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Abstract
Background: Serious games are increasingly explored as scalable, engaging interventions for major depressive disorder
(MDD). However, most trials evaluating game-based interventions rely on weak comparators or inactive controls, making it
difficult to disentangle intervention-specific effects from nonspecific benefits.
Objective: This study aimed to evaluate the effectiveness and feasibility of a home-based serious game targeting cognitive
control (CC) training in adults with MDD, compared against a closely matched active control game.
Methods: This was a home-based, minimal-contact, parallel-group randomized controlled trial. Adults aged 18 to 65 years
with a current DSM-5 (Diagnostic and Statistical Manual of Mental Disorders [Fifth Edition]) diagnosis of MDD were
recruited via clinical referrals from a mental health center in Israel between November 2021 and April 2023. Participants
completed 30 sessions of 30 minutes each over 6 weeks. The experimental arm received Legends of Hoa’manu (LoH),
an adaptive action-based serious game integrating CC training with emotional stimuli, whereas the control arm received a
closely matched game (LoH_control) with comparable aesthetics and structure but without adaptive CC training or emotional
content. The preregistered primary outcome was change on the Montgomery-Åsberg Depression Rating Scale (MADRS), and
the secondary outcome was feasibility. Tertiary outcomes included depression severity, illness severity, global improvement,
well-being, functioning, participation, rumination, and response and remission; CC and durability were exploratory. Partici-
pants were randomized 1:1 (computer-generated pseudorandom sequence, permuted blocks of 4), with allocation concealed
until after baseline. Participants and outcome assessors were blinded to allocation.
Results: Of 57 randomized participants (LoH: n=28, 49%; LoH_control: n=29, 51%), 48 (84%) completed postintervention,
and 44 (77%) completed 1-month follow-up; all 57 were analyzed by intention-to-treat using linear mixed models. The mean
adherence was 20.7 (SD 9.48) of 30 (69%) sessions, early abandonment was uncommon (<10% of sessions), and all 3 post
hoc feasibility benchmarks were met. Both arms showed significant reductions in depressive symptoms over time (P<.001;
η²p=0.49); MADRS reductions were 6.8 (95% CI 3.4-10.3) points in LoH and 9.8 (95% CI 6.4-13.3) in LoH_control, with
no significant group×time interaction (F1,49.4=1.57; P=.22; η²p=0.03). CC composite scores improved modestly over time
(P=.045; η²p=0.09). No intervention-related adverse events were reported.
Conclusions: This is among the first randomized trials of a home-based serious game combining action-based gameplay with
CC training against a closely matched active control in MDD. Both arms improved comparably, with no added benefit from the
targeted training, implicating nonspecific, engagement-related processes. The findings indicate that comparator design matters
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in digital mental health. Home-based serious games are feasible and could widen access to care, but no-contact and dismantling
trials must identify the active components.
Trial Registration: Israeli Ministry of Health Clinical Trials Registry MOH_2021-07-20_005979; https://clinical-
trial.health.gov.il/clinicaltrials/?MOHResearchId=MOH_2021-07-20_005979

JMIR Serious Games 2026;14:e94986; doi: 10.2196/94986
Keywords: major depressive disorder; MDD; serious games; cognitive control training; video game intervention; digital
therapeutics; gamification; cognitive training; home-based intervention; depression treatment; randomized controlled trial

Introduction
Major depressive disorder (MDD) is a recurring and
seriously impairing condition and a leading contributor to
global disability [1,2]. Despite available pharmacological
and psychotherapeutic treatments, more than two-thirds of
patients fail to achieve remission after first-line pharmaco-
therapy, and 15% to 30% remain treatment resistant [3].
Even responders frequently experience residual symptoms
and treatment-related side effects [3,4]. There is therefore a
pressing need for scalable, accessible add-on or alternative
treatment strategies.

One candidate target is cognitive control (CC), that is,
the goal-directed mental operations encompassing inhibition,
working memory (WM), shifting, and attentional control
[5,6]. Cognitive models of depression posit that deficits
in CC, particularly impaired inhibition and WM updating,
sustain depressive symptoms by allowing mood-congruent
negative information to persist in WM and by impairing
disengagement from negative thoughts [7-10]. Difficulty
disengaging from negative content fosters rumination, a less
adaptive form of emotion regulation, which in turn main-
tains negative affect and increases vulnerability to recurrent
depressive episodes [9,11,12]. Consistent with this account,
CC deficits have been reported in adults with current or
remitted MDD [13-17], although findings are not uniform
[18,19]. Neuroimaging studies link these deficits to dysfunc-
tion in prefrontal regions, including the anterior cingulate and
dorsolateral prefrontal cortices [20]. Functional imaging in
depressed adults further shows reduced recruitment of these
regions during cognitively demanding tasks, suggesting that
CC-related networks may be a tractable target for interven-
tion. Together, these findings provide a plausible mechanistic
rationale for interventions that train CC as an indirect means
of reducing depressive symptoms.

Computerized CC training paradigms, typically involving
repeated practice with adaptive difficulty, may serve as such
a therapeutic approach [21]. Importantly, in this framework,
CC training is not conceived as a direct treatment for
depression analogous to psychotherapy or pharmacotherapy;
rather, any reduction in depressive symptoms is expected to
arise indirectly, as a downstream consequence of improved
inhibition, WM updating, and attentional disengagement from
negative material, and, in turn, reduced rumination [22,23].

However, computerized CC training studies in both
clinically depressed individuals and preclinical depression
have shown mixed effects on depressive symptoms.

Specifically, several trials have reported reductions in
rumination or depressive symptoms following CC training
[24-26], whereas others found no benefit beyond placebo
training [11]; recent meta-analyses and reviews likewise
indicate that effects tend to be small and inconsistent [22,
23,27-29]. Augmenting CC training with emotionally salient
stimuli has been proposed to better target affective regula-
tion deficits [30-32], and some studies using emotional CC
training have reported improvements in depressive symp-
toms. Among these, there is a small subset of interventions
specifically designed for remote digital delivery [30,33].
Even so, findings remain inconsistent: recent meta-analyses
conclude that benefits of CC training on mood tend to be
small and not always condition specific [22,23,34].

Adherence is a critical determinant of training success
but is often poor in conventional CC interventions, which
rely on repetitive exercises with minimal interactivity [22,
35,36]. Higher adherence is generally associated with larger
training effects [37], yet many participants do not reach
effective dosing thresholds [36]. This challenge is ampli-
fied in MDD, where reduced motivation and anhedonia are
core features that further depress engagement with repeti-
tive, low-reward tasks [37,38]. Serious games, digital games
designed for purposes beyond entertainment, offer a way to
integrate adaptive challenge, immersive context, and reward-
based motivation into cognitive training [39-44]. Action video
games in particular have been associated with improvements
in attentional control and CC [45,46], and their combination
of time pressure, multisensory coordination, and continuous
prediction provides mechanics theoretically aligned with CC
training [40,47].

Few studies, however, have combined home-based
delivery with action game mechanics in clinically depressed
adults. Remote tablet-based interventions have shown good
adherence and sustained engagement [42], and action games
have demonstrated promising cognitive benefits in depressed
samples [48,49]; yet, these elements have rarely been
integrated in a single trial. Keefe et al [41] delivered a remote,
action game–inspired intervention for 6 weeks and observed
improvements in sustained attention but no advantage over
an active control on depressive symptoms. Earlier work by
Anguera et al [39,40,50] in older adults reported gains in CC
and modest mood benefits, although these did not consistently
extend across mood measures. A home-based, action game–
based intervention for adults with current MDD, evaluated
against a closely matched active control game, has therefore
not yet been reported.
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This trial addressed this gap by evaluating Legends of
Hoa’manu (LoH), a home-based, tablet-delivered serious
game that integrates action mechanics, adaptive CC train-
ing, and emotional stimulus identification, against a closely
matched active control game. The active control (LoH_con-
trol) was designed to match LoH on patient involvement
and time on task, while omitting the action mechanics that
are hypothesized to drive cognitive improvements [51] so
that any superiority of LoH over LoH_control on clini-
cal outcomes or CC could be attributed to those specific
mechanics.

We tested the following hypotheses derived from our study
aims:

• (H1) Effectiveness (preregistered primary end point):
Experimental group participants would show larger
reductions in depressive symptoms on the Montgom-
ery-Åsberg Depression Rating Scale (MADRS) from
baseline to postintervention than those randomized to
the matched control game; this benefit would persist at
1-month follow-up.

