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ABSTRACT

Introduction: Cognitive impairment is frequent after stroke, and conventional cognitive training has shown limited benefit. Serious games
may add engagement, but their effect on specific domains is unclear. Methods: This PRISMA 2020 systematic review included controlled
studies (2010 to 2023) in adults after stroke that compared serious games or game-based virtual reality with conventional cognitive training,
usual care or an active control and measured attention, memory or executive function. Five databases were searched, and risk of bias
was assessed with RoB 2 and ROBINS-I. Synthesis was by direction of effect, with exploratory pooling of change scores. Results: Serious
games outperformed the comparator on at least one attention, memory or executive-function measure in 6 of 10 studies (60%, 95% Cl 31
to 83). The advantage appeared in 4 of 9 studies for executive function, 2 of 8 for attention and 1 of 7 for memory. Pooled change in the
Trail Making Test A favored the games by a standardized difference of 0.21 (95% CI -0.10 to 0.51). Risk of bias was low in 1 study, with some
concerns in 4 and high in 5. Conclusions: Serious games improved executive function in some small trials but did not show a consistent
advantage for attention or memory. The evidence is limited by small samples, heterogeneous instruments and frequent risk of bias.

Keywords: stroke; video games; cognitive rehabilitation; executive function; attention; memory.

RESUMEN

Introduccion: El deterioro cognitivo es frecuente tras un ictus y el entrenamiento cognitivo convencional ha mostrado un beneficio limi-
tado. Los videojuegos serios pueden aumentar la participacion, pero su efecto en dominios especificos no esta claro. Métodos: Revision
sistematica PRISMA 2020 de estudios controlados (2010 a 2023) en adultos tras un ictus que compararon videojuegos serios o realidad
virtual basada en juegos con entrenamiento cognitivo convencional, atencién habitual o un control activo y midieron atencién, memoria
o funcién ejecutiva. Se consultaron cinco bases y el sesgo se evalué con RoB 2 y ROBINS-I. Sintesis por direccion del efecto y combinacion
exploratoria de cambios. Resultados: Los videojuegos serios superaron al comparador en una o mas medidas de atencion, memoria o
funcion ejecutiva en 6 de 10 estudios (60 %, IC 95 %: 31 a 83). La ventaja aparecid en 4 de 9 estudios para la funcién ejecutiva, en 2 de 8
para la atencién y en 1de 7 para la memoria. El cambio combinado en el Trail Making Test A favorecio a los juegos con una diferencia
estandarizada de 0,21 (IC 95 %: -0,10 a 0,51). El riesgo de sesgo fue bajo en 1 estudio, dudoso en 4y alto en 5. Conclusiones: Los videojuegos
serios mejoraron la funcidn ejecutiva en algunos ensayos pequefios, pero no mostraron una ventaja constante en atencién ni en memoria.
La evidencia es limitada por muestras pequefas, instrumentos heterogéneos y riesgo de sesgo frecuente.

Palabras clave: accidente cerebrovascular; videojuegos; rehabilitacion cognitiva; funcion ejecutiva; atencién; memoria.
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INTRODUCTION

Stroke remains a leading cause of death and disability worldwide.(1) Among survivors, cog-
nitive impairment is common and often persistent. A meta-analysis of cohort studies estimated
that 38% of patients had cognitive impairment without dementia within one year of stroke,(2) and
a French cohort found impairment in 47.3% of patients at three months.(3) In an incidence cohort,
cognitive function kept declining over four years, and 84% of survivors scored in the impaired
range at the last assessment.(4) Cognitive impairment is associated with greater disability and
poorer quality of life.(5) Recovery is not uniform, since cognitive trajectories vary with the stage
after stroke and with the type of intervention received.(6) The delay between the stroke and the
onset of cognitive decline has also been described as a therapeutic window in which treatment
could preserve cognition.(7)

Conventional cognitive rehabilitation has an uncertain evidence base. A meta-analysis of 64
randomized trials found that multiple-component interventions improved general cognition and
memory, whereas cognitive rehabilitation alone did not produce a significant gain.(8) Computer-ba-
sed training of executive function improved trained and untrained tasks, but the gains were not
larger than those of active control groups.(9)Serious games, which pair a rehabilitation task with
scoring, feedback and adaptive difficulty, are proposed as a way to sustain engagement during
repetitive training.(10,11) Virtual reality and interactive video gaming entered stroke rehabilitation
mainly for upper limb function, and commercial consoles were adopted quickly in clinical settings.
(12)Overviews of their cognitive applications describe improvement in several domains but draw on
heterogeneous designs.(13,14) Reviews of virtual reality in stroke disagree: one found no advantage
over control interventions for global cognition, memory or attention,(15)while others reported gains
in overall cognition and attention.(16,17) Several of these reviews pooled global screening scales and
mixed exergames with passive virtual environments, so they did not isolate game-based training
or its effect on attention, memory and executive function separately. The objective of this review
was to determine whether serious games improve attention, memory and executive function in
adults after stroke compared with conventional cognitive training or usual care.

