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Effects of cognitive interventions with video
games on cognition in healthy elderly people: a
systematic review
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Abstract Background Currently, studies using video games as an intervention to improve
cognitive functions in the elderly are on the rise.
Objective To investigate and evaluate the effects of cognitive interventions using
video games on cognition in healthy elderly people published in the last ten years.
Methods A systematic review involving a qualitative analysis carried out between July
and September 20270on the SciELO, LILACS and MEDLINE databases..
Results A total of 262 articles were identified in the initial search. After exclusion of
duplicates, analysis of titles/abstracts and of the full text, a final total of 9 studies were
included in the review. The objectives of the studies included investigating the effects

Keywords on cognition of cognitive training (CT) programs using video games compared to
= Elderly programs using entertainment games or to low-intensity CT games. Despite the
= Cognitive Aging growing number of studies, many of them were focused on cognitive rehabilitation in
= Video Games elderly people with some degree of cognitive impairment, and few involved training
= Cognition among healthy elderly people.
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Conclusion According to the studies analyzed, the interventions involving CT with
video games promoted significant improvements in processing speed and working
memory, but no improvements in executive functions.

Antecedentes Atualmente, estdo em alta estudos que utilizam video games para
melhorar as funcdes cognitivas em idosos.

Objetivo Investigar e avaliar os efeitos de interven¢oes cognitivas com video games na
cognicdo de idosos saudaveis publicadas nos ultimos dez anos.

Métodos Estudo de revisdo sistematica com analise qualitativa realizado entre julho e
setembro de 2021, das bases de dados SciELO, LILACS e MEDLINE.

Resultados Foram identificados 262 estudos na busca inicial. Ap6s a exclusdo de
estudos duplicados, anélise dos titulos e resumos, e analise integral dos estudos, nove
estudos foram incluidos na revisdao. Os objetivos de alguns estudos incluiam investigar
os efeitos na cognicdo de programas de treino cognitivo (TC) com video games
comparados aos de programas com jogos de entretenimento ou com jogos com baixa
intensidade de TC. Apesar do crescente nimero de estudos, muitos centravam-se na
reabilitacdo cognitiva em idosos com algum comprometimento cognitivo e poucos
realizaram o treino em idosos saudaveis.

Conclusao Pelos estudos analisados, as intervencbes de TC com video games
apresentaram melhorias significativas na velocidade de processamento (VP) e na
memoria operacional (MO); por outro lado, ndo foram observadas melhorias nas

= Cognicao funcoes executivas.

INTRODUCTION

The number of studies investigating cognitive aging has
grown in recent years, given that cognitive performance
declines as part of the normal aging process, with slower
processing speed (PS) and reduced performance of the
working memory (WM). These impairments are often of
particular concern among older adults and their family
members because of the risk of progression to dementia,
as in Alzheimer disease. The literature' shows that the
quality of execution of complex activities of everyday living
can change as part of the normal process of healthy aging.

Cognitive interventions, more specifically cognitive train-
ing (CT), can serve as a method of both prevention and
rehabilitation of some cognitive deficits. Technological
advances enable CT through the use of video games, an
approach that renders tasks more engaging and fun, increas-
ing participant motivation and reducing abandonment
rates,” with the added advantage of being more accessible
to the general public.

In this context, cognitive decline is correlated with cogni-
tive reserve. Greater cognitive reserve is associated with the
prevention of dementia, but in order for the interventions to
yield benefits, the activities must be performed over a
relatively long period without loss of motivation. This inter-
est can be achieved through the use of cognitive computer
games, leisure-time activities, social interaction, intellectual
stimulation etc. Social interactions and intellectual stimula-
tion have been shown to reduce the risk of dementia.*

Video games can be divided into CT games and entertain-
ment games.” While CT games are designed to train cognitive
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functions and are developed by neuroscientists, games for
entertainment are focused on individual leisure and fun,
such as the game Super Mario Bros.

For the present review, we will use serious games that
have the goal of not only entertaining, but also of teaching
and training cognitive functions such as memory, attention
etc., which differs from computerized CT, which focuses only
on training cognition, regardless of the participant’s enjoy-
ment. This type of game has been used as a way of promoting
cognitive stimulation, for example, in older adults during the
period of social isolation caused by the coronavirus disease
2019 (COVID-19) pandemic.®

The study by Belchior et al.” involved the use of video
games and brain training. Video games are essentially
designed to entertain the general public. By contrast,
brain-training games are especially designed to train an
ability in a specific population. A study® based on a video
game intervention in older adults reported improvements in
WM and sustained attention relative to the control group.
Similar results were found in the study by Toril et al.,’ in
which a video game intervention enhanced visuospatial
working memory, episodic memory, and short-term memo-
ry in healthy older adults.

