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Abstract

For most board-gamers, chess is construed as an engaging encounter of wits. The brain-racking
game, however, offers much more than that which meets the eye. Although Rhazes recognized
the extra-recreational value of the game in 852 A.D. only recently has this value been
recognized. The objectives of the current paper were to review the structural and functional
changes in the brain caused by playing chess, and to explore its utility in treating neuro-cognitive
and behavioral disorders. A literature review revealed a growing body of evidence on the
neuroplasticity induced by chess, with definite changes being documented in brain areas related
to association, object perception and pattern recognition. Though the game is being introduced as
an educational tool to enhance cognition and problem-solving skills in school, the evidence for
its cognitive benefits is not yet compelling, and is limited mainly to the domain of mathematics.
Chess has strong links to personality and behavior, and psychologists are successfully using it as
a psychoanalytical tool to detect personality traits and channelize emotions and attitudes. As a
clinical tool, the game has garnered interest as a therapeutic aid in managing dementia and
behavioral disorders such as attention deficit hyperactivity disorder, panic attacks and
schizophrenia. From being an exciting strategy game, chess is carving a niche for itself in the
clinician’s arsenal due to its emerging therapeutic value. Pending well-designed future trials, it
remains to be seen if the ‘King of all Games’ has the potential to be a game-changer in the field
of therapeutic neuropsychology.
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Introduction

The benefits of board games extend beyond fun
and relaxation to the realms of stress
management (1), art therapy (2), and

behavioral modification for promoting habits
such as healthy eating and cessation of
smoking (3). Board games like Go, chess and

Ska enhance learning and interpersonal
interactions. They positively affect motivation
and emotion, leading to decrease in

depression, stress and anxiety levels (4). They
improve memory, attention, and executive
function, and prevent cognitive decline in older
subjects by stimulating brain areas responsible
for logical thinking, decision-making and
problem-solving skills (3). Some of the
cognitive benefits of board-games also accrue
from other ‘brain training’” games such as
Sudoku, crossword puzzles, Rubik’s cube and
computer-based cognitive training (5), giving
a new perspective to the utility of gaming.

Chess is the most popular and highly
researched among all the above games. In
1973, Simon and Chase identified its potential
as the ‘drosophila’ or fruit fly of cognitive
psychology research. Much like the utility of
the fruit fly in the domain of genetic research,
chess has proven to be a unique ‘model
organism’ to study variations in cognition and a
wide  spectrum  of  neuropsychological
disorders. In addition to having well-defined
rules, it has the advantage of having well-
maintained historical databases that provide an
ideal model for investigating cognitive
processes (6). Recognizing the chess-brain
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connection, major cognitive research projects
such as Harvard’s ‘Chess Cognition Project’
are including the game in their study protocols.

The current study aimed to objectively evaluate
the structural and functional effects of chess on
the brain, analyze its association with cognition
and personality, and explore its utility in
managing neurobehavioral disorders. Original
articles and meta-analyses for the review were
selected by performing an internet search in
PubMed, ScienceDirect and Google Scholar.
The search criteria included the terms ‘(chess)
AND (brain)’, ‘(chess) AND (cognition)’,
‘(chess) AND (cognitive psychology)’, ‘(chess)
AND (behavioral disorders)’, ‘(chess) AND
(neuro-cognitive  disorders)’
therapy’. Only manuscripts written in English
were included in the review.

and  ‘chess

Brain activity and structural changes in
chess players

Neuroplasticity, the ability of the brain to
modulate its structure and function, is one of
the most fascinating abilities of the human
brain. Research has demonstrated that long-
term acquisition of certain skills, such as those
acquired by playing board games, potentiates
the phenomenon. Of all the board games that
have been researched in this regard, chess is
considered a paradigm (7). Chess-playing
activates various neural networks involved in
problem-solving and other cognitive pathways.
Using [® O] positron  emission
tomography (PET) imaging, Nichelli et al (8)
established that distinct areas in the brain are

water

Journal of High School Science, 7(3), 2023



recruited to perform chess-related tasks. In this
study, specific areas in the brain lit up on
performing tasks like ‘black/white
discrimination’ (ability to identify chessmen of
a particular color on the board), ‘spatial
discrimination’ (ability to identify the color of
chessmen closest to a marked square), ‘rule
retrieval’ (ability to analyze a simple chess
move) and ‘checkmate judgment’ (ability to
determine whether a player could checkmate in
one move).

