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Content analysis is a critical step in understanding any mental health treatment, but these details are absent in the serious video games for ADHD literature. To better understand specific ADHD game elements, we conducted a systematic review and identified 37 seminal studies, published between February 2005 and March 2021, investigating 22 distinct ADHD games (final search on January 16, 2025) designed for children and adolescents. We coded those studies and supplementary game descriptions for therapeutic game content, then calculated effect sizes for immediate post-treatment effects on parent ratings of ADHD symptoms (i.e., far transfer), where available. There appeared to be considerable content variability across titles, but most games in this review (55%) attempt cognitive training, with pluralities deploying the go/no-go, continuous performance, and Corsi block tapping task paradigms. Nearly one-fifth (18%) of the games include theta/beta ratio neurofeedback, and more than one-quarter (27%) of the games include novel content (e.g., physical exercise, eye gaze training). Changes in parent ratings of ADHD symptoms range widely (ds = -0.55 to 1.26) without an obvious pattern of advantage for any game element. The largest far transfer effects for ADHD games are found in study results at highest risk of bias, seemingly irrespective of game content. Our findings suggest that far transfer effects are unconvincing for seminal game elements, and that new directions in ADHD game design and delivery are warranted.
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1 Introduction

Serious games are designed to alter player knowledge, abilities, or behavior, rather than to simply entertain (1). In recent decades, serious video games have been designed to evaluate and treat mental illnesses, with emerging research showing some clinical benefits (e.g., 2). The most consistent finding is that serious games appeal to consumers (3) and are safe, with one product recently receiving safety clearance by the U.S. Food and Drug Administration (4). But the extent to which digital products use proven therapeutic elements is unclear. Like other treatments, the research on serious games warrants careful review and analyses before assuming any are appropriate for clinical care. To this end, we conducted a systematic review and content analysis of serious games for a high-incidence disorder to assess the clinical benefits of specific game elements.



1.1 Gamified ADHD treatments

A subset of mental health games is targeted to the symptoms, impairments, or deficits of children and adolescents with attention-deficit/hyperactivity disorder (ADHD). ADHD is a neurodevelopmental disorder characterized by persistent patterns of inattention and/or hyperactivity-impulsivity that interfere with academic, vocational, or social functioning. Serious video games for youth with ADHD (hereafter, ADHD games) might be designed to provide established assessment and psychosocial treatment (see 5), or ADHD games might deploy experimental elements, giving rise to new interventions. In either case, an ADHD game and its attributes can be contrasted with professional guidelines to determine its alignment with current best practices. Powell and colleagues (6) conducted such an analysis with popular mobile apps for ADHD by inviting children and clinicians to review app content. Interestingly, clinicians raised concerns about the lack of research support for elements within the apps and expressed disappointment that the apps were not targeted to practical needs. But this examination was limited to popular commercial products, which are not necessarily informed by scholarly research.

To assess the degree to which research-based ADHD games build on professional guidelines, it is important to contrast game content with evidence-based practices (EBPs). Treatment guidelines for ADHD have been produced by the American Academy of Pediatrics (AAP; 7), the Society for Developmental and Behavioral Pediatrics (SDBP; 8), and the Society of Clinical Child and Adolescent Psychology (SCCAP; 9). Among non-pharmacological treatments, behavioral approaches—including parent training, classroom management, and peer interventions—are strongly supported (i.e., “well-established”). Skill training interventions, like organization training, are also well established, provided those strategies target pertinent skills, provide practice over time, and include performance feedback. At lower levels of support, the professional guidelines diverge; the SCCAP identifies neurofeedback (and biofeedback more broadly) as possibly efficacious and cognitive training as experimental, whereas the AAP and SDBP withhold recommendation. In short, behavior therapy (BT) and training interventions are strongly supported, whereas neurofeedback (NF) and cognitive training (CT) may hold promise but are not as substantiated.

It appears most ADHD games in the empirical literature deliver CT and/or NF (10, 11) which warrants special consideration given the limitations in the literature. ADHD is associated with neurocognitive deficits in reaction time, sustained attention/vigilance, working memory, and response inhibition, often assessed using computerized laboratory tasks (12). Discoveries in neuroplasticity imply these deficits are corrigible (13), and that improvements in these domains can alleviate ADHD symptoms and impairments. To that end, CT and NF have been designed to engage and strengthen specific neurocognitive functions. In the case of CT, treatments typically use laboratory assessment tasks repurposed as training exercises. The challenge is that training activities that are identical to the original laboratory tasks might lead to skill improvement (e.g., digit span performance) but not neurorehabilitation in a broader sense (e.g., improved working memory). Thus, CT developers often create training experiences using modified laboratory tasks that theoretically increase the transfer of training, but the degree to which a validated laboratory task can or should be modified for training purposes is unknown (14).

In recent decades researchers have attempted to gamify both CT and NF tools to increase user engagement and motivation. The resulting tools mostly improve user performance on laboratory measures, but rarely produce real-world outcomes observable by parents or teachers (15, 16)—a distinction referred to as near versus far transfer. In short, behavior changes in domains that closely resemble a training task are considered “near” transfer, and behavior changes in domains unlike a training task are considered “far” transfer (17). The failure for ADHD games to consistently achieve far transfer beyond game-like situations is still not understood. One potential explanation is that, despite an association with ADHD, neurocognitive deficits may be irrelevant to clinical outcomes (i.e., correlation ≠ causation) (18). Alternatively, because neurocognitive dysfunction varies considerably between individuals (19), each tool may only benefit specific ADHD subpopulations. Or current tools may not effectively target the core processes impaired in ADHD. Games billed as “cognitive training” or “brain training” for ADHD could be comprised of activities targeting secondary or even unrelated processes (20). In any event, it is critical that treatments deliver meaningful, real-world behavior change at home or school, and CT/NF efforts generally appear to fall short.




1.2 ADHD game elements

By operationalizing practices like CT, NF, and BT, it is possible to categorize ADHD game content. Clearly not all BT lend themselves to easy gamification (e.g., parent training), but training interventions (5, p. 730), like time management and organization skills coaching for children, seem particularly well-suited to gameplay. Training interventions target the functional impairments associated with ADHD and can be readily operationalized based on the skills taught (e.g., organization training). NF is also relatively straightforward to operationalize given its distinguishing targets and instrumentation (e.g., electroencephalography) (21). But the cognitive abilities targeted by CT, like working memory and response inhibition, are subjectively categorized. Moreover, it is difficult, if not impossible, to examine or remediate a cognitive process in isolation (12). So, rather than identifying the latent processes that CT games putatively target, we believe it is most useful to identify the laboratory task paradigms deployed in each. For example, “visuospatial memory” is ambiguously defined, but the Corsi block tapping task, often used to measure it, is readily identifiable. Game elements approximating these tasks are informed by the research literature, whereas unique and innovative content can be judged novel (i.e., untested prior to gamification).

ADHD games have been reviewed many times, but there are two major limitations with these previous efforts. First, most ADHD games do not advance beyond early development stages (e.g., proof-of-concept), and yet reviewers rarely distinguish between nascent efforts and influential games that garner widespread scholarly attention. And second, only one study to date has attempted to examine game content (6), and that effort was limited to popular mobile apps. A content analysis is consistent with the experimental therapeutics approach to treatment development promoted by the National Institute of Mental Health because it provides clarity regarding both target mechanisms (e.g., working memory) and their associated clinical effects (e.g., symptom reduction) (22). Content analysis is a critical step in understanding any mental health treatment (23), but this information is conspicuously lacking in the ADHD games literature.