• (H2) Feasibility (preregistered secondary end point):
The video game intervention would be feasible,
defined per the trial registration as ≥50% of random-
ized participants completing ≥20 of the 30 prescri-
bed sessions. Additional feasibility metrics (retention,
adherence, and intrinsic motivation [Intrinsic Motiva-
tion Inventory] interest/enjoyment) and 3 post hoc
benchmarks drawn from comparable digital mental
health trials are reported as complementary reference
points.

• (H3) Tertiary outcome superiority (preregistered
tertiary end point): Participants randomized to LoH
would show larger improvements on the preregistered
tertiary outcomes than those randomized to the matched
control game.

• (H4) We tested an exploratory mechanistic hypothe-
sis (not formally preregistered): gains in CC would
be associated with reductions in depressive symp-
toms, consistent with cognitive models implicating CC
deficits in MDD.

Both H1 and H3 were preregistered as directional, confirma-
tory superiority hypotheses and are reported here as such.
However, we note that prior evidence for CC training in
depression is mixed, with effects that are often small or
not condition specific [22,23,34]; superiority over a closely
matched, engaging active control was therefore uncertain a
priori and is best understood as a hypothesis the present trial
was designed to test rather than a strongly expected outcome.

Methods
Open Science Practice
This trial was prospectively registered with the Israeli
Ministry of Health Clinical Trials Registry (registration
number MOH_2021-07-20_005979) on July 12, 2021, before
enrollment of the first participant. The first participant was
enrolled on November 21, 2021. The registration record

is directly accessible at [52]. As the registry record is
maintained in Hebrew, an English translation is provided
in Multimedia Appendix 1. We note that the registry’s
brief public summary lists some early administrative details
(delivery on a “mobile phone,” a “2- to 4-week” training
period, and reassessment “after 3 months”) that are incon-
sistent with the registry’s own detailed requirements and
with the full preregistered protocol; the trial was conduc-
ted as specified in the protocol—a tablet-delivered, 6-week
intervention with a 1-month follow-up—as reported here.

The study protocol and deidentified data are available
on the Open Science Framework (OSF) repository [53].
No amendments were made to the registered protocol after
trial initiation. Three deviations from the registered design
are noted: (1) the realized sample size was 57 rather
than the preregistered 60 (a 5% shortfall), which occurred
because enrollment closed at the end of the funded recruit-
ment window and was further constrained by COVID-19–
related delays to clinical referrals and onsite assessments
during 2021‐2022; (2) 1 participant assigned to LoH_con-
trol inadvertently received the LoH intervention owing to an
intervention distribution error (1/57, 1.8% protocol-execution
deviation); and (3) the Global Assessment of Functioning,
which was listed in the trial registration, was not adminis-
tered.

The trial is reported in accordance with the CONSORT
(Consolidated Standards of Reporting Trials) 2025 statement
[54] and its CONSORT-EHEALTH (Consolidated Stand-
ards of Reporting Trials of Electronic and Mobile Health
Applications and Online Telehealth) extension for web- and
mobile-delivered interventions [55]; completed checklists are
provided in Checklist 1.
Participants

Trial Setting
Data collection for the trial took place between Novem-
ber 21, 2021, and April 2023. Participants with a current
depressive episode were recruited from “Merhavim” Medical
Center. Eligible participants from all racial, ethnic, and
gender categories were aged between 18 and 65 years. A
minimum score of 13 on the 17-item Hamilton Rating Scale
for Depression (HDRS-17) [56] was required. Additional
inclusion criteria were a primary DSM-5 (Diagnostic and
Statistical Manual of Mental Disorders [Fifth Edition]),
diagnosis of MDD, with a single or recurrent episode,
with the additional requirement of a current episode with
a duration of ≥4 weeks. Participants needed to be without
antidepressant medication or on an adequate (ie, at least
the lowest effective) and stable (ie, for ≥6 weeks) dosage.
Concomitant psychotherapy was allowed if ongoing for at
least 3 months prior to baseline. Participants were excluded
from the study if they met any of the following criteria:
problematic gaming, as assessed by the Gaming Disorder Test
[57]; a diagnosis of a significant neurological disorder or
comorbid psychiatric disorder; any relevant unstable medical
condition (eg, acute or unstable cardiac disease); use of an
investigational drug within 6 weeks prior to baseline; or
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suicidal risk, indicated by a score of 4 to 6 on item 10 of the
MADRS or a suicide attempt during the current depressive
episode.

Recruitment and Screening
Participants were recruited through clinical referrals from
psychiatrists, psychologists, and social workers at Merhavim
Medical Center. Interested individuals were contacted via
phone by a member of the study team and invited to an
in-person screening visit (V0) at Merhavim, where eligibil-
ity was assessed. No flyers, social media, or website-based
recruitment were used.

Sample Size
A power analysis was conducted using G*Power (version
3.1.9.7; Heinrich Heine University Düsseldorf) [58]. Sample
size estimation was based on the CC outcome. Prior
randomized trials of computerized cognitive training in
individuals with elevated depressive symptoms have reported
medium-to-large effects on clinical outcomes (d≈0.73 on
depressive symptoms [24]). This effect size assumption was
further supported by meta-analytic estimates of computerized
cognitive training effects on depressive symptoms [30] and

by earlier cognitive-emotional training trials in MDD and
in older adults [32,33,39,40]. To allow for a more conserva-
tive estimate, we planned for a medium effect size (Cohen
d=0.65). Under this assumption, a total sample size of 60
participants (30 per group) provides 80% power to detect
a between-group difference at an α of .05. These effect
size estimates were derived largely from trials using inactive
or minimal-treatment comparators. A comparison against a
closely matched active control likely corresponds to a smaller
true between-arm difference; the assumed effect size of 0.65
should therefore be regarded as optimistic, and the trial was
likely underpowered for the effect sizes expected between 2
engaging digital interventions (see “Limitations” section).
Study Design and Procedures

Trial Design
The study was a double-blind randomized controlled trial.
Figure 1 depicts the study design. Interested participants
were screened for eligibility (V0). Eligible participants were
assessed at baseline (V1) and were then randomized in a 1:1
ratio to receive either the active LoH game intervention or the
matched active control arm (LoH_control).

Figure 1. Study design of the home-based, parallel-group randomized controlled trial of LoH (active) versus a closely matched active control game
(LoH_control) in adults with MDD (n=57 randomized). Study visits are denoted V0 (screening) through V5 (1-month follow-up). The full assessment
battery was administered at 3 visits (V1: baseline, V4: postintervention, and V5: follow-up). During mid-intervention assessments (V2 and V3),
only the following assessments were administered: MADRS, PHQ-9, CGI-S, CGI-I, and RRS-22. CGI-I: Clinical Global Impressions-Improvement;
CGI-S: Clinical Global Impressions-Severity; LoH: Legends of Hoa'manu; MADRS: Montgomery-Åsberg Depression Rating Scale; MDD: major
depressive disorder; PHQ-9: Patient Health Questionnaire-9; RRS-22: Ruminative Responses Scale (22-item).
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Randomization
Randomization used a validated computer-generated
pseudorandom sequence with permuted blocks of 4 (1:1
allocation ratio), prepared by the co-principal investigator
(PI), who had no contact with participants. Participants were
assigned sequentially in order of enrollment. The alloca-
tion list was held by the PI; after completion of baseline
assessment, the PI released the participant’s assignment
to the unblinded staff member responsible for interven-
tion distribution. Outcome assessors remained blinded to
allocation. No additional allocation concealment procedures
(eg, centralized automated assignment) were used. Both
the active and the control games were self-administered,
and study staff were available to assist remotely whenever
needed.

Blinding
Overview
Participants were blinded to their group assignment and did
not know whether the game they played was considered
active or control; assessors were fully blinded to both group
assignment and the game administered. Blinding was assessed
by asking participants to guess their group allocation at weeks
1 and 6.

Participants were asked to train for up to 5 days per week
for a period of 6 weeks, which equaled a total of 30 treatment
sessions. Each session consisted of 30 minutes of training for
an expected total of 15 hours of gameplay. As per protocol,
in case of missing or canceled treatment sessions, partici-
pants were allowed to complete training over the weekends
and during week 7 directly after the treatment period but
before the postintervention assessment. Participants were
asked to maintain a consistent training environment, including
minimizing potential distractions, and were encouraged to
adhere to a regular training schedule. By promoting these
consistent conditions, we sought to ensure the training could
be delivered in an optimal and focused setting. A subset of the
assessments was repeated 2 and 4 weeks from the beginning
of training (V2 and V3, respectively). The full assessment
battery was repeated within a week of the end of the treatment
period (V4; postintervention; always at least 24 hours after
training was completed), and approximately a month later
(V5; follow-up assessment).

