by the first author based on the description of the study, its goals, and the description of its implementation.

Finally, we coded for a set of additional methodological features: the use of interdisciplinary research teams and the intervention duration (the length of intervention and the frequency of use of the applied game design tool).

As with the previous coding, the first author coded all the articles, and the second author a subset of them (19% of the sample). For the initial coding, the coders had 84% agreement and after discussion 100% agreement on the methods (research design and developmental) used by each study.




2.4 Coding of evaluations

For each study, we identified the methods used to evaluate the efficacy of the game based interventions. For evaluative methods we used a deductive approach and coded for commonly used research designs: namely, quantitative, qualitative, and mixed designs. The quantitative methods code encompassed studies that explicitly mentioned methods such as surveys/questionnaires, experiments, randomized controlled trials, cluster randomized trials, and the use of biological measures such as step count and blood pressure. The qualitative methods code encompassed studies that explicitly mentioned using interviews, focus groups, qualitative surveys, observation of video recordings, and thematic analysis. The mixed methods code applied to studies that described using both quantitative and qualitative methods, as defined above. Other evaluative tools used by researchers, such as observation of health outcomes, were not coded for and were instead recorded verbatim.



2.5 Data synthesis

After the coding for all articles was completed, and reliability determined, the codes were used to organize articles and draw patterns from the data. All codes were placed within a single spreadsheet along with descriptions and findings from the studies, in an expanded version of Table 1 [see the file in our OSF repository (34)]. Following the study aims, the first author organized the articles, grouping them together, based on their similarities between theory use, mechanic use, stage of development, and evaluative approach/design. This entailed creating a succinct table, pulling out information from articles with those similarities and having them in a format for easier comparisons. This permitted us to compare studies based within and across categories to extract potential patterns, including numerical ones.


TABLE 1 Summary of articles.

[image: Table 1]



2.6 Data availability

Our OSF repository (34) for the project makes available the full coding of these articles, including whether the researchers developed their own intervention, their targeted health outcome, the search engine the article was located with, and our coding as described above. Our coding includes additional information for each article, including the goal of the intervention, the duration of the intervention, a summary of the intervention task, and key results. This study was not preregistered.




3 Results

Our evaluation approach involves summarizing frequency distributions of the dimensions coded to gauge the prominence of game mechanics, theories, and methods used, followed by qualitative observations to contextualize these results.


3.1 Development


3.1.1 Prominence of theories

As shown in Table 2, most articles referred to psychological theories: in total, 21 articles (80.8%) described their interventions as being supported and guided by one or more psychological theories. Out of these, 10 (38.5%) also referenced game development theories. On the other hand, less than half of the articles (42.3%, 11 articles total) referred to game development theories, suggesting that the grounding of these interventions in game development theory is lacking. This is despite the fact that the overwhelming majority of the articles did superficially reference terms such as “gamification” or “serious games” (92.3%, N = 24) to support their use of a game-based intervention. Strikingly, a subset of articles (15.4%) did not reference any specific theory to support the development of their interventions.


TABLE 2 Summary of results.
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The psychology theories being used in the development of game-based interventions focused primarily on motivation and drivers of behavior. Of the 21 articles referring to psychological theories, the most pervasive theory was behavioral economics (38.1%), followed by self-determination theory (28.6%), and health behavior change theories (19.1%). In the 11 articles that mentioned a game design theory, few game design theories were referenced consistently, with the exception of user-centered design approaches, which was referenced in almost half of the articles (n = 5, 45.5%).



3.1.2 Prominence of mechanics

As shown in Table 2, all interventions used at least two categories out of the five major categories of mechanics (Reinforcement, Immersion, Performance, Social components, Ecological components), with half of the articles using three categories. About a fifth of the articles included all five mechanic categories.

As shown in Table 2, the most popular categories of mechanics were Reinforcement (points, badges, punishment, etc.) and Performance (goal setting, challenges, etc.), both of which relate to game progression and a sense of achievement through rewards and accomplishing goals. Each of these two types was leveraged by the majority of the interventions (N = 23, 88.5% of articles). The least used mechanic category involved Ecological components (N = 8, 30.8% of articles), such as timed events, marketplaces, and randomness. Social components (e.g., teams, leaderboards) were also commonly used (N = 20, 76.9%) and so was Immersion through story and explorable environments, to a lesser extent (53.9% of articles).

