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Abstract

Background: Human cognitive processing speed is known to decline with age. Human cognitive processing speed refersto the
time that an individual takes from receiving a stimulus to reacting to it. Serious games, which are video games used for training
and educational purposes, have the potential to improve processing speed. Numerous systematic reviews have summarized the
evidence regarding the effectiveness of seriousgamesinimproving processing speed, but they are undermined by somelimitations.

Objective: This study aimed to examine the effectiveness of serious games on the cognitive processing speed of an older adult
population living with cognitive impairment.

Methods: A systematic review of randomized controlled trials (RCTs) was conducted. Two search sources were used in this
review: 8 electronic databases and backward and forward reference list checking. A total of 2 reviewers independently checked
the eligibility of the studies, extracted data from the included studies, and appraised the risk of bias and quality of the evidence.
Evidence from the included studies was synthesized using a narrative and statistical approach (ie, meta-analysis), as appropriate.

Results: Of the 548 publications identified, 16 (2.9%) RCTs eventually met al eligibility criteria. Very-low-quality evidence
from 50% (8/16) and 38% (6/16) of the RCTs showed no statistically significant effect of serious games on processing speed
compared with no or passive intervention groups (P=.77) and conventional exercises (P=.58), respectively. A subgroup analysis
showed that both types of serious games (cognitive training games: P=.26; exergames: P=.88) were as effective as conventional
exercisesin improving processing speed.

Conclusions: Thereisno superiority of serious games over no or passive interventions and conventional exercisesin improving
processing speed among older adults with cognitive impairment. However, our findings remain inconclusive because of the low
quality of the evidence, the small sample size in most of the included studies, and the paucity of studies included in the
meta-analyses. Therefore, until more robust evidence is published, serious games should be offered or used as an adjunct to
existing interventions. Further trials should be undertaken to investigate the effect of serious games that specifically target
processing speed rather than cognitive abilitiesin general.

Trial Registration: PROSPERO CRD42022301667; https://www.crd.york.ac.uk/prospero/display_record.php?Recordl D=301667
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Introduction

Background

By 2050, the older adult population is expected to double on a
global scale[1] followed by agrowing demand for high-quality
support among this population. Thereisavariety of disabilities
related to aging. However, a considerable percentage of people
aged >65 years are affected by cognitive impairments.
According to the Alzheimer’s Association, approximately 15%
to 20% of people aged >65 years are affected by mild cognitive
impairment (MCI) [2]. It isaprogressive, termina brain disorder
for which the cure and cause are unknown [3]. Worldwide, the
number of Alzheimer disease (AD) cases is rising; estimates
indicate that 44 million people currently have AD or dementia.
Asthe Baby Boomer generation passes the age of 65 years, the
number of people experiencing AD is expected to reach 76
million by 2030 [4,5]. The consequences of these cognitive
disorders include poor judgment, decreased activity, and
memory loss. They are difficult to manage; thus, it would be
highly beneficial to develop proper and effective interventions
for the older adult population.

These disorders imply a decline in various cognitive functions
such as memory [6,7], executive function [8,9], attention [10],
and processing speed [11]. Processing speed refersto the time
that an individual takes from receiving a stimulus to reacting
to it. Slowed processing speed is a typical characteristic of
cognitive aging. It implies a slowing rate at which individuals
perform decision-making aswell as motor and perceptual tasks.
Moreover, processing speed represents one of the critical
predictors of performance related to cognitive tasks in older
adults; it is the basis of a primary hypothesis for age-related
cognitive decline[11,12]. Accordingly, aging research primarily
aimsto design methods for improving and maintaining cognitive
functionsin older adults.

Serious games are one of the interventions that have been used
to improve and maintain processing speed in older adults.
Serious games represent atype of video game used for training
and educational purposesin different contexts[13,14]. Serious
games have shown promising results in improving cognitive
functions such as global cognition [15-18], processing speed
[16-20], memory [16-23], executive function [16-22,24], and
attention [16,17,19,20,22]. The most common types of serious
games used for improving cognitive abilities are exergames
(video games that require physical exercise as part of playing)
and cognitive training games (video games that include
cognitively stimulating activities designed to maintain or
promote the users’ cognitive abilities).

Research Gap and Aim

Several studies have explored the therapeutic impact of serious
games on processing speed. However, the evidence from these
studies is still fragmented. Aggregating the evidence through
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systematic reviews isimportant to draw conclusions about the
effectiveness of serious games in improving processing speed.
A total of 5 systematic reviews have pooled findings from these
studies, but they are undermined by some limitations [16-20].
Specifically, these reviews (1) focused on older adults without
cognitiveimpairment [16,18-20], (2) included quasi-experiments
or pilot randomized controlled trials (RCTs) [17-19], (3) did
not assessthe quality of the meta-analyzed evidence[17,18,20],
(4) only focused on a specific type of serious game such as
cognitive training games [16,17,20] and exergames[18], or (5)
did not compare the effect of serious games with a specific
comparator (eg, no intervention, conventional exercises, or
conventional cognitive activities) [16-18,20]. Accordingly, the
aim of this review was to examine the effectiveness of serious
games on the cognitive processing speed of an older adult
population living with cognitive impairment. To address the
aforementioned limitations, we (1) focused on older adultswith
cognitive impairment; (2) included only RCTs; (3) appraised
the quality of the meta-analyzed evidence using the Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) approach; (4) included all types of serious games;
and (5) compared the effect of serious games with that of a
specific comparator. In this review, effectiveness refers to the
degree to which serious games are successful in improving
cognitive processing speed.