1.3 The present study

We pursued three primary aims (1): identify seminal ADHD games repeatedly cited in published, systematic reviews (2); categorize the therapeutic content within these games; and (3) determine the game elements associated with the most promising effects on parent ratings of ADHD symptoms (i.e., far transfer). Many of the games reviewed are proprietary or limited to use outside the United States, so we were unable to play most ourselves. Instead, we relied on a systematic review to identify the games, then synthesized the data from repeatedly cited studies, and corroborated our results with the study authors. We discuss what our results suggest about the ADHD games literature and then offer our recommendations for advancing this research, particularly as it applies to school-based intervention efforts.





2 Method

The current project was supported in part by a grant to East Carolina University and Ohio University (R324A180219), and we adhered to the most recent Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines (PRISMA; 24) for systematic reviews (see Supplementary 1). Data generated from this review, including details regarding our inclusion/exclusion decisions, are available at https://osf.io/x4e6f/.



2.1 Search strategy

To identify seminal ADHD games in the research literature, we first searched for systematic reviews and meta-analyses using OneSearch. OneSearch is a library search engine that scans dozens of interprofessional databases and local digital library materials simultaneously, while minimizing duplications. Our search phrase specified the diagnosis (“ADHD”), clinical focus (“intervention OR treatment OR training OR therap*”), delivery mechanism (“computer* OR digital* OR technolog*”), format (“game OR gamification”), and study type (“meta-analysis OR systematic review”).1 We noted a three-year gap between reviews from 2015 to 2018 (cf. 11), followed by a surge that seemed to mark new interest in ADHD games. As a result, we limited our search to the period from January 1, 2018, to December 31, 2024, to capture the recent spate of systematic reviews and meta-analyses (but did not apply any date restrictions to constituent studies).

The first author screened all candidate reviews using the titles and abstracts and omitted reviews clearly unrelated to our topic. The retained papers were then read by two or more co-authors and selected based on the following inclusion/exclusion criteria: (a) published in a peer-reviewed journal; (b) reports a unique systematic review and/or meta-analysis; (c) focuses specifically on ADHD rather than a range of conditions; and (d) focuses on studies of game-based interventions for children or adolescents. Once a set of suitable reviews was identified, all constituent studies were listed. We then excluded individual studies that (e) appear in only one review; (f) are not an efficacy, effectiveness, nor feasibility study of an intervention; (g) do not involve a computer-delivered game; (h) do not include school-age participants with ADHD; or (i) was not published in a peer-reviewed journal. We focused on repeatedly cited studies (criterion e) to ensure that the publications are seminal within this literature. Citation analysis is a common bibliometric technique for identifying key publications (25), which was vital in this case because game studies often involve exploratory and transitory technologies. By relying on citation across multiple, independent review teams, we also avoided definitional challenges around disputed terms like “serious games” and “gamification” (see 26). Dyads of co-authors then independently read each candidate study and applied the remaining criteria (f-i) to remove irrelevant or non-refereed sources. Disagreements were settled by the first author.




2.2 Game content

When necessary, we collected supplemental game descriptions from additional sources referenced in the articles or by searching scholarly databases for product descriptions, game overviews, or secondary publications using the game title as a search term (see Supplementary 2). For clarity, games that have undergone title changes were combined and attributed to the most recent title (e.g., EndeavorRx). We then coded the specific game elements intended to have clinical impact based on definitions of established assessment and treatment practices. To guide this work, we iteratively developed a codebook that functioned as a review protocol (see Supplementary 3). The most challenging step was operationalizing CT tasks. As a starting point, we relied on the review by Molitor and Langberg (27) to identify the task paradigms in the ADHD literature, and then operationally defined the tasks tested most often. When gamified, laboratory tasks are often altered (e.g., moving targets in the Corsi block-tapping paradigm), so in addition to our definitions we listed likely modifications. Game elements asserted to be therapeutic that were unlike our codes were reviewed by the team, compared to the relevant literature, and either added to our codebook or deemed “novel” if no precedent could be identified.

Interrater agreement was assessed using the AC1 statistic, given our two-rater design and anticipated marginal heterogeneity (28), as estimated by the irrCAC package (29) in R (30). The AC1 statistic is a chance-adjusted coefficient that can be interpreted similarly to a generalized kappa, with values > 0.80 indicating strong agreement. We then emailed the corresponding author for each CT study in our review to corroborate our findings, given the challenges defining those elements. We were prepared to update our findings if authors provided a compelling rationale; otherwise, we report our conclusions based on our reading of the published game descriptions (author response rate and feedback described below).




2.3 Magnitude of effects

To identify promising game content, we converted outcomes into a standardized metric (Cohen’s d). A wide variety of instruments are reported in the ADHD games literature (e.g., CT lab measures, rating scales, actigraphy measures) from a mix of within- and between-subjects designs, but parent ratings of ADHD symptoms are commonly used to measure far transfer. Hence, we focused on parent ADHD ratings and report d-family effect sizes where sufficient data were available. In two instances, researchers report parent ratings using the original Behavior Rating Inventory of Executive Function (BRIEF; 31) instead of ADHD symptoms. The BRIEF can discriminate between children with inattentive and hyperactive-impulsive symptoms (32), so we included those findings in cases where no ADHD symptom measure was reported.

To compute d, we used the tools provided by Lenhard and Lenhard (33). 2 For single-group or nonequivalent groups pre-post designs we calculated a repeated measures effect, and for pre-post control designs we calculated the Time × Treatment interaction effect. In some instances, effect sizes were only depicted in graphs, and we used a data extraction tool to inform those calculations (WebPlotDigitizer; 35). In all cases, we focused on groups with ADHD and ignored non-ADHD comparison groups, if included. We limited our calculations to immediate pre-post treatment effects, ignoring follow-up measurement occasions, given the variety of designs and follow-up times in this literature. As part of these efforts, we also assessed the risk of bias specific to parent rating outcomes, using tools provided by Cochrane. Specifically, we used the Revised Risk of Bias tool (RoB2; 36) for randomized trials, and the Risk of Bias in Non-randomized Studies of Interventions tool (ROBINS-I; 37) for non-randomized studies. RoB2 ratings were supported using spreadsheet applications that apply the standard scoring algorithms, as provided by Cochrane (beta ver. 7). To make the results of the RoB2 and ROBINS-I instruments directly comparable, we relabeled the “serious” and “critical” risk of bias determinations on the latter as “high” risk but provide our original determinations in the Supplementary Materials. Following online training on the instruments, the first author rated all studies reporting parent ratings and the last author independently rated a randomly selected subset of articles to assess consistency.





3 Results

Our search for literature reviews and meta-analyses, last conducted on January 16, 2025, returned 87 publications (see Figure 1), with most cross-listed in the Scopus (n = 53), PubMed (n = 31), and IngentaConnect (n = 30) databases. In the title screening process, we were able to exclude five duplicates and another 29 articles that were unavailable in English or clearly unrelated to ADHD games (e.g., focused on other medical conditions, game addiction). We then evaluated the remaining 53 articles using our inclusion/exclusion criteria (a-d) to identify reviews of ADHD games for children and adolescents (exclusion decisions are detailed in Supplementary 5). Our efforts identified five meta-analyses (38–42), six systematic reviews (10, 43–47), one scoping review (48), one mapping review (49), and one quasi-systematic review (50), for a total of 14 reviews reporting on 487 partially overlapping studies. The systematic review by Zheng and colleagues (47) appears in arXiv, an online repository for preprint manuscripts and was not peer-reviewed, but we included this manuscript because it appeared to be high-quality, potentially publishable, and already cited 29 times at the time of our review.