To meet this objective, the review followed PRISMA 2020(18)and included controlled studies
published between 2010 and 2023. It reports the direction of effect for each cognitive domain and an
exploratory pooling of change scores for the tests shared by two or more studies. Because evidence
on stroke rehabilitation in Latin America is scarce and services are unevenly distributed,(19,20) the
review also considers how the findings may transfer to that region. The question matters for the
design of low-cost, game-based services, since the same technology can be delivered on a smar-
tphone, a commercial console or a head-mounted display with very different costs and usability
demands.

METHODS

Protocol and reporting

The review was reported according to PRISMA 2020,(18)with search details following the
PRISMA-S principle of recording each query literally.

Synthesis methods

The primary synthesis followed the Synthesis Without Meta-analysis guideline.(21)For each
study and each domain (attention, memory, executive function), the between-group result was
classified as favoring the game-based intervention (a significant group-by-time interaction or a sig-
nificant between-group difference in change), showing no between-group difference, or showing
only within-group change. The proportion of studies favoring the game was reported with a Wilson
95% confidence interval. This vote-counting approach ignores effect size and sample size, so it was
treated as descriptive.

Where at least two studies reported the same instrument with pre- and post-intervention
means and standard deviations, the change in the intervention group relative to the change in
the comparator group was standardized by the pooled pre-intervention standard deviation, with
a small-sample correction.(22)Signs were set so that positive values favored the game-based inter-
vention. The pre-post correlation was not reported by any study and was assumed to be 0.7, with 0.5
and 0.9 as sensitivity values. Estimates were combined with a DerSimonian-Laird random-effects
model,(23-25)and heterogeneity was summarized with 2. Because few studies contributed to each
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estimate, the pooled results were treated as exploratory. No correction for multiple outcomes was
applied, and the certainty of evidence was not formally graded. Sample-size implications were com-
puted from the pooled estimate with the normal approximation for a two-sided test at 80% power.

Classification rules

A domain was classified as favoring the game when at least one measure in that domain
showed a significant between-group advantage and no measure showed a significant advantage
for the comparator. A study was counted as favoring the game overall when any of its three do-
mains met that rule. In the three-arm trial, the game arm was contrasted with both control arms
and the study was classified by the more conservative contrast. Subgroup counts by comparator
type, stage after stroke and display type were computed with the same rule and are descriptive
only. Secondary reports of the same trial were not counted twice.

Eligibility criteria

Studies were eligible if they enrolled adults with stroke in any phase of recovery, delivered
a serious game, an exergame, a commercial video game or a game-based virtual or augmented
reality intervention aimed at, or measured for, cognitive effects, and compared it with conven-
tional cognitive training, usual care, conventional therapy, an active control or a waiting list. The
design could be a randomized or non-randomized controlled study. Eligible studies reported at
least one measure of attention, memory or executive function, including domain subscores and
tests of processing speed or working memory. Studies reporting only global cognition scales, only
imaging or electrophysiological outcomes, or only motor outcomes were excluded. Records had to
be published in English between 2010 and 2023 and be available as a full-text report. The inclusion
of non-randomized controlled studies was defined before screening, because early scoping of the
literature showed that randomized trials with domain-level outcomes were few. Protocols, reviews,
secondary reports of an included trial and retracted publications were excluded.

Information sources and search strategy

Five bibliographic sources were searched with queries adapted to each interface: Scopus,
PubMed, OpenAlex, Crossref and Semantic Scholar. Coverage was limited to records published
from 2010 to 2023. The principal Scopus query was TITLE-ABS-KEY/(stroke AND (“serious game” OR
“video game” OR videogame* OR exergam™ OR “virtual reality” OR gamif* OR “computer game”)
AND (cognit OR attention OR memory OR “executive function”) AND (rehabilitation OR training
OR intervention)) AND PUBYEAR > 2009 AND PUBYEAR < 2024. Three further Scopus queries ad-
ded randomized-trial terms and cognitive rehabilitation terms, and the PubMed query used the
same concept blocks with title and abstract fields. Each query retrieved at most 100 records, so the
search was not exhaustive for the broad virtual reality literature. One additional PubMed query on
computer-based cognitive flexibility training after stroke was run to check a trial identified during
screening. Literature used for the Introduction and Discussion came from separate topical searches
and was not screened against the eligibility criteria.