Session Orientation and Supported Start
During the V1 baseline visit, after randomization and tablet
handover, an unblinded staff member gave a brief in-per-
son walkthrough of how to operate the tablet and the
assigned game and then sat alongside the participant while
they completed their first 30-minute training session. This
ensured the participant could navigate the interface, trou-
bleshoot technical issues, and be at ease with the setup
before continuing the remaining intervention independently
at home. Subsequent sessions were entirely self-adminis-
tered. Unblinded study staff remained reachable by phone
for technical or logistical questions throughout the 6-week
training period. On a per-need basis, unblinded study

staff would provide reminders or encouragement to partici-
pants who appeared to have difficulty adhering to training
procedures.
Outcomes

Overview
The trial was prospectively registered with depressive
symptom change on the MADRS as the primary end point,
feasibility as the secondary end point, and tertiary end
points spanning symptoms, well-being, rumination, func-
tion, and participation. Exploratory end points included CC
change, durability across the 1-month follow-up, as well as
treatment expectancy and intrinsic motivation. This analy-
sis follows this structure; intrinsic motivation is reported
within the secondary feasibility framework—consistent with
standard practice in feasibility studies of digital mental health
interventions (deviation is disclosed here per CONSORT
recommendations). A within-arm exploratory analysis testing
whether CC gains are associated with depressive symptom
reductions is reported as an additional mechanistic analysis
(not formally preregistered as a hypothesis).

The trial was designed as a feasibility and effectiveness
study, and its outcome hierarchy follows the preregistration
and was not altered post hoc. The MADRS was chosen
as the primary (effectiveness) end point following clinical
standards for depression trials. Feasibility was the secondary
end point because, given the novelty of this home-based,
minimal-contact serious game intervention, establishing that
the protocol could be delivered and completed per protocol
was a central goal of this first trial. CC was exploratory,
assessed to probe the proposed training mechanism rather
than as a confirmatory clinical outcome, and, because the
assessment battery shares task demands with the LoH training
mini-games, change on it cannot be cleanly interpreted as
generalizable transfer (see “Discussion” section).
Primary Outcome (MADRS)
The preregistered primary outcome was change in depres-
sive symptoms on the MADRS [59], from baseline (V1) to
postintervention (V4), reflecting the hypothesis that the LoH
intervention would reduce depressive symptoms more than
the active control game. Statistical inferences for the primary
outcome were performed at an α of .05. The MADRS is a
clinician-administered scale with 10 items scored on a 7-point
scale (0‐6). The total score ranges between 0 and 60, with
higher scores indicating greater depression severity.

Secondary Outcome (Feasibility)
Feasibility outcomes comprised (1) adherence (completed
training sessions and total minutes played); (2) retention at
postintervention (V4) and follow-up (V5); and (3) intrinsic
motivation, assessed at the end of week 1 and at V4 with
the Intrinsic Motivation Inventory (IMI [60]). All 5 IMI
subscales (interest/enjoyment, effort/importance, perceived
competence, perceived choice, and pressure/tension) are
reported separately; pressure/tension serves as a proxy for
subjective tolerability (lower scores indicate greater tolerabil-
ity).
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The preregistered feasibility threshold was completion of
≥20 of the 30 prescribed sessions by ≥50% of randomized
participants. We additionally applied 3 post hoc benchmarks
drawn from comparable digital mental health trials [40,61,
62]: retention at V4 ≥70%, mean adherence ≥60%, and mean
IMI interest/enjoyment in the active arm above the scale point
(4/7)—framed as reference points rather than prespecified
criteria. Expanded session-level in-game involvement metrics
from server-side gameplay logs are reported in Multimedia
Appendix 2; these correspond to the “training progress” pillar
of the 4-pillar cognitive training evaluation framework of
Harvey et al [63] (relabeled from “training engagement” in
the framework of Harvey et al to avoid confusion with the
engagement framework of Plass et al [64]).

Tertiary Outcomes
Tertiary outcomes were chosen because CC deficits in
MDD are theorized to operate through perseverative negative
thinking that, in turn, impairs everyday functioning and
reduces well-being. The preregistered selection also follows
current state-of-the-art recommendations for computerized
cognitive training trials [63]. It included MADRS-based
response (≥50% reduction from baseline) and remission
(MADRS ≤10) rates. The other tertiary outcomes capture
(1) near-transfer—depressive symptoms; (2) far transfer—
severity of illness, global improvement, and rumination;
and (3) ecological transfer—well-being, functional capacity,
plus participation in daily activities. Depression severity, a
near-transfer measure, was assessed using the Patient Health
Questionnaire-9 (PHQ-9 [65]), a self-reported measure with
scores ranging from 0 to 27. Severity of illness, a more distant
transfer measure, was assessed using the Clinical Global
Impressions-Severity (CGI-S) scale [66]. The CGI-S is a
clinician-rated measure used to evaluate the overall severity
of a patient’s illness at a given time based on the rater’s
clinical experience, ranging from 1 (normal, not at all ill) to
7 (among the most extremely ill patients). Global improve-
ment was assessed using the companion Clinical Global
Impressions-Improvement (CGI-I) scale [66], a clinician-
rated measure of change relative to the patient’s condition
at admission, ranging from 1 (very much improved) through
4 (no change) to 7 (very much worse). Rumination was
assessed using the full Ruminative Responses Scale (RRS-22
[67]), a 22-item self-reported scale measuring participants’
tendency toward repetitive negative thinking. Items are rated
on a 4-point Likert scale, ranging from 1 (almost never) to
4 (almost always), and a total score is derived, with higher
scores indicating greater levels of rumination.

Concerning ecological transfer, well-being was measured
using the World Health Organization (WHO)-5 Well-Being
Index [68], a 5-item self-reported scale with positively
worded statements scored on a 6-point Likert scale, ranging
from 0 (none of the time) to 5 (all of the time), assessing
subjective well-being over the past 2 weeks. Higher scores
reflect better well-being. Functional capacity was assessed
using the University of California, San Diego, Perform-
ance-based Skills Assessment (UPSA [69]), which evaluates
functional capacity in 5 domains: medication management,

financial management, using the telephone and communi-
cation, using public transportation, and planning leisure
activities, using a simulation of 11 daily life tasks. Final
scores range from 0 to 100. The Adult Subjective Assessment
of Participation (ASAP [70]), a self-reported questionnaire,
documents subjective and objective participation dimensions
in daily life occupations of adults. Indices of objective
participation include diversity (the percentage of activities in
which the person participates) and intensity or frequency (ie,
the prevalence of participation in activities). This measure
also tracks activities that were stopped. Subjective dimen-
sions include enjoyment (perceived pleasure in activities) and
satisfaction (perceived fulfillment from participation), both
rated on 7-point scales.

Exploratory Outcomes
Change in CC was preregistered as an exploratory out-
come, motivated by the mechanistic hypothesis that the
LoH intervention trains CC. It is reported alongside the
primary and tertiary end points in the “Results” section.
CC was assessed using a computerized cognitive assessment
battery, the Adaptive Cognitive Evaluation (ACE; Neuro-
scape, University of California, San Francisco [71]). We
administered 6 ACE tasks, collectively measuring inhibi-
tory control, cognitive flexibility, WM updating, sustained
attention, and visuospatial WM. One of the tasks (Fileter,
measuring visual WM) was excluded from analyses because
many participants did not understand the task demands. On
the basis of factor analyses of the remaining 5 tasks, a
CC composite score was created from normed scores. ACE
task outcomes and factor analysis are given in Multimedia
Appendix 3.

Additional exploratory analyses included treatment
credibility and outcome expectancy, assessed at the end of
week 1 and at V4 with the Credibility/Expectancy Ques-
tionnaire (CEQ [72]; credibility 3‐27, expectancy 3‐27,
higher scores indicate greater credibility/expected benefit). In
addition, durability of treatment effects was defined as change
in all outcomes between baseline (V1) and 1-month follow-up
(V5) and is reported for each end point alongside the V1 to
V4 analysis.
Interventions and Comparators

Design Rationale and Shared Features
The intervention is described using the TIDieR (Template for
Intervention Description and Replication) checklist catego-
ries; a TIDieR summary table covering both arms is provided
in Multimedia Appendix 4. The interventions were devel-
oped using Unity (version 2019.4.28f1; Unity Technologies).
LoH and LoH_control versions 1.1.10 to 1.1.13 were used,
corresponding to early bug corrections in the overall running
performance, save system, and data collection, none of which
affected the game content per se.