Apart from analyzing brain activity during
chess-related tasks, researchers have also
examined changes in the brains of chess
players. Results from such studies have found
chess experts to exhibit increased activity in
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brain areas responsible for association (frontal,
parietal, lateral temporal and occipital cortices)
(9), object perception (posterior temporal areas,
left inferior parietal lobe, and the occipito-
temporal junction) and pattern recognition
(‘retrosplenial cortex’ and the ‘collateral
sulcus’) (Figure 1) (10, 11). In another study,
dynamic network analysis showed enhanced
whole-brain dynamism / fluidity
(‘chronnectome’) in expert chess players (7).
Changes in brain fluidity were not found to
correlate with the amount of time spent in
training or to education status. Chess-playing
has thus been recommended as a measure of
cognitive ‘reserve’ along with factors such as
education, occupation and leisure activities.

LATERAL SURFACE

MEDIAL SURFACE

Figure 1. Representative figure showing some of the brain areas that demonstrate increased activity in chess players

Changes in some cognitive brain centers
correlate with the degree of skill acquired in
the game. Chess masters and grandmasters
recruit brain areas that are distinct from those
recruited by novices playing the game. For

example, while chess-experts engage brain
centers responsible for memory and knowledge
storage and retrieval (frontal and parietal lobes)
during the game, novices preferentially employ
the medial temporal cortex, a region that is
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involved in processing and retrieving new
information (12). In a study that compared
chess-experts and beginners (13), experts
demonstrated increased activation in their
cognitive areas- centers that deal with attention,
executive functions, and problem-solving.

An interesting observation is that even in the
‘resting state’ (i.e. when the subjects are not
playing chess), experts demonstrate differences
in neural networks such as the ‘default mode
network’ (DMN) (13). DMN is a network of
brain areas that is active when a person is
oblivious of his or her surroundings, or is in an
introspective  mode. Chess experts tend to
suppress their DMN while solving problems.
Modulation of the DMN-related network is not
chess-specific; it has also been noted to occur
with computerized cognitive games training
(14), moderate-intensity aerobic exercise (15),
and even psychedelic drugs (16). Chess-
playing specifically alters the ‘DMN-caudate
nucleus loop’ network; expert players have
stronger functional networks between the DMN
and the caudate nucleus, a structure deep inside
the brain  responsible for  high-level
functioning. This finding suggests that ‘DMN-
caudate nucleus loop’ might play a role in
acquiring chess-expertise.

Effects of chess on cognition

Schools worldwide are focusing on developing
competency in subjects like mathematics and
science because of the growing demand in the
job-market for qualifications in Science,
Technology, Engineering, and Mathematics
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(STEM) subjects. Chess has garnered a lot of
interest in this context since it has the potential
to enhance mathematical and cognitive skills,
either directly or indirectly. The latter is
postulated to occur by a mechanism called
‘transfer of skills’ wherein a set of skills
acquired in one domain translates to improved
skills in other domains (17). Based on this
knowledge, academicians  have  started
introducing chess as part of school curricula.
Proponents of this approach hypothesize that
chess enhances cognitive skills by ‘near-
transfer’ (transfer of skills to related domains)
and ‘far-transfer’ (improvement in unrelated or
distant domains). However, the optimism about
the ‘far-transfer’ of skills by chess training is
scientifically unfounded (17, 18).

Results from individual studies on the effects
of chess on cognition vary widely. While some
studies did not find chess to have any positive
influence on domains such as focused attention
(19), memory (20) and visual-spatial abilities
(21), other studies demonstrated chess to have
a beneficial effect on meta-cognitive abilities
(22), mnemonic skills (23), reasoning,
comprehension, short-term memory and
processing speed (24). Some of the cognitive
benefits of chess reportedly accrue soon after
the onset of training. Trinchero et al (25)
reported that a mere 25 to 30 hours of chess
instruction is required to facilitate ‘transfer of
learning’ from chess to other domains.

