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Background: Stroke is a leading cause of long-term disability, with attentional deficits affecting most survivors and limiting 
independence, activities of daily living (ADL), and quality of life. Conventional rehabilitation often lacks engagement and accessi
bility, which underscores the need for innovative strategies. Digital health interventions incorporating gamification may enhance 
attentional rehabilitation. However, the evidence remains limited.
Objective: This review systematically evaluated the effectiveness, safety, and gamification strategies of digital health interventions 
for attentional rehabilitation after stroke, including their impact on ADL.
Methods: A systematic review was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 
(PRISMA) guidelines. The Scopus, PubMed, and EBSCO-host databases were searched for randomized controlled trials (RCTs) 
published from January 2015 to February 2025. Eligible studies included adult patients with stroke undergoing gamified digital 
interventions. Methodological quality was assessed using the Joanna Briggs Institute (JBI) checklist, and risk of bias was evaluated 
using the Cochrane RoB-2 tool.
Results: Twelve RCTs with 544 participants were included. The interventions employed computer-based programs, virtual reality 
systems, and mobile applications. The most common gamification elements were progression, feedback, levels, challenges, and points. 
Seven trials reported significant improvements in attentional performance, whereas five showed no measurable benefits. Only two 
studies demonstrated significant improvements in ADL. Safety outcomes were favorable, with mild adverse events (transient dizziness 
and ocular fatigue) reported in one trial.
Conclusion: Gamification-based digital health interventions are safe, feasible, and show promise in enhancing attention after stroke. 
However, heterogeneity, small sample sizes, and short intervention durations limit generalizability. Large-scale multicenter RCTs with 
standardized protocols and long-term follow-up are needed to establish clinical value.
Keywords: activities of daily living, attentional rehabilitation, digital health, gamification, stroke

Introduction
Stroke is a major cause of mortality and long-term disability worldwide, with approximately 12.2 million new cases 
occurring annually, and many survivors enduring ongoing functional impairments.1 Cognitive dysfunction, especially 
attentional deficits, is highly prevalent and affects up to 92% of stroke.2 These impairments hinder functional recovery, 
reduce independence, limit the ability to perform activities of daily living (ADL), diminish quality of life, and place 
a considerable burden on caregivers and the healthcare systems.3,4 Although targeted attention rehabilitation interven
tions have shown clinical efficacy, access to both physical and cognitive rehabilitation services is severely limited in 
many regions, particularly in resource-constrained settings, exacerbating disparities in after stroke recovery.5
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Despite the use of conventional rehabilitation methods, individuals with after stroke attentional deficits face 
challenges. Paper-and-pencil tasks, occupational therapy, and patient education have shown improvements in attention 
and activities of daily living (ADL).6 However, Common barriers such as reduced motivation, limited engagement, and 
restricted access often hinder consistent participation.3 The repetitive and monotonous nature of conventional rehabilita
tion frequently leads to patient disengagement and high dropout rates.7 These approaches lack personalization, fail to 
address individual needs, and thus limit overall effectiveness.8 In-person attendance poses difficulties for patients with 
mobility limitations and those in remote areas.9 Consequently, Digital health innovations have emerged as alternatives for 
enhancing accessibility, engagement, and personalization in after stroke cognitive rehabilitation.

In recent years, digital health interventions have emerged as promising tools for cognitive rehabilitation in stroke 
patients.10 Platforms such as mobile applications, virtual reality systems, and computer-based programs enable struc
tured, repetitive, and personalized training that can be delivered remotely in clinical settings.11 These interventions offer 
several advantages over conventional rehabilitation. Including improved accessibility, flexible scheduling, and real-time 
performance monitoring.12 Despite these technological advances, maintaining user engagement and adherence remains 
a major challenge in digital rehabilitation programs.10 To address this limitation gamification has been increasingly 
integrated as a motivational design strategy within digital health platforms.13 By incorporating elements such as point, 
feedback, and reward, gamified interventions enhance participation and motivation transforming repetitive exercises into 
more meaningful activities. These mechanisms may foster neuroplasticity processes supporting attentional recovery in 
both clinical and home-based settings.

Previous systematic reviews have primarily focused on digital or gamified interventions for motor recovery and 
general cognitive outcomes, with limited emphasis on attentional rehabilitation.14,15 Moreover, attentional improvements 
reported in these studies do not always translate into functional gains in activities of daily living (ADL), likely due to the 
low ecological validity of most digital tasks that fail to replicate real-world functional contexts.4,16 Based on the results 
of the literature search, no systematic review has specifically synthesized evidence from randomized controlled trials 
(RCTs) concerning digital health and gamified interventions for stroke rehabilitation, particularly in relation to attentional 
rehabilitation.14 Given that attention is essential for daily functioning and independence, its rehabilitation is crucial for 
improving post-stroke quality of life.2 This lack of focused synthesis highlights a critical knowledge gap and underscores 
the need for rigorous appraisal of gamification-based digital strategies targeting attentional recovery after stroke.

This systematic review aimed to synthesize and appraise the effectiveness of gamification strategies in digital 
interventions targeting attentional rehabilitation in stroke patients. Specifically, this review aimed to identify gamification 
strategies, evaluate the range of digital platforms implemented, and assess outcomes related to attentional function and 
activities of daily living. In addition, the safety profile of gamification-based digital therapies was evaluated. This 
synthesis is expected to provide healthcare professionals with valuable insights into the potential role of gamified digital 
technologies in optimizing attentional rehabilitation in individuals recovering from strokes.