The distinction between the experimental (LoH) and active
control (LoH_control) arms is not between a cognitively
demanding and a cognitively inert condition, but between
involvement matched and mechanism specific. Both arms
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load on cognitive engagement in the sense of Plass et al
[64], offering structured goals, unambiguous feedback, and
clear challenges. Critically, LoH_control was designed to
match LoH on the patient’s ability to become involved
with the game and thus spend time on task (involvement
matched) while omitting the action mechanics hypothesized
to challenge and train attention and CC (mechanism specific).
In addition, LoH leverages both cognitive and affective
engagement [64]—the latter via emotionally valenced facial
expressions in the N-back and Go/No-Go modules, which
target the mood-congruent attentional bias implicated in
MDD [30-33]—whereas LoH_control relies exclusively
on cognitive engagement. Importantly, LoH_control was
designed to have a similar look and feel as the active LoH
game and to also induce robust in-game involvement.

Interventions were developed in Unity and distributed
directly to participants through tablets with the assigned game
installed on them. Gameplay metrics (session duration and
in-game involvement metrics) were automatically logged and
transmitted to the study server. Each game was played during
30-minute sessions, within which several tasks were iterated.
Both game versions place the player in an adventure world
with tasks and subtasks while they discover the Village, a hub
designed to maintain the players’ engagement by allowing
them to exchange the points earned during play to personalize
their game world via various aesthetic upgrades. Partici-
pants in both arms received identical instructions regarding
gameplay and schedule.

Experimental Game
The game LoH is designed as a cognitive training plat-
form that integrates emotional and cognitive elements
through various interactive challenges. The game architecture
combines fast-paced action video game mechanics—centered
around a core action game hub where players control a
friendly creature navigating flying sequences that demand
both divided and focused attention [73]—with targeted
cognitive training mini-games. LoH is specifically designed
to provide structured variability and adapt to individual player
abilities through a multidimensional, probabilistic dynamic
difficulty adjustment [74]. By continuously adapting task
demands across multiple parameters, this system maintains
each player within their zone of proximal development
throughout training [74], sustaining the level of controlled
processing required for cognitive skill acquisition—beyond
merely reducing boredom or frustration [51].

LoH includes 7 such dynamically adjusted mini-games,
each targeting a specific CC ability such as WM, inhibi-
tory control, cognitive flexibility, sustained attention, divided
attention, and multitasking, as detailed in Multimedia
Appendix 4. Additionally, a deductive reasoning task is
included as a supplementary, nonadaptive mini-game. LoH
incorporates emotional stimuli (eg, emotionally valenced
facial expressions in the N-back and Go/No-Go tasks)
to specifically target the mood-congruent attentional bias
implicated in MDD—that is, the tendency to direct attention
toward negatively valenced stimuli [7]. Positive reinforce-
ment elements (collecting coins, personalized rewards)

provide additional motivational scaffolding [75]. An earlier
version has been shown to successfully enhance attentional
control in children [76].

Active Control Game
The active control game (LoH_control) was designed to
match the aesthetic and structural elements of the experi-
mental game, an important feature to maintain experimen-
tal blinding. Critically, its mini-games lack the adaptive
cognitive training components of LoH and its action-based
high attentional demands. It consists of a central hub game
and 4 distinct mini-games (a modified, no-action version
of the flight hub, visual search, peripheral vision task,
and decoration). These activities emphasize the slow and
deliberate movement of focused attention through tasks such
as guiding a bird character to collect resources, focusing
on auditory cues in a peripheral vision task, or spotting
concealed targets in a cluttered map. These activities were
selected based on prior research that used similar tasks
as control conditions for depressed or dysphoric partici-
pants [26]. As such, the control game does not challenge
attentional control as much as LoH. Moreover, unlike
LoH, which incorporates positive emotional reinforcement
through collecting happy coins and working with happy
facial expressions, the control game lacks emotionally salient
features. Players were presented with a fixed sequence of
these 4 mini-games, each played twice within the same
training session. A description of the control mini-games is
given in Multimedia Appendix 4.
Patient and Public Involvement
Adults with lived experience of depression contributed to the
design of the LoH intervention prior to trial launch through
structured user-feedback sessions. Feedback informed the
gameplay tempo, the visual aesthetic of the Village hub,
the wording and pacing of in-game instructions, and the
difficulty calibration of the adaptive mini-games. Patients
and members of the public were not involved in setting the
research question, designing the trial protocol, interpreting
study results, or preparing this manuscript. Findings will be
disseminated to participants on request via the correspond-
ing author and through lay summaries posted to the OSF
repository.
Harms
Adverse events (CONSORT 2025 harms item) were assessed
via open-ended questioning at each scheduled visit (V2-V5);
spontaneous reports during between-visit phone contacts
with study staff were also recorded. No adverse events
related to the intervention were reported during the trial
in either arm. Beyond adverse event surveillance, depres-
sive symptom severity, including suicidality (MADRS item
10), was rated by a clinician at every study visit, provid-
ing continuous monitoring of clinical status throughout the
trial. Per the protocol’s prespecified stopping rules, any
participant showing documented suicidal ideation (MADRS
item 10 above the protocol-defined threshold) or a sui-
cide attempt after commencing active or control training,
emergent hypomanic or manic symptoms, or clinically
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significant deterioration in the investigator’s judgment, would
be withdrawn from study treatment and referred to their
treating clinician for appropriate care; investigators reviewed
clinical status at each visit and could withdraw a participant
at any time on clinical grounds. The absence of a validated
safety questionnaire is acknowledged in the “Limitations”
section.
Ethical Considerations
The study was conducted in accordance with the Declara-
tion of Helsinki and was approved by the Helsinki Com-
mittee of Merhavim Medical Center (approval 670‐21) and
the Ethics Committee of the Faculty of Medicine at the
Hebrew University of Jerusalem (approval 0388‐20-HMO).
All participants provided written informed consent at V0
prior to any study procedure. Participants received NIS 250
(approximately US $82); compensation was not contingent
on adherence or completion, so that it could not pressure
continued participation. All data were deidentified using
study IDs; a single linking file was stored separately on
a password-protected drive accessible only to the PI and
unblinded staff. No figures or multimedia appendices contain
images of identifiable participants.
Statistical Methods

Analytic Approach
All statistical analyses were conducted using R (R Foundation
for Statistical Computing) [77,78]. Analysis was conducted
by a person blinded to the group assignment (Mattan S Ben
Shachar). Baseline measures were compared between groups,
and the association between attrition and baseline measures
was assessed, using t tests and chi-square tests. The primary
analysis followed the intention-to-treat principle, retaining all
randomized participants in their originally assigned groups.
All outcomes with a baseline assessment were analyzed
using linear mixed models (LMMs). LMMs with maximum
likelihood estimation provide unbiased estimates under the
missing-at-random assumption and were used as the primary
handling strategy. We report here ANOVA-like omnibus F
tests with Satterthwaite degrees of freedom. These models
include fixed effects for time (baseline, postintervention, and
follow-up), group (active vs control), and the time×group
interaction. Random intercepts were specified for participants
to account for individual variability at baseline.

As loss to follow-up at postintervention was strongly
associated with the number of completed training sessions
rather than with baseline symptom severity, the number
of completed sessions (mean centered) was included as an
additional covariate in all outcome models to reduce potential
attrition-related bias and to make the missing-at-random
assumption more plausible. This covariate was not part of
the preregistered analysis plan and is itself a postrandomi-
zation variable; we therefore also report unadjusted models
(omitting this covariate) as a sensitivity analysis in Multime-
dia Appendix 5, which yielded materially identical conclu-
sions.

For significant time×group interactions, post hoc
comparisons with Bonferroni correction were conducted.
Effect sizes are reported using partial η²p with 2-tailed
90% CIs, and estimated mean differences are reported with
95% CIs. Statistical inference for the primary outcome (H1:
MADRS group×time) was performed at an α of .05. Tertiary
outcome (H3) and exploratory analyses (CC, durability,
mechanism, and predictors) are reported with unadjusted P
values.