[image: Flowchart detailing a two-stage identification process for systematic reviews and influential studies. Stage 1 starts with 87 reviews; after screening and exclusions, 14 reviews are retained. Exclusions include being unrelated or not peer-reviewed. Stage 2 begins with 487 studies; after exclusions and screening, 37 studies are included, representing 22 games. The process eliminates duplicates and irrelevant studies at each stage.]
Figure 1 | Flow Diagram of Two-stage Literature Review Process to Identify Influential Studies of ADHD Games.

We were able to remove 87 constituent studies based on reviewers’ descriptions; specifically, Rodrigo-Yanguas and colleagues’ (50) “quasi-systematic” review included expert opinion papers, narrative texts, case reports, and review articles that we omitted (and that did not overlap the other reviews). In the remaining 400 candidate studies, we excluded another 236 sources that were only cited in a single review (criterion e). We then applied our final exclusion criteria (f-i) as shown in Figure 1 to arrive at 37 repeatedly cited studies, published between February 2005 and March 2021, describing 22 games (51–87; all decisions and reviewer notes are provided in the accompanying dataset).

The games and the source studies are summarized in Table 1. For the content analysis, teams of two co-authors working independently coded games using the primary studies identified through our literature review and supplemental sources. The codebook began with 14 operationalized codes, and another seven were added based on follow-up discussions and iterative feedback from the coders. The coders were largely unfamiliar with neurocognitive assessment and relied solely on the codebook for their determinations. Initial calibration efforts with a subsample of four games resulted in an unacceptable range of interrater reliability estimates (AC1 = 0.68 to 1.00). In response, we revised the operational definitions that led to disagreement by adding clarifying language and links to online video demonstrations of the neurocognitive tasks. In a third round of coding with the same four games, interrater reliability increased to an acceptable level (AC1 = 0.93 to 1.00). We then used that version of the codebook for all games, with any remaining disagreements settled by the first author. Initial coder agreement remained acceptable (AC1 = 0.78 to 1.00), and instances of disagreement were resolved in follow-up communications. See Table 2 for our final content determinations. As part of these efforts, we also assessed interrater agreement for the risk-of-bias analyses. Double coding was completed in a randomly selected subset of eight articles (31%), resulting in an acceptable interrater agreement rate (87.5%), with only one discrepancy that required revised ratings (i.e., overlooked trial registration date).


Table 1 | Summary of influential game studies for children with ADHD and immediate parent-reported treatment effects.
	Game name
	Brief description
	Primary studies
	Design
	ADHD sample (n)
	Ages
	Treatment length
	Parent scale
	Results (d)
	Overall RoB



	ACTIVATE
	Online program comprised of three unlinked minigames (e.g., “Catch the Ball”) intended to modulate eight cognitive functions, including sustained attention, working memory, and response inhibition.
	Bikic et al. (2018) (51)
	RCT
	Tx = 31
TAU = 34
	6-13
	8-weeks
(32 hrs)
	ADHD-RS
	IA = 0.53
H/I = 0.35
COMB = 0.41
	High


	Adaptive Inhibitory Control Training
	A collection of three minigames (e.g., baseball, feed the fish), developed by NeuroScouting LLC, for training inhibitory control via iPad. To control for placebo effects, adaptive versions of the minigames were compared to nonadaptive versions.
	Meyer et al. (2020) (52)
	RCT
	Tx = 20
Placebo = 20
	8-11
	4-weeks
(≈ 4–5 hrs)
	SNAP
	IA = 0.56
H/I = 0.26
	Low


	Adventurous Dreaming Highflying Dragon (adhD)
	A dragon-themed cognitive training game using a motion-reading camera (Xbox Kinect) and the player’s full-body movements, which adds physical activity. The game is comprised of three levels intended to improve inhibitory control.
	Weerdmeester (2016) (53)
	RCT
	Tx = 37
Control = 36
	6-13
	3-weeks
(90 mins)
	None
	–
	–


	AixTent
	A set of four simple minigames that train alertness, vigilance, selective, and divided attention. In this 2011 study, three of the minigames were tested. In recent years, AixTent has been further developed and integrated into “CogniPlus.”
	Tucha (2011) (54)
	RCT
	Tx = 16
Control = 16
	10-11
	4-weeks
(8 hrs)
	None
	–
	–


	ATHYNOS
	An augmented-reality game paired with a motion-reading camera (Xbox Kinect) to address dyspraxia in children with ADHD. The game uses characters familiar to children in Ecuador in minigames, or “scenes,” meant to improve motor skills (e.g., hand-eye coordination).
	Avila-Pesantez et al. (2018) (55)
	Within subjects
	Tx = 11
	7-10
	4-weeks
(80 mins)
	None
	–
	–


	Bio Trace+
	A series of three neurofeedback minigames that respond to, and reward, successful concentration (decreased theta/beta ratio). Bio Trace+ was compared to electro-myography biofeedback to control for the effect of immediate game feedback.
	Bakhshayesh et al. (2011) (56)
	RCT
	Tx = 18
Biofeedback placebo = 17
	6-14
	10–15 weeks
(15 hrs)
	ADHD-RS
	IA = .94
H = .51
I = .39
COMB = .77
	Some


	Boogies Academy/Cuibrain
	Separate but related mobile games targeted at two age groups and based on the Theory of Multiple Intelligences. Ten minigames target abilities such as visual-spatial, logical-mathematical, and intrapersonal intelligences.
	García-Redondo et al. (2019) (57)
	RCT
	Tx = 24
TAU = 20
	6-16
	14-weeks
(≈ 9 hrs)
	EDAH
	IA = -0.17
H/I = 0.04
COMB = -0.24
	High


	Braingame Brian
	A third-person role playing game where the player invents machines to solve problems in an immersive and expanding game world. The game targets visuospatial working memory, inhibition, and cognitive flexibility.
	Dovis et al. (2019) (follow-up on Dovis et al., 2015) (58)
	RCT
	Full Tx = 31
Placebo = 30
	8-12
	5-weeks
(15–21 hrs)
	See below
	–
	–


	Dovis et al. (2015) (59)
	RCT
	Full Tx = 31
Placebo = 30
	8-12
	5-weeks
(15–21 hrs)
	DBD-RS
	IA = 0.23
H/I = 0.14
	Low


	Prins et al. (2013) (follow-up on Van der Oord et al., 2012) (60)
	RCT
	Tx = 18
Waitlist = 22
	8-12
	6-weeks
(≈ 17 hrs)
	See below
	–
	–


	Van der Oord et al. (2012) (61)
	RCT
	Tx = 18
Waitlist = 22
	8-12
	6-weeks
(≈ 17 hrs)
	DBD-RS
	IA = 1.15
H/I = 1.06
	High