Sala et. al. (17) performed a meta-analysis in
order to evaluate the above diverging results.
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Their analysis included a total of 24 studies
that compared mathematical, reading, or
cognitive skill in school-going chess players
versus controls. It compiled the ‘effect size’
(degree of the meaningfulness between
variables) of chess on cognition from all
studies into a single analysis represented by the
funnel plot in Figure 2. The results of the
analysis yielded a weighted effect size of 0.338
with a 95% CI [0.242; 0.435] and a p value of
< .001, indicating that chess instruction had a
‘moderate’ effect (defined as an effect size

0,0
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between 0.3 to 0.5)
mathematical, reading, and cognitive skills in
children. The improvement in mathematics was
found to be much more than that in reading
skills. This underlined the fact that the benefit
of chess was seen best in a domain with skill-
sets overlapping those required for chess,
requiring only a ‘near transfer’ of skills.
Improvement in an unrelated domain like
reading would have necessitated a ‘far transfer’
of skills, a phenomenon which did not occur to
a significantly demonstrable extent.

on improving
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Figure 2. A funnel plot from a meta-analysis showing different effect sizes (Hedge’s g). The diamond at the bottom
represents the meta-analytically weighted mean effect size of 0.338- a moderate effect of chess on cognition (10).

Chess-personality connection

There has been growing interest in the field of
‘personality that explores
correlations between changes in behavior and
personality with alterations in brain structure
and function. Using the Human Connectomics

neuroscience’

database of over 500 people, Ricelli et. al. (26)
demonstrated that variations in brain cortical
anatomy correlated well with basic personality
traits. Given that chess is known to induce
anatomical and functional changes in the brain,
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it is no surprise that the game has also been
linked to personality in multiple ways.

The term ‘chess personality’ is reflective of the
players’ behavior and defines the personality-
defining elements at which the player excels.
Grandmaster Yuri Averbakh categorized chess
players into different personality types
(‘killers’, “‘fighters’, ‘athletes’, ‘gamblers’,
‘artists’ and ‘researchers’) based on how they
approach the game. Historically, there is strong
evidence to prove that chess expertise is linked
with strong personality traits. Many world-
famous personalities had a penchant for
becoming avid chess players. Scientists such as
Albert Einstein and Sir Isaac Newton; actors
like John Wayne and Marilyn Monroe; authors
such as Charles Dickens, William Shakespeare
and George Orwell; and illustrious US
presidents like Abraham Lincoln and Winston
Churchill were avid chess players. On the
flipside, there are also anecdotal reports of
brilliant grandmasters like Robert James
Fischer and Paul Charles Morphy prematurely
ending their careers after being afflicted by
serious neuropsychiatric disorders (27). In the
light of such facts, it is surprising that only a
few studies have scientifically analyzed the
chess-personality connection.

One of the few available objective studies on
the  chess-personality  connection  was
performed by Bilalic et. al. (28) on 219 chess-
playing primary school children and 50 of their
non chess-playing peers. The authors used the
‘Big Five Questionnaire for Children' (BFQ-C)
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(29) that included domains of
‘energy/extraversion’, ‘agreeableness’,
‘conscientiousness’, ‘emotional instability’ and
‘intellect/openness’. The study evaluated

personality characteristics of children who took
up chess as a hobby, and determined if certain
personality factors predicted expertise in the
game. It was found that children with higher
scores the  ‘intellect/openness  and
‘energy/extraversion’ domains were more
likely to play chess. There were obvious gender
differences; girls scored higher the
‘agreeableness’ scores, and boys with higher
scores in this domain were less likely to take up

in

in

chess. Differences in personality profiles were
evaluated across subgroups based on expertise
levels: elite players, weaker players and non-
players. Although none of the BFQ-C factors
were associated with self-reported skill levels,
the subgroup of 25 ‘elite players’ had
significantly higher ‘intellect/openness’ scores
than their weaker and ‘non-playing’ peers. The
typical elite chess player is construed as an
intelligent but introverted male who prefers
chess over outdoor or social activities. With the
hypothesis that elite players would demonstrate
a poorer extraversion trait and would be
socially inhibited, Vollstddt-Klein et al (30)
objectively evaluated elite players using the
Freiburg Personality Inventory Revised (FPI-
R). Their results indicated that while elite male
players preferred self-absorbing over social or
outdoor activities, their personalities were not
as deviant as they are often considered. The
personality profiles of the female players were
quite distinct from those of the male players.
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Stronger male players, for example, were more
introverted, while stronger female players were
more extraverted. The personality profiles of
the elite male players did not significantly
differ from the normative scores of the male
population. Female players, on the other hand,
demonstrated better profiles than their non-
player counterparts; they demonstrated less
physical complaints and higher achievement
and life satisfaction. All these findings
indicated that gender is an important variable
that affects the chess-personality connection.