The secondary feasibility outcomes include the prereg-
istered feasibility threshold (H2: ≥50% of randomized
participants completing ≥20 of the 30 prescribed ses-
sions) assessed as a descriptive proportion against the
registered threshold. Feasibility, in-game involvement, and
intrinsic motivation metrics were evaluated using descriptive
statistics, independent-sample t tests for continuous meas-
ures, and chi-square tests (with Yates continuity correc-
tion) for categorical comparisons. Session-level gameplay-log
comparisons (early abandonment and per-session active
gameplay duration) were analyzed with mixed effects models,
including a random intercept for participant to account
for the nesting of sessions within participants (Multimedia
Appendix 2). As an exploratory analysis, we examined the
association between within-participant changes in CC and
change in depressive symptoms. We first computed resid-
ual scores by regressing baseline scores out of postinterven-
tion and follow-up measurements separately. This approach
allowed for the examination of change independent of initial
differences, controlling for baseline variability and regression
to the mean.
Missing Data
Participant-level missing data (loss to follow-up) were 16%
(9/57) at postintervention (V4) and 23% (13/57) at 1-month
follow-up (V5). Item-level missing data within completed
assessments were minimal. The primary analytic strategy of
linear mixed models with maximum likelihood estimation
under the missing-at-random assumption (described earlier)
accommodates this level of missingness. We assessed the
missing data mechanism using Little test of missing com-
pletely at random; the test was nonsignificant for the primary
outcome and for the other clinical measures, with a single
borderline exception. As a sensitivity analysis, we repeated
the primary group×time analyses under multiple imputation
by chained equations (m=20). Both analyses are reported in
Multimedia Appendix 6 and yielded conclusions consistent
with the primary models.

Results
Participants and Baseline Characteristics
Demographic and baseline characteristics of the study sample
are summarized in Table 1. The participant flow is given
in Figure 2. Following eligibility assessment (n=60), 57 of
60 (95%) participants were randomized to either the active
(28/57, 49%) or control (29/57, 51%) intervention. The
sample was predominantly women (21/28, 75% and 18/28,
64.3% in the control and active arms, respectively) with an
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average age of 38 (SD 12) years. The groups were well
matched on demographic characteristics (all P≥.10) and on
depression severity at baseline (HDRS-17: mean 24.52, SD
4.98 vs mean 22.50, SD 6.02, in the control and active

arms, respectively). On the basis of the HDRS-17 scores,
participants presented with moderate to severe depression at
baseline, with mean scores in the severe range for the control
arm and upper moderate range for the active arm.

Table 1. Baseline demographic and clinical characteristics of the study sample (N=57).
Characteristics Active (n=28) Control (n=29) Statistic P value
Demographics

Female, n (%) 18 (64.3) 21 (75)a 0.76b .38
Age (years), mean (SD) 37.68 (11.96) 38.30 (13.05)a −0.19c .85
Marital status, n (%)

Married or living with partner 15 (53.6) 12 (42.9)a 0.64b .42
Single 11 (39.3) 10 (35.7) 0.08b .78
Divorced or separated 1 (3.6) 6 (21.4) .10d

Widowed 1 (3.6) 0 (0)a >.99d

Native language, n (%)
Hebrew 16 (57.1) 15 (53.6) 0.07b .79
Russian 11 (39.3) 10 (35.7)a 0.08b .78
Other 1 (3.6) 3 (10.7)a .61d

Education (years), mean (SD) 14.21 (3.50) 13.61 (4.61) −0.55c .59
Currently employed, n (%) 18 (64.3) 14 (50)a 1.17b .28

Clinical characteristics
HDRS-17 score, mean (SD) 22.50 (6.02) 24.52 (4.98) −1.38c .17
On antidepressants, n (%) 20 (71.4) 19 (65.5) 0.23b .63
Comorbidities, n (%)

Cardiac disease 0 (0) 0 (0) N/Ae N/A
Seizures 0 (0) 1 (3.4) N/A N/A

aData missing for 1 control participant; percentages are based on N=28.
bχ2 value.
ct value.
dFisher exact test (expected cell counts <5).
eN/A: not applicable.
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Figure 2. CONSORT 2025 flow diagram for the trial of Legends of Hoa’manu (LoH; active) versus a matched active control game (LoH_control) in
adults with major depressive disorder. The primary outcome (change in MADRS total score from baseline to postintervention, assessed at visit V4)
was analyzed for all randomized participants under the intention-to-treat principle using linear mixed models on all available data; consequently, the
analyzed n equals the allocated n in each arm. One participant randomized to LoH_control received LoH in error (RBSC15) and was analyzed as
allocated. Four participants (2 per arm) discontinued training but completed the V4 primary outcome assessment and were subsequently lost before
the 1-month follow-up (V5), a secondary time point reported in the Results and in Multimedia Appendix 7. “Other reasons” denotes discontinuations
for which a specific reason was not recorded (n=1 in LoH; n=2 in LoH_control). LoH: Legends of Hoa’manu; MADRS: Montgomery-Åsberg
Depression Rating Scale.

Primary Outcome: Baseline to
Postintervention Change in Depression
(MADRS)
We report here analyses of changes from baseline (V1) to
postintervention (V4) for all outcome measures. Analyses
of the full dataset, including all midtraining time points
(whenever available) and follow-up data, are provided in
Multimedia Appendix 7. Note that because the number of
sessions completed was found to be a strong predictor of
missing patterns postintervention (at V4), it was controlled
for in the analyses. Unadjusted sensitivity analyses omitting
this covariate are reported in Multimedia Appendix 5 and
yielded the same conclusions. Table 2 includes the data for all
outcome measures.

Analysis of the primary outcome (depressive symptoms)
revealed a significant reduction in MADRS scores from
baseline (V1) to postintervention (V4; F1,48.6=47.52; P<.001;
η²p=0.49, 90% CI 0.32-0.61) across both arms. However,
the effect of group was not significant (F1,52.6=0.02; P=.90;
η²p=0.00), nor was the group×time interaction (F1,49.4=1.57;
P=.22; η²p=0.03). Post hoc analyses showed a significant
reduction in MADRS scores in both arms (active: −6.83
points, 95% CI −10.26 to −3.41; t48.4=−4.01; P<.001; and
control: −9.84 points, 95% CI −13.28 to −6.41; t48.0=−5.76;
P<.001).
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Table 2. Baseline (V1) and postintervention (V4) scores for primary, tertiary, and exploratory outcome measures by arm.
Domain and measure LoHa/active (randomized n=28) LoH_control/control (randomized n=29)

V1 (baseline) V4 (postintervention) V1 (baseline) V4 (postintervention)
Mean (SD) nb Mean (SD) nb Mean (SD) nb Mean (SD) nb

Depression
MADRSc 29.39 (7.41) 28 22.92 (9.01) 24 31.35 (7.57) 29 20.38 (10.60) 24
PHQ-9d 18.25 (5.78) 28 14.21 (8.60) 24 19.32 (6.45) 28 14.25 (7.13) 24

Severity of illness
CGI-Se 4.14 (0.97) 28 3.63 (1.53) 24 4.32 (0.95) 28 3.42 (1.59) 24

Rumination
RRS-22f 58.68 (15.44) 28 50.83 (16.49) 24 59.89 (13.70) 28 56.50 (18.73) 24

Cognitive control
ACEg composite 0.04 (0.84) 28 −0.22 (0.97) 23 0.18 (0.87) 26 0.00 (0.97) 22

Well-being
WHO-5h 20.43 (19.27) 28 30.83 (23.40) 24 22.71 (19.32) 28 31.83 (27.65) 24

Functional capacity
UPSAi 68.12 (13.83) 25 81.11 (9.95) 18 72.85 (14.64) 27 80.95 (14.47) 19

Participation
Diversity 15.64 (7.29) 28 16.29 (7.23) 24 15.32 (8.39) 28 17.04 (9.62) 26
Stopped activities 17.39 (8.12) 28 18.79 (7.86) 24 19.21 (8.10) 28 18.73 (8.41) 26
Intensity and frequency 4.42 (0.75) 28 4.68 (0.61) 24 4.24 (0.72) 28 4.49 (0.93) 25
Enjoyment 3.65 (1.09) 28 3.84 (1.31) 24 3.99 (1.00) 28 4.16 (1.18) 25
Satisfaction 4.07 (1.05) 28 3.90 (1.27) 24 4.41 (1.06) 28 4.36 (1.13) 25

aLoH: Legends of Hoa’manu.
bVaries with item-level missingness.
cMADRS: Montgomery-Åsberg Depression Rating Scale. Baseline (V1) reflects the screening/V0 assessment.
dPHQ-9: Patient Health Questionnaire-9.
eCGI-S: Clinical Global Impressions–Severity.
fRRS-22: Ruminative Responses Scale-22.
gACE: Adaptive Cognitive Evaluation.
hWHO-5: World Health Organization-Five Well-Being Index.
iUPSA: University of California, San Diego Performance-Based Skills Assessment.