Rationale for the sources

Scopus was queried first because it indexes most of the rehabilitation and engineering jour-
nals in which game-based interventions are published. PubMed covered the clinical literature,
and OpenAlex, Crossref and Semantic Scholar were used to reach records that the first two did
not return, including conference proceedings and publisher-hosted journals. Reference lists of the
included studies were not searched, and trial registries were not consulted. These choices favor
reproducibility, since every query can be repeated, but they reduce sensitivity.

Data items and extraction

For each included study, the country, design, sample size, stage after stroke, platform, inter-
vention dose, comparator, cognitive instruments and between-group results were extracted from
the full text. Cognitive tests were mapped to domains by their conventional use: Trail Making Test
A, digit symbol, continuous performance and cancellation tests to attention and processing speed,;
digit span, visual span, learning and recall tests to memory; and Trail Making Test B, Tower of Lon-
don, Stroop tasks, verbal fluency and the executive subscore of the Montreal Cognitive Assessment
to executive function. Two instruments, the Add VS Sub and Stroop Game scores of one trial, were
in-game measures from the training games themselves and were interpreted with caution.
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Handling of outcome data

Numerical values were taken from the tables of each report. When a report gave only an effect
size or a test statistic for a comparison, it was recorded as such and was not converted to means.
When a report gave medians for non-normal variables, the study contributed to the vote count
but not to pooling. Follow-up assessments were noted, but the classification used the post-inter-
vention contrast. Studies could contribute more than one test to a domain, and adverse events
and dropouts were extracted when reported.

RESULTS

Serious games outperformed the comparator on at least one attention, memory or executi-
ve-function measure in 6 of 10 studies (60%, 95% CI 31 to 83) (Table 1). No group-by-time interaction
favored the comparator. The remaining 4 studies showed similar improvement in both arms or no
change. The wide interval reflects the small number of studies.

Table 1. Direction of the between-group result by cognitive domain.

Study Attention Memory Executive function
Kim 2011(26) Favors game (visual CPT) | Favors game (backward visual span) None (Tower of London)
van de Ven 2017(27) None None None
Faria 2018(28) None (cancellation)
Rogers 2019(29) Favors game
Unibaso-Markaida 2019(30) None (TMT A) None (digit span) None (TMT B)
Faria 2020(31) None None Favors game (executive subscore)
Maier 2020(32) Within None None
Li 2021(33) Favors game (Stroop Game)
Liu 2022(34) Favors game (DSST) None (digit span) None (verbal fluency)
Specht 2023(35) None (TMT A) None Favors game (Tower of London)

Note: Favors game = significant interaction or between-group difference favoring the game-based arm; None = no between-group
difference; Within = improvement reported only within the game arm; blank = not measured or not classifiable. TMT = Trail Making Test;
DSST = digit symbol substitution test.

Executive function carried most of this advantage. Games were superior in 4 of 9 studies
that measured it. A head-mounted virtual reality kitchen game improved Tower of London scores
more than computerized training (time-by-group F = 6.07, p = 0.02).(35)The adaptive virtual reality
simulation of daily tasks led on the executive subscore of the Montreal Cognitive Assessment.(31)
The tabletop Elements system reached p < 0.001 on executive function against usual care.(29)In
the augmented reality trial, Stroop Game scores rose more with the games than with occupational
therapy alone.(33)

Five studies found no executive-function difference. These included a trial with 97 participants
and an active mock-training arm,(27)an acute-stroke trial using the Tower of London,(26)and trials
using Trail Making Test B, verbal fluency or a battery without domain change.(30,32,34)

Attention favored the games in 2 of 8 studies. In one trial the immersive puzzle game led
on digit symbol substitution (Z = 2.203, p = 0.028) while Trail Making Test A did not differ (p =
0.084).(34)In the other, the visual continuous performance test improved more with virtual reality
than with computer-assisted training alone.(26)Five studies showed no between-group differen-
ce,(27,28,30,31,35)and one reported improvement only within the game arm.(32)

Memory favored the games in 1 of 7 studies, namely the backward visual span in acute stroke.
(26)Six studies found no difference. In the Wii trial, scaled digit-span scores were higher in the
control arm, but the groups differed at baseline and the interaction was not significant (scaled
backward span, p = 0.899).(30)

Within the head-mounted virtual reality trial, the Trail Making Test A time fell from 80.95 to
61.0 seconds in the game arm and from 93.7 to 89.95 seconds in the control arm (interaction p =
0.09).(35)The Wechsler Memory Scale showed a similar but non-significant pattern (interaction p =
0.18). No participant in the game arm reported motion sickness, and no adverse event was linked
to either intervention in that trial.