Patients and Methods
Study Design
This systematic review was conducted in accordance with guidelines established by the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA).17 The review protocol was not registered in any of the database.

Eligibility Criteria
The study’s research question and eligibility criteria were based on the PICOT approach (population/intervention/ 
comparators/outcomes/type of study). The inclusion criterion for the articles analyzed in this review was experimental 
studies published in full text in English from January 2015 to February 2025. In addition, studies must discuss the 
effectiveness of digital interventions incorporating gamification elements, such as points, levels, feedback, and avatars, to 
improve attentional function in adult post-stroke patients. In this review, the authors excluded study protocols, non- 
English-language publications, and inaccessible full-text articles. The following is an explanation of the PICOT applied 
in this review.
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Population: Adult patients with stroke
Intervention: Digital health interventions with gamification elements
Comparator: Usual care or Standard care
Outcomes:

● Primary outcome: Attentional function
● Secondary outcomes: Activities of daily living (ADL), if available in the included studies

Type of Study: Randomized controlled trial

Data Collection and Analysis
Search Strategy
A systematic search was conducted based on research questions aligned with Medical Subject Headings (MeSH) terms, 
as well as combinations of synonyms and relevant topics, including Scopus, PubMed, and EBSCO-host. Boolean 
operators (“AND” and “OR”) were applied to broaden the scope and improve the accuracy of search results in each 
database. The search was performed using the following keyword combinations.

Pubmed: (“stroke”[Mesh] OR “post-stroke” OR “cerebrovascular accident” OR “brain ischemia” OR “cerebral 
infarction”) AND (“digital health” OR “mobile health” OR “mHealth” OR “telehealth” OR “telemedicine” OR 
“eHealth” OR “mobile application*” OR “smartphone app*” OR “virtual reality” OR “exergame*” OR “serious 
game*” OR “gamification” OR “game-based” OR “videogame*” OR “computer game*”) AND (“attention”[Mesh] 
OR “attentional function” OR “attention deficit” OR “cognitive attention” OR “attention training” OR “activities of 
daily living”[Mesh] OR “ADL” OR “functional independence”)

Scopus: (TITLE-ABS-KEY (“stroke” OR “post-stroke” OR “cerebrovascular accident” OR “brain ischemia” OR 
“cerebral infarction”)) AND (TITLE-ABS-KEY (“digital health” OR “mobile health” OR “mHealth” OR “telehealth” 
OR “telemedicine” OR “eHealth” OR “mobile application*” OR “smartphone app*” OR “virtual reality” OR “exer
game*” OR “serious game*” OR “gamification” OR “game-based” OR “video game*” OR “computer game*”)) AND 
(TITLE-ABS-KEY (“attention” OR “attentional function” OR “attention deficit” OR “cognitive attention” OR “attention 
training” OR “activities of daily living” OR “ADL” OR “functional independence”))

EBSCO-host (Medline Ultimate): ((MH “Stroke+” OR “post-stroke” OR “cerebrovascular accident” OR “brain 
ischemia” OR “cerebral infarction”)) AND ((“digital health” OR “mobile health” OR “mHealth” OR “telehealth” OR 
“telemedicine” OR “eHealth” OR “mobile application*” OR “smartphone app*” OR “virtual reality” OR “exergame*” 
OR “serious game*” OR “gamification” OR “game-based” OR “video game*” OR “computer game*”) OR (MH “Mobile 
Applications+” OR MH “Videogames+” OR MH “Telemedicine+” OR MH “Virtual Reality+”)) AND ((MH “Attention 
+” OR “attentional function” OR “attention deficit” OR “cognitive attention” OR “attention training” OR MH “Activities 
of Daily Living+” OR “ADL” OR “functional independence”))

Study Selection and Quality Appraisal
The initial screening was conducted by one reviewer (A.N), who compiled all search results from the databases and imported 
them into the Mendeley’s reference manager. All studies were arranged chronologically, and duplicates were removed. 
Eligibility screening was performed by two reviewers (C.E and A.N) by assessing the titles and abstracts according to 
predefined inclusion and exclusion criteria. In the final stage, all authors (A.N, C.E, I.P, and V.B) independently assessed each 
full-text article using the Joanna Briggs Institute (JBI) critical appraisal checklist and the JBI assessment results were 
subsequently compared.18 There were 13 statements pertaining to articles that employed randomized controlled trial designs.

The critical appraisal score was calculated by dividing the number of “yes” responses by the total number of “yes”, 
“no”, and “unclear” responses, excluding any “no information” responses. Studies with JBI scores of < 70% were 
excluded from further analysis. Any discrepancies identified during the appraisal process were discussed and resolved by 
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consensus among the authors. Ultimately, all the authors agreed on the final selection and eligibility of the studies 
included in this review.