Methods

To conduct this systematic review, we followed the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines (Multimedia Appendix 1) [25]. The
protocol for this review is registered at PROSPERO (ID:
CRD42022301667).

Search Strategy

Search Sources

Thefirst author searched the following databases on November
10, 2021: MEDLINE (viaOvid), PsycINFO (viaOvid), Embase
(viaOvid), CINAHL (viaEBSCO), IEEE Xplore, ACM Digital
Library, Scopus, and Google Scholar. Only the first 10 pages
(ie, 100 hits) were considered as the databases return a large
number of studies automatically ordered according to relevance
[26]. Finally, backward reference list checking (ie, screening
the reference lists of the included studies and rel evant reviews)
and forward reference list checking (ie, screening the studies
that cited the included studies) were conducted.

Search Terms

The search query was devel oped in consultation with 2 experts
in digital mental health. It included terms related to the target
population (eg, cognitive disorder), target intervention (eg,
serious games), and targeted study design (eg, RCTS).
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Multimedia Appendix 2 summarizes the search query that was
used for each of the 8 databases.

Study Eligibility Criteria

Only RCTs that evaluated the effectiveness of serious games
in improving processing speed among older adults with
cognitive impairment were included in this study. To be more
precise, we considered studies that included serious games
available on any digital platform, such as PCs, video game
consoles (eg, Xbox and PlayStation), mobile phones, tablets,
handheld devices, Nintendo, or any other type of digital device.
The game had to be the major component of the intervention
and used solely for therapeutic purposes. Studies involving
serious games in combination with other interventions were
included if the control group underwent the same adjacent
intervention. Games that were not based on digital technology
(eg, paper-and-pencil games and board games) or that were used
for monitoring, screening, diagnosis, or research were excluded.

The study population was older adults (aged =60 years) with
any type of cognitive impairment or disorder as confirmed by
checking theinclusion criteriaor baseline scores against defined
diagnostic criteria (eg, Mini-Mental State Examination). Older
adultswithout cognitiveimpairment, health care providers, and
caregiverswere beyond the scope of thisreview. Norestrictions
were applied regarding gender or ethnicity.

The outcome of interest in thisreview was cognitive processing
speed. No restrictions were applied regarding the outcome
measures. This review did not consider studies that focused
only on cost-effectiveness, acceptance, feasibility, satisfaction,
or cognitive abilities other than processing speed. The focus of
this review was on postintervention data (ie, outcome data
collected just after the intervention) rather than follow-up data
(ie, outcome data collected a period after the intervention).

All typesof RCTs(ie, parallel, cluster, crossover, and factorial)
were considered in this review, whereas pilot RCTS,
guasi-experiments, observational studies, and reviews were
excluded. Weincluded journal articles, conference proceedings,
and dissertations, whereas abstracts, conference posters,
commentaries, proposals, and editorials were excluded. This
review was restricted to only studies written in the English
language and published since 2010. We did not apply restrictions
on the country of publication, comparator, or study settings.

Study Selection

We identified relevant studies by using the following process.
First, al the retrieved studies were imported into EndNote
(Clarivate Analytics) to find duplicate publications and remove
them. Second, thetitles and abstracts of all theretrieved studies
were checked by 2 reviewers working independently (the first
and second authors). Finally, both reviewersindependently read
the complete texts of the studies included in the previous step.
Any disagreements were resolved via discussion. Steps 2 and
3 had an interrater agreement (Cohen k) of 0.88 and 0.96,
respectively.

Data Extraction

Before extracting the data, we pilot-tested the data extraction
form with 2 of the included studies. Microsoft Excel was used
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by 2 reviewers (the first and second authors) to independently
extract data from the included studies. Any disputes in the
extracted data between the reviewers were resolved through
discussion. Thefirst and corresponding authors of theincluded
studies were contacted to retrieve outcome data (eg, mean, SD,
and sample size) if they were missing from the published
articles. The data extraction form is provided in Multimedia
Appendix 3.

Risk of Bias Appraisal

Two reviewers (the first and second authors) independently
examined the risk of biasin theincluded studies using the Risk
of Bias2tool [27]. Thistool evaluatestherisk of biasin 5 areas
of RCTs. randomization process, deviations from intended
interventions, missing outcome data, measurement of the
outcome, and selection of the results [27]. The reviewers held
discussions to resolve any disagreements, and the interrater
agreement was 0.85.

Data Synthesis

Narrative and statistical methods were used to summarize the
collected data. In our narrative synthesis, we used text and tables
to describe the characteristics of the included studies (study
metadata, popul ation, interventions, comparisons, and outcome
measures). The results of the experiments were compiled and
classified according to the comparator: no or passive
interventions, conventional exercises, and other serious games.
When 2 or more studies from the same comparator submitted
sufficient data (ie, mean, SD, and number of participantsin each
intervention group), meta-analyses were performed using
Review Manager (RevMan 5.4; The Cochrane Collaboration).
Asthetype of datafor the outcome of interest (processing speed)
was continuous and theinstruments used to eval uate the outcome
varied across the included trials, the standardized mean
difference (SMD; Cohen d) was used to estimate the overall
effect of each study. We also chose the random effects model
for the analysis because of the high clinical heterogeneity among
the meta-analyzed trialsin terms of serious game characteristics
(eg, type, duration, frequency, and period), population
characteristics (eg, sample size, mean age, and health condition),
and outcome measures (ie, tools and follow-up period).