The Wii trial gave an effect size for Trail Making Test A change was 1.17 in the game arm and
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0.48 in the waiting list arm (interaction p = 0.658).(30)The arms differed in age and education at
baseline, and allocation had been made by clinicians. Both arms improved in time, so the larger
effect size did not translate into a significant interaction.

The tabletop trial reported effect sizes of 1.05 to 2.51 in the game arm and 0.11 to 0.86 in the
control arm across its outcomes.(29)All gains in the game arm were maintained at one month. No
adverse events were reported, and all 21 participants completed the study.

Executive composites in the three-arm trial improved over time in every arm (F = 7.85, p <
0.001), but the group-by-time interaction was null (F = 0.78, p = 0.65).(27)The secondary composites
gave the same result (F = 0.77, p = 0.69), and so did the per-protocol analysis (F = 0.59, p = 0.82).
Baseline attention was higher in the game arm than in the mock-training arm.

Attention improved over time in the game arm of the adaptive conjunctive training trial (x2 =
9.57, p < 0.01), whereas executive function and memory did not change.(32)The control arm showed
no change in any domain. The game arm also had lower depression scores than the control arm
after training (p < 0.01).

The virtual reality simulation of daily tasks raised the median Montreal Cognitive Assessment
score from 23 to 25, while the paper-and-pencil arm stayed at 21.(31)At follow-up the medians were
28 and 23. Only the game arm exceeded the minimal clinically important difference that the au-
thors cited.

Both arms of the acute-stroke trial improved on the screening scale, and the control arm also
improved on Trail Making Test A.(26)The changes in the visual continuous performance test and
in the backward visual span exceeded those of the control arm. The cancellation-test trial found
similar cognitive improvement in both arms, whereas the arm Fugl-Meyer subscore favored the
game arm.(28)

Pooled change in the Trail Making Test A favored the games by a standardized difference of
0.21 (95% CI -0.10 to 0.51; 12 = 0%; 3 studies) (Figure 1). Excluding the non-randomized study gave
0.24 (95% CI -0.13 to 0.61). For Trail Making Test B the pooled difference was 0.08 (95% Cl -0.29 to
0.44; 2 studies), and for backward digit span it was 0.06 (95% Cl —0.39 to 0.51; 2 studies). Changing
the assumed correlation to 0.5 or 0.9 moved the estimates by 0.03 or less.

Figure 1. Pooled standardized difference in change for three cognitive tests.

Trail Making Test A (attention, processing #peed)
1

Specht 2023 = 0.33[-0.14, 0.81]

Kim 2011 - 0.11[-0.47, 0.68]

Unibaso-Markaida 2019

0.13[-0.42, 0.69]

Random-effects estimate —.—’— 0.21[-0.10, 0.51]

Trail Making Test B (executive function)

1
1
!
Specht 2023 - E -0.08 [-0.55, 0.39]
Unibaso-Markaida 2019 E - 0.30[-0.26, 0.86]
Random-effects estimate E 0 0.08 [-0.29, 0.44]
1
Digit span backward (working memory) E
Kim 2011 E = 0.30[-0.28, 0.88]
Unibaso-Markaida 2019 - E -0.16 [-0.72, 0.39]
1
Random-effects estimate i‘ 0.06 [-0.39, 0.51]
T T T i T T T
-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

Standardized difference in change (positive values favor the game-based intervention)

Note: Positive values favor the game-based intervention. Squares are study estimates with 95% confidence intervals and diamonds are
random-effects estimates.

The result seemed to depend on the comparator. Games led on at least one domainin 4 of 5

studies against conventional cognitive training, in 2 of 4 against usual care or conventional therapy,
and not in the single study that used mock training and a waiting list.(27)
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The subgroup counts followed the same direction as the main contrast. Games led on at least
one domain in 4 of 5 studies in the acute or subacute phase and in 2 of 5 in the chronic phase. They
led in 2 of 2 studies with immersive displays and in 4 of 8 with other platforms.

Risk of bias was low in 1 study, raised some concerns in 4 and was high in 5 (Table 2). Blinding

of assessors was confirmed in only two reports.(27,33)

Table 2. Risk of bias of the included studies.