We also noted that reinforcement, performance, and social components were most commonly used together (in 68.4% of articles), in line with past findings that these mechanics are used most frequently (1). The co-occurence of these three mechanic categories could be due to their baseline prominence in games in general, as well as the ease of their implementation, their known impact on motivation, and their connection to psychological theory. The connection between the co-occurence of these three mechanic categories and theory is discussed in the synthesis subsection.



3.1.3 Prominence of design approaches

As Table 2 suggests, the most common method used for developing and improving game-based interventions across studies involved testing strategies (53.9% articles), which included piloting, feasibility, and acceptability determinations by the authors. Many articles (42.3%) also recruited user-centered design approaches such as co-creation which brings in potential users to ask their opinion and give feedback on development. The least common developmental method was feedback integration: in fewer than a third of the articles (30.8%) did the research team use multiple stages and iterative approaches to incorporate feedback into the development process. This may suggest that researchers don't seek out user feedback frequently enough or that the feedback in the design process is obtained but is underreported. Only 34.6% of articles (N = 9) explicitly mentioned using an interdisciplinary team to develop the game-based application.

As shown in Table 2, most articles reported game-based interventions that had passed the predevelopment stage. This suggests that most reviewed studies developed or implemented an intervention that had already undergone some initial pre-development by the research team. There were similar numbers of articles at the development and post-development stage.




3.2 Evaluation

As shown in Table 2, to evaluate game-based interventions, most articles used only quantitative methods (57.7%), followed by 30.8% of studies using a mixed methods approach including both quantitative and qualitative methods. A small portion of studies (11.5%) used exclusively qualitative methods.

The majority of studies (N = 20, 76.9%) included control or comparisons groups. Of these studies, 14 had results to report: 9 reported more positive outcomes for participants using the game-based interventions and 5 reported similar outcome effects of game-based interventions and non-gaming interventions. There are no observable differences (e.g., in theory or mechanics use) between those studies that found better rather than similar outcomes for game-based interventions vs. the comparison group. The rest of the studies that did not include a control group (N = 6) reported positive outcomes following game-based interventions for targeted health behaviors, such as increases in physical activity, improvement of mental health, and increased education.

Of those studies that reported results (N = 20), 10 also reported data on feasibility and acceptability of the intervention. Across these 10 studies, users overall reported enjoying the game-based interventions with most stating they would recommend use of these games to others. However, in some studies, users did report finding the game-based interventions difficult due to various aspects of gameplay and user-interface interactions. Multiple studies also reported technical issues, which negatively impact user experiences.



3.3 Synthesis: development


3.3.1 Patterns around theoretical framing

One of the key aims of this review was to answer questions regarding the interplay between the theoretical grounding of the research studies and the game mechanics used. We found that articles that only referenced psychology theory were most likely to use the three mechanics of Reinforcement, Performance, and Social components together (91%, 10 out of 11). In contrast, articles that referenced game design theories (on their own and with psychological theories) were more likely to include the mechanic categories of Ecological components and Immersion (55%, 6 out of 11). When articles invoked both game design and psychology theory types (10, 38.5%) they were more likely to use a confluence of game mechanics (4 mechanic categories on average). Among these articles, Performance (e.g., the use of levels and challenges) was the most consistently used mechanic category, referenced in all of them. Among the remaining articles (which had one type of theory or no theory), Reinforcement was the most consistently used mechanic category (in 14 out of 16 articles; 87.5%).

A correspondence was also observed between theory use across stages of game development. In the predevelopment stage, no noticeable pattern of theory use emerged. However, in the development stage, we noted that 54.6% of studies referenced one type of theoretical backing, the majority being psychology theories (83.3%, in 9 out of 11 articles). In the postdevelopment stage, studies most commonly invoked psychology theories alone (50%) or in conjunction with game design theories (40%).

In terms of the use of interdisciplinary teams, we also noted that more than half of the explicit mentions of interdisciplinary teams (55.6%) were in articles that invoked both theory types. This is in line with the idea that interdisciplinary teams conducting research are more likely to incorporate theoretical perspectives from different fields.