Secondary Outcome (Feasibility)

Feasibility Threshold and Benchmarks
Full feasibility metrics are provided in Multimedia Appen-
dix 2. The preregistered feasibility threshold for gameplay
completion was met: 30 of 57 (52.6%; 95% CI 39.9%‐65%)
randomized participants completed ≥20 of the 30 prescribed
sessions, exceeding the preregistered ≥50% threshold; among
the 53 participants with recoverable gameplay data, 30 of 53
(56.6%; 95% CI 43.3%‐69%) met this threshold.

The 3 additional post hoc benchmarks were also met.
First, retention was high at both postintervention (48/57,
84%; ≥70% benchmark) and follow-up (V5: 44/57, 77%).
Attrition was comparable across arms (active: 6/28, 21%; and
control: 7/29, 24%; Figure 2). Specifically, 5 participants in
the control arm discontinued participation during the first 2
weeks of the intervention, and 2 discontinued training later
but completed the postintervention (V₄) assessment before
being lost to follow-up. In the active arm, 2 participants
discontinued their participation during the first 2 weeks of
the intervention and 2 after week 2 (V2); 2 further participants
discontinued training later but completed the V4 assessment
before being lost to follow-up. The reasons for discontinu-
ation are reported by arm in Figure 2; the most common

were difficulty meeting the protocol’s time requirements
and finding the intervention unsuitable or not beneficial.
Second, the mean adherence exceeded the 60% benchmark—
participants completed, on average, 20.7 (SD 9.48) sessions
of the 30 allotted sessions (mean 69%, SD 31.6%), with
no significant between-group difference (t50=1.25; P>.05).
Third, the intrinsic motivation benchmark was met, with
mean IMI interest/enjoyment in the active arm of 4.56 (SD
1.49) exceeding the scale midpoint (4/7).

In-Game Involvement
Server-side gameplay logs were recovered for 53 of 57
randomized participants (LoH: 27/28, 96%; and LoH_con-
trol: 26/29, 90%) due to hardware failure. The mean active
gameplay duration per session was 26.2 (SD 8.7) minutes
for LoH and 28.7 (SD 8.3) minutes for LoH_control, closely
matching the prescribed 30-minute dose. Early abandonment
(active gameplay <15 minutes) was uncommon and did
not differ between arms (LoH: 41/503, 8.2% vs LoH_con-
trol: 30/564, 5.3%; mixed-effects logistic regression with a
random intercept for participant, z=1.76; P=.08). Sessions
were distributed across all day parts, and 25% occurred
on weekends (LoH: 126/503, 25%; LoH_control: 137/564,
24.3%), with similar patterns in both arms, indicating
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integration into varied daily schedules. Weekly mean session
duration was stable across weeks 1 to 6 in both arms, with
no evidence of gameplay fatigue. The catch-up provision
at weekends and/or in week 7 was used by 27 of 27
LoH and 25 of 26 LoH_control participants and accounted
for approximately 28% of all sessions in both arms (LoH:
143/503, 28.4%; LoH_control: 157/564, 27.8%). Per-partici-
pant adherence was heterogeneous: 33% (9/27) of LoH and
58% (15/26) of LoH_control participants completed ≥80%
of prescribed sessions, while 30% (8/27) of LoH and 23%
(6/26) of LoH_control completed fewer than half. This range
is typical of remote digital mental health interventions and
represents a target for personalization in future trials. Among
discontinuers, all completed at least two sessions before
quitting. Full distributions, statistical tests, and figures are
reported in Multimedia Appendix 2.

Intrinsic Motivation
Full results are given in Multimedia Appendix 8. At the end
of week 1, IMI ratings were broadly comparable between
arms for all subscales, except for perceived competence,
which was higher in the control arm (t39.98=−2.74; adjusted
P=.03; mean difference −0.90, 95% CI −1.56 to −0.24).

At postintervention (V4), the active arm reported
higher interest/enjoyment (t47.79=2.71; adjusted P=.02; mean

difference 1.15, 95% CI 0.30-2.00) and higher effort/
importance ratings (t48=2.84; adjusted P=.02; mean differ-
ence 0.93, 95% CI 0.27-1.59) than the control arm, indicating
that the active intervention was perceived as more enjoya-
ble and more effortful. Pressure/tension scores were in the
low-to-moderate range in both arms at both time points (LoH:
mean 3.62, SD 1.58 at week 1; mean 3.90, SD 1.37 at V4;
LoH_control: mean 3.08, SD 1.21 at week 1; mean 3.13,
SD 1.56 at V4). Between-group comparisons were nonsigni-
ficant at week 1 (t45.0=1.38; P=.17, mean difference 0.54,
95% CI −0.25 to 1.33) and at V4 (t47.9=1.85; P=.07; d=0.52,
mean difference 0.77, 95% CI −0.06 to 1.60). Although the
V4 difference was not statistically significant, the effect size
estimate (d=0.52) was in the direction of higher pressure/ten-
sion in LoH, consistent with the more attentionally demand-
ing action game format.
Changes Between Baseline and
Postintervention on Tertiary Outcome
Measures
The results for the preregistered tertiary outcomes are
summarized next and are depicted in Figure 3D-G.

Figure 3. Change in outcome measures from baseline (V1) to postintervention (V4) by arm (LoH in red; LoH_control in blue). Scores are shown
for (A) MADRS (clinician-rated depressive symptoms); (B) PHQ-9 (self-rated depression severity); (C) ACE CC composite score; (D) RRS-22
(rumination); (E) WHO-5 (well-being); (F) CGI-S (clinician-rated illness severity); and (G) UPSA (functional capacity). Thin lines: individual
participants; thick lines: group means with error bars. ACE: Adaptive Cognitive Evaluation; CGI-S: Clinical Global Impressions–Severity; MADRS:
Montgomery-Åsberg Depression Rating Scale; PHQ-9: Patient Health Questionnaire-9; RRS-22: Ruminative Responses Scale-22; UPSA: University
of California, San Diego Performance-Based Skills Assessment; WHO-5: World Health Organization-5 Well-Being Index.

MADRS-Based Response and Remission
MADRS response (≥50% reduction from baseline) and
remission (MADRS ≤10) rates at postintervention and
1-month follow-up were computed, comparing groups using

2-sided Fisher exact tests with nonresponder imputation for
missing MADRS scores. The results, indicating no between-
group differences, are summarized in Multimedia Appendix
9.
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Depressive Symptoms (PHQ-9)
Changes from V1 to V4 showed a significant effect of
time (F1,49.16=10.72; P=.002; η²p=0.18, 90% CI 0.04-0.33).
However, there were no significant effects of group
(F1,49.8=0.18; P=.67; η²p=0.004) nor a significant group×time
interaction (F1,49.8=0.08; P=.78; η²p=0.002; Figure 3A,B).

Rumination (RRS-22)
The effect of time was not statistically significant
(F1,98=3.75; P=.06; η²p=0.04, 90% CI 0.00-0.11). However,
there was no significant effect of group (F1,98=0.97; P=.33;
η²p=0.01), nor a group×time interaction (F1,98=0.43; P=.51;
η²p=0.004).

Well-Being (WHO-5)
World Health Organization-Five Well-Being Index (WHO-5)
demonstrated a significant improvement over time
(F1,46.5=5.17; P=.03; η²p=0.10, 90% CI 0.01-0.24).
However, there were no significant effects for group
(F1,46.6=0.27; P=.60; η²p=0.006) nor a group×time interac-
tion (F1,47.03=0.06; P=.80; η²p=0.001).

Severity of Illness
Severity of illness, measured using the CGI-S scale,
demonstrated a significant improvement over time
(F1,49.2=13.55; P<.001; η²p=0.22, 90% CI 0.07-0.36).
However, there were no significant effects for group
(F1,52.8=0.003; P=.96; η²p=0.00) nor a group×time interac-
tion (F1,50.1=0.52; P=.47; η²p=0.01). Post hoc within-group
comparisons showed a nonsignificant reduction from baseline
to postintervention in the active arm (−0.57 points; 95% CI
−1.11 to −0.03; t48.8=−2.10; Bonferroni-adjusted P=.08) and
a significant reduction in the control arm (−0.84 points; 95%
CI −1.38 to −0.30; t48.3=−3.11; Bonferroni-adjusted P=.006).
As these P values are Bonferroni-adjusted for multiple
comparisons and the CIs are unadjusted, the active-arm
interval can exclude zero while its adjusted P value exceeds
.05.