Study Allocation Blinding and measurement | Missing data Overall
Kim 2011(26) Random, method unclear Unclear Not reported Some concerns
van de Ven S . Intention to

2017(27) Minimization software Assessors blinded treat Low
Faria 2018(28) Random sequence not described Assessor not blinded Not reported High

Rogers 2019(29)

Concealed envelopes

Assessors not blinded

No dropouts

Some concerns

Unibaso-Markaida

2019(30) Chosen by clinicians, imbalance Unclear Not reported High
Faria 2020(31) Web-generated sequence Same staff delivered and Fellgsup High
assessed dropouts
Computer-generated list, then Three

Maier 2020(32) Assessor partly blinded Some concerns

minimization withdrawals

Assessors blinded; in-game

Li 2021(33)
outcomes

Blocked, independent sequence Not reported High

No

Liu 2022(34) withdrawals

Random, method unclear Participants not blinded Some concerns

42 of 73

Not blinded
analyzed

Specht 2023(35) Random, method unclear High

Note: RoB 2 was used for randomized studies and ROBINS-I for the non-randomized study. Unclear = not described in the report.

Figure 2. PRISMA 2020 flow diagram of study selection.

01 IDENTIFICATION

Records identified from databases

n =954 Duplicate records removed

Scopus 320 - PubMed 254 - OpenAlex 200 n =355
Crossref 120 - Semantic Scholar 60
02 SCREENING
Records screened Records excluded
n =599 —> n =558

03 RETRIEVAL & ELIGIBI Y

Reports sought for retrieval Reports not retrieved

—>

n=41
v

Reports assessed for eligibility
n=22

\—*

Studies included in review
n=10

n=19

Reports excluded by reason (n = 12)
Glabal cognition only (n = 5

P EEG measures only (n = 1)
Other specified reasons (6 categories, n = 1 each)
See detailed breakdown below

04 INCLUDED ‘
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The 10 studies enrolled 368 participants in 7 countries and were published from 2011 to 2023
(Table 3). Sample sizes ranged from 21 to 97. Patients in the acute or subacute phase were enrolled
in 5 studies and patients in the chronic phase in 5. Head-mounted immersive displays were used
in only 2 studies. Interventions lasted from 2 to 12 weeks.

The search identified 954 records, of which 599 remained after duplicates were removed (Figure
2). Title and abstract screening excluded 558 records, and 41 reports were sought for retrieval. Of
these, 19 could not be retrieved, 22 were assessed in full text and 12 were excluded, mainly because

only global cognition was reported. The remaining 10 studies were included.

Table 3. Characteristics of the included studies.

Design, Game-based Main cognitive
el L participants HERD intervention and dose S T measures
VR program in game . .
. form, 30 min three times Computer-assisted CPT, digit a'nd visual
i Korea RCT, 28 Acute weekly, plus computer- cognitive training five g, fearniig tests
2011(26) ! Py L : b TMT A, Tower of
assisted training twice times weekly
London
weekly, 4 weeks
Game-based cognitive . )
vi\/r;ge N . RCT, 97 in Chronic flexibility training, 58 Mock training; ::emcgrtw;ﬁgtxgri?nn’ _
three arms half-hour sessions over 12 waiting list Y INg
2017(27) weeks memory composites
. Reh@Task VR .
=il Portugal Co_ntrolled Chronic cancellation and memory Time-matched OT Conezlation tests Eels
2018(28) pilot, 24 test
tasks, T month
Elements tabletop virtual
Rogers . rehabilitation, three 30 to Groton Maze Learning,
2019(29) AUt Rein, 2 Sulzzielics 40 min sessions weekly, 4 A Set Shift
weeks, plus TAU
Unibaso- Non- -
Markaida Spain randomized | Subacute s\:evs”si?)?\zr(t)isre;?/\r/te’ezés Waiting list TMT A and B, digit span
2019(30) controlled, 30
Reh@City v2.0 VR
Faria . simulation of daily tasks Adaptive paper-and- | Attention, memory and
2020(31) Heigiekl R, 12 Clhreinie with game elements, 12 pencil training executive subscores
sessions
Maier Adaptive conjunctive S WG P S, Executive, attention,
Spain RCT, 30 Chronic cognitive training in VR, 9 memory and spatial
2020(32) . ; at home
30 min daily for 6 weeks awareness tests
AR serious games, 30 min In-game Add VS Sub
Li 2021(33) China RCT, 30 Subacute plus 30 min OT, 5 days One hour of OT and Stroop Game
weekly for 2 weeks scores
. Immersive VR puzzle " L TMT A, digit symbol,
20;‘;(134) China RCT, 30 Chronic games, 15 min per day, six Tradltlgrr;?rii%ognltlve digit span, verbal
days weekly for 6 weeks 9 fluency
RCT 42 Head-mounted VR
Specht ! . serious game of daily Computerized TMT A and B, memory
Germany analyzed of Inpatient . L o
2023(35) 73 recruited scenarios, at least 18 cognitive training scale, Tower of London
sessions

Note: AR = augmented reality; ADL = activities of daily living; CPT = continuous performance test; OT = occupational therapy; TAU =

treatment as usual; VR = virtual reality.