To assess the degree and statistical significance of heterogeneity

in the meta-analyzed studies, we calculated 12 and a chi-square
P value, respectively. A chi-square P value of <.05 indicated

heterogeneous meta-analyzed studies[28]. When 1% ranged from
0% to 40%, 30% to 60%, 50% to 90%, and 75% to 100%, the
degree of heterogeneity was considered as insignificant,
moderate, substantial, or considerable, respectively [28].

We used the GRADE approach [29] to appraise the overall
quality of the evidence resulting from the meta-analyses. The
GRADE approach examines the quality of evidence based on
5 domains: risk of bias, inconsistency (ie, heterogeneity),
indirectness, imprecision, and publication bias[29]. The quality
of the meta-analyzed evidence was independently assessed by
2 reviewers (the first and second authors). Any differences
between the reviewers were resolved via discussion, and the
interrater agreement of the reviewers was 0.94 [30].
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Results

Search Results

As shown in Figure 1, atotal of 548 records were found after
searching 8 electronic databases. Using the EndNote software,
of the 548 records, 98 (17.9%) duplicates were removed.

Figure 1. Flowchart of the study selection process.

Abd-alrazaq et a

Checking the titles and abstracts of the remaining records
resulted in the exclusion of 63.1% (346/548) for several reasons
shown in Figure 1. Reading the full text of the remaining 104
publications resulted in the exclusion of 88 (84.6%) studies
(Figure 1). Thisreview included 16 RCTsin total [31-46]. Of
these 16 RCTSs, 13 (81%) were included in the meta-analyses
[31-43].

98 duplicates removed
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Characteristics of the Included Studies

The included studies were published between 2012 and 2021
and came from 11 different countries (Table 1). Except for a
book chapter, al the included papers (15/16, 94%) were
peer-reviewed articles. Parallel RCTs were the most common
type of tria used in the included studies (14/16, 88%). The
samplesizes of theincluded studiesranged from 20to 195, with
an average of 79.9. The average age of the participants was
reported in 94% (15/16) of the studies and varied between 66
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and 82.9 years, with an average of 75 years. Male participants
in 94% (15/16) of the studies ranged from 23.5% to 71%, with
an average of 47.5%. The mean Mini-Mental State Examination
score of the participants was reported in 88% (14/16) of the
studies and ranged from 18.6 to 28.1, with an average of 24.4.
The most common disorder among the participants in the
included studieswas M Cl (11/16, 69%). Participantsweredrawn
from clinical (10/16, 62%), community (4/16, 25%), and clinical
and community (2/16, 12%) settings.
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Table 1. Characteristics of the studies and populations (N=16).

Abd-alrazaq et a

Study, year Country Publicationtype RcT2 Sample  Age, mean  Maepartici- pvsgb  Heathcondi-  Setting
type size (SD) pants, n (%)  gcore tion

Finnand Mc-  Australia Journal article  Parallel 31 75.6 22 (71) 28.1 MCIC Clinical

Donald [31],

2015

Robert et a France Journal article  Parallel 46 794 22 (47.8) 214 Neurocognitive Clinica

[32], 2020 disorders

Savulich et a UnitedKing- Journal article  Pardlel 42 76.1 25 (59.5) 26.7 MCI Clinical

[33], 2017 dom

Valdeset a United Journal article  Parallel 195 7.7 65 (33.3) NRA MCI Clinica

[34], 2012 States

YangandKwak South Korea Journal article  Paralel 20 71 14 (70) 231 AD® Clinica

[35], 2017

Thapaet a South Korea Journd article  Parallel 68 727 16 (23.5) 26.2 MCI Clinical

[36], 2020

Tarnanasetal  Greece Book chapter Parallel 114 70.3 44 (39) 264 MCI Clinica

[37], 2014

FiataroneSingh Australia Journal article  Factorial 100 70.1 32(32) 27 MCI Community

et al [38], 2014

Amjad et a Pakistan Journal article  Parallel 44 NR NR 24 MCI Clinica

[39], 2019

Wiloth et al Germany Journal article  Parallel 99 829 28(28.3) 22 Dementia Clinica and

[40Q], 2017 community

Van Santenet  Netherlands Journal article  Cluster 112 79 60 (53.5) 18.6 Dementia Clinica

al [41], 2020

Karssemeijer et Netherlands Journa article  Parallel 115 79.9 62 (53.9) 224 Dementia Clinical and

a [42], 2019 community

Liaoetal [43], Taiwan Journal article  Parallel 61 815 20(32.6) 229 MCI Community

2021

Flak et al [44], Norway Journal article  Parallel 85 66 57 (66.7) NR MCI Clinica

2019

Hyer et al [45], United Journal article  Parallel 68 75.2 32 (47.1) 26 MCI Community

2016 States

Park and Park ~ South Korea Journa article  Parallel 78 67.3 42 (53.8) 26.5 MCI Community

[46], 2017

8RCT: randomized controlled trial.
PMMSE: Mini-Mental State Examination.
°MCI: mild cognitive impairment.

INR: not reported.

€AD: Alzheimer disease.