3.3.2 Patterns around developmental approaches

Another aim of the review was to explore the correspondence between the stage of the development of the intervention, the methodological approaches used (quantitative, qualitative, mixed,) and the developmental methods used to develop and evaluate the game-based intervention (user-centered, testing, feedback integration). There were consistent patterns between stages of development and methods used. All studies in the predevelopment stage combined quantitative methods with 1–4 developmental approaches. Every study in the predevelopment stage reported using testing methods or some form of prototyping.

Studies that explicitly mentioned using an interdisciplinary team all reported using testing methods and most (77.8%) reported using user-centered methods. The high use of testing and user-tested methods in these interdisciplinary collaborations is notable, since these development approaches are most common in design-oriented fields but are less common in psychology and health-oriented disciplines.



3.3.3 Patterns around mechanics

In terms of mechanic choices, we observed that for studies in the development stage, Social and Reinforcement were the most popular mechanic categories, with 36.4% of studies using one or the other, and 63.6% of studies using them together. Studies in the post-development stage used three or more mechanics categories with every post-development study using both Reinforcement and Performance. The Social mechanic category was also commonly used within the post-development stage (80%, 8 out of 10). The prevalence of Reinforcement across stages suggests that it is a common and effective mechanic category. Studies within the predevelopment and postdevelopment phase tended to report using more mechanics than studies in the development stage (4 on average compared to 3 on average).

We also considered whether the involvement of researchers from multiple disciplines in the design process would lead to more varied use of mechanics in intervention development. Studies that explicitly mentioned using an interdisciplinary team incorporated three or more mechanic categories in their intervention. This could reflect the role of interdisciplinary teams on the design process, as well as the recruitment of more diverse theories (which in turn are associated with different types of mechanics, as we established).




3.4 Synthesis: evaluation

Patterns around evaluative methods were primarily found across development stages. Quantitative methods appeared to be mainstream during the development stage: all studies in the development stage (100%) included quantitative analysis, with 45.5% reportedly only using quantitative methods without describing other qualitative methods such as interviewing. The remaining 54.6% of studies in the development stage varied in their method usage, combining multiple quantitative and qualitative approaches (use of mixed methods).

Studies in the post-development stage used three or fewer methods, except for one study that used 4. The two most popular methods used in the post development stage were use of questionnaires or pre-test/post-test designs (quantitative, 80% of studies), and interviews or focus groups (50% of studies).

As expected, studies in the predevelopment stage more commonly used mixed methods (80%, 4 out of 5) and used more varied individual types of methods than those in development and post development, whereas studies in the post development using the least. Studies in the predevelopment stage also seemed to focus on feasibility and prototyping (leaning towards qualitative approaches), while studies in the post development stage focused on outcome measures and user feedback (quantitative).




4 Discussion

The aim of this scoping review was to examine the use of theory and methods in the development of game-based approaches to health interventions. Specifically, we examined how research in this domain is typically implemented, how research methods and game features vary according to the game design and psychological theories adopted by the authors, and the extent to which these recent studies addressed prior concerns and recommendations. Past reviews have criticized research using game-based interventions for their inadequate methods including the use of small sample sizes, the lack of comparison groups, and the disconnect from real-world testing (4, 19). Khaleghi and colleagues (14) issued recommendations for what to look for when evaluating research in this domain and how to properly utilize game-based approaches using sound methods and theoretical backing. In light of our results, we add to this set of recommendations for future research.


4.1 Key findings of the current review about the methods, mechanics, and theories used in health interventions

One of our key findings was that all studies we considered used more than one mechanic; most, in fact, used three types of mechanics. This is in line with other work that has reported that intervention studies include 2–9 mechanics (19). It suggests that the inclusion of only one mechanic may be insufficient to engage and motivate players intrinsically and extrinsically. Using a categorization system based on prior studies (1, 24, 26), we found that the use of Reinforcement and Performance were the most popular types of mechanics, consistent with findings from past reviews (3, 19). The prevalence of these mechanics may suggest that the use of rewards and progress-oriented aspects in interventions are believed to be effective motivators or are easier to implement.