Assessment of Risk of Bias in Included Studies
Risk of bias assessment of the selected clinical trials was conducted using the Cochrane Risk of Bias 2 (RoB-2) tool, with 
evaluations independently performed by two reviewers (A.N. and I. P). The RoB-2 framework systematically addresses 
five key domains: (1) bias arising from the randomization process; (2) bias due to deviations from intended interventions; 
(3) bias resulting from missing outcome data; (4) bias in the measurement of the outcomes; and (5) bias in the selection 
of the reported result.19 RoB is defined as “high”, “low”, or “some concern”, or “no information”. For each domain, any 
discrepancies between the reviewers were resolved through a thorough discussion until a consensus was reached.

Data Extraction and Analysis
Data from studies that met the criteria were extracted, including author, year of publication, country, sample size, study 
design, participant characteristics (age years median/mean ± SD; sex; type of stroke), technology utilized, comparison, 
and adverse events. Information about the details of the digital intervention and gamification elements (eg, type of game 
or application, points, levels, feedback, avatars), as well as exercise prescriptions (frequency, duration, intensity) and 
outcomes (attention function and ADL) were recorded. All extracted data were independently reviewed by one reviewer 
(A.N), and checked by other reviewers (I.P and V.B).

The data were analyzed using qualitative, exploratory, descriptive, and thematic approaches. The data analysis 
process began with the identification and tabulation of the data extracted from the reviewed articles. Subsequently, all 
authors analyzed and synthesized the results of each study, with a particular focus on how gamification strategies in 
digital health interventions can contribute to improving attentional rehabilitation in stroke patients.

Results
Study Selection
The study selection process was conducted through several systematic stages to ensure that only relevant and high- 
quality articles were included in the analysis (see Figure 1). During the identification phase, 1803 articles were retrieved 
from three databases: Scopus (n = 1101), PubMed (n = 301), and EBSCO-host (n = 401). After removing 623 duplicate 
records, 1180 articles were screened for titles and abstracts. At this stage, 1150 articles were excluded for irrelevance, 
leaving 30 studies for the full-text eligibility assessment. Following an assessment against predefined inclusion criteria 
(population, intervention, and language), 18 studies were excluded because the research design was not appropriate (n = 
15), the interventions were not relevant (n = 2), or they were protocol studies (n = 1). The remaining 12 articles were then 
critically appraised using the Joanna Briggs Institute (JBI) Critical Appraisal Tool, and all met the required methodo
logical quality for inclusion in the final analysis.

Characteristics of the Included Studies
Table 1 describes the characteristics of the studies included in the systematic review, highlighting variations in the 
country of origin, sample size, study design, participant characteristics, technology utilized, and comparison. The 
cumulative sample of the analyzed studies included 544 patients from 12 studies. All studies analyzed were RCT- 
based studies with stroke patients from various countries, including the Netherlands (n=2) and Italy (n=2). Other 
countries, such as Denmark, Portugal, Spain, Iran, South Korea, Taiwan, China, and India, were each included in one 
study. This shows that the studies have diverse geographical coverage, with the majority originating from European 
countries and evidence from Asia and the Middle East.

Quality Appraisal and Risk of Bias of Included Studies
The JBI critical appraisal demonstrated that all the included RCTs achieved scores above 70 (see Table 2). Randomization was 
consistently reported across trials. However, allocation concealment was inconsistently documented, with several studies being 
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rated as unclear. Baseline comparability and between-group treatment uniformity were generally adequate, although three trials 
reported imbalances and two studies did not ensure identical treatment aside from the intervention. Participant and provider 
blinding was rarely feasible, whereas outcome assessors were consistently blinded. Overall, the methodological quality of the 
included studies was acceptable, with recurring weaknesses in allocation concealment, baseline comparability, and blinding.

In this assessment of bias risk, the majority of studies were assigned an overall rating of “some concerns”, 
predominantly due to deviations from intended interventions (D2) (refer to Figures 2 and 3). The randomization process 
(D1) was generally deemed adequate, with most trials rated as low-risk in this domain. More significant concerns were 
identified in the selection of the reported results (D5), which substantially impacted the overall evaluations. Most trials 
were assessed as having low to moderate risk concerning missing outcome data (D3) and outcome measurements (D4), 
although isolated instances of high risk were noted. Overall, only one trial was evaluated as having a low overall risk of 
bias, two trials were rated as having a high risk, and the remainder were judged as having some concerns. These findings 
suggest that the methodological quality was acceptable in several domains; however, further efforts are necessary to 
reduce deviations from the intended interventions and enhance transparency in outcome reporting.

Digital Health Technologies Utilized for Attentional Rehabilitation in Stroke
The included studies, summarized in Table 1, demonstrated diverse applications of digital health technologies in post- 
stroke attentional rehabilitation. Computer-based interventions were the most frequently reported modality, identified in 

Figure 1 PRISMA Flowchart of Study Selection Process. Adapted from the study by Page et al. The PRISMA 2020 statement: An updated guideline for reporting systematic 
reviews.17
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Table 1 General Characteristics of Studies

No Author 
(Year)

Country Sample Size Study 
Design

Participant Characteristics (Age 
Years Median/Mean ± SD; Sex; 

Type of Stroke)

Technology Utilized Comparison Adverse 
Events

1 Wentink et al 
(2016)20

Netherlands 110 stroke patients, 
(IG: n=53); CG (n= 

57)

RCT IG: median age 59 (46–74); 34M/19F; 
29 ischemic, 21 hemorrhagic, 3 NR. 