We identified 16 distinct serious games used in the studies
(Table 2). More than one game was used in 6% (1/16) of the
studies. The serious games in the trials were divided into 2
categories based on the treatment modality they provided:
cognitive training games (12/16, 75%) and exergames (4/16,
25%). In 88% (14/16) of the studies, the games were designed
with a “serious’ objective from the start (designed serious
games). By contrast, gamesin the remaining 12% (2/16) of the
studies were not planned as serious games from the start but
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wereinstead used for aserious purpose (purpose-shifted games).
Serious gameswere played under the supervision of health care
providersor caregiversin most studies (11/16, 69%). The game
duration intheincluded studies ranged from 25 to 100 minutes.
The frequency of playing the games ranged from 2 to 7 times
per week, but it was <4 times per week in approximately
two-thirds of the studies (11/16, 69%). The duration of the
interventions ranged from 4 to 25 weeks, but it was <13 weeks
in three-fourths of the studies (13/16, 81%).
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Table 2. Characteristics of the interventions (N=16).

Abd-alrazaq et a

Study Seriousgame  Seriousgame  Serious Platform Supervision Duration Frequency Period
name type game genre (minutes) (times per (weeks)
week)
FinnandMcDon- E-Prime Cognitivetrain- Designed PC Supervised NR? 2 4
ad[31] ing game
Roberteta [32] MeMo Cognitivetrain- Designed PCandtablet Unsupervised 30 4 12
ing game
Savulichet a Game Show Cognitivetrain- Designed Tablet Supervised 60 2 4
[33] ing game
Valdesetal [34] SOPT Cognitivetrain- Designed PC Supervised 60 2 5
ing game
Yang and Kwak  Brain-Care Cognitivetrain- Designed PC Unsupervised 60 2 12
[35] ing game
Thapaeta [36] JuiceMaking, Cognitivetrain- Designed VRP headset ~ Supervised 100 3 8
Crow Shooting, ing game and hand con-
Love House, trollers
and Fireworks
Tarnanas et al Virtual Redlity  Cognitivetrain- Designed VR headset Supervised 90 2 21
[37] Museum ing game
Fiatarone Singh COGPACK Cognitivetrain- Designed PC Supervised 75 2 25
et d [38] ing game
Amjadeta [39] BodyandBrain Cognitivetrain- Purpose- Xbox console  Supervised 25t0 30 5 6
Exercises ing game shifted and Kinect
Wiloth et a [40] Physiomat Exergame Designed Balancebroad Supervised 90 2 10
and screen
Van Santenetal NR Exergame Designed Stationary bi- Unsupervised  NR 5 25
[41] cycleand
screen
Karssemeijeret  NR Exergame Purpose- Stationary bi-  Supervised 30to 50 3 12
a [42] shifted cycleand
screen
Liao et d [43] TanoandLong- Exergame Designed Kinect and Supervised 60 3 12
Good VR headset
Flak et a [44] Cogmed Cognitivetrain- Designed PC Unsupervised  30to 40 5 5
ing game
Hyer et al [45] Cogmed Cognitivetrain- Designed PC Both 40 7 5t07
ing game
Park and Park CoTras Cognitivetrain- Designed PC Supervised 30 3 10
[46] ing game

8\R: not reported.
BVR: virtual reality.

Half of the studies (8/16, 50%) delivered no or passive
interventions to the comparison groups (eg, reading newspaper
articles, surfing the internet, or watching a documentary
program), whereas these groups received active interventions
(eg, conventional exercises and other serious games) in 62%
(10/16) of the studies (Table 3). A total of 12% (2/16) of the
studies delivered both active and passive interventions as
comparators. The active interventions had a duration ranging
from 25 to 100 minutes. The active interventions were
performed once to 7 times per week. The active comparator

https://games.jmir.org/2022/3/e36754

duration ranged from 5 to 25 weeks. The outcome of interest
(ie, processing speed) was assessed using 11 different tools,
with the Trail Making Test A being a frequently used tool in
the included studies (7/16, 44%). The outcome of interest was
measured after theintervention in all theincluded studies (16/16,
100%). In total, 44% (7/16) of the studies followed the
participants after the interventions, and the follow-up period
varied between 4 and 261 weeks. The number of participants
who dropped out of the included studies ranged from O to 28.
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Table 3. Characteristics of the comparators and outcomes (N=16).

Abd-alrazaq et a

Study Comparator Duration (minutes) Frequency Period Outcome Follow-up Attritions, N
(timesper (weeks)  measures
week)
Finnand McDon-  Control N/A2 N/A N/A D-KEFS After theinterven- 7
ad[31] NSP tion
Robertetal [32]  Control N/A N/A N/A TMT-AS, After theinterven-  NRf
scwT and |tlot\),\r;-;ulpz-week fol-
WAIS-R-
Dsy®
Savulich et a [33] Control N/A N/A N/A CANTAB-  Aftertheinterven- 0
CRTY tion
Valdeseta [34]  Control N/A N/A N/A urFovh After theinterven-  NR
tion; 52-, 104-, 156-
, and 261-week fol-
low-up
Yang and Kwak Control N/A N/A N/A GnG' and After theinterven- 0
[35] SCWT tion
Thapaet a [36] Control N/A N/A N/A TMT-A and Aftertheinterven- 2
spsT tion
Tarnanas et a [37] Control and convention- 90 2 21 SCWT After theinterven- 9
al cognitive activities tion
Fiatarone Singh et  Control, conventional ~ Control: 75; convention- 2 25 SDMTK After theinterven- 14
a [38] exercisestsham cogni-  al exercises+sham cog- tion; 74-week fol-
tivetraining, and seri-  nitivetraining: 100; se- low-up
ous games+convention-  rious games+conven-
al exercises tional exercises: 60
Amjad et al [39] Conventional exercises 25to 30 5 6 TMT-A After theinterven- 6
tion
Wiloth et al [40] Conventional exercises 60 2 10 TMT-A After theinterven- 26
tion; 12-week fol-
low-up
Van Santen et a Conventional exercises N/A 5 25 TMT-A Midinterventionand 28
[41] after theintervention
Karssemeijer et al  Conventiona exercises 30to 50 3 12 TMT-Aand Midinterventionand 23
[42] (aerobic exercises); SCWT after the interven-
conventional exercises tion; 24-week fol-
(relaxation and flexibil- low-up
ity exercises)
Liao et al [43] Conventional exercises 60 3 12 SCWT After theinterven- 15
tion
Flak et al [44] Nonadaptive serious 30to 40 5 5 D-KEFS After theinterven- 17
game cWIT? and tion; 4- and 16-week
D-KEFS- fO”O\N-Up
cwiT2™
Hyer et a [45] Nonadaptive serious 40 7 5to7 TMT-A After theinterven- 9
game tion; 12-week fol-
low-up
Park and Park [46] Exergames 30 3 10 SCWT After theinterven- 0