DISCUSSION

The practical implication is narrow. Serious games are a reasonable way to train executive
function after stroke, but the current trials do not justify expecting a larger gain in attention or
memory than conventional cognitive training provides. Clinics that already own the equipment
can use game-based training as a complement, but they should not replace structured cognitive
work on the expectation of a superior effect. Earlier reviews of exergames also reported gains in
executive function across neurological disabilities.(36,37) Those reviews pooled populations other
than stroke, so the agreement concerns direction rather than size.
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The weaker findings for attention and memory fit the largest synthesis of stroke cognitive
rehabilitation. In 64 randomized trials, multiple-component interventions improved memory and
general cognition, but cognitive rehabilitation alone did not show a significant effect.(8)A review of
virtual reality therapy on cognition after stroke found no advantage over control for global cognition
or memory,(15)which matches the six of seven studies here that found no memory difference. A
network meta-analysis placed virtual reality and computer-assisted cognitive rehabilitation above
conventional therapy on the Montreal Cognitive Assessment, with the computer-assisted format
ranked first.(38)That ranking suggests that the game wrapper may contribute less than the amount
and structure of cognitive practice. The present data are consistent with that reading, because
games led more often against conventional cognitive training than against usual care, although
the subgroups were small.

Reviews that restricted the comparison to technology-based approaches are more consistent
with the present counts. A systematic review of multisensory technologies, mostly virtual reality,
found them at least comparable to standard treatment and particularly effective for attention,
spatial cognition, global cognition and memory, but it noted that no included study enrolled acu-
te stroke and that sample size and blinding were weak.(39)Comparable is the accurate summary
of that finding, and it matches the many null contrasts reported here. A meta-analysis of 26 trials
of combined cognitive and motor therapy after stroke concluded that the combination was not
superior to motor therapy or cognitive therapy alone.(40)Many game-based interventions are, by
design, combined cognitive-motor tasks, so that result predicts the absence of a clear advantage
over single-component training. Descriptive overviews of virtual reality in cognitive rehabilitation
after stroke, in contrast, listed improvement in executive, visuospatial, attention and memory skills,
and a review across neurocognitive disorders suggested gains in memory, dual tasking and visual
attention.(13,14) Those overviews did not require a concurrent control arm, which allows sponta-
neous recovery and practice effects to appear as benefit.

Other reviews found larger effects. A meta-analysis in chronic stroke reported a large effect of
virtual reality combined with traditional rehabilitation on attention and execution,(16)and a review
of 21 trials in post-stroke cognitive impairment reported gains in global and domain scales.(17)A
meta-analysis of 29 studies of virtual reality games in older stroke patients also found higher at-
tention scores.(41)Three features explain the difference from this review. First, those reviews pooled
mostly screening scales such as the Mini-Mental State Examination and the Montreal Cognitive
Assessment, which reward broad gains, whereas this review required domain-level outcomes.
Second, the comparators in one of them were conventional rehabilitation or drug therapy,(17)
which do not train cognition, so the contrast was between some cognitive stimulation and none.
Third, small positive trials may contribute disproportionately to such pooled effects. The pooled
change in the Trail Making Test A here (0.21,95% CI -0.10 to 0.51) sits between a null result and the
moderate effect of those reviews.

The stage after stroke may explain part of the pattern, although the data are too thin to test
it. Games led on at least one domain in 4 of 5 studies in the acute and subacute phases and in 2
of 5in the chronic phase. Recovery is fastest early after stroke, and a meta-regression of cognitive
recovery examined both recovery stage and intervention type as moderators of change.(6)In the
early phase, a contrast against usual care can reflect the extra therapy hours of an add-on design as
much as the content of the game. Two of the early-phase trials with usual-care comparators gave
the control arm no additional time,(29,30) and only the first of them, which also had a concealed
allocation, reported a clear advantage. The display type shows a similar caveat. Both head-mounted
trials favored the games on at least one domain,(34,35) but neither blinded its participants, and
two studies cannot support a claim about immersion.