Another key finding was that the theoretical grounding of intervention studies was associated with different patterns in their use of game mechanics. Specifically, those studies that referenced using both game design and psychology theories tended to include more types of mechanics. This suggests that incorporating theories from the field of game design may compel researchers to use other mechanics types, such as Immersion and Ecological components. Such diversification of mechanics makes sense given the game design theories researchers drew from to support their design choices (e.g., human-centered design principles).

In contrast, those studies that referenced only psychological theories tended to report the same three mechanics types (of Reinforcement, Performance, and Social components). This may suggest that an emphasis on psychological theories may compel researchers to leverage findings about positive reinforcement and social drivers as good motivators for behavior change, reflected in the mechanics chosen. Reinforcement and performance are mechanics that are directly related to the constructs of loss, gain, and optimization, directly related to the most common psychological theory referenced: behavioral economics (22, 25).

From our data, it was not possible to determine whether there is an optimal number or combination of mechanic categories for effective game-based interventions. There was no observable pattern between the number or the category of mechanics used and other variables we coded for. As we suggested earlier, the optimal number and category of mechanics are likely reliant on the targeted health behavior and the context in which individuals are using the intervention.



4.2 Revisiting criticisms

One of our aims was to evaluate whether recent works in the creation and testing of game-based health interventions have addressed prior criticisms. During our review, we noted reporting and transparency habits, empirical methods used, and theoretical grounding.


4.2.1 Reporting

Reviewed articles were from an array of fields and empirical journals, including psychology, health, and game design (see Table 1). As such, we noted a wide array of reporting standards. While some studies detailed the development of their interventions and intervention components, others gave brief overviews of the interventions and did not address the process of development. For example, details regarding the interventions, such as the game mechanics used, were often underreported, which required us to infer that information from the intervention descriptions. In some cases it was also unclear whether the article was the initial publication introducing the developed intervention, or whether previous published articles had reported its development (e.g., such that pilot testing had been previously performed).

There were also differences among studies in reporting the motivation for the design of their intervention. With respect to providing theoretical background to motivate design choices, some studies did not report any theoretical backing at all, and most drew only from psychological theory, with no reference to game development theory or models. Studies also varied in the sense in which terms for different game components (e.g., “points” and “rewards”) were used. For example, some authors used “rewards” to refer to points in the game, whereas others used the term to refer to real-world rewards.

In additional coding reported in our supplement, we also determined that the majority of studies we reviewed did not explicitly state how long it took participants to complete the tasks or suggested that time using the tool was user-dependent and primarily self-guided. This paucity of information about the duration of the information makes it hard to determine the dosing that leads to the most efficacious results (19).



4.2.2 Study designs

Overall, there was progress regarding prior methodological criticisms. One prior criticism was that there was a dearth of comparisons of game-based interventions to controls or other non-game-based interventions (23). As documented in the full coding reported in our supplement, the majority of the studies had comparisons to controls or other interventions. Most of these studies reported positive results of the intervention. Some of the studies obtained mixed results, in which game-based treatments and active controls had similar, positive effects on health outcomes and were noted to be acceptable by participants. In these studies, the authors reported that this may be due to challenges with development and implementation of the game-based intervention. Design is an iterative process, so such mixed results should lead to adjustments at the development stage of the intervention (14), which can result in future positive effects of the intervention.



4.2.3 Generalizability

Another criticism of this literature has been the limited generalizability of game-based interventions, with many studies using in-lab testing or small sample sizes (19). Our review shows improvement on this front. Many of the studies we reviewed delivered their interventions outside of controlled settings as described in their methods (see our Supplementary Material): interventions were being tested or implemented in real-world settings such as at home, in classrooms, and in unconstrained settings through participants' mobile devices. The majority of these studies also delivered interventions with long-term potential, designed to be used repetitively over time. This permitted observing the impact and use of their game-based interventions over a protracted period of time (some spanning as long as a year). The average sample size across these studies was also higher than in previous reviews (4), averaging approximately 180 participants (after removing an outlier study that had reported over 2,000 participants). These larger sample sizes are important for adequately detecting the expected modest effect sizes of interventions in studies that included comparisons with control groups or alternative intervention methods (4, 16, 19, 23). Additionally, we noted that multiple studies in our review were in the post-development stage, implementing interventions with the people that need it or modifying interventions to fit target groups. This is yet another methodological improvement in that interventions tailored to targeted populations and delivered in real world settings are expected to have greater ecological validity.