CG: median age 59 (46–73); 35M/22F; 

44 ischemic, 13 hemorrhagic.

Computer-Based Application 
(Lumosity®)

Weekly non-interactive 
information about the brain via 

website

None

2 Russo et al 

(2017)21

Italy 20 stroke patients Pilot 

RCT

Mean age 64 ± 6; 12M/8F; stroke type 

NR

Virtual Reality- Based 

Application

S-IVT (identical VR 

intervention without body 
shadow feedback)

None

3 Van de Ven 
et al (2017)22

Netherlands 97 stroke patients, IG 
(n=38); CG (n=35); 

WL: (n=24)

RCT IG: mean age 57.0 ± 9.1; 24M/14F; NR. 
CG: mean age 60.9 ± 7.5; 23M/12F; NR. 

WL: mean age 61.2 ± 9.0; 19M/5F; 

stroke type NR.

Computer-Based Application 
(Braingymmer®)

Active control: Mock training 
and 

Waiting list: Standard Care

None

4 Svaerke et al 

(2019)23

Denmark 14 stroke patients, 

(Early (n= 7); Late 
(n= 7)

Pilot 

RCT

Early: mean age 60 ± 12.2; 4F/3M; 

stroke type NR. 
Late: mean age 69 ± 10.5; 3F/4M; 

stroke type NR.

Computer-Based Application 

(Scientific Braintraining PRO)

Standard Care (consisting of 

physiotherapy, ergotherapy, 
and speech therapy)

None

5 Veisi-Pirkoohi 

et al (2019)24

Iran 50 stroke patients, IG: 

(n=25); CG (n= 25)

RCT IG: mean age 52.9 ± 10.4; 10F/15M; 

stroke type NR. 

CG: mean age 58.8 ± 13.3; 12F/13M; 
stroke type NR.

Computer-Based Application 

(RehaCom)

Standard Care None

6 Faria et al 
(2020)25

Portugal 32 stroke patients, IG 
(n=14); CG (n=18)

RCT IG: mean age 59.1 ± 11.8; 5M/9F; 12 
ischemic, 2 hemorrhagic. 

CG: mean age 65.0 ± 6.2; 11M/7F; 14 

ischemic, 3 hemorrhagic, 1 NR.

Virtual Reality- Based 
Application (Reh@City v2.0)

Active Control: Adaptive 
Paper-and-Pencil Cognitive 

Training (Task Generator)

None

7 Jung et al 

(2020)26

South 

Korea

29 stroke patients, IG 

(n=14); CG (n=15)

Pilot 

RCT

IG: mean age 72.7 ± 9.9; 2M/12F; 11 

ischemic, 3 hemorrhagic. 
CG: mean age 72.7 ± 12.6; 2M/13F; 13 

ischemic, 2 hemorrhagic.

Mobile-Based Application Standard Care None
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8 Navarro et al 

(2020)3
Spain 43 stroke patients, IG: 

(n= 22); CG (n= 21)

RCT IG: mean age 51.7 ± 18.1; 11M/11F; 9 

ischemic, 13 hemorrhagic. 
CG: mean age 52.9 ± 10.6; 13M/8F; 12 

ischemic, 9 hemorrhagic.

Computer-Based Application 

(Computerized Multi-Touch 
Table System)

Active Control (non- 

competitive version of same 
program)

None

9 Ho, Hsiu-Yu 

(2022)4
Taiwan 39 stroke patients, IG 

(n= 19); CG (n= 20)

RCT IG: mean age 63.6 ± 11.3; 12M/7F; 

5 hemorrhagic, 14 ischemic. 

CG: mean age 65.5 ± 8.3; 14M/6F; 
11 hemorrhagic, 9 ischemic.

Computer-Based Application 

(Lumosity, touch PC)

Standard Care (paper-and- 

pencil cognitive training 

program)

None

10 Liu et al 
(2022)27

China 30 stroke patients, IG 
(n=15); CG (n=15)

Pilot 
RCT

IG: mean age 74.9 ± 6.8; 9M/6F; 12 
ischemic, 3 hemorrhagic. 

CG: mean age 73.4 ± 7.5; 8M/7F; 9 

ischemic, 6 hemorrhagic.

Virtual Reality-Based 
Application

Standard Care (Schulte tables, 
memory exercises, block 

problem-solving)

Dizziness, 
ocular 

fatigue, dry 

eyes

11 Oliveri et al 

(2023)28

Italy 30 stroke patients, IG 

(n=15); CG (n= 15)

Pilot 

RCT

IG: mean age 65.1 ± 14.6; 7M/8F; 10 

ischemic, 5 hemorrhagic. 
CG: mean age 56.9 ± 12.4; 9M/6F; 6 

ischemic, 9 hemorrhagic.

Mobile-Based Application Standard Care None

12 Soni et al 

(2025)5
India 50 stroke patients, IG 

(n=25); CG (n=25)

RCT IG: mean age 51.1 ± 6.3; 25M; 19 

ischemic, 6 hemorrhagic. 

CG: mean age 49.4 ± 6.4; 25M; 18 
ischemic, 7 hemorrhagic.