Global improvement was assessed with the clinician-rated
CGI-I scale, which rates change relative to admission (1=very
much improved to 7=very much worse; 4=no change). As
CGI-I is defined relative to admission and therefore has no
baseline value, it was not entered into the baseline-to-fol-
low-up mixed models used for the other measures; instead,
improvement was summarized descriptively and between-arm
differences were tested at each postbaseline assessment.
Participants were rated as improved: pooled CGI-I scores
were significantly below the “no change” anchor at both
postintervention (mean 2.96, SD 1.40; t47=−5.16; P<.001;
d=−0.74) and follow-up (mean 2.50, SD 1.32; t43=−7.53;
P<.001; d=−1.14), with 65% (31/48) of participants rated
as at least minimally improved at postintervention and 75%
(33/44) at follow-up (20/48, 42% and 25/44, 57%, respec-
tively, rated much or very much improved). There was
no significant difference between arms at postintervention
(F1,46=0.17; P=.68; η²p=0.004) or follow-up (F1,42=0.46;
P=.50; η²p=0.01).

Functional Capacity
Functional capacity, measured using the UPSA scale, showed
a significant improvement over time (F1,38.9=33.16; P<.001;
η²p=0.46, 90% CI 0.26-0.59). However, there were no
significant effects for group (F1,49.2=0.34; P=.56; η²p=0.007),
nor a group×time interaction (F1,39.6=2.56; P=.12; η²p=0.06).
Post hoc analyses revealed significant improvement from
baseline to postintervention in UPSA for both the active
(14.19 points; 95% CI 8.60-19.79; t38.8=5.13; P<.001) and
the control (8.04 points; 95% CI 2.58-13.51; t38.5=2.98;
P=.01) groups.

Participation (ASAP Scale)
Objective (diversity and frequency) and subjective
(enjoyment and satisfaction) aspects of participation did
not differ by time, group, nor group×time interaction. The
full analyses of the ASAP can be found in Multimedia
Appendix 7.

Exploratory Analyses

Cognitive Control
Composite scores (normed to the V1 data), comprising the
individual scores of the 5 tasks (TNT, Stroop, Flanker,
TaskSwitch, and SAAT), were computed for the ACE
battery assessments, which were administered at V1 and V4.
Composite scores significantly improved from baseline to
postintervention (F1,44.6=4.36; P=.04; η²p=0.09). However,
there were no significant effects of group (F1,51.7=0.79;
P=.38; η²p=0.015), nor a significant group×time interaction
(F1,45.5=0.49; P=.49; η²p=0.01). Post hoc analyses revealed
that the changes between V1 and V4 were not significant for
the active (−0.28 points; 95% CI −0.56 to 0.003; t44.5=−1.99;
P=.11) nor for the control arm (−0.14 points; 95% CI −0.42 to
0.15; t44.5=−0.97; P=.67; Figure 3C).

Treatment Credibility and Expectancy (CEQ)
Credibility did not differ between arms at either time point
(week 1: LoH: mean 12.96, SD 7.22; LoH_control: mean
15.00, SD 6.38; t47.7=−1.07; P=.29, 95% CI for the between-
arm difference −5.88 to 1.80; V4: LoH: mean 13.29, SD
7.47; LoH_control: mean 13.46, SD 5.95; t44.0=−0.09; P=.93;
95% CI for the between-arm difference −4.04 to 3.70)
and was stable within each arm over time, indicating that
the matched control design sustained equivalent perceived
credibility across arms. Credibility and outcome expectancy
are distinct constructs, however, and comparable credibility
did not entail comparable expectancy: outcome expectancy
was higher in LoH_control than in LoH at week 1 (mean
12.87, SD 6.14 vs mean 9.29, SD 5.63; t48.9=−2.17; P=.04;
d=−0.61, 95% CI for the between-arm difference −6.89 to
−0.27), indicating that control participants began the trial
expecting more benefit; however, it did not differ between
arms at V4 (mean 10.75, SD 6.18 vs mean 9.35, SD 6.66;
t46.9=−0.77; P=.45; 95% CI for the between-arm difference
−5.06 to 2.27). Both arms showed small numerical reduc-
tions in expectancy from week 1 to V4, more pronounced in
LoH_control (Δ=−1.99, paired t23=−1.82; P=.08).
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Predictors of Change
We exploratorily examined several factors as predictors of
change in MADRS symptoms. First, the relations between
changes in CC (using standardized composite scores) and
clinical measures were assessed using residualized change
scores, calculated by regressing postintervention scores on
baseline scores for all measures. Changes in CC were not
significantly associated with changes in depressive symptoms
(MADRS: r=0.05, 95% CI −0.25 to 0.34; t43=0.33; P=.74;
PHQ-9: r=0.04, 95% CI −0.25 to 0.33; t43=0.28; P=.78),
quality of life (WHO-5: r=−0.12, 95% CI −0.40 to 0.18;
t43=−0.79; P=.44), or rumination (RRS-22: r=0.15, 95% CI
−0.15 to 0.43; t43=1.02; P=.31).

Next, we examined whether perceived choice (subscale
of IMI) was associated with change in MADRS scores
following treatment (see full results in Multimedia Appendix
10). In short, higher perceived choice significantly predic-
ted greater MADRS improvement in the active arm only
(B=1.41; adjusted P=.006), with this relationship reversed for
the control arm.

Next, we examined whether blinding guesses were related
to improvement in MADRS scores across the study popu-
lation. The results showed that there was no significant
difference in MADRS change between the active and control
arms, regardless of participant guesses in the blinding check
(see full analysis in Multimedia Appendix 10). Finally, the
association between game progression metrics and change
in MADRS and CC scores are summarized in Multimedia
Appendix 11.
Blinding Checks
Blinding was assessed at the end of week 1 and at the
end of the 6-week intervention. There was no significant
difference in participant guesses between the active and
control treatment groups. At the end of week 1, 12/26 (46%)
participants in the active arm and 20/28 (71%) participants
in the control arm correctly guessed their group assignment
(group comparison: χ21=2.60; P=.11). At week 6, 17/25
(68%) participants in the active arm and 12/23 (52%)
participants in the control arm correctly guessed their group
assignment (group comparison: χ21=0.68; P=.41). Full results
are given in Multimedia Appendix 12.

Discussion
Interpretation
This randomized controlled trial examined the feasibility and
effectiveness of a home-based, action-based serious game
(Legends of Hoa’manu; LoH) for individuals with MDD,
compared against a closely matched active control game.
Four findings can be mapped directly to our hypotheses. First,
the superiority hypothesis on the primary end point (MADRS)
was not supported. Depressive symptoms improved over time
across both arms, with no significant group×time interac-
tion. Second, the feasibility hypothesis (secondary end point)
was supported. A majority of randomized participants met
the preregistered session completion threshold, retention

was high at both postintervention and follow-up, and the
additional post hoc reference benchmarks for adherence and
intrinsic motivation were met. In particular, participants rated
the active intervention as more enjoyable and more effort-
ful than the control. Third, the tertiary outcome superiority
hypotheses were not supported. Several tertiary outcomes
improved over time across both arms, although not all showed
clear improvement, with no significant group×time interac-
tions. Improvements in depression scores were maintained
at a 4-week follow-up, with no significant deterioration in
any outcome measure. Finally, exploratory analyses examined
the proposed CC mechanism and a hypothesis-generating
predictor of clinical response. The mechanism analysis was
not supported as individual changes in CC scores were not
associated with changes in depressive symptoms or rumina-
tion. Interestingly, within the active arm only, postinterven-
tion perceived choice (subscale from IMI) predicted greater
reductions in depression symptoms—a hypothesis-generating
finding that warrants replication. This set of results offers
insights into the potential benefits and limitations of gamified
cognitive interventions for depression while raising questions
about mechanisms of therapeutic change.

Participants in both arms showed reductions in depres-
sive symptoms in the range generally considered clinically
meaningful for MADRS [79]. In several additional meas-
ures—including CGI-S, RRS-22, and MADRS—descriptive
improvements were numerically larger in the control arm,
although the absence of significant group×time interactions
cautions against direct between-arm contrasts. This pattern is
consistent with growing evidence that closely matched active
digital controls can produce substantial symptom change
[11,41,48,49,80,81]. Several nonspecific processes plausibly
contribute to this convergence, such as structured daily
activity analogous to behavioral activation [80,82], intermit-
tent on-demand contact with study staff and ad hoc adherence
reminders, as well as possible expectancy effects, and natural
fluctuation including regression to the mean, which cannot
be ruled out in the absence of a no-contact or waitlist arm
[83]. This is reinforced by our CEQ data showing higher
initial outcome expectancy in the control arm, which itself
contributes to nonspecific symptom change in psychotherapy
trials [84].