The trial with the largest sample is the most informative counterweight. In 97 survivors, a
game-based cognitive flexibility program improved performance, but so did mock training and
the waiting list, and the groups did not differ.(27)A review of computer-based executive training
reached the same conclusion about active controls and warned that spontaneous recovery and
retest effects are hard to separate from training effects without them.(9)Most small trials in this
review had no such control, so improvement within the game arm cannot be read as a treatment
effect. The one trial that reported improvement only inside the intervention arm illustrates the
problem, because its control group received home cognitive tasks and showed no change.(32)

Abstract-level information from trials whose full texts were not retrievable points the same
way. A pilot comparing a digital prism adaptation and serious game protocol with routine cognitive
training reported gains in digit span, spatial span, attentional matrices and a Stroop task only in the
experimental arm.(42) A trial of commmercial computerized training against conventional cognitive
training found no between-group difference in cognitive change.(43) In a three-arm exergame
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trial, groups differed only in abstraction and language domains of a screening instrument, not in
its total score.(44) A study of virtual reality serious games against a waiting list found improvement
in attention and memory only in the intervention arm.(45) A cognitive-motor exergaming trial
reported cognitive gains under dual-task conditions in the game arm while conventional training
improved motor performance alone.(46) These reports cannot be extracted or appraised, so they
are used only to check consistency. They show the same split, with within-group gains common
and between-group differences uncommon.

A recurring difficulty is that the active ingredient of a game-based intervention is not iso-
lated. The authors of the adaptive virtual reality simulation listed four features that distinguish it
from paper-and-pencil training: ecological validity, everyday stimuli, game elements with rewards
and immediate feedback.(31) Each of these can change the outcome independently, and none of
the included trials varied them one at a time. A factorial or dismantling design, in which the same
cognitive content is delivered with and without scoring, feedback or narrative, would show which
element carries the effect. Without it, a positive trial cannot tell a clinician whether to buy a game,
adopt an ecological task or increase the dose of practice. The dose itself varied from two to twelve
weeks and from 15 minutes per day to three sessions per week, and the dose-response relationship
cannot be assessed from ten studies with different instruments.

Usability and user experience are central to games, yet they were secondary in the included
reports. Cybersickness is the best documented risk of immersive displays, and the head-mounted
trial recorded none in its game arm.(35)Cognitive load is a related design question, since patients
with attention or memory deficits may find a game interface harder to learn than a familiar paper
task. Reviews of motivation and flow measurement in neurorehabilitation show that satisfaction is
usually measured with questionnaires of uneven validity.(11,47) Future trials should pair cognitive
outcomes with validated engagement and usability measures so that the engagement argument
for games can be tested rather than assumed.

The mechanisms proposed in the trials are plausible but untested here. Embedding cognitive
demands in daily-life scenarios, as in the kitchen and supermarket tasks, may promote transfer
to planning and problem solving, which would explain why executive measures responded more
often than attention measures.(31,35) Immersion and motivation are the usual explanations for
the benefit of games, and instruments for flow and motivation exist for neurological rehabilitation.
(47)Yet motivation and satisfaction have been measured with many different questionnaires, only
some of them validated,(11)and the included trials rarely linked engagement to cognitive change.
Adaptive difficulty is another design feature, and methods for adjusting difficulty dynamically in
serious games have been catalogued.(48)Two included trials explicitly tested adaptive or perso-
nalized training.(31,32)

Measurement choices deserve scrutiny because they shape the vote count. Most tests tap
more than one function. The Trail Making Test A combines visual search with motor speed, the digit
symbol test adds symbol learning and writing speed, and verbal fluency draws on language as well
as executive control. Repeated testing within a few weeks also invites practice effects, which help
explain why both arms improved in almost every trial. In addition, the favorable findings rested on
one or two measures per study: the digit symbol test in one trial,(34)the visual continuous perfor-
mance test in another,(26)and the Tower of London in a third.(35)With many tests across the ten
studies and no correction for multiplicity, some of these differences may be chance findings. The
consistency of direction across studies is more reassuring than any single p value, and it points to
a small benefit at most.

The reporting of the included trials also limits what can be pooled. In a review of post-stroke
cognitive rehabilitation trials, the person delivering the intervention was described in only 22% of
reports, and the materials and procedures in 50% to 70%.(49)A review of computerized cognitive
training after stroke that wanted to account for cognitive reserve found 19 intervention studies, of
which only four met the inclusion criteria and shared data.(50)The same pattern appeared here.
Of 41 reports sought, 19 lacked an open full text, and several included trials gave medians or only
within-group statistics.