Computer-Based Based 

Application (Computer- 

Adaptive Cognitive Training)

Standard Care (paper-and- 

pencil cognitive training 

program)

None

Abbreviations: CG, Control Group; F, Female; IG, Intervention Group; M, Male; NR, Not Reported; RCT, Randomized Controlled Trial; SD, Standard Deviation; VR, Virtual Reality; WL, Waiting List; S-IVT, Semi-Immersive Virtual 
Training; Reh@City, Rehabilitation Virtual City; PC, Personal Computer; PRO, Professional Version; APP, Application.
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Table 2 Critical Appraisal Articles RCT with JBI

Criteria Wentink 
et al 

(2016)20

Russo 
et al 

(2017)21

Van de 
Ven 
et al 

(2017)22

Veisi- 
Pirkoohi 

et al 
(2019)24

Svaerke 
et al 

(2019)23

Jung 
et al 

(2020)26

Faria 
et al 

(2020)25

Navarro 
et al 

(2020)3

Ho, 
Hsiu- 

Yu 
(2022)4

Liu et al 
(2022)27

Oliveri 
et al 

(2023)28

Soni 
et al 

(2025)5

1. Was true randomization used for assignment 
of participants to treatment groups?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

2. Was allocation to treatment groups 
concealed?

Yes Unclear Unclear Unclear Yes Yes Yes Yes Yes Yes Unclear Unclear

3. Were treatment groups similar at the baseline? No Yes No Yes Yes No Yes Yes Yes Yes Yes Yes

4. Were participants blind to treatment 

assignment?

No No Yes Unclear No No No No Unclear No No Yes

5. Were those delivering the treatment blind to 

treatment assignment?

No No No Unclear No No No No No No No No

6. Were treatment groups treated identically 

other than the intervention of interest?

Yes Yes Yes Yes Yes Yes No Yes No Yes Yes Yes

7. Were outcome assessors blind to treatment 

assignment?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

8. Were outcomes measured in the same way for 

treatment groups?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

9. Were outcomes measured in a reliable way Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

10. Was follow up complete and if not, were 

differences between groups in terms of their 
follow up adequately described and analysed?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

11. Were participants analysed in the groups to 
which they were randomized?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

12. Was appropriate statistical analysis used? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

13. Was the trial design appropriate and any 

deviations from the standard RCT design 
(individual randomization, parallel groups) 

accounted for in the conduct and analysis of the 

trial?

Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes Yes

SCORE 10/13 10/13 10/13 10/13 10/13 10/13 10/13 11/13 10/13 11/13 10/13 11/13

77% 77% 77% 77% 77% 77% 77% 84.6% 77% 84.6% 77% 84.6%
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seven trials, encompassing both commercially available platforms such as Lumosity®,4,20 Braingymmer®,22 RehaCom,24 

and Scientific Braintraining PRO,23 as well as custom-built solutions, including multi-touch table systems3 and purpose- 
built cognitive software.5

Other modalities include virtual reality (VR)- and mobile-based applications, each offering distinct advantages for 
rehabilitation delivery. VR-based interventions have been reported in three studies ranging from semi-immersive systems 
to fully immersive platforms, such as Reh@Cityv2.0.21,25,27 Mobile-based applications were examined in two pilot RCTs 
that offered portable and flexible training options accessible beyond clinical environments.26,28 Comparators most 
commonly comprised paper-and-pencil cognitive training, although some studies employed active control conditions 
such as mock training.22

Figure 2 RoB of Included Studies.

Figure 3 Summary of RoB.
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Gamification Strategies Were Identified
All 12 interventions incorporated at least one gamification element, with progression present in all studies (n = 12).3–5,20–28 

Feedback (n = 10),3–5,20–22,25–28 levels (n =7),4,20–23,26,27 challenges (n = 6),3–5,21,26,28 and points (n = 5),3,20,22,25,28 were the 
most frequently reported features, whereas constraints (n = 3),20–22 choices (n = 2),20,22 single instances of content 
unlocking,22 rewards,25 competition, leaderboards, avatars,3 and chance20 occurred less often.

Progression was typically operationalised through structured levels or incremental increases in task complexity, 
ensuring gradual cognitive improvement.3–5,20–28 Feedback was implemented as immediate performance updates or 
progress tracking to enhance engagement.3–5,20–22,25–28 Challenges were used to dynamically adjust task difficulty,3– 

5,21,26,28 while points functioned either as indicators of performance or as virtual currency for unlocking additional 
content.3,20,22,25,28 Collectively, these features were often combined to form a core engagement loop centred on 
progression, feedback, and challenge.3–5,20–28

Although most interventions employed a fundamental cycle of progression, feedback, and challenge, significant 
variations were evident across studies. Certain interventions combined progression with points and levels to maintain 
motivation22,25,28 whereas others integrated less conventional elements such as competition, leaderboards, and avatars.3 

Social and reward-based mechanisms, including rewards and content unlocking, were infrequently observed,22,25 

suggesting that most interventions prioritized structured skill development and performance feedback over social or 
competitive reinforcement. Notably, only one study incorporated competition, leaderboards, and avatars.3 Additional 
details can be seen in Table 3.