4.3 Coding challenges and limitations

Throughout the review process we did come across multiple challenges in coding various aspects of these studies. This was in part due to variability in reporting standards and the amount of detail each study offered regarding the game-based intervention, consistent with earlier criticisms of this literature (4, 14, 19). This variability posed a challenge in coding for the mechanics, methods, theories used, and the intervention's development stage. As stated in Section 4.2.1, the reporting of these components was sometimes unclear or absent. Mechanics were not always explicitly mentioned, components of the methodology were often missing, and stages of development were not always described.

Our classification of the development stage of the game-based intervention does not mean the authors did not engage in predevelopment or postdevelopment, but that they may have published this information elsewhere without making that clear in the article at hand. Coding for the research methodology (quantitative, qualitative, or mixed) was relatively straightforward; however, there were still instances where due to underspecification in reporting, it was unclear whether particular sources of data (e.g., video recordings) were in fact used for qualitative or quantitative analyses.

Regarding the coding the theoretical frameworks used, as previously noted, some articles did not discuss the theoretical backing of the game-based intervention. Almost all articles referred to the use of gamification or “serious games”, but not all reported how theories and scientific findings supported the design choices they made for their game-based intervention. Strikingly, some articles (15.4%) did not establish any theoretical motivation at all. In those cases, the researchers' choices about the game mechanics, duration, and delivery format of the intervention were theoretically decontextualized.

We acknowledge that our review is limited in some ways: we sourced a small sample of articles, all published within the last 10 years. Certain facets of the theoretical motivation and methodological approach coded were deemed most relevant to evaluating the development and effectiveness of the game-based interventions, based on prior criticisms of the field and recommendations. However, other aspects of the reporting could still be valuable to assess. For example, the appropriateness and robustness of the statistical analyses used or the trustworthiness and rigor of qualitative analyses was not considered. Such consideration would be important for evaluating the authors' reported claims about the effectiveness of the game-based interventions, which was not the primary focus of our review. It also may have been beneficial to look at individual mechanic terms, rather than grouping them into categories. Evaluating the number of listed mechanics by authors may have aided us in answering the question of the optimal number of mechanics to include, which has been a question in past reviews (3). However, due to the variability in mechanic language, we deemed the evaluation of broad categories to be the most appropriate focus of the current review.



4.4 Future directions

The findings described above demonstrate that the area of research in the development and evaluation of game-based health interventions has improved in their methodologies and theory use. Our findings also demonstrate similarities across articles, despite this area of research straddling different fields. In general, studies employed large sample sizes and deployed interventions in real-world settings, such as at home or on mobile devices. While a primary driver of applied game design is improving the dissemination of interventions outside of the lab by allowing individual access through personal technology, we do recognize that this method does not reach individuals that are not able to afford smartphones or do not have access to this technology. The majority of studies also reported using comparison or control groups, permitting statistical inference about the effectiveness of the game-based intervention. As a whole, game-based interventions utilized at least two types of game mechanics and reported to have positive effects on health outcomes. Still, researchers in this area need to continue taking steps towards improving the robustness and transparent reporting of their work.


4.4.1 Recommendations for development

Based on our results and our assessment of the literature, we urge researchers to guide their design choices and choice of mechanics by theory and considerations of user context. Grounding interventions in theory provides reasoning for development choices and justifies using an Applied Game Design approach. When design choices (e.g., the game mechanics used) are not backed by psychological theory or design principles, they are seemingly arbitrary, which compromises the evaluation of the intervention and its subsequent reuse.

Toward that end, echoing Khaleghi and colleagues (14) and Lukas & Palva (7), we recommend use of interdisciplinary teams comprising professionals from different fields, including experts in game development or human-centered design, as well as representatives from the groups targeted by the intervention. Interdisciplinary teams bring in a range of experience and theoretical perspectives, which can facilitate the design and implementation of game-based interventions that are attuned to the complex nature of human behavior. Such teams can facilitate the integration of multiple theoretical perspectives into the development process. Indeed, as we found, the majority of the articles that reported using interdisciplinary teams drew from both psychological and design theories. Theories from different fields each provide key insights, not only in how to motivate behavior change, but also in how to maintain change and design easy to use and engaging tasks. In interdisciplinary teams, it is feasible to make and implement choices guided by design principles and backed by sufficient technical understanding, since members have expertise in different areas, including technical ability. Such technical expertise is also helpful for handling accessibility and technical issues, as this was a barrier noted in prior criticisms. In summary, developing a game with proper theoretical grounding and with experts in game design allows effective targeting of the audience and health outcome, while still creating an enjoyable experience [see also (7, 14)].