Ordonez et al.'® conducted a study using a cognitive
stimulation program on a Japanese video game equipment
adapted for use by Brazilian older adults. The results revealed
improvements in cognitive performance, specifically on the
memory and language domains, and there was a reduction in
the level of anxiety and in the rate of memory complaints.

The study by Assis'' used video games controlled by body
movements in the neurorehabilitation of older adults with
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mild cognitive impairment (MCI) at three levels of schooling
(primary, secondary, and higher education). The results
showed improvements in the memory of participants with
primary and secondary level of schooling, but no improve-
ment in the group with higher education.

Also in this context, a systematic review and meta-analy-
sis'? evaluated the effects of video games, in relation to the
control condition (no game), on cognitive functions in the
elderly. The authors’ 2 obtained 27 studies that met the inclu-
sion criteria, and they concluded that video game interven-
tions improved the memory of the participants; however, they
found no improvement in other cognitive functions.

Finally, another meta-analysis'? aimed to summarize the
current level of evidence for brain training using commercial
computerized cognitive games (ccCGs) in healthy older
adults. It has been documented>° that commercially avail-
able cognitive games are effective in improving PS, WM,
executive functions, and verbal memory.

However, despite the existence of several studies'? that
used electronic games as an intervention to improve cogni-
tive functions in the elderly, specific games for healthy
elderly people are hardly addressed to this contingent.
With the rapid advancement of technologies and the recent
COVID-19 pandemic, the population started to make more
use of social networks, video games, and online news, for
example. Thus, the aim of the present study was to investi-
gate and evaluate the effects of cognitive interventions with
video games on the cognition of healthy elderly people in
studies published in the last ten years.

METHODS

A systematic review involving a qualitative analysis was
conducted. All relevant scientific articles published in Portu-
guese, English or Spanish were retrieved from the SciELO,
LILACS, and PubMed electronic databases. From the data
obtained on PubMed, we noticed a large gradual and accel-
erated increase in studies with video games in the last
10 years; therefore, in the present review, we have searched
for articles published between 2011 and 2021 (until the
beginning of the article’s completion).

Using the Population, Phenomena of Interest, and Context
(PICo) method, the following research question was defined:
what are the effects of interventions with video games, in
studies published in the last ten years, on the cognition of
healthy older people? The population is healthy older people,
the phenomena of interest, effects on cognition, and the
context, cognitive interventions with video games published
in the last ten years. After this process, the eligible descrip-
tors were selected in the Descriptors in Health Sciences
(Descritores em Ciéncias da Satdde, DeCS, in Portuguese)
system to serve as keywords for the search for articles
published in Portuguese, English and Spanish on the SciELO,
LILACS and PUBMED databases. The following search terms
were used: idoso* OR elder OR older person* OR older people
OR senior citizen* OR elderly OR aging people OR aging person*
OR older adult* OR anciano* OR persona* mayor* and inter-
vengdo™ cognitiva® OR cognitive intervention® OR treino cog-
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nitivo OR cognitive training OR treino de meméria OR memory
training OR intervencion® cognitiva OR entrenamiento cogni-
tivo OR entrenamiento de memoria and jogo® OR “juego* OR
*game” OR online OR on-line OR computerized OR video game
OR *juego* OR en linea OR computerizado.

The inclusion criteria were studies with interventions
involving serious games; healthy participants aged >
60 years; articles published in scientific journals since
2011; and use of cognitive and/or neuropsychological tests
to determine the effects of the interventions. The exclusion
criteria were: publications of Masters dissertations, book
chapters, doctoral theses, letters to the editor, case studies,
systematic reviews, meta-analyses, and research protocols;
participants aged <60 years or presenting cognitive im-
pairment; studies performed in residential care homes,
such as long-term care facilities (LTCFs); studies failing to
report the effects of the intervention on the cognitive
performance of the participants; and studies combining
multimodal interventions (such as physical training, action
games, and nutritional components).