Outcome of Intervention
Across the 12 included studies, gamification-based digital health interventions demonstrated mixed effects on poststroke 
attention (Table 3). Significant attentional gains were reported in seven studies, particularly in MoCA attention 
subscores4,21,25 and specific cognitive tests such as computerized training or neuropsychological assessments.3,24,26,27 

In contrast, five studies reported no significant improvements in attentional function.5,20,22,23,28 For ADL, only two 
studies demonstrated significant improvements,24,28 whereas four studies reported no significant effects.4,5,21,27 

Collectively, these findings suggest that gamification-based interventions may hold promise for enhancing attentional 
outcomes after stroke. However, their effects on functional independence and ADL were less consistent.

Safety of Digital Health Technology Interventions
One study reported mild, self-limiting adverse events, including dizziness, ocular fatigue, and dry eyes, which occurred 
during immersive virtual reality training.27 Other studies did not report any safety data.

Discussion
This systematic review found that gamified digital interventions after stroke attentional rehabilitation were implemented 
through computer-based programs, virtual reality systems, and mobile applications. Common gamification elements 
included progression, feedback, levels, challenges, and points. While several studies demonstrated improvements in 
attentional and functional outcomes, others reported minimal or inconsistent effects. Overall, these interventions were 
safe and well tolerated, with only mild adverse events such as dizziness or visual fatigue, although methodological 
heterogeneity and small sample sizes limit generalizability and highlight the need for more standardized research.

The diversity of delivery models highlights both the opportunities and limitations of digital rehabilitation after stroke. 
Computer-based applications remain confined to clinical settings, limiting their integration into daily routines.3–5,20,22–24 

In contrast, Mobile-based interventions show greater potential for engagement and scalability, though evidence is 
limited.26,28 Virtual reality systems offer ecological validity through real-world environment replication but require 
specialized equipment and expertise.21,25,27 These contrasts highlight the need to align delivery models with patient needs 
and the healthcare infrastructure. Mobile formats may offer the most feasible pathway for widespread adoption, while VR 
and computer-based programs suit targeted rehabilitation in specialized centers. Nevertheless, differences in sensory 
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Table 3 Main Findings of the Included Studies

No Author 
(Year)

Country Technology 
Utilized

Gamification 
Elements

Prescription Outcome 
Measures

Outcome 
Measurement 

Tools

Main Findings

1 Wentink et al 
(2016)20

Netherlands Computer-Based 
application

Choices; Constraints, 
Chance, Feedback, 

Levels, Points, 

progression

15–20 min/ 
session, 5×/ 

week, 8 weeks

Attention TMT A and B No significant effects on attention measures (p > 0.05).

2 Russo et al 

(2017)21

Italy Virtual Reality- 

Based application

Feedback, 

progression, 
constraint, 

challenges, levels,

45 min/ 

session, 3×/ 
week, 8 weeks

Attention 

and ADL

TMT A and B, 

Attention sub-scores 
of the MoCA, FIM 

scale

● The intervention group (S-IVTS) showed 

a statistically significant improvement in attention as 

measured by the MoCA attention subscore (within- 
group p = 0.001; between-group vs S-IVT, p = 

0.02; d = 0.6).
● No significant improvements were observed in TMT- 

A, TMT-B, or ADL (FIM) scores in either group (p > 

0.05 for all).

3 Van de Ven 

et al (2017)22

Netherlands Computer-Based 

application

Levels, Content 

Unlocking, Points, 

Feedback, 
Progression, 

Constraints, dan 

Choices

30 min/ 

session, 5×/ 

week, for 
12 weeks

Attention TMT A and B No significant effects on attention measures in the 

group×time interaction for the attention (p = 0.69).

4 Svaerke et al 
(2019)23

Denmark Computer-Based 
application

Levels, Progression, 30–45 min/ 
session, every 

other day, 

3 weeks

Attention The Butterfly Test No significant effects on attention measures (p = 
0.383).

5 Veisi-Pirkoohi 

et al (2019)24

Iran Computer-Based 

application

Progression, 10 sessions × 

45 min over 
5 weeks (2×/ 

week)

Attention 

and ADL

Integrated Auditory 

Visual 2, Barthel 
Index, Luton Index

● Significant improvements in basic ADL (p < 0.01), 

instrumental ADL (p < 0.01),
● Significant improvements in all attention measures (p 

< 0.001).

6 Faria et al 

(2020)25

Portugal Virtual Reality- 

Based application

Points, Feedback, 

Progression, Rewards

12 sessions Attention TMT A and B, 

Attention sub-scores 

of the MoCA,

● Significant improvement in MoCA attention subdo
main (p = 0.014)

● No significant improvements attention were 

observed in TMT-A, and TMT-B (p>0.05)
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Table 3 (Continued). 

No Author 
(Year)

Country Technology 
Utilized

Gamification 
Elements

Prescription Outcome 
Measures

Outcome 
Measurement 

Tools

Main Findings

7 Jung et al 

(2020)26

South 

Korea

Mobile-based 

application

Levels, Feedback, 

Progression, 
Challenges

30 min/ 

session, 2×/ 
week, 

12 weeks

Attention Digit Forward Span, 

MMSE attention sub- 
scores

● No significant improvements attention were 

observed in Digit Forward Span (p = 0.09), significant 

between-group difference at post-intervention 
(p < 0.001).

● Significant improvement in the MMSE attention/cal

culation sub-score (p < 0.001).