	Cogmed WMT
	A collection of minigames using robot, space, or world-building themes (for school-age players). The minigames are intended to modulate verbal working memory, visual-spatial working memory, and visual tracking. Cogmed has undergone multiple changes since its inception in 1999, but two versions are most studied in the “influential” studies: One that adapts task difficulty based on player performance (“RoboMemo”) and a less challenging version that does not (“MegaMemo”). The latter has often been used as a placebo (or low dose) comparison condition for the former.
	Bigorra et al. (2016) (62)
	RCT
	Tx = 36
Placebo = 30
	7-12
	5 weeks
(12–19 hrs)
	CBRS
	COMB = -0.22
	High


	Chacko et al. (2014) (63)
	RCT
	Tx = 44
Placebo = 41
	7-11
	5-weeks
(12–19 hrs)
	DBD-RS
	IA = -0.24
H/I = -0.24
	Low


	van Dongen-Boomsma et al. (2014) (64)
	RCT
	Tx = 27
Placebo = 24
	5-7
	5-weeks
(≈ 6 hrs)
	BRIEF
	BRI = -0.21
MI = 0.25
GEC = 0.31
	Some


	Egeland et al. (2013) (65)
	RCT
	Tx = 38
TAU = 37
	10-12
	5–7 weeks
(≈ 18 hrs)
	ADHD-RS
	IA = 0.56
HI = 0.24
COMB = 0.44
	High


	Green et al. (2012) (66)
	RCT
	Tx = 12
Placebo = 14
	7-14
	>3 weeks
(≈ 14 hrs)
	CBRS
	COMB = 0.21
	High


	Klingberg et al. (2005) (67)
	RCT
	Tx = 20
Placebo = 24
	7-12
	5-weeks
(≈ 17 hrs)
	DSM-IV Scale
	IA = 0.88
H/I = 0.22
	High


	CogoLand
	A third person racing game where players accelerate their character via EEG electrodes measuring beta wave activity. Players respond to added stimuli (fruits) using a keyboard in higher levels. The game targets attention and concentration.
	Lim et al. (2019) (68)
	RCT
	Tx = 81
Waitlist = 82
	6-12
	8-weeks
(12 hrs)
	ADHD-RS
	IA = 0.49
	High


	Lim et al. (2012) (69)
	Within subjects
	Tx = 19
	6-12
	8-weeks
(12 hrs)
	ADHD-RS
	IA = 0.78
H/I = 0.84
COMB = 0.85
	High


	Computerized Progressive Attentional Training (CPAT)
	CPAT is a progressive attentional training program comprised of four tasks targeting sustained attention, selective attention, orienting attention, and executive attention. The tasks are gamified using simple graphics (e.g., cars for target stimuli).
	Shalev et al. (2007) (70)
	RCT
	Tx = 20
Control = 16
	6-13
	8-weeks
(16 hrs)
	ADHD-RS
	IA = 0.99
H/I = 0.53
	High


	EndeavorRx
	A third-person, alien-themed racing game where players collect or avoid target stimuli, with algorithmically adjusted difficulty. The game targets attention and inhibitory control. Formerly named AKL-T01 and Project EVO.
	Kollins et al. (2021) †
(71)
	Pre-Post unequal groups
	Meds = 124
No meds = 71
	8-14
	12-weeks
(≈ 16 hrs)
	ADHD-RS
	IA = 0.74
H/I = 0.68
COMB = 0.79
	High


	Kollins et al. (2020) (72)
	RCT
	Tx = 173
Control = 164
	8-12
	4-weeks
(≈ 8 hrs)
	ADHD-RS
	IA = 0.11
H/I = -0.55
COMB = 0.07
	Low


	Davis et al. (2018) (73)
	Pre-Post matched-groups
	Tx = 40
(comparison group no ADHD)
	8-12
	4-weeks
(10–15 hrs)
	None
	–
	–


	Eye-contact Training Game
	The eye-contact training game (otherwise unnamed) uses a mixed reality head-mounted display to help children with ADHD focus on faces for increasing periods of time. The aim of the intervention is to improve facial recognition, a critical element of social interaction.
	Kim et al. (2020) (74)
	RCT††
	Tx = 20
Control = 20
	<11
	6-weeks
(≈ 8 hrs)
	None
	–
	–


	Focus Pocus
	A suite of tablet-based minigames using a wizard-training theme that provides cognitive training and neurofeedback (using a specialized EEG headset). The game targets impulse control, working memory, and attention. Two earlier studies (i.e., Johnstone et al., 2010; 2012) informed Focus Pocus, testing minigames (e.g., “Feed the Monkey,” “Go Go No-go”), that were sometimes paired with attention monitoring (AM) via a single-channel EEG device.
	Johnstone et al. (2017) (75)
	RCT
	Tx = 22
Waitlist = 22
(also 41 subclinical cases)
	7-12
	7-8-weeks
(≈ 8 hrs)
	ADHD-RS
	COMB = 1.12
	High


	Johnstone et al. (2012) (76)
	RCT
	Tx = 22
Tx + AM = 18
Waitlist = 20
(also compared to 68 typical cases)
	7-13
	5-weeks
(≈ 6–8 hrs)
	DSM-IV Scale
	COMB = 1.26
	High


	Johnstone et al. (2010) (77)
	RCT
	Tx = 18
Control = 20
	7-12
	5-weeks
(≈ 8 hrs)
	DSM-IV Scale
	COMB = 0.14
	High


	HappyNeuron Pro
	A collection of minigames targeting sustained attention, working memory, and visuospatial memory. Formerly named Scientific Brain Training (SBT). (Our content analysis focuses on the six SBT minigames tested by Bikic et al., 2017)
	Bikic et al. (2017) (78)
	RCT
	Tx = 9
Control = 8
	14-17
	7-weeks
(≈ 18 hrs)
	ADHD-RS
	COMB = 0.29
	Some


	Integrated Brain, Body, & Social Intervention (IBBS)
	A combination of computer games, physical exercises, and group behavior contingencies to improve ADHD symptoms. The computer games were based on ACTIVATE (above), and targeted cognitive abilities like sustained attention, response inhibition, and working memory.
	Smith et al. (2020) (79)
	RCT
	Tx = 48
Waitlist = 44
	5-9
	15-weeks
(20 hrs)
	SNAP
	COMB = 0.21
	High


	N-back Training
	A computerized, spatial n-back task with minimal gamification (i.e., “game-like”), varying difficulty (i.e., levels), and a point system tied to real-world rewards.
	Jones et al. (2020) (80)
	RCT
	Tx = 41
Control = 39
	7-14
	5-weeks
(5 hrs)
	CBRS
	COMB = 0.27
	Some


	Plan-It Commander
	A role-playing space-themed game where players are given missions to mine rare space minerals. The game targets time management, planning, organization, and prosocial skills.
	Bul et al. (2018) (follow-up on Bul et al., 2016) (81)
	Random crossover study
	Group 1 = 88
Group 2 = 82
	8-12
	10-weeks
(up to 33 hrs)
	See below
	–
	–


	Bul et al. (2016) (82)
	Random crossover study
	Group 1 = 88
Group 2 = 82
	8-12
	10-weeks
(up to 33 hrs)
	BRIEF
	Plan/Org = 0.22
WM = 0.16
	High


	Bul et al. (2015) (83)
	Pre-Post
	Tx = 42
	8-11
	8-weeks
(≈ 14 hrs)
	None
	–
	–


	RECOGNeyes
	A novel eye-tracking game to treat ADHD, based on the connection between attention and gaze direction. In the game, eye gaze is used to catch snowflakes while avoiding fire. A comparison group played the same game using a computer mouse rather than the eye tracker.
	García-Boas et al. (2019) (84)
	RCT
	Tx = 14
Control = 14
	8-15
	3-weeks
(9 hrs)
	None
	–
	–