tion

8N/A: not applicable.

bD-KEFSNS: Delis-Kaplan Executive Function System Test Battery-Number Sequencing.
CTMT-A: Trail Making Test A.

dscwT: Stroop Color and Word Test.
SWAIS-R-Dsy: Wechsler Adult Intelligence Scale-Revised-Digit Symbol.
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NR: not reported.

Abd-alrazaq et a

9CANTAB-CRT: Cambridge Neuropsychological Test Automated Battery-Choice Reaction Time.

NUFOV: Useful Field of View test.
iGnG: go-no go.

IspsT: Symbol Digit Substitution Test.
KSDMT: Symbol Digit Modalities Test.

ID-KEFS-CWIT1: Delis-Kaplan Executive Function System Color-Word Interference Test 1.
MD-K EFS-CWIT2: Delis-K aplan Executive Function System Color-Word Interference Test 2.

Results of Risk of Bias Appraisal

Asshown in Figure 2, atotal of 31% (5/16) of the studies were
judgedto havealow risk of biasin the*randomization process’
domain. With regard to the “deviations from the intended
interventions” domain, there was a low risk of bias in 75%
(12/16) of the studies. The risk of bias because of missing
outcome data was low in 81% (13/16) of the studies. All the
included studies (16/16, 100%) were judged to have alow risk

Figure 2. Review authors' judgments about each “risk of bias” domain.

of bias in the “measuring the outcome” domain. In half of the
included studies (8/16, 50%), the risk of bias was rated as low
in the “selection of the reported results’ domain. According to
these judgments, only 19% (3/16) of the studies were judged
to have alow risk of biasin the last domain (ie, overall bias).
Reviewers judgments about each “risk of bias’ domain for
each included study are presented in Multimedia Appendix 4
[31-48].

Overall bias 3
Selection of the reported results
Measurement of the outcome

Missing outcome data

Domains

Deviations from intended interventions

Randomization process 5

[
| —
N O O T

8

L
NN
13 1
]
12 3
R .-
11
e

4 5 6 7 8 9 10 11 12 13 14 15 16
Number of studies

Low risk Some concerns M High risk

Results of the Studies

Serious Games Versus No or Passive | nterventions

The effect of serious games was compared with that of control
(no or passive interventions) in 50% (8/16) of the studies
[31-38]. Passiveinterventions are those that do not have aknown
effect on the measured outcome, such as reading newspaper
articles, surfing the internet, and watching a documentary
program. In 50% (4/8) of these studies[32,33,35,36], morethan
one outcome measure was used to assess processing speed.
Therefore, we included the results of all these measures in the
meta-analysis to form 14 comparisons. As shown in Figure 3
[31-38], therewas no statistically significant difference (P=.77)
in processing speed between serious games and the control

https://games.jmir.org/2022/3/e36754
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groups (SMD: -0.07, 95% Cl —0.54 to 0.40). The statistical
heterogeneity of the evidence was considerable (P<.001;

1=89%). The quality of the evidence was very low as it was
downgraded by 6 levels owing to a high risk of bias,
heterogeneity, and imprecision (Multimedia Appendix 5).

The SMDs of 2 comparisons seem to be outliers (—1.24 [34]
and 1.98 [36]), although the characteristics of the studies in
these comparisons were comparabl e with those of other studies
in this meta-analysis. For this reason, we ran a sensitivity
analysis to assess whether removing these outliers influenced
the overall effect size and heterogeneity level. The sensitivity
analysis showed that the differencein processing speed between
the groups remained insignificant (P=.32), but the heterogeneity
substantially decreased from 89% to 49%.

JMIR Serious Games 2022 | vol. 10 | iss. 3 | 36754 | p. 8
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES

Abd-alrazaq et a

Figure 3. Forest plot of 8 studies (14 comparisons) comparing the effect of serious games on processing speed with that of control [31-38].