8 Navarro et al 

(2020)3
Spain Computer-Based 

application

Competition, 

Progression, 
Challenges, Feedback, 

Points, Leaderboards, 

Avatars

60 min/ 

session, 3×/ 
week, 20 

sessions 

(approx. 
6.7 weeks)

Attention CPT Omissions, d2 

Test, Color Trail Test 
A, Digit Span, Spatial 

Span, Color Trail Test 

B

● Competitive group showed significantly improve

ment attention in d2 Test of Attention (p = 0.038), 
Color Trail Test A (p = 0.036), Digit Span (p = 0.037), 

and Spatial Span (p = 0.038) compared to non- 

competitive group.
● No significant improvements attention for Conners’ 

Omissions (p = 0.714) and Color Trail Test B (trend, 

p = 0.054).

9 Ho, Hsiu-Yu 

(2022)4
Taiwan Computer-Based 

application

Feedback, 

Progression, 
challenges, Levels

20 min/ 

session, 2×/ 
week, 

12 weeks (24 

sessions)

Attention 

and ADL

MoCA attention sub- 

scores, Stroke Impact 
Scale

● Significant within-group improvement in the MoCA 
attention subscore (p < 0.05),

● No significant improvement in Stroke Impact Scale 
domains/ADL (p ≥ 0.05).

10 Liu et al 

(2022)27

China Virtual Reality 

Based application

Progression, 

Feedback, Levels 

15 min/ 

session, 6×/ 
week, 6 weeks

Attention 

and ADL

TMT-A, Digit Symbol 

Substitution Test, 
Modified Barthel 

Index

● No significant effects on attention measures (TMT-A, 

p = 0.084) or ADL improvement (MBI, p = 0.44).
● Significant improvements attention were observed in 

Digit Symbol Substitution Test (p=0.028)

11 Oliveri et al 

(2023)28

Italy Mobile-based 

application

Progression, 

Challenge, Feedback, 

Points

40 min/ 

session; daily 

for 10 
consecutive 

sessions 

(2 weeks)

Attention 

and ADL

Attentional Matrices, 

Barthel Index

● No Statistically significant improvement in attention 
(p > 0.05).

● Significant improvement in ADL (p < 0.05).

12 Soni et al 

(2025)5
India Computer-Based 

Based application

Challenges, 

Progression, 
Feedback

5×/week, 

4 weeks

Attention 

and ADL

TMT-A, Barthel Index, ● No Statistically significant improvement in attention 

(p = 0.342).
● No significant improvement in basic ADL (p = 0.836) 

or IADL (p = 0.884),

Abbreviations: ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living; MoCA, Montreal Cognitive Assessment; MMSE, Mini-Mental State Examination; FIM, Functional Independence Measure; TMT-A/B, Trail Making 
Test Part A and B; CPT, Continuous Performance Test.
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immersion and feedback mechanisms between VR and mobile formats may yield distinct neurocognitive responses, 
suggesting that modality-specific mechanisms could partly account for the heterogeneous attentional outcomes.13

Several studies identified specific gamification elements that were particularly effective in enhancing attentional 
rehabilitation after stroke. Feedback3–5,20–22,25–28 and progression3–5,20–28 were the most consistently implemented and 
associated with improved attentional outcomes.4,20–23,26,27 Other common elements, included levels,4,20–23,26,27 

challenges,3–5,21,26,28 and points, served to reinforce user motivation.3,20,22,25,28 Notably, Only one trial used competitive 
elements such as leaderboards and avatars, which enhanced attentional outcomes through social comparison.3 These 
findings aligns with Self-Determination Theory, suggesting that digital interventions fostering autonomy, competence, 
and relatedness are more likely to sustain engagement.29 However, optimal gamification configuration remains uncertain 
due to heterogeneity in study design, dosage, and outcome measures across trials. These inconsistencies indicate that 
attentional gains depend on matching task complexity, user capability, and feedback timing, which remain insufficiently 
standardized.

Specific gamification components may contribute differently to cognitive functional outcomes. For instance, for 
feedback mechanisms reinforce attentional learning through real-time correction, enhancing users’ awareness of perfor
mance and error adjustment.3 Meanwhile, progression systems sustain engagement by providing visible mastery levels 
and rewarding incremental improvement, consistent with motivational design principles and self-determination theory 
framework.29 Gamified feedback and progression systems may enhance the integration of attentional and sensorimotor 
networks and increase cortical recruitment to optimize neuroplasticity, thereby supporting sustained cognitive recovery.13 

In addition, activities-of-daily-living (ADL)-simulating challenges enhance ecological validity and facilitate functional 
transfer, bridging the gap between digital task performance and real-world independence.25,28 Therefore, future gamified 
systems should integrate adaptive feedback loops and task scenarios that mirror daily life complexity to strengthen 
generalization to functional independence.14

Gamification-based digital interventions have shown measurable benefits in terms of attentional performance and 
daily functioning in stroke rehabilitation. Several Structured digital programs improved MoCA attention subscores 
and other attention domains, with comparable improvements reported across varied durations, delivery formats, and 
short-term protocols.3,4,21,24–28 Functional enhancements in basic and instrumental ADL were also observed, 
including in studies focused primarily on cognitive outcomes.4,21,24,27,28 These outcomes align with previous 
reviews that targeted, repetitive cognitive training fosters neuroplasticity, reinforces task-specific skills, and indir
ectly supports functional independence.14 However, heterogeneity in design, intensity, and outcome measures 
underscores the need for standardized protocols and large-scale, multicenter trials to optimize clinical application. 
This suggests that gamification may function best as an adjunct to conventional therapy, rather than as a standalone 
modality.