	Shape Up
	An exercise game developed commercially for XBOX Kinect. Players are guided through multiple physical exercises (e.g., pushups, squats), and their physical movements are integrated into onscreen, competitive minigames.
	Benzing & Schmidt (2019) (85)
	RCT
	Tx = 28
Waitlist = 23
	8-12
	8-weeks
(12 hrs)
	CBRS
	IA = 0.35
HI = 0.27
COMB = 0.32
	Some


	SmartMind
	A neurofeedback and cognitive training game targeting inhibitory control and working memory through sports-like games that respond to the players’ theta and beta wave activity.
	Rajabi et al. (2020) (86)
	RCT
	Tx = 16
Waitlist = 16
	9-11
	12-weeks
(≈ 22 hrs)
	CBRS
	IA = 0.80
HI = 0.40
	High


	Supermecha†††
	A gamified working memory trainer using a unique game narrative. The player must save villages from evil robots by accurately recalling sequences of visually presented stimuli.
	Prins et al. (2011) (87)
	RCT
	Tx = 27
Control = 24
	7-12
	3-weeks
(45–105 mins)
	None
	–
	–





“Primary studies” appear in two or more systematic reviews/meta-analyses, and references are provided below. Treatment length is reported for the intended computer-based component of the program and may have fallen short of the target in some instances. All effect size estimates (d) were estimated using the calculators provided by Lenhard & Lenhard (33), and outcomes reported as statistically significant are bolded. Positive effect sizes show an advantage to the treatment, whereas negative effect sizes suggest an advantage to the comparison condition.

ADHD-RS, Attention Deficit/Hyperactivity Rating Scale (88); AI, artificial intelligence; BRIEF, The Behavior Rating Inventory of Executive Function (89); BRI, BRIEF behavioral regulation index; CBRS, Connors Comprehensive Behavior Rating Scales (90); CT, cognitive training; COMB, combined or total ADHD score; DBD-RS, Disruptive Behavior Disorders Rating Scale (91); DSM-IV Scale, any bespoke rating scale derived from the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (92); EDAH, Evaluation of the Deficit of Attention and Hyperactivity scale (93); EEG, electroencephalogram; GEC, BRIEF global executive composition; H/I, Hyperactivity/Impulsivity score; IA, Inattention score; MI, BRIEF metacognition index; NF, neurofeedback; RoB, risk of bias as measured by the RoB2 or ROBINS-I tools; SNAP, Swanson, Nolan, and Pelham Scale (94); WM, Working Memory.

† For this study, we report the within-subjects pre-post effect size for the entire sample because a comparison across medication statuses was not intended by the authors.

†† We assume this study was randomized, but the authors do not explicitly state how group assignment was conducted.

††† Supermecha is unnamed in the original study, but other sources refer to it by this title.




Table 2 | Content analysis of the games included in the present review.
	Game Title
	CT
	NF
	BT
	Novel


	CB
	CF
	Cnc
	CPT
	DL
	DS
	FT
	GNG
	NB
	SC
	SS
	Strp
	WCS



	ACTIVATE*
	–
	–
	–
	□
	–
	–
	–
	□
	–
	–
	–
	–
	–
	–
	–
	–


	Adaptive ICT*
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	✓
	–
	–
	–
	–
	–


	adhD*
	–
	–
	–
	–
	–
	–
	–
	✓
	–
	–
	–
	–
	–
	–
	–
	–


	AixTent
	–
	–
	–
	✓
	✓
	–
	–
	✓
	–
	–
	–
	–
	–
	–
	–
	–


	ATHYNOS
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	✓


	BioTrace+
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	✓
	–
	–


	Boogies Academy/Cuibrain
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	✓


	Braingame Brian*
	✓
	–
	–
	–
	–
	–
	–
	–
	–
	–
	✓
	–
	☑
	–
	–
	–


	Cogmed WMT
	✓
	–
	–
	–
	–
	✓
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–


	CogoLand
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	✓
	–
	–


	CPAT
	–
	–
	✓
	✓
	–
	–
	✓
	–
	–
	–
	–
	✓
	–
	–
	–
	–


	EndeavorRx
	–
	–
	–
	✓
	–
	–
	–
	✓
	–
	–
	–
	–
	–
	–
	–
	–


	Eye-contact Training Game
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	✓


	Focus Pocus*
	–
	–
	–
	–
	–
	✓
	–
	✓
	–
	–
	–
	–
	–
	✓
	–
	–


	HappyNeuron Pro*
	✓
	✓
	–
	–
	–
	–
	–
	–
	–
	✓
	–
	–
	–
	–
	–
	–


	IBBS*
	–
	–
	–
	□
	–
	–
	–
	□
	–
	–
	–
	–
	□
	–
	–
	✓


	N-back Training*
	–
	–
	–
	–
	–
	–
	–
	–
	✓
	–
	–
	–
	–
	–
	–
	–


	Plan-It Commander
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	✓
	-


	RECOGNeyes
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	✓


	Shape Up
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	✓


	SmartMind
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	✓
	–
	–


	Supermecha*
	✓
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–
	–





Cognitive training (CT), neurofeedback (NF), and behavior therapy (BT) are operationalized in Supplementary 2. Novel content met none of the previous categories and appeared unprecedented prior to gamification. Decisions supported by feedback from corresponding authors are marked with an asterisk (*). Cells marked with a boxed checkmark (☑) were added to this table following personal communication, and cells marked with an empty box (◻) were noted as uncorroborated following personal communication.

Adaptive ICT, Adaptive Inhibitory Control Training; adhD., Adventurous Dreaming Highflying Dragon; CPAT, Computerized Progressive Attentional Training; IBBS, Integrated Brain, Body, & Social Intervention; CB, Corsi block-tapping task; CF, Complex figure task; Cnc, Cancellation task; CPT, Continuous performance task; DL, Dreary-Liewald task; DS, Digit span task; FT, Flanker task; GNG, Go/no-go task; NB, n-back task; SC, Stockings of Cambridge task; SS, Stop signal task; Strp, Stroop task; WCS, Wisconsin card sorting task.



As anticipated, most games (55%) in our sample provide at least one element of CT. Among those games, there are one to four recognizable neurocognitive tasks found in the assessment literature, but there is no single task used in most or all games. Rather, a plurality of CT games deploys variations of the go/no-go, continuous performance, and Corsi block-tapping task paradigms. Another four games (18%) attempt neurofeedback (including one combined with CT), and one game (5%) attempts behavior therapy. Six games (27%) deliver one or more novel elements, including one that targets dyspraxia (ATHYNOS), one game based on the theory of multiple intelligences (Boogie’s Academy/Cuibrain), three games that deliver physical exercise as a primary or secondary element (e.g., Shape Up), and two that are intended to improve eye gaze direction (RECOGNeyes) or facial recognition (Eye-contact Training Game).

We emailed our findings to corresponding authors for the 12 CT games and received feedback for nine of the games (75% response rate). This personal communication led to us adding one game element and recording five other category decisions as uncorroborated (see Table 2). Specifically, we added a game element in one instance (Braingame Brian) where the corresponding author provided unpublished design materials providing additional game detail. In the other instances, a developer responsible for two games (ACTIVATE and IBBS) disagreed with our characterization of their game elements, despite consensus among our coders. We report those elements as uncorroborated in deference to the developer’s feedback. Otherwise, all responding authors agreed with our conclusions. Note that these final determinations are reflected in the descriptive statistics reported above.