These mechanisms are common to many psychological
and digital interventions and are difficult to disentangle
without additional control conditions [83]. Beyond nonspe-
cific factors, it is worth noting that LoH_control was not
designed to be cognitively inert. The same logic applies
broadly in the action video game literature, where games such
as Tetris—which engage visuospatial attention, WM, and
rapid decision-making—are routinely used as active controls
precisely because they match the experimental condition on
general cognitive engagement while omitting the specific
action mechanics hypothesized to drive transfer effects
in healthy individuals [46,73]. LoH_control was designed
following this same principle. Its tasks involve attention,
structured goals, and reward but lack the adaptive difficulty,
action video game mechanics, and emotionally valenced
stimuli that constitute the theoretically active ingredients of
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LoH [30-33,45,46,73]. The absence of superiority therefore
raises the question of which specific components carry
therapeutic weight, a question that future dismantling designs
would be better positioned to address. Furthermore, the
attentional demands embedded in LoH_control (visual search,
peripheral vision, and deliberate target spotting) may have
provided meaningful attentional stretch for adults with current
MDD—a population whose baseline attentional capacity is
typically lower [13,14,19] than that of young healthy adults
in whom action game effects are most established [46].
Together, these features argue for future trials to include
a no-contact or business-as-usual comparator alongside an
active control, to better separate intervention-specific effects
from the broader benefits of structured digital engagement.

The observed improvement in functional capacity (UPSA)
in both arms is consistent with growing recognition that
quality of life and functional capacity are key treatment
outcomes in mental health beyond symptom reduction [85].

The relatively high retention and adherence observed here
are noteworthy given both the intensity of the protocol (a
6-week, 30-session course) and its home-based, minimal-con-
tact delivery. These rates are comparable to earlier digital
interventions for MDD that were delivered in clinic or used
fewer, less intensive sessions [32,33,40,44], and the present
trial extends that work by showing that comparable feasibility
can be achieved with a home-based protocol. The addi-
tional feasibility dimensions assessed beyond retention and
adherence, including intrinsic motivation, daily life integra-
tion, subjective tolerability, and the gameplay-log analyses,
provide further preliminary evidence of real-world fit.

The intervention used a minimal-contact, home-based
design: after an in-person onboarding visit (V1), the 6-
week training phase was entirely self-administered with no
scheduled remote clinician sessions, and most mid-study
assessments (V2 and V3) were conducted by video—in
contrast to many interventions labeled “remote” or “at-home”
that incorporate substantial scheduled clinician contact. This
feasibility may be attributable in part to the carefully designed
game environment shared by both arms (structured sched-
ules, aesthetic coherence, and motivating in-game goals [86]).
Adherence was nevertheless heterogeneous across partici-
pants, suggesting that personalization may be needed to
address adherence challenges in future home-based interven-
tions for MDD. More broadly, home-based delivery of this
kind may help overcome the stigma- and access-related
barriers that often prevent individuals from seeking traditional
mental health services [87].

While the preregistered secondary feasibility outcome
was supported, the trial’s exploratory mechanistic question—
whether LoH would specifically train CC—received a less
affirmative answer. Specifically, although CC composite
scores improved modestly over time across the full sample,
the absence of a group×time effect and the lack of association
between CC change and MADRS change do not support the
targeted cognitive control account that motivated this trial.
Several alternative explanations merit consideration. First, the
ACE battery, which was used to assess CC, was administered

at baseline and postintervention, allowing for test-retest
effects. Indeed, practice and familiarity effects on compu-
terized cognitive tasks are well documented [88] and may
have contributed to the small improvement observed in both
arms. Moreover, the ACE tasks share substantial cognitive
overlap with the LoH training mini-games (ie, both target
response inhibition, task-switching, and sustained attention),
which complicates interpreting any observed change as either
generalizable transfer or task-specific learning [89]. Sec-
ond, even the control game involved attention-demanding
visuospatial tasks, structured goals, and reward elements,
which could plausibly engage attentional networks despite not
being designed as cognitive training. Third, the effect size for
CC change was small, and the trial may have been underpow-
ered to detect smaller, mechanistically meaningful contrasts
in CC. The observed change on the ACE composite is best
interpreted as a modest, time-related shift on a standardized
composite score rather than a clinically interpretable index
of cognitive recovery, consistent with the recognition that
transfer from CC training is typically narrow and stimulus
bound [89,90].

Within the active arm, higher postintervention perceived
choice (IMI subscale) was associated with greater reduction
in depressive symptoms. This finding should be interpreted
with caution: it is post hoc, based on a single subscale
among several tested, derived from a modest sample, and not
corrected for multiple comparisons. It nevertheless converges
with self-determination theory and prior work, suggesting that
autonomy-supportive experience contributes to engagement
and therapeutic response in digital and game-based interven-
tions [51,86]. We therefore frame it as hypothesis generat-
ing: future adequately powered trials should test perceived
choice as a candidate predictor of clinical response and as a
potential target for autonomy-supportive design features (eg,
schedule flexibility, optional content paths, and self-paced
progression). We do not interpret this association as evidence
for a specific cognitive training mechanism, nor for personali-
zation frameworks more broadly.
Limitations
Several limitations should be considered. First, and most
importantly, the trial used a closely matched active con-
trol without a no-contact or business-as-usual comparator.
Although this matched design is a methodological strength,
both arms improved comparably on the primary and tertiary
outcomes, so we cannot rule out regression to the mean,
time-related natural recovery, or contact-related expectancy
effects [83], nor can we isolate the specific contribution
of the targeted CC and action game components from the
broader effects of structured digital activity. This concern
is compounded by the unsupported exploratory CC mech-
anism analysis; yet whether this reflects insensitivity of
the ACE composite, practice effects, the multicomponent
nature of LoH, or the absence of a true mechanistic effect
cannot be determined here. Second, the sample (n=57)
was powered for a medium-to-large between-group effect
(d=0.65), and was likely underpowered for the smaller
differences expected when 2 engaging digital interventions
are compared. Third, the exploratory analyses—including
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the perceived-choice finding—were post hoc and uncorrec-
ted for multiple comparisons and require replication. Fourth,
our feasibility assessment was narrow as it did not include
validated usability or acceptability scales (eg, the System
Usability Scale [91]) or systematic capture of technical barrier
metrics or support contacts, and the 3 additional benchmarks
were post hoc rather than preregistered. Fifth, the battery
included no neural measures, limiting tests of mechanis-
tic predictions about prefrontal engagement [20]. Finally,
follow-up was limited to 1 month, so longer-term durability is
unknown.
Conclusions
This trial demonstrates that a 6-week, home-based, 30-session
serious game intervention for MDD is feasible to deliver and
acceptable to participants. To our knowledge, it is among the
first trials to combine home-based, minimal-contact delivery
with action game mechanics and a closely matched active
digital control in adults with current MDD, differentiating
it from prior studies that relied on weak or inactive compara-
tors. Adults with MDD engaged with both an action-based,
adaptive CC game and a closely matched active control game,
and both arms showed clinically meaningful reductions in
depressive symptoms and improvements in well-being and
functional capacity. The trial did not demonstrate superiority

of the active intervention, nor did it support the hypothe-
sized CC mechanism, suggesting that, when compared against
an engaging active control, nonspecific, engagement-related
processes rather than CC training per se may drive symp-
tom change. For the broader digital mental health field, our
findings make 2 contributions: comparator design matters, as
closely matched active digital controls can produce substan-
tial symptom change; and the state-of-the-art evaluation
framework for computerized cognitive training (training
progress, near transfer, far transfer, and ecological transfer)
[63] can be applied to a home-based, action-based interven-
tion in adults with current MDD.

Practically, these results indicate that scalable, minimal-
contact home-based serious games are deliverable outside
the clinic and could help widen access to depression care
and reduce stigma- and access-related barriers [87], provided
future dismantling trials identify which gameplay compo-
nents carry therapeutic weight. Future work should incorpo-
rate no-contact comparators to estimate nonspecific effects,
augment behavioral measures with neural ones sensitive to
the proposed mechanism, define richer feasibility criteria a
priori, and test whether motivational signals such as perceived
choice can guide personalization within stepped-care models.
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