The size of the plausible effect has a direct consequence for trial design. A standardized diffe-
rence of 0.21, the pooled value for the Trail Making Test A, would require about 356 participants per
arm to be detected with 80% power at a two-sided significance level of 0.05. The largest included
trial enrolled 97 participants in three arms,(27)and most enrolled 30 or fewer. These trials were
therefore powered only for large effects, and the large effect sizes in the small studies(29,30) are
the pattern expected when small samples are filtered by significance. Multicenter trials with an
active control, assessor blinding and a prespecified primary domain are needed to decide whe-
ther a difference of this size exists, and telehealth delivery could make the recruitment of several
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hundred participants feasible.(51)

Improvement inside the game arm deserves a separate comment because it is the finding
most likely to be over-read. In nearly every trial both arms improved, and in the Colombian cohort
that received no cognitive rehabilitation, executive function, attention and processing speed also
improved over the first year, in survivors and in healthy controls.(52)Part of what appears as treat-
ment response is therefore recovery, retesting and familiarity with the tasks. A within-group pre-
post design cannot separate these sources from the effect of the game, and single-arm studies
would be expected to show the same improvement. The between-group contrast is the appropriate
unit of inference, and the modest pooled estimates for the tests that allowed one are the better
guide to the size of the effect.

For clinical practice, the findings support a conditional position. A therapist choosing between
a game and a structured paper or computer program can reasonably select the game when the
patient finds it more acceptable, because no trial reported a significant interaction favoring the
comparator. The choice can be monitored through the patient’s attendance and effort, which are
the outcomes that games are meant to improve and which were not the focus of the included
reports. Where the goal is executive function, the favorable results came from games that embed
planning and problem solving in everyday scenarios, such as the kitchen task, and not from ge-
neric console games. Where the goal is attention or memory, structured cognitive practice with
a graded difficulty remains the reference, and a game should be judged against it. Stage matters
for expectations: in the acute phase, improvement in both arms is the norm and the added value
of any intervention is hard to detect, while in the chronic phase, spontaneous change is smaller
and a null contrast is more informative.

The distinction between serious games and gamification is relevant to interpretation. Most
interventions here were purpose-built games or virtual environments with scoring and feedback,
whereas gamification adds game elements such as points, levels or competition to an otherwise
ordinary task. Only one trial examined a social game element directly, comparing competitive
and non-competitive group training, and it was excluded because both arms received the same
game-based program. Evidence on gamified versions of existing cognitive exercises is therefore
indirect, and the conclusions of this review should not be extended to them.

Pervasive technology also raises ethical and access questions that the trials did not address.
Game platforms collect performance data continuously, and the included reports rarely described
how those data were stored, who could see them or whether patients could withdraw them.
Head-mounted displays and tablets assume vision, hand function and digital literacy that many
survivors lack, and exclusion criteria such as aphasia, neglect or computer fear in the largest trial(27)
narrow the population to which the findings apply. In settings where rehabilitation resources are
scarce,(19)a technology that works only for the most able patients can widen rather than narrow
inequality. Designing for accessibility and testing in representative samples should be treated as
part of efficacy, not as an afterthought.

Transferability to Latin America deserves a separate comment. Stroke prevalence in Latin
America and the Caribbean was estimated at 32 per 1000 subjects,(53)and the region had the
fourth largest stroke burden worldwide in 2019.(54)Epidemiological data remain scarce in a region
composed mainly of lower-middle-income countries,(20)and rehabilitation resources are limited
in such settings.(19)A Colombian cohort without cognitive rehabilitation services showed impro-
vement in executive function and attention over the first year, so any game-based program has
to be compared with that background recovery.(52)Low-cost platforms such as smartphone aug-
mented reality or commercial consoles, which were used in the included trials,(30,33) and remote
delivery of virtual reality cognitive rehabilitation(51,55) are the options most compatible with those
constraints. No included trial was conducted in Latin America, so effectiveness there is untested,
and trials with local populations and Spanish or Portuguese content are the logical next step.

CONCLUSIONS

Serious games improved executive function in some small trials, but the evidence for a larger
effect than conventional cognitive training is inconsistent. For attention and memory, most trials
found no advantage over the comparator, and improvement within the game arm was common
but not specific to games. The certainty of these conclusions is limited by small samples, frequent
risk of bias and heterogeneous instruments, and the findings remain untested in Latin American
stroke populations.
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