Therapeutic utility of chess

In 2021, World Champion Anatoly Karpov
introduced the ‘Chess for Freedom’ program,
an initiative that uses chess to rehabilitate
prison inmates. Although it sounds far-fetched,
the project has an underlying scientific basis.
Chess has multiple therapeutic dimensions that
extend beyond attention, memory and abstract
thinking to psychological domains such as self-
motivation, impulsivity and mood. ‘Chess for
Freedom’ utilizes some of these benefits to
improve behavior and mitigate depression,
stress and anxiety. Utilizing chess for such
therapeutic benefits (‘chess therapy’) has come
a long way since 852 A.D. when Dr. Rhaze, a
physician in Baghdad, first used the game to
help patients ‘think clearer’. This
psychotherapy is now being utilized in the
management of various neurobehavioral and
psychiatric disorders such as attention deficit
hyperactivity disorder (ADHD), panic attacks,
schizophrenia and dementia.

novel
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Attention  deficit  hyperactivity — disorder
(ADHD) presents childhood with a
combination of problems such as hyperactivity,
difficulty maintaining attention, and impulsive
behavior. It is the commonest psychiatric
disorder in childhood and currently a major
public health issue. In order to explore chess-
therapy as a treatment modality for ADHD,
Fontecilla et al (31) prospectively analyzed the
effectiveness of an 11-week trial of chess-
training on 42 children diagnosed with the
condition. The severity of the disorder was

in

evaluated using the Swanson, Nolan and
Pelham Scale for parents (SNAP-IV), and the
Abbreviated Conners Rating Scales for parents
(CPRS-HI). Statistically significant
improvement in both the scales, indicating a
substantial reduction in the severity of ADHD,
was noted after 11 weeks of chess-training. If
widely utilized, the findings of this study may
have significant implications in decreasing the
social and financial burden of ADHD.

Chess has also been studied as a tool for
treating panic attacks, defined as episodes of
sudden overwhelming fear in response to
ordinary situations. These episodes affect 1 out
of 10 people every year and can severely
impair quality of life if they occur frequently.
Chess therapy with the right level of difficulty
has been reported to decrease the incidence of
panic attacks (32), and pending more trials,
may be included as one of the behavior-
modifying techniques for managing the
condition.
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Schizophrenia, a dreaded psychotic disorder
that affects the way one thinks, feels and
behaves, leads to significant personal, social
and occupational impairment. Chess therapy
has proven to be an inexpensive but promising
modality to improve cognition in patients with
this disorder. This was demonstrated in an
open, unblinded study by Mathieu et al (33)
wherein 26  schizophrenic  patients on
medications were randomly assigned to one of
two treatment groups: Game of Chess (GC) or
Treatment As Usual (TAU). Patients in the GC
group received 10 hours of chess-training,
while those in the TAU groups received their
Patients were evaluated
treatment by a
neuropsychological test battery. Significant
changes in the results of one of the tests
(‘Tower of London’ task) were observed after
treatment (chess training) in the GC group. The
post-intervention latency times in the ‘Tower
of London Task’ were found to be shorter in
the GC group than in the TAU group,
indicating that playing chess for just 10 hours
improved the ‘initial planning time’ and overall
executive  function patients  with
schizophrenia.

usual medications.
before and after

n

Dementia is another neuro-behavioral disorder

for which chess therapy has promising
therapeutic potential. A progressive
degenerative  disorder affecting memory,
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thinking and the performance of daily
activities, dementia is the seventh important
cause of death and a major cause of disability
worldwide. Knobel et al (34) postulated a
significant role of environmental factors in
altering the molecular pathways that lead to
biological aging and dementia (Figure 3).
While environment-modifying interventions
such as cessation of smoking and control of
sugars delay the progression of dementia (34),
chess therapy is being looked at as an
intervention that protects against dementia (35,
36).

A study by the Einstein Aging Study (EAS)
published in the New England Journal of
Medicine in 2003 (36) attributed the benefits of
cognitive activities including chess in delaying
the onset of dementia to the building up of a
‘cognitive reserve’ that contributes to the
brain’s ability to withstand damage. Analysis
of the data provided by this study shows that a
larger proportion of elderly persons who played
chess or other board games frequently were
dementia-free compared to those who rarely
did so. Further studies have suggested that
leisure activities including chess are protective
against dementia and the development of
Alzheimer’s disease. recent
scoping review analyzed the results of 21
relevant studies (35), and concluded that the
accumulated evidence on the topic is weak.

