Can game-based interventions improve
executive function to reduce age-related

cognitive decline?

Keerthiga Vinayagamoorthy

Year 3, Medicine, University of Exeter
Email: kv286@exeter.ac.uk

Abstract

Determining effective interventions for age-related cognitive decline
is significant as the proportion of the world’s population aged 60
and over is rapidly increasing. Ageing has been associated with
deterioration of the brain, with specific regions corresponding to
different functions affected. Therefore, this literature review aims to
explore how video games and other forms of play, such as physical
activity, could be an effective intervention to improve executive
function. Clinical studies have demonstrated the potential of various
video game genres, including real-time strategy, brain training and
puzzle games, to induce structural changes in different brain regions.
Volumetric grey matter increases, particularly in the frontal lobe,
are associated with improvements in executive function. A study
of another form of play, physical activity, showed similar volumetric
changes as observed in video game training interventions.

The structural changes reported in the video game-based
intervention groups can be considered clinically significant, as
shrinkage of the brain’s cortices has been associated with age-related
cognitive decline. However, to fully understand the effectiveness of
such interventions, further research is crucial. This research should
explore the different types of video games, as there is significant
diversity between video games and their neural correlates.

Introduction

The rate at which the population is ageing has been at an
unprecedented, rapid pace over the past decades.’ The percentage
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of the world’s population aged over 60 years will almost double
between 2015 and 2050, from 12% to 22%.2 The ageing population
contributes to the challenges the NHS faces, for example, the cost
of care and increased admissions. This demographic shift highlights
the importance of the need for effective interventions that can
improve executive function (a set of skills such as working memory,
task switching, reasoning and inhibition), to reduce age-related
cognitive decline.

During ageing, shrinkage of brain volume can often lead to cognitive
impairment and reduced executive function. Therefore, it is essential
to evaluate interventions that prevent a decrease in the volume of
brain regions due to ageing.* Cognitive functioning and decision
making are often associated with activity in the frontal lobe, especially
the orbitofrontal cortex in the prefrontal cortex region.® However, the
orbitofrontal cortex is not solely responsible for cognitive functioning
and decision making. It is part of a complex system that involves
cortical structures, such as the amygdala and the insular cortex.®

Play is complex and, therefore, the definition of play is considered
ambiguous.” Play is also unique to an individual; thus, one activity
may be considered playful to one and not to the other. This means
that in different people, play can be triggered by various forms,
such as video games, music and exercise.® The five elements of play
presented by Peter Gray will be used in this literature review to
address the interventions explored, namely: self-chosen, intrinsically
motivated, structured based on rules, imaginative, and a playful state
of mind.®

Video games are a form of play for many individuals.® Video games



may require players to make decisions from many choices through
encountering situations where they are required to adapt their
strategy quickly. Additionally, they may be required to solve a puzzle
by manipulating various components. These abilities employed
during playing a video game can be classified under executive
function, which involves skills such as working memory, task
switching, reasoning and inhibition.’® These aspects of executive
function are often associated with activity in the frontal lobe,
especially the prefrontal cortex." Age-related impairment, especially
after 60 years, in executive function has been reported to be the
greatest. This finding has been supported by observed age-related
declines in the associated regions, such as the frontal lobe.'?"
Therefore, interventions to improve, particularly executive function,
are crucial because they can improve physical and mental health as
well as overall quality of life.™

This literature review aims to look at structural plasticity (which is the
quality of being easily shaped) changes in the brain, particularly in
the frontal lobe, in healthy adults after playing video games of the
genres: real-time strategy, action, brain training and puzzle games.
Secondly, it aims to compare the observed effects through video
games with physical activity, another play. Moreover, it aims to
explore what the observed structural changes consequently mean
for executive function in age-related cognitive decline.

Method

The relevant literature was found in May 2024, using PubMed and
TRIP. The search terms used were “Game’, “Interventions’, and
“Executive function” linked by the word “AND”. In addition, “OR
Executive control” included conjunction with “Executive function” to
broaden the results. Papers from clinical trials were included if the
participants were 18 years and older and had no mental disorders.
Meanwhile, papers were excluded if the participants had prior
experience playing the game and if they were outside the scope,
determined by the title or abstract. In total, seven papers were used
for the discussion. Additionally, backward citations and articles from
the World Health Organization, the National Institute for Play, and the
NHS were used.

Discussion
Structural plasticity effects in healthy adults

Volumetric changes in the brain were reported by a study conducted
by Basak et al, in which 20 healthy adults, with no prior experience in
video games, played a real-time strategy video game; the participants
spent a total of 23.5 hours playing. An increase was found in the
volumes of the middle frontal gyrus, postcentral gyrus, dorsolateral
prefrontal cortex, anterior cingulate cortex, and cerebellum using
high-resolution magnetic resonance imaging after video game
training compared to the initial scans.' Similarly, volumetric changes
in a study by Colom et al of structural changes in the brain after 16
hours of video game practice showed an increase in grey matter,
particularly in the frontal lobes of the brain, in the intervention
group compared to the control group. The genre of the video game
played was brain training and puzzle games. However, no significant
associations were found between the structural changes and general
cognitive ability tests.”