Serious games Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Valdes 2012 815 257 85 1,162 2927 110 8.0% -1.24 [-1.55,-0.94] -
Tarnanas 2014 -866 268 32 -588 399 32 7.5% -0.78 [1.29,-0.27] —
Yang 2017 -16.7 4.4 10 -135 5.4 10 6.3% -0.62 [-1.52,0.28] -1
Thapa 2020 242 5.3 33 27.8 8.1 33 7.6% -0.52 [-1.01,-0.03] I
Yang 2017 516 237 10 -416 237 10 6.4% -0.40[-1.29, 0.48] 1
Singh 2014 -469 9.892 24 -441 10 27 7.4% -0.28 [[0.83,0.28] T
Finn 2015 427 158 12 469 227 12 B.7% -0.21 [-1.01, 0.60] .
Robert 2020 -3.4 15 24 -3.1 1.4 18 7.3% -0.20 [[0.81, 0.40] B
Yang 2017 -108.8 86 10 -107.6 7.2 10 B.4% -0.14[1.02,0.73] E
Savulich 2017 541 1876 21 5126 1925 21 7.3% 0.15 [-0.46,0.75) -1
Robert 2020 -31.4 135 24 -36.4 147 19 7.3% 0.35 [-0.26, 0.96) T
Savulich 2017 -98.4 1.6 21 -881 1.9 21 7.3% 0.38 [-0.22,1.00] T
Rohert 2020 787 334 24 BO.7 245 18 7.2% 0.58 [-0.02,1.21] —
Thapa 2020 396 95 33 21.8 8.2 33 7.3% 1.98 [1.39, 2.58] —
Total (95% CI) 363 376 100.0% -0.07 [-0.54, 0.40]

Heterogeneity: Tau®*= 0.70; Chi*=116.61, df=13 (P < 0.00001); IF= 89%
Testfor overall effect Z=029(P=077)

Serious Games Versus Conventional Exercises

The effect of serious games was compared with that of
conventional exercisesin 38% (6/16) of the studies[38-43]. Of
these 6 studies, 1 (17%) compared serious gameswith 2 different
conventional exercises (aerobic exercises and relaxation and
flexibility exercises) and measured processing speed using 2
different tools [42]. Therefore, we included the results of all
these comparisons and measures in the meta-analysis to form
11 comparisons (Figure 4 [38-43]). The meta-analysis showed
no statistically significant difference (P=.58) in processing speed
between the serious game and conventional exercise groups
(SMD: -0.07, 95% CI -0.34 to 0.19). The datistica

heterogeneity of the evidence was moderate (P<.001; 12=58%).
The quality of the evidence was very low asit was downgraded
by 6 levels owing to a high risk of bias, heterogeneity, and
imprecision (Multimedia Appendix 5).

Two types of serious games were used in this comparison (ie,
serious games vs conventiona exercises): cognitive training

Figure 4. Forest plot of 6 studies (11 comparisons) comparing the effect
[38-43].

Serious games Conventional exercises

Std. Mean Difference

. _ *
Y b 3
Favours serious games Favours control
games and exergames. We conducted a subgroup analysis to
investigate whether cognitive training games and exergames
had a different effect on processing speed (Figure 5 [38-43]).
The subgroup analysis of 12% (2/16) of the studies showed no
statistically significant difference (P=.26) in processing speed
between the cognitive training game group and the conventional
exercise group (SMD: -0.37, 95% CI -1.00 to 0.27). The
statistical heterogeneity of the evidence was moderate (P=.14;

1°=53%). The quality of the evidence was very low as it was
downgraded by 4 levels owing to a high risk of bias,
heterogeneity, and imprecision (Multimedia Appendix 5).
Furthermore, the subgroup analysis of 25% (4/16) of the studies
(9 comparisons) showed no statistically significant difference
(P=.88) in processing speed between the exergame group and
the conventional exercise group (SMD: —0.02, 95% CI -0.31
to 0.27). The statistical heterogeneity of the evidence was

substantial (P<.001; 1°=72%). The quality of the evidence was
very low asit was downgraded by 6 levels owing to a high risk
of bias, heterogeneity, and imprecision (Multimedia Appendix
5).

of serious games on processing speed with that of conventional exercises

Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Wiloth 2017 -4.5 1 47 -3.5 14 IF 9.5% -0.83[-1.28,-0.39] R

Amijad 2019 14 11 20 22 11 18  7.2% -0.71[-1.37,-0.09)]

Karssemeijer 2019 373 103 38 433 2286 3| 9.5% -0.34 [[0.79,0.11] T
Karssemeijer 2019 494 179 38 56.7 259 38 9.45% -0.32[-0.78,013] T
Karssemeijer 2019 50.3 42 38 63.6 61 3| 9.5% -0.25 [-0.70, 0.20] T
Singh 2014 -468 99 24 -46.3 104 22 8.0% -0.06 [0.64, 0.52) T
van Santen 2020 1402 828 73 1368 79.4 39 10.3% 0.04 [-0.35,0.43] I
Karssemeijer 2019 50.3 42 38 377 26.9 39 9.45% 0.35[-0.10,0.81] T
Karssemeijer 2019 373 103 38 338 85 39 9.5% 0.37 [-0.08, 0.82] !
Liao 2021 188 1056 25 151 74 21 8.0% 0.39[-0.19, 0.98] T
Karssemeijer 2019 494 178 38 428 99 39 9.5% 0.45[0.00, 0.91]

Total (95% CI) 417 368 100.0% -0.07 [-0.34, 0.19]

Heterogeneity: Tau®=0.13, Chi*=32.72, df=10 (P = 0.0003), F= 9%
Test for overall effect: Z= 0.56 (P = 0.58)
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Figure 5. Forest plot of 6 studies (11 comparisons) comparing the effect of cognitive training games and exergames on processing speed with that of

conventional exercises [38-43].