We then calculated effect size estimates (d) of change in parent ratings of ADHD symptoms, where available. Parent ratings were often identified as a primary or secondary outcome, and sufficient data or graphs were provided to estimate at least one effect size for 16 of the 22 games. Estimates range from -0.55 to 1.26. We then examined the relationships between game content and effect sizes on parent ratings of ADHD symptoms. Given the number of unique game elements identified, there was limited data for each. For this reason, our synthesis strategy was to summarize effect size estimate and display those results in a bubble plot (Figure 2), consistent with recommendations by McKenzie and Brennan (95). The result does not suggest clear relationships between game content and positive far transfer effects. Instead, the largest effects seem to be associated with the highest risk of bias (for full risk of bias result, see Supplementary 6). The risk was most often due to the parent raters’ awareness of their child’s treatment condition (e.g., Domain 4 of the RoB2). No effects from low-risk assessments exceeded d = 0.56, with a general pattern of the largest effects associated with the highest risk of bias. Although no game elements were clearly superior, the most promising may be the stop signal task paradigm, based on two low-risk of bias RCTs (d range = 0.14 to 0.56).

[image: Three bubble plots depicting the effect sizes reported in game studies, separated by the elements used, across inattention,  hyperactivity-impulsivity, and combined outcome measures. Outcomes at high-risk of bias are in red, moderate risk in yellow, and low risk in green.]
Figure 2 | Bubble Plots of Effect Sizes for (A) Inattention, (B) Hyperactivity-Impulsivity, and (C) Combined ADHD Symptoms as Rated by Parents, by Game Content from Low Risk (Green), Some Risk (Yellow) and High Risk (Red) results. Category determinations that were not corroborated by the corresponding authors are indicated with empty bubbles. CB, Corsi block-tapping task; CF, Complex figure task; Cnc, Cancellation task; CPT, Continuous performance task; DL, Dreary-Liewald task; DS, Digit span task; FT, Flanker task; GNG, Go/no-go task; NB, n-back task; SC, Stockings of Cambridge task; SS, Stop signal task; Strp, Stroop task; WCS, Wisconsin card sorting task; NF, Neurofeedback; BT, Behavior therapy.




4 Discussion

We identified 22 ADHD games that have appeared in two or more recent systematic reviews or meta-analyses and examined the therapeutic content. Consistent with an experimental therapeutics approach, we were interested in categorizing intervention elements and identifying which are associated with the largest changes in child behavior. We found that ADHD game elements vary widely, even among games with similar objectives (e.g., improved working memory). For example, we uncovered 13 separate cognitive training (CT) mechanisms, with pluralities of CT games deploying content based on the go/no-go, continuous performance, and Corsi block tapping task paradigms. Those tasks ostensibly target sustained attention/response inhibition and visuospatial working memory. But even when successful on lab measures (i.e., near transfer) there is no guarantee these interventions lead to improved behavior elsewhere (i.e., far transfer). So, we examined the relationship between individual game elements and parent ratings of ADHD symptoms.

Our analysis extends previous reviews by showing that no individual game component is clearly superior to any other. In other words, no obvious pattern emerged between the purported mechanisms of action in ADHD games and far transfer outcomes, especially when considering possible sources of bias as depicted in Figure 2. Rater expectation bias is a clear confound in this literature that is difficult to avoid in common study designs (e.g., waitlist control); parent raters are often aware of their child’s treatment allocation (i.e., unblinded), which raises the risk assessment to high when using standard risk-of-bias scoring algorithms (see 36). Consistent with expectation bias, effect sizes in the present study tended to be relatively small in the few studies that blinded parent raters to treatment condition, and none were statistically significant. In other instances, studies suffered from attrition problems (e.g., children refused to play the game), which also raises the risk of bias (e.g., Domain 3 of the RoB2). In the end, there are too few high-quality studies using trustworthy far-transfer evaluations to draw definitive conclusions about the ADHD games literature. The available data suggest that bias likely explains those instances when statistically significant and meaningful results are reported. Importantly, this pattern holds true regardless of game content, and no element used in seminal games has demonstrated convincing far transfer effects. It is also critical to note that our data synthesis method does not account for study size, and one potentially promising finding for the stop signal task paradigm is based on only 101 study participants.



4.1 Why is far transfer so elusive?

As mentioned previously, there are several hypotheses for why ADHD games fail to achieve far transfer. Our results suggest that at least two of these hypotheses are unlikely. First, the hypothesis that each tool only benefits specific subpopulations of individuals with ADHD is partially unsupported because the same pattern of findings emerged for inattentive, hyperactive-impulsive, and combined presentation domains. But our results do not speak to subpopulations defined by other factors (e.g., working memory deficits), so that possibility is still plausible. Second, the hypothesis that ADHD games do not effectively target the core processes impaired in ADHD (i.e., misspecification) is also challenged because we found a wide range of attempted elements with no clear winners; rather, all results were unconvincing. Misspecification remains plausible only if interventions targeting the correct core processes have yet to be tested, published, and reviewed. To completely rule out this possibility, high quality studies with trustworthy measures of far transfer (e.g., blinded parent and/or teacher ratings) are still needed.

We believe the most likely explanation for why ADHD games fail to achieve far transfer is that neurocognitive deficits—the target for most of the games in the present review—are irrelevant to clinical outcomes (i.e., correlation ≠ causation) (18). If true, the most promising future direction is game content based on established psychosocial research. For example, behavior therapy and training interventions are the most established non-medicinal intervention domain, yet only one game in our review, Plan-It Commander (82, 83), delivers behavior interventions. In this case, parent ratings of executive functions suggested significant improvements and small effects on planning-organization and working memory (ds = 0.16 to 0.22), albeit with high risk of bias. More research is needed to determine whether serious games targeted to these domains can be effective in schools, but planning and organization interventions are well established in the treatment literature (5).




4.2 Limitations

There are several limitations to consider when interpreting our results. First, the studies captured in this review are not exhaustive of the ADHD games literature and do not reflect all games marketed directly to schools and families. Our conclusions are limited to those games that have been studied and then reviewed multiple times in the scholarly literature prior to 2025. Second, we did not play most of the games under investigation and may have miscategorized content based on our reading of the published literature. We tried to avoid error by contacting the authors of the CT studies in our review to verify our conclusions, but not all responded (75% response rate), perhaps due in part to language barriers. Third, we calculated effect size estimates for parent ratings of ADHD symptoms, given the clinical relevance and widespread use of those measures, but these data are not necessarily the best way to judge ADHD game efficacy. Multimethod, multisource measures of ADHD-related impairment would be far more informative, but unfortunately impairment measures are rare in this literature. Readers should also note that d estimates for within-subjects designs tend to be larger than for between-subject designs; for this reason, readers are cautioned to also consider statistical significance (bolded in Table 1) and the risk of bias when considering our results. Fourth, all neurofeedback games in the present review use some version of theta/beta ratio feedback, but other neurofeedback protocols exist (e.g., sensorimotor rhythm training, slow cortical potential training) that were not captured in the current overview. And fifth, we caution readers not to confuse our use of the term “novel” with “ineffective.” Game elements not appearing in the assessment or treatment literatures may indeed hold promise as interventions for ADHD. Similarly, game design elements, including game mechanics, narratives, and user experiences, might also influence user outcomes, but those factors were beyond the scope of this review.