Gamification-based interventions were generally well-tolerated, with no serious adverse events reported across the 
studies. Only one trial of a VR-based application documented Minor and transient effects such as eye strain, mild 
headache, and cognitive fatigue were observed primarily in VR-based applications, while rare instances of cybersickness 
resolved after brief rest periods.27 These results align with previous digital rehabilitation studies reporting low-risk 
profiles in stroke patients.16

Despite the promising outcomes of digital cognitive rehabilitation for after stroke attentional recovery, persistent 
challenges continue to hinder optimal implementation, particularly in community-based and resource-limited 
settings.3,26,28 Sustaining long-term engagement and adherence remains a major barrier, especially among older adults 
with limited digital literacy or insufficient caregiver support, where inconsistent participation can compromise therapeu
tic gains and impede neuroplasticity-driven recovery.20,26,27 Moreover, the limited transfer of cognitive training benefits 
to daily functioning suggests that a lack of contextual relevance and intrinsic motivation may reduce real-world impact.22 

We hypothesize that this limited generalization occurs because many digital cognitive exercises emphasize isolated 
attentional processes rather than ecologically meaningful, goal-directed activities encountered in everyday life.4 The 
absence of such contextualized challenges may constrain cross-domain neuroplasticity and neural reorganization, thereby 
limiting the generalization of functional gains to real-life performance.24,30 Future gamified interventions should 
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therefore integrate ADL-simulating tasks within immersive environments to enhance the ecological validity and facilitate 
the translation of cognitive gains into functional independence.

Beyond individual-level factors, system-related barriers further constrain scalability, including restricted access to 
compatible devices, unstable internet connectivity, and technical malfunctions that disrupt training continuity.3,28 Cultural 
perceptions that undervalue gamified therapy compared with conventional rehabilitation may also erode user trust and 
widen disparities in access.20 Addressing these challenges requires tailored, low-barrier delivery models, culturally 
relevant content, and robust technical support frameworks to sustain engagement and maximize therapeutic outcomes.4,25

Implication for Practice
Gamification-based digital interventions can enhance post-stroke attentional rehabilitation by increasing engagement, 
extending therapeutic reach, and enabling personalized care. Their successful integration requires tailoring to patient 
needs, addressing access and connectivity barriers, and ensuring providers’ competence in adaptive delivery. Embedding 
these interventions into multidisciplinary care pathways, supported by clear guidelines and robust technical infrastructure, 
can promote scalability without compromising individualized quality. Strategic collaboration among clinicians, researchers, 
developers, and policymakers, combined with sustainable funding and evaluation frameworks, can transition gamified 
rehabilitation from a promising concept to a standard patient-centered component of stroke recovery. Importantly, careful 
patient selection is required, as individuals with severe cognitive impairment, low digital literacy, or comorbid conditions 
may have a limited tolerance for digital engagement. Safety considerations should also be prioritized, including monitoring 
for adverse effects, such as visual fatigue, dizziness, or overexertion, and ensuring that interventions are accessible, inclusive, 
and adaptable to patients’ functional and cognitive capacities. Integrating ecologically valid ADL-like gamified tasks within 
these interventions may further strengthen real-life applicability and functional independence, ensuring that attentional 
improvements translate into meaningful participation in everyday activities.

Limitation
This review was limited by the substantial heterogeneity in intervention designs, gamification elements, and 
outcome measures, which reduced comparability across studies and precluded meta-analyses. Most trials were 
small-scale, single-center, and of short duration, with limited or absent follow-up, restricting conclusions regarding 
long-term efficacy. The inconsistent reporting of intervention fidelity and variability in study protocols further 
hinders cross-trial synthesis. Although studies have been conducted in diverse regions, the lack of standardized 
approaches highlights the need for large, multicenter, randomized trials with harmonized frameworks and rigorous 
reporting to establish definitive evidence. Moreover, patient characteristics such as age, cognitive status, and 
chronic comorbidities may also influence rehabilitation outcomes.31 Access barriers in low-resource settings or 
regions with limited digital infrastructure may further restrict the feasibility and scalability of such interventions.

Conclusion
Gamification-based digital health interventions represent a promising strategy to support attentional rehabilitation 
after stroke, with some evidence indicating benefits for activities of daily living. Among gamification elements 
progression, feedback, levels, challenges, and points were associated with enhanced engagement and improved 
attentional outcomes. These interventions have demonstrated favorable safety profiles, with only minor and 
transient adverse effects reported in one study. However, inconsistencies in study design, small sample sizes, 
short intervention durations, and varied outcome measures limit the strength of the conclusions and preclude meta- 
analyses. To advance the field, future research should employ standardized protocols, including long-term follow- 
up, and conduct large-scale, multicenter trials. Such efforts will be critical in determining the true clinical value of 
gamification-based digital rehabilitation and its potential role as an adjunct to conventional stroke care.
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