Serious games Conventional exercises

Std. Mean Difference

Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 Cognitive training games

Amjad 2019 14 11 20 22 11 18 7.2% -0.71 [-1.37,-0.05)

Singh 2014 -46.9 99 24 -46.3 10.4 22 8.0% -0.06 [-0.64,0.52) T
Subtotal (95% CI) 44 40 152% -0.37 [-1.00, 0.27] ‘-
Heterogeneity: Tau*= 011, Chi*= 214, df=1 (P=0.14), F= 53%

Testfor overall effect: Z=1.12 (P = 0.26)

1.3.2 Exergames

Wiloth 2017 -4.5 1 47 -35 1.4 7T 95% -0.83[-1.28,-0.36) ——
Karssemeijer 2019 373 103 38 433 226 38 95% -0.34 [[0.79,0.11] —T
Karssemeijer 2019 494 1789 k] 56.7 259 38 95% -0.32[-0.78,0.13) —
Karssemeijer 2019 503 42 38 63.6 61 38 9.5% -0.25[-0.70,0.20) I

van Santen 2020 140.2 B28 73 136.8 79.4 39 103% 0.04 [-0.35,0.43) I
Karssemeijer 2019 50.3 42 38 37T 269 39 9.5% 035[010,081] T
Karssemeijer 2019 373 103 38 338 85 39 9.5% 037 [-0.08,082) .
Liao 2021 188 105 25 151 7.4 ral 8.0% 039019, 098] T
Karssemeijer 2019 494 1789 38 428 99 39 9.5% 0.45[0.00,0.91] i
Subtotal (95% CI) 373 328 84.8% -0.02[-0.31,0.27] <
Heterogeneity: Tau*=0.14, Chi*= 2883, df=8 (P=0.0003), F=72%

Test for overall effect: Z=0.15 (P = 0.88)

Total (95% CI) 417 368 100.0% -0.07 [-0.34, 0.19]

Heterogeneity: Tau®*=0.13; Chi*=32.72, df=10 (P = 0.0003); F= 69%
Test for overall effect: Z= 0.56 (P = 0.58)
Testfor subgroup differences: Chi*= 092, df=1 (P=0.34), F= 0%

Serious Games Versus Other Serious Games

In total, 19% (3/16) of the studies assessed the effect of serious
games on processing speed in comparison with that of other
serious games [44-46]. Thefirst study (1/3, 33%) compared the
effect of a cognitive training game with that of exergames and
found no statistically significant difference (P=.76) in processing
speed between the groups[46]. The remaining 67% (2/3) of the
studies compared the effect of cognitive training games that
adjust thelevel of difficulty of thetasksbased on anindividua’s
mastery in each level (ie, adaptive games) with that of the same
games but without adjustment of the level of difficulty of the
tasks (ie, nonadaptive games) [44,45]. Of the 2 studies, 1 (50%)
showed no stetistically significant differencein processing speed
between the groups as measured by the Delis-K aplan Executive
Function System Color-Word Interference Test 1 (P=.91) and
DelisKaplan Executive Function System Color-Word
Interference Test 2 (P=.51) [44]. The remaining study (1/2,
50%) did not report the findings rel ated to the outcome measure
Trail Making Test A [45]. The first author of that study was
contacted to obtain these findings, but he has not replied.

Discussion

Principal Findings

This study compiled evidence regarding the effectiveness of
serious gamesin improving processing speed among ol der adults
with cognitive impairment. Our review revealed that serious
games are as effective as no or passive interventions and
conventional exercisesin improving processing speed and that
there is no difference between cognitive training games and
exergames when compared with conventional exercises. The
nonsuperior effect of serious games over no or passive
interventions and conventional exercises may have been dueto
thefollowing reasons: (1) serious gamesintheincluded studies
targeted cognitive abilities in general rather than processing
speed specifically and (2) the sample sizein most of theincluded
studies (10/16, 62%) was small (<100).
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Our findings are consistent with findings of a previous review
that showed no statistically significant difference in processing
speed between the cognitive training game group and the passive
or active intervention group among older adults with MCI or
dementia [17]. However, our findings are not consistent with
findings of previousreviews[16,18-20]. Specifically, 4 reviews
showed that cognitivetraining games[16,19,20] and exergames
[18] are more effective than other interventions (passive or
active) in improving processing speed among healthy older
adults. Thisinconsistency may be attributed to the fact that (1)
all these reviews focused on older adults without cognitive
impairment only, whereas our review focused on older adults
with cognitive impairment [16,18-20]; (2) they included
quasi-experiments and pilot RCTs[18,19]; and (3) they did not
compare the effect of serious games with that of a specific
comparator (eg, no intervention, conventional exercises, or
conventional cognitive activities) [16,18-20].

Strengths and Limitations

Strengths

Thisstudy isthe only one of the aforementioned reviews[16-20]
that compared both serious gamesand their typeswith a specific
comparator (ie, no intervention and conventional exercises) and
used the GRA DE approach to assess the quality of the evidence
that resulted from the meta-analyses, thereby enabling the reader
to draw more accurate conclusions. Given that weincluded only
RCTs, which arethe most rigorous research method for studying
cause-effect relationships [47], our findings are more likely to
be reliable than findings generated from reviews that included
other study designs such as pilot RCTs and quasi-experiments.

The risk of publication bias in this review was minimal given
that we sought to identify as many relevant studies as possible
through (1) searching the most popular databasesin the IT and
health fields and gray literature databases, (2) conducting
backward and forward reference list checking, and (3) using a
well-developed search query. The risk of selection biasin this
review was not aconcern asthe study selection, dataextraction,
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risk of bias assessment, and quality of evidence appraisal were
conducted by 2 reviewers independently.