4.3 Recommendations

To our knowledge, this is the first attempt to document and assess the potential promise of specific ADHD game elements. Based on our findings, we offer three recommendations to advance the research and development of these tools. First, content reporting standards would greatly advance this field and render coding efforts, like those attempted here, unnecessary. The lack of reporting standards is particularly problematic in the case of CT games. It is critical that developers cite the laboratory tasks or other source materials that inspire their training elements. Some authors report these details, albeit in companion articles or Supplementary Materials, whereas others offer few clues—even in widely cited, peer-reviewed studies. Likewise, novel therapeutic elements must be identified as such, ideally with a rationale for why developers believe this innovation is warranted and how it is intended to work. Therapeutically inert content meant to entertain and motivate players might be identified as “recreational” to avoid confusion with active elements. In our view, purely recreational content that thematically connects therapeutic elements may be necessary to enhance the appeal of ADHD games and engage otherwise reticent children and adolescents.

Second, the ADHD games reviewed here only included clinician support in a few cases. In fact, most games appear to have been developed as standalone interventions, available directly to consumers without the support of coaches, clinicians, trainers, or physicians. Based on our work with adolescents with ADHD, we believe this is impractical. We recommend that any games intended to change behavior are supported by real-world interventionists who coach players as they attempt new skills in their daily lives. Just as homework assignments are common in modern psychotherapies, children provided with a serious game must try the skills trained in the game in non-game settings, ideally structured and monitored by an adult. Game developers might consider parent, teacher, or clinician treatment manuals, and possibly player workbooks, that describe the game and prescribe activities to support transfer of learning. Planned transfer activities might address some of the difficulties to achieve far transfer effects (see 96), but this is an empirical question that has yet to be addressed. We believe this is particularly critical for games targeted to children with ADHD, given the chronic, neurodevelopmental nature of the disorder. But ADHD game design to date appears to be largely driven by market concerns, with priority given to self-contained and readily downloadable products. It would be informative to compare ADHD games across delivery models, where products are either delivered as standalone interventions or as part of a broader intervention package with real-world adult support.

Finally, behavior therapy and skill training interventions appear to be underrepresented in the ADHD games literature and warrant additional research. Traditional behavior therapy is strongly supported in the research literature, and successful efforts to gamify those approaches could expand treatments in homes, schools, and clinics. It is unclear whether games focused on training skills (e.g., organization strategies) could achieve replicable far transfer effects, but this domain may be ripe for development, given the growing literature on training interventions and what seems like a clear potential for gamifying those strategies. But until far transfer is convincingly demonstrated on trustworthy measures of ADHD-related impairments (e.g., organization, classroom performance) across multiple randomized control trials, we cannot safely conclude that any ADHD game—regardless of its content—is an effective treatment option.
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Footnotes


1 We used wildcard characters (*) to capture common variations like “digital heath interventions.” We did not use wildcard characters with the search terms “game” and “gamification” to avoid capturing classroom and other real-world activities, like token economies, that have been referred to loosely as “gamified.” We also avoided variations of “ADHD” to exclude antiquated conceptions of the disorder (e.g., “hyperkinetic disorder”); but this only affected the search for systematic reviews/meta-analyses, not the constituent studies used for data synthesis.

2 To calculate d, we relied on the online calculators provided by Lenhard & Lenhard (33). Most often we used the calculator based on the formula attributed to Morris (2008) for pretest-posttest control group designs, which is sometimes denoted as dppc2. Alternatively, when eta squared (η2) was reported, we used Lenhard and Lenhard’s online calculator to directly transform to Cohen’s d. In other instances when standard deviation (SD) was provided for two groups or two measurement occasions separately without an effect size estimate, we used Lenhard and Lenhard’s online calculator to estimate pooled SD and added that into the standard formula for Cohen’s d (often denoted as ds). When only partial eta squared (ηp2
) was provided, we converted to Cohen’s f, and then multiplied f × 2 to get an estimate of Cohen’s d (34). Note that this approach was used in only one instance, where two groups of equal sizes were compared (Johnstone et al., 2017).
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(“RoboMemo”) and a less challenging version that does not | et al. (2014) (64) L Placebo = 24 L (= 6hre) BRIEE c:g g’;f Some
(“MegaMemo”). The latter has often been used as a placebo i
(or low dose) comparison condition for the former. 1A= 056
Tx=38 5-7 weeks 3 .
Egeland et al. (2013) (65) ~ RCT Faosy a2 | 2O ADHD-RS 024 High
B COMB = 0.44
Tx=12 N >3 weeks
Green et al. (2012) (66) RCT Placebo =14 7-14 (= 14 hrs) CBRS COMB = 0.21
Klingberg et al. Te=20 N S-aweeks 1A =088
(2005) (67) rer Pacbo=24 | 2| (=17hry DMLY Sele WA= 022
CogoLand . Tx=81 8-weeks - .
A third person racing game where players accelerate their | L™ et al- (2019) (68) L Waitist = 82 612 g ADHD-RS 1A=049  High
character via EEG electrodes measuring beta wave activity.
Players respond to added stimuli (fruits) using a keyboard in — — 1A =078
higher levels. The game targets attention and concentration. | Lim et al. (2012) (69) Julse S22 | e ADHD-RS H/L=0.84
z COMB = 085
Computerized | CPAT 83 progresive atntional irining progam
P comprised of four tasks targeting sustained attention, selective s A0
8 attention, orienting attention, and executive attention. The Shalev et al. (2007) (70) RCT 6-13 ADHD-RS 5
Attentional s o e watinl - Control = 16 (16 hrs) HI =053
Traing (Coar) | 135 are gamified using simple graphics (e, cars or
target stimuli).
Endeavorkx A third-person, alien-themed racing game where players : . Pre-Post N 1A=074
collect or avoid target stimuli, with algorithmically adjusted f(f:) s rl) unequal x:d;;d:“ﬂ 814 12 ":;l:) ADHD-RS
difficulty. The game targets attention and inhibitory control. ’ groups - -
Formerly named AKL-TOI and Project EVO,
1A =011
Kollins et al. 2020) (72)  RCT COWZS_ “@ |2 ?";‘:‘k;) ADHD-RS H=-055 Low
B COMB = 0.07
Prebos ;rcam wrisan 4-weeks |
Davis et al. (2018) (73) matched- e 812 None z |=
roups group (10-15 hrs)
g no ADHD)
Eye-contact ing game (otherwise unnamed) uses a
Training Game mounted display to help cildren ith ) ) R O, ) )
ADHD focus on faces for increasing periods of time. The aim | Kim et al. (2020) (74) RCT' < None .-
4 ; . o Control = 20 (= 8hrs)
of the intervention is to improve facial recognition, a critical
clement of social interaction.
Focus Pocus A suite of tablet-based minigames using a wizard-training Tx=22
theme that provides cognitive training and neurofeedback  Johnstone et al. Waitlist = 22 7-8-wecks ) B
(using a specialized EEG headset). The game targets impulse | (2017) (7 L (aso 41 T ey ADHDRS COMBE=IIAZ ((High
control, working memory, and attention. Two carlier studies subelinical cases)
(i.e., Johnstone et al, 2010; 2012) informed Focus Pocus,
testing minigames (e.g., “Feed the Monkey,” “Go Go No-go”), Ta=22
that were sometimes paired with attention monitoring (AM) Tx+AM=18
via a single-channel EEG device. Johnstone et al. - Waitlist = 20 iy Sweks S s ]
(012) (76) (also compared -
to 68
typical cases)
Johnstone et al. Tx=18 S-weeks _ ;
(2010) (77 RCT Control = 20 7-12 hrs) DSM-1V Scale COMB = 0.14 = High
HappyNeuron A collection of minigames targeting sustained attention,
Pro working memory, and visuospatial memory. Formerly named . Tx=9 7-weeks
Bikic et al. (2017) (78) R 14-17 ADHD-] MB = 0.29
Scientific Brain Training (SBT). (Our content analyss focuses | D & (2017 78) et Control = § (= 18 hrs) B b S
on the six SBT minigames tested by Bikic et al., 2017)
Integrated Brain, | A combination of computer games, physical exerciscs, and
Body, & Social | group behavior contingencies to improve ADHD symptoms. Hemdi e
Intervention The computer games were based on ACTIVATE (above), and ~ Smith et al. (2020) (79) RCT Waitlist = 44 59 (20 hrs) SNAP COMB = 021
(IBBS) targeted cognitive abilities like sustained attention, response B
inhibition, and working memory.
Neback Training | A computerized, spatial n-back task with minimal _— e
gamification (ic., “game-like”), varying difficulty (ic. levels), | Jones ctal. (2020) (80)  RCT - 714 CBRS COMB=027 | Some
. Control = 39 (5 hrs)
and a point system tied to real-world rewards.
Plan- A role-playing space-themed game where players are given  Bul et a. (2018) (follow-  Random
" .z Group 1 =88 10-weeks
It Commander ‘missions to mine rare space minerals. The game targets time up on Bul etal,, crossover Grotip 3.= 82 8-12 (up to 33 hrs) See below ==
‘management, planning, organization, and prosocial skills. 2016) (81) study P2= P
Random Plan/Org =
Bul etal. (2016) (52) crossover 2::" e 3 (‘f”;:‘:g o DREF 022 High
study pa= P WM =0.16
Sweeks
3 i - 2 v o|-
Bul et al. (2015) (83) Pre-Post | Tx=42 811 = 14 hre) None
RECOGNeyes A novel eye-tracking game to treat ADHD, based on the
connection between attention and gaze direction. In the .
game, eye gaze is used to catch snowflakes while avoidin Sascla Boayienal. RCT g (e None
g O i) 8) Control = 14 ©hr9)
fire. A comparison group played the same game using a
computer mouse rather than the eye tracker.
Shape Up An exercise game developed commercially for XBOX Kinect. P
Players are guided through multple physical exercises (e, | Benving & Schmidt —_— Tx=28 g ek — Sire oo | e
pushups, squats), and their physical movements are (019) (55) Waitist = 23 (12hrs) Gonitn
integrated into onscreen, competitive minigames. T
SmartMind A neurofeedback and cognitive training game targeting
inhibitory control and working memory through sports-like " Tx=16 12-weeks 1A = 0.80
games that respond to the players' theta and beta Rajabletal (020)(66)| | ROT Waitlist = 16 L (=22 hrs) GBRS HI=040 EM
wave activity.
e ; . -
Supermecha A gamified working memory trainer using a unique game . ek