A limitation of the study conducted by Colom et al is that it involved
only female participants, which may not allow generalisation to
males, as there could be gender distinctions. Additionally, the mean
age of the participants was 18.95 years, which may limit extrapolation
to the elderly population.’ On the other hand, the study by Basak et
al involved participants of a mean age of 70.1 years old. The study
by Basak et al involved only participants of Caucasian background,
which limited the findings to this specific group, as variations may
exist between different ethnicities.' Both studies also consisted of a
small sample size, limiting the external validity of these findings.”>'®
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A study by Kiihn et al also observed a significant increase in grey
matter, with p < 0.05, in the dorsolateral prefrontal cortex of the
intervention group that had played an action game for a mean
of 50.2 hours. The action game required skills to navigate a three-
dimensional environment and the use of effective strategies.’
However, this study involved financial rewards for the video game
training group; this would go against one of Peter Gray’s elements
of play, intrinsic motivation.? Therefore, although the intervention is
game-based, the results may not be considered as a result of play for
these participants.

Furthermore, a limitation of all of the studies of the video game
interventions discussed is that there is no inclusion of a control
group that is given a similar technical device to that of the video
intervention group. This is important to ensure that the observed
effects are a result of the playful activity and not the exploration of
the new device provided.’

Structural changes and brain function

The significance of these observed structural changes for brain
function, especially executive function, was highlighted by Basak
et al. They found that the intervention group showed significantly
improved performance in cognitive tasks involving executive
function, such as working memory, task switching, inhibition and
reasoning, compared to the control group, which received no video
game training. This was determined by having participants complete
various cognitive tasks before, during and after video game training."?
This shows the potential of video game training to cause transfer to
executive control skills in healthy older adults. Moreover, the study
by Kiihn et al highlighted a smaller prefrontal cortex volume to be
a risk factor for neurodegenerative disease, indicating the video
game-induced volumetric changes in the brain to be effective as an
intervention to counteract that.’

However, no significant transfer of training to executive function
has been reported after playing video games of certain genres, such
as simple arcade games, by some studies. This indicates that what
the video game consists of, for example, whether it is complex and
variable in nature, is crucial to the effectiveness of improving specific
cognitive skills.''” Therefore, the elements of a video game need to
be considered when determining which video games can be effective
as an intervention to improve executive function and reduce age-
related cognitive decline.

Other interventions

On the other hand, physical activity may trigger play for some.
Similar findings were reported in a study by Erickson et al, in which
participants’ walking amounts and volumetric changes in the brain
were measured. They found that greater physical activity, specifically
walking in this study, was associated with increased volumes of
grey matter in the frontal and other lobes of the brain. To detect
this increase, walking approximately six to nine miles per week was
required. The study also concluded that greater grey matter volume
following physical activity reduced the risk of cognitive impairment
by approximately double, indicating improvements in executive
function. Some strengths of this study were that the length of this
study was 9 years, which allowed more long-term changes to be
seen, and the large sample size consisting of 299 adults allowed
increased external validity.”®

Moreover, a randomised control trial conducted by Adcock et al
involved older adults aged 65 years and over, who were assigned
to either an intervention group consisting of exergame sessions or
a control group, where participants continued with their daily lives.
The exergame sessions involved exercising through interactive video
games. Although inhibition and working memory were found to
have improved significantly in the intervention group compared to
the control, no significant effects were noted for brain volume.' This
highlights the uncertainty of the time frame for structural plasticity to



be induced and indicates the need for further study of the underlying
mechanisms to find an optimum design for interventions.

Drawing links between all the studies explored, it can be summarised
that various genres of video games can bring about improved
executive functioning. This can be linked to structural changes in the
different regions of the brain, which were illustrated in the results of
studies.

Conclusion

In conclusion, game-based and other interventions, such as exercise,
which may be considered play to some, have shown potential to
improve executive function through structural changes, particularly
in the frontal lobes of the brain and subsequent transfer of skills in
tasks requiring executive function. The associations between the
volumetric changes in the brain and transfer skills highlight the
potential of these neural changes to reduce age-related cognitive
decline, in which patterns of deterioration of the brain cortices have
been noted.

However, there are many limitations in this field preventing certain
conclusions from being made. For example, the experiments are not
standardised across different types of video games to make valid
comparisons. Furthermore, longitudinal studies consisting of larger
sample sizes are required to ensure the results are more universally
applicable and to explore the permanence of the structural changes.
Additionally, this literature review did not explore all types of video
game genres to determine video games as an effective intervention
or explore the different lengths of time playing to a large extent. In
summary, video game training has shown neural changes, similar
to those after exercise, associated with improvements in executive
function, which have the potential to reduce age-related cognitive
decline.
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