However, a
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1 ENVIRONMENTAL FACTORS .
ACCELERATION OF BIOLOGICAL AGE

Persistent epigenetic changes

Neurological
and age
related
diseases

sENETIC PREDISPOSITION

Figure 3. A postulated framework demonstrating the role of environmental factors along with age and genetic
predisposition in the cascade of biological aging and age-related neurological diseases (25).

Future directions

The current review sheds light on the multi-
dimensional of the chess-brain
connection (Figure 4). There are many gaps in
the current understanding of this phenomenon,

nature

its implications and perceived utility. While
there is definite evidence for the ability of
chess to induce structural neuroplasticity, the
verdict on its functional relationship with
cognition is not out as yet. Available evidence
on the subject shows, at best, only a moderate
effect of chess on cognition. This too needs
cautious interpretation since most of the studies
included in the meta-analysis on the topic had
only one control group, and hence did not have

an ‘ideal’ design (17). A placebo effect of
chess in these studies cannot be ruled out since
the effect of chess was not compared to other
activities such as checkers or sports. Further, in
view of the short follow-up in most of these
studies, it is unclear whether the cognitive
benefits of chess, if any,
pronounced over time, and if they are sustained
till adulthood. These issues can be potentially
addressed with well-designed prospective trials
running over longer periods. Such studies
should also compare the cognitive benefits of
chess with less-popular but equally stimulating
games like Sudoku,
checkers and other board games.

become more

crossword puzzles,
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Figure 4. The multi-dimensional facets of the chess-brain connection including the utility of chess therapy in treating

neuro-cognitive disorders.

Some of the neural pathways activated by
chess-playing need further elucidation. For
example, though chess-induced activation of
various  cognitive pathways has been
established, the exact role of the ‘DMN-
caudate nucleus loop’ in developing chess
expertise is unclear. DMN-modulation is not
chess-specific, and alternatives like exercise
also achieve this functional neural change.
Since intelligence quotient (IQ) plays a major
role in determining chess skill (37), it might
make sense for children with lower 1Qs to
engage in exercise-centric games rather than
being pushed to excel in
activities like chess.

‘brain-training’

‘You get better only what you train in’. This
dictum seems to be the norm across all

domains of cognition and ‘brain training’, and
chess is no exception. Current evidence clearly
demonstrates a lack of far-transfer of skills
from chess and other activities like music and
working memory training (18). Policymakers
should pay heed to this and consider halting the
use of resources for further research in this
area. Focus should move away from exploring
far-transfer of skills to the clarification of
domain-specific cognitive correlates. Future
trials on the subject, if any, should include
pretests and a minimum of two control groups -
an active control group and another group not
doing any alternative activity (18).

Despite the existing controversy on the subject,
it may still be prudent to include chess-training
as an extra-curricular activity in schools.
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Chess-playing involves using arithmetical
skills, and designing chess-based exercises can
prove to be a fun way to help children grasp
mathematics better. Besides, chess- playing has
definite benefits in enhancing emotional and
social skills of children and controlling
impulsivity. These benefits will also help in
preventing issues like drug- and alcohol-abuse
in vulnerable school-goers. On similar lines,
programs aimed at psycho-social rehabilitation
like ‘Chess for Freedom’ should be introduced
not only in prisons, but also in mental hospitals
and behavioral health facilities to improve
behavioral, emotional and communication
skills.

The biological basis of chess ability being
linked to personality traits and its potential to
bring about behavioral changes warrant further
research. Though personality
psychiatric disorders are heritable, they are
recognized to have underlying changes at the
neuro-transmitter level, especially those related
to serotonin and dopamine (38). This could
imply that people with specific
neurotransmitter ratios, and hence certain
personality traits (like those seen in some of the
great personalities alluded to earlier), would
have an inherent propensity to enjoy chess and
succeed at the game. On similar lines, people
with neurotransmitter imbalances or those on
neurotransmitter-agents should, in theory, play
the game differently from others. This could
translate to the possibility of people with
‘chess-unfriendly’ personality traits being at
higher-than-normal risk for developing neuro-

traits and
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cognitive disease. As of now, there is no
evidence to prove or disprove any of the these
hypotheses; the only available study related to
the neural biochemistry of the game just shows
that central nervous system stimulants can
modulate chess performance (39).