Limitations

Thisreview focused on the effectiveness of digital seriousgames
in improving processing speed among older adults with
cognitive impairment. Hence, this review cannot comment on
the effectiveness (1) of nondigital serious games or those used
for nontherapeutic purposes (eg, diagnosis), (2) of seriousgames
in improving other cognitive abilities (eg, attention, learning,
and memory), and (3) of serious gamesamong other age groups
or those without cognitive impairment.

The effect size estimated for each meta-analyzed study was
likely overestimated or underestimated as we used
postintervention datarather than the pre-post intervention change
data to calculate it. We used postintervention data as most
studies (12/16, 75%) did not report the mean and SD for pre-post
intervention changein processing speed for each group, and the
differencein processing speed between groups at baseline was
not statistically significant in all studies.

This review focused only on the short-term effect of serious
games by pooling only postintervention data rather than
follow-up data given that the follow-up period was not consistent
among the 44% (7/16) of studies that reported follow-up data.
Asaresult, we are unabl e to specul ate on the long-term impact
of serious games on processing speed. Given that this review
did not include research published before 2010, studies written
in a language other than English, quasi-experiments, or pilot
RCTs, itislikely that this review missed somerelevant studies.

Practical and Research Implications

Practical Implications

Thefindings of thisreview should be cautiously interpreted for
the following reasons: (1) the quality of the evidence from all
meta-analyseswas very low mainly because of high risk of bias,
high heterogeneity, and imprecision of the estimated total effect
sizes; (2) the number of studiesincluded in some meta-analyses
was small; and (3) the sample sizes in many meta-analyzed
studies were small. Consequently, until more robust evidence
is available, serious games should be offered or used as a
supplement rather than an alternative intervention targeting
processing speed.

None of the included studies used smartphones as a platform
for serious games. Smartphones are more appealing than other
platformsasthey areless expensive, more accessible, and more
pervasive than computers and gaming consoles. In 2021, the
global number of mobile devices and users was estimated to be
approximately 15 billion and 7.1 billion, respectively, with these
statistics likely to climb dramatically by 2025 [48]. Thus, we
recommend that gaming companies devel op serious games that
can be played via smartphones. None of the serious gamesin
the included studies were designed to target processing speed.
Therefore, thereisan urgent need to devel op serious gamesthat
specifically target processing speed.
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Research Implications

Although this review addressed the research gap related to the
short-term effect of serious games on processing speed among
older adults with cognitive impairment, the following research
gaps need further reviewsto be bridged: (1) the long-term effect
of serious games, (2) the effect of serious games on other
cognitive abilities (eg, attention and visuospatial skills) and
other disorders (eg, attention-deficit/hyperactivity disorder,
autism, and motor disabilities), and (3) the effect of serious
games among peopl e from different age groups with or without
cognitive impairment.

Asmentioned earlier, most studiesin this review did not report
themean and SD for pre-post intervention changein processing
speed. Researchers should report such information in their future
publications to enable reviewers to calculate a more accurate
effect size for each study. According to apreviousreview [18],
there have been many studies conducted to assess the effect of
exergames on processing speed among healthy older adults.
However, only 25% (4/16) of the studies in this review
investigated the effect of exergames on processing speed among
older adultswith cognitiveimpairment. Further trialsare needed
to address the aforementioned research gap.

In this review, only 6% (1/16) of the trials compared serious
gameswith conventional cognitivetraining, and only 12% (2/16)
compared adaptive serious games with nonadaptive serious
games. We urge researchers to examine the aforementioned
comparisons to reach more definitive conclusions. None of the
included studies investigated the effect of serious games that
specifically target processing speed rather than cognitive abilities
in general. Future studies should use serious games that
specifically target processing speed to examine their effect.

The overal risk of bias was low in only 19% (3/16) of the
included trials asthe remaining studies had issues mainly in the
randomization process or selection of the reported results (ie,
unpublished protocol or analysis plan). Future trials should
improvetheir quality by minimizing such bias. To thisend, they
should be conducted and reported according to recommended
guidelines or tools such as the Risk of Bias 2 [27], and they
should have a large sample size that is enough to obtain the
desired statistical power. Asmost of theincluded studies (14/16,
88%) were conducted in high-income countries, the
generalizability of the findings of this review to lower-income
countries may be restricted owing to the diversity of their
cultures and socioeconomic conditions. Thus, moretrials should
be conducted in lower-income countries.

Conclusions

Serious games did not have a superior effect on processing speed
among older adults with cognitive impairment in comparison
with no or passive interventions and conventional exercises.
However, this finding should be cautiously interpreted for the
following reasons: (1) the quality of the evidence from all
meta-analyseswas very low mainly because of high risk of bias,
high heterogeneity, and imprecision of the estimated total effect
sizes; (2) the number of studiesincluded in some meta-analyses
was small; and (3) the sample sizes in many meta-analyzed
studies were small. Therefore, until more robust evidence is
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avalable, serious games should be offered or used as a without cognitive impairment. Further trias should be
supplement rather than as an alternative intervention targeting  undertaken to investigate the effect of serious games that
processing speed. Future reviews should investigate the specificaly target processing speed rather than cognitive abilities
long-term impact of serious games on other cognitive abilities in general.

and disorders among peopl e from different age groups with or
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