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA)' statement was used for the iden-
tification, screening, and eligibility stages of the studies, and
two reviewers acted independently throughout the stages.
The initial identification of studies entailed searches of the
aforementioned databases. During the screening stage, du-
plicate studies were removed, and titles and abstracts were
analyzed by applying the inclusion and exclusion criteria.
Differing opinions were resolved through a conference with
all reviewers. For the eligibility stage, the selected studies
were read in full and analyzed according to the same criteria.
The studies remaining after this stage were included in the
review. Only peer-reviewed articles were considered for the
systematic review.

The scope of the systematic review was registered on the
International Prospective Register of Systematic Reviews un-
der number CRD42021267903 (Ishibashi et al., 2021). In
addition, the included studies were rated for quality according
to the Downs and Black Checklist."”” This evaluation tool
devised by Downs and Black comprises 27 items distributed
among 5 subscales: reporting or assessment (10 items), exter-
nal validity (3 items), internal validity of the measurements
described and outcome bias (7 items), confounding factors (6
items) and power (1 item). The checklist items were assigned
scores of 0 or 1, except for the item assessing the reporting of
confounding factors, whose scores ranged from 0 to 2 points,
and the item assessing the reporting of the study power (item
27), modified as per other studies,'® '8 whose original scores
from 0 to 5 points were changed to scores of 0 or 1 point, with 1
meaning that the article reported calculation of the power
and/or sample size and 0, that these calculations were not
performed. Thus, the total scores on the checklist ranged from
0 to 28 points. In order to improve the reading of the data
obtained, the scores were converted into percentages for each
domain, and an overall mean total score for all domains was
calculated. A system to classify the quality of the articles was
defined: < 0.39-poor; 0.40 to 0.69-regular; 0.70 to 0.79-good;
and > 0.80-excellent.
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RESULTS

Atotal of 262 studies were retrieved in the initial search, 2 of
which were subsequently excluded because they were dupli-
cates. Titles and abstracts of the remaining 260 studies were
read, and then, screened for selection according to the
inclusion and exclusion criteria. Thus, 34 articles were
read in full and, after an in-depth analysis, a total of 9 studies
were included in the review. The screening and selection
process is depicted in the PRISMA flow diagram (~Figure 1).

Nine studies involved interventions with CT games.*19-26
The sample size ranged from 31 to 681 subjects, with ages
ranging from 60 to 85 years. The length of the intervention
ranged from 5 to 12 months, with a minimum of 8 and a
maximum of 720 sessions lasting from 30 to 120 minutes
each. Follow-up assessments took place within one year of
the interventions (~Table 1).

Lastly, according to the scores for the categories of the
methodological quality check list, none of the articles scored
<0.71 points, and 9 scored >0.78, attaining good quality
rating. The mean overall score of the articles across all
categories was of 0.81 out of 1.0 in terms of fulfilling the
Downs and Black methodological quality requirements. The
scores for each domain were: reporting - 0.97; external
validity - 0.20; bias/internal validity - 0.66; confounding -
0.98; and power - 0.90 (~Table 2).

The games used in some studies are available on the
internet: Cogmed (https://www.cogmed.com/) and CogniFit
Personal Coach (https://www.cognifit.com/).

DISCUSSION

The objective of the present study was to carry out a
systematic review of studies investigating and assessing

Ishibashi et al.

the effects on the cognition of healthy older adults of cogni-
tive interventions using video games. A total of nine eligible
studies were retrieved with objectives such as investigating
the effects on cognition of CT programs using video games
compared with entertainment game programs®>2> or low-
level CT game programs.'®?"?® A total of four stud-
jes*20:2224 performed CT using video games in the training
group, but not in the control group.

Of the nine studies involving CT interventions using video
games, six reported significant improvements in the cogni-
tive performance of the participants.*2%-21:23-2> The study by
Lee et al.?> showed enhanced cognitive performance, with
most significant improvements for WM and PS. The findings
of the study by Lee et al.?? showed improvements in memory
and attention, promoting a high participant adherence rate.
The study by lizuka et al.* showed improvement in visual
WM and also noted that the increased social interaction by
playing board games face to face is more effective to improve
cognitive function than playing alone. Perrot et al.?3 found
improvements in inductive reasoning and that the CT game
promoted less transfer to cognitive tasks than the action
video game. The study by Simon et al.>! showed evidence of
performance improvement on trained tasks and on an un-
trained task dependent on WM and PS.