narativ. The player must save villages from evl robots by | Prins etal. (011) (57) | RCT —— 7z g None -l-
accurately recalling sequences of visually presented stimuli

“Primary studies” appear in two or more systemaic reviews/meta-analyses, and references are provided below. Treatment length is reported for the intended computer-based component of the program and may have fallen short of the trget n some instances. Allefect
size estimates (d) were estimated using the calculators provided by Lenhard & Lenhard (33), and outcomes reported as statistically sgnificant are bolded. Positive effect sizes show an advantage to the treatment, whereas negative effect sizes suggest an advantage o the
comparison condition.

ADHD-RS, Attention Deficit/Hyperactivity Rating Scale (88); Al artificial intelligence; BRIEF, The Behavior Rating Inventory of Executive Function (89); BRI, BRIEF behavioral regulation index; CBRS, Connors Comprehensive Behavior Rating Scales (90); CT,
cognitive training; COMB, combined or total ADHD score; DBD-RS, Disruptive Behavior Disorders Rating Scale (91); DSM-IV Scale, any bespoke rating scale derived from the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (92); EDAH,
Evaluation of the Defict of Attention and Hyperactivity scale (93); EEG, electroencephalogram; GEC, BRIEF global executive composition; H/l, Hyperactivity/Impulsivity score; 1A, Inattention score; M1, BRIEF metacogition index; NE, neurofeedback; RoB, rsk of bias.
as measured by the RoB2 or ROBINS-I tools; SNAP, Swanson, Nolan, and Pelham Scale (94); WM, Working Memory.

" For this study, we report the within-subjects pre-post effct size for the entire sample because a comparison across medication statuses was not intended by the authors.

11 We assume this study was randomized, but the authors do not explicitly state how group assignment was conducted.

" Supermecha is unnamed in the original study, but other sources refer to it by this title.
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ACTIVATE* - - - a - - - a - = - - — - - -

Adaptive ICT* - - - - - - - - = - v = - - - -
adhD* - - - - - - - v - = - - - - - -
AixTent - - - v v - - v - - - - - [ - - -
ATHYNOS - | = - - - -] - N - - - _ - - v
BioTrace+ - - - - - - - = = - = - - v - =
Boogies Academy/Cuibrain - - - - - - = = = - - - = - - v
Braingame Brian* s - - - - - - - - - v - - = =
Cogmed WMT v - - - - v - - - - = = = = - -
CogoLand - - - - = = = - - = = - - v - -
CPAT = - v v - - v - - - - v = = 2 =
EndeavorRx - - - v - - - v = = = - = = = =
Eye-contact Training Game - - - - - - - - = = = = = = = v
Focus Pocus™ - - - - - v - v - i - & & of s i
HappyNeuron Pro* v v - - - - - - - v = = = - = =
IBBS* - - - o - - - o - - - - (] - - v
N-back Training* = = = 2 = = s = v = - = - s 2 =
Plan-It Commander - - - - ] = = = = = = = @ = v %
RECOGNeyes = | o= = E s |l = || = _ = || = = = = | = v
Shape Up - - - - - - - - - = - = - - - Z
SmartMind - - - - - - - - - - - - - v - -

Supermecha* v - - - - - - - - - - - - - - -

Cognitive training (CT), neurofeedback (NF), and behavior therapy (BT) are operationalized in Supplementary 2. Novel content met none of the previous categories and appeared unprecedented
prior to gamification. Decisions supported by feedback from corresponding authors are marked with an asterisk (*). Cells marked with a boxed checkmark () were added to this table following
personal communication, and cells marked with an empty box () were noted as uncorroborated following personal communication.

Adaptive ICT, Adaptive Inhibitory Control Training; adhD., Adventurous Dreaming Highflying Dragon; CPAT, Computerized Progressive Attentional Training; IBBS, Integrated Brain, Body, &
Social Intervention; CB, Corsi block-tapping task; CF, Complex figure task; Cnc, Cancellation task; CPT, Continuous performance task; DL, Dreary-Liewald task; DS, Digit span task; FT, Flanker
task; GNG, Go/no-go task; NB, n-back task; SC, Stockings of Cambridge task; SS, Stop signal task; Strp, Stroop task; WCS, Wisconsin card sorting task.