We also recommend that research teams utilize multistage, iterative processes that utilize user perspectives and use both qualitative and quantitative evaluation methods at each stage. This design process would ensure that feasibility, usability, and efficacy are being tested and that efficient changes are made throughout the process. In terms of the process of intervention development, user-centered approaches to design, pilot, and feasibility testing are especially important, as they permit testing the effect of interventions and obtaining user feedback. This recommendation is consistent with Khaleghi and colleagues' (14) call to use prototyping and involve users throughout the development stages. These iterative, user-centered approaches confer a rich understanding of how the intervention addresses user needs and how changes to the design impact the intervention's efficacy.



4.4.2 Recommendations for reporting and evaluation

As we and others have noted, the reporting of the development of game-based interventions varies greatly, which highlights the need for more consistent and transparent reporting. As stated in other reviews, a unified terminology to refer to game mechanics and development in health settings is needed (1, 24, 26). Studies either used varied terms to explicitly state which game mechanics they incorporated into their studies or did not explicitly identify those mechanics, requiring us to infer what they were based on the intervention's descriptions. The terms used in our coding scheme for game mechanics and methods can serve as the basis for a more unified way of describing game-based intervention development.

Game development and game-based approaches to intervention development are often recommended to be iterative, cyclical processes, and reporting standards should reflect this (14). Unfortunately, the reporting of the methodology in many of the reviewed studies did not reflect this ideal. It was often unclear whether processes from the predevelopment stage had already occurred or whether there were plans to incorporate feedback from the current study. Future studies in later stages of development should provide clear statements on the prior work that has been done and explain any processes they have in place to make changes to their intervention based on user feedback or other factors.

Our recommendations in response to these gaps in reporting echo those of the StaRI (Standards for Reporting Implementation Studies) initiative (35). The guidelines of the StaRI initiative focus on two primary reporting goals: describing the implementation strategy and describing the intervention and its impact. This initiative is aimed at improving intervention adoption and sustainability in healthcare, which is vital especially given recent research demonstrating the negative views of clinicians on these types of interventions (35, 36). The first goal of StaRI is for researchers to report scientific underpinnings, such as theory, that provide a rationale for the intervention and the steps of design. This recommendation resonates with our call for researchers to explicitly ground their intervention in theory and be more transparent about the steps taken during predevelopment phase. For the second goal, researchers are asked to describe intervention components (such as the game mechanics utilized) and how the intervention and its targeted outcomes were evaluated. This call aligns with our recommendation for more transparent reporting of the development and the evaluation of the game-based intervention. It may begin to address clinicians' opinion of game-based interventions and close the gap between fields, in terms of development and reporting (7, 35, 36). In fact, the authors of StaRI propose that these standards extend to different fields and evolve to accommodate different research needs (35). Given the flexibility of the StaRI standards to be adapted to the specific needs of different fields, we recommend that researchers developing game-based interventions refer to them as a resource and model their research process and reporting after them.





5 Conclusion

This review has highlighted key improvements, as well as continued areas of growth, in research on game-based health intervention development. It calls for more transparent reporting of methods and design choices, more intensive evaluation methods, theoretical grounding of design choices, iterative design, interdisciplinary teams, and consistent use of terminology. These recommendations, along with those from other researchers (14), aim to improve methodological rigor and facilitate the evaluation of the utility of game-based interventions. Prior mixed results on the effectiveness of game-based health interventions, along with the opaque reporting of the methods, can create hesitancy for researchers interested in adopting this approach (4, 16, 23, 24). Researchers should continue revisiting the best practices for evaluating research on game-based health interventions, as game-based applications become more common and as advances in the delivery of mobile phone interventions, as well as computer-based, VR, and AR become more pervasive.
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