Corroborating these results, in the study by van Muijden
et al.,?” which involved a CT intervention using online
games in healthy older adults, the authors showed that
this type of intervention can, besides promoting gains in PS,
promote the transfer of acquired skills to measures of
inhibition and inductive reasoning. The results of the study
by Simpson et al.?® in which the participants performed
online computer-based CT, showed that 21 days of CT can
yield improvements in PS for responses to simple and
complex stimuli.

g Records identified through database searching
= (n=262)
= Records after duplicates removed
(n=260)
l
§ Records screened Records excluded
5 (n=260) (n=226) Excluded studies:
2 e Did notuse video game for
intervention (n=8)
= e Did notuse cognitive
= Full-text articles Full-text articles excluded, with and/or neuropsychological
%L assessed for eligibility reasons tests (n=3)
= (n=34) (n=25) e Participants under 60 years
ofage (n=10)
e Protocol (n=3)
(BT e Multimodal intervention
1‘; Studies included (0=1)
E (2=9)
Figure 1 Flow diagram of the selection process of the present study.
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Table 2 Results of the Downs and Black Checklist for the present systematic review

Downs and Black Checklist n Mean SD Minimum Median Maximum
Reporting score (converted) 10 0.97 0.04 0.91 1.00 1.00
External validity score (converted) 10 0.20 0.17 0.00 0.33 0.33
Internal validity and outcome bias score (converted) 10 0.66 0.10 0.57 0.64 0.86
Confounding factors score (converted) 10 0.98 0.05 0.83 1.00 1.00
Power score (converted) 10 0.90 0.32 0.00 1.00 1.00
Overall score (converted) 10 0.81 0.04 0.71 0.82 0.86
Overall Score (original, no conversion) 10 22.70 1.16 20.00 23.00 24.00

Abbreviation: SD, standard deviation.

Finally, of the studies that promoted significant improve-
ments in cognitive performance, Faust et al.>* showed that
visual training yielded transfer effects to WM, but combined
visual and auditory training failed to promote any significant
transfer effects. Replicating the results of auditory training,
Smith et al.?? found no significant transfer effect.

The other three studies'®?2%® included in the present
review, which trained more than one cognitive ability,
showed no significant improvements. For example, in the
study by Bozoki et al.,'° learning effects for the suite of games
were relatively small due to the great variation in the amount
of time devoted to game play and reluctance to pursue more
challenging levels, as participants had full independence in
terms of choices during the intervention. Similarly, West
et al.?® using linear mixed models, found no significant
differences found between the CT and control groups in
terms of language functioning, attention, executive function-
ing, or memory. In the study of Yeo et al,?? the game
intervention promoted no general gains or improvements
in cognitive performance or in specific cognitive domains,
such as attention and delayed memory. Moreover, there were
no improvements in memory performance in everyday tasks.

For studies that do not show improvements in cognition,
one hypothesis would be the level of difficulty of the
game and the freedom that some authors gave to the
elderly to choose the difficulty and amount of time playing
the game, unlike those that showed improvements. In the
studies that presented superior performance, it was evi-
denced that the minimum duration of the intervention was
o eight weeks and the sample consisted of younger elderly
people.

In conclusion, the results of the present review revealed
that half of the studies showed significant improvements in
cognitive performance, whereas the other half failed to
observe any improvement.

The feasibility issues reported in the studies reviewed
included limited access to the internet at home, great varia-
tion in the amount of time devoted to game play, a reluctance
to pursue more challenging levels, a sample of older adults
with an active lifestyle participating in cognitive activities,
and a lack of concern regarding digital inclusion and digital
literacy. Participant engagement proved a barrier, and a
strategy to improve engagement used by Bozoki'® was that
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participants knew that if they played the game 5 times for
30 min, they would be paid US$ 5 per week. Another poten-
tial strategy would be accompanying progress using mon-
itors to motivate the participants.

Taken together, the results of the present review showed
that most interventions using video games improved WM
and PS. Finally, as a limitation of the present study, we
identified the scarce number of articles on healthy elderly
people in the literature. Few studies used serious games as an
intervention and its effects on psychosocial variables and the
quality of life of healthy elderly people. Therefore, for future
research, it would be interesting to address this issue.

We can consider as a limitation of the present study the
fact that we may not have found, during the search stage,
articles that could be part of the present review, so we
consider important the performance new systematic
reviews that use other search terms.
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