On the clinical front, the medical fraternity is
increasingly using chess for its therapeutic
efficacy in neuro-cognitive disorders. Since
most of these disorders have significant social
and financial implications, all their major
treatment trials should probably include chess
therapy as a simple and affordable management
option. Since the current evidence for the
protective effect of chess against conditions
like dementia is weak, larger prospective
studies are required to clarify the subject
further. For the time being, given the definite
evidence of the cognitive-stimulating functions
of chess, it is safe to consider chess to be
protective against the development of
dementia. Chess-playing should probably be
introduced as a routine activity for people
considered at-risk for developing dementia.

Conclusion

Chess is much more than a strategy board
game. It activates various brain circuits that
lead to improvement in domains such as
attention, executive function and problem-
solving. There is moderate evidence that these
benefits translate to enhanced cognitive skills
in children, the domain of
mathematics. The game is closely linked to
behavior and personality, with gender being an

mainly in
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important variable in this association. Thus,
while stronger male players are more
introverted than non-players, female players
have better personality profiles than their non-
playing counterparts. As a clinical tool, the
game seems to have diverse therapeutic
potential in treating various neuro-cognitive
and behavioral disorders. It is suggested to be
protective against dementia, though the
available evidence on the matter is weak.
Patients with attention deficit hyperactivity
disorder reportedly demonstrate significant
improvement in their symptoms with chess-
training. There are reports of the game
decreasing the incidence of panic attacks and
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improving the overall executive functioning of
patients with schizophrenia. Pending well-
designed prospective trials, it remains to be
seen if the ‘King of all Games’ proves to be a
game-changer in the field of therapeutic
neuropsychology.

Acknowledgements

I would like to thank Dr. Sumit Thakar, Senior
Consultant  at  the  Department  of
Neurosciences, Sri Sathya Sai Institute of
Higher Medical Sciences (SSSIHMS), India,
for guiding me in reviewing this topic. I
sincerely appreciate his insights in this regard.

1. Hoffmann A, Christmann CA, Bleser G. Gamification in stress management apps: a critical
app review. JMIR Serious Games, 5 (2): €13, 2017. https://doi.org/10.2196%2Fgames.7216

2. Ueda T. The availability of shogi for art therapy. Jpn Bull Arts Ther, 33: 38—45, 2002 [in

Japanese].

3. Nakao M. Special series on “effects of board games on health education and promotion” board
games as a promising tool for health promotion: a review of recent literature. BioPsychoSocial
medicine, 13 (article 5):1-7, 2019. https://doi.org/10.1186/s13030-019-0146-3

4. Noda S, Shirotsuki K, Nakao M. The effectiveness of intervention with board games: a
systematic review. BioPsychoSocial medicine,13 (article 22):1-21, 2019.

https://doi.org/10.1186/s13030-019-0164-1

5. Devanand DP, Goldberg TE, Qian M, Rushia SN, Sneed JR, Andrews HF, et. al.
Computerized games versus crosswords training in mild cognitive impairment. NEJM Evidence,
1 (12), 2022. https://evidence.nejm.org/doi/full/10.1056/EVID0a2200121

Journal of High School Science, 7(3), 2023


https://evidence.nejm.org/doi/full/10.1056/EVIDoa2200121
https://doi.org/10.1186/s13030-019-0164-1
https://doi.org/10.1186/s13030-019-0146-3
https://doi.org/10.2196%2Fgames.7216

Review paper

6. Vaci N, Bilali¢ M. Chess databases as a research vehicle in psychology: Modeling large data.
Behavior research methods, 49 (4):1227-1240, 2017. https://doi.org/10.3758/s13428-016-0782-5

7. Premi E, Gazzina S, Diano M, Girelli A, Calhoun VD, Iraji A, et. al. Enhanced dynamic
functional connectivity (whole-brain chronnectome) in chess experts. Scientific reports, 10 (1):
7051, 2020. https://doi.org/10.1038/s41598-020-63984-8

8. Nichelli P, Grafman J, Pietrini P, Alway D, Carton JC, Miletich R. Brain activity in chess
playing. Nature, 369 (6477): 191, 1994. http://dx.doi.org/10.1038/369191a0

9. Song L, Yang H, Yang M, Liu D, Ge Y, Long J, Dong P. Professional chess expertise
modulates whole brain functional connectivity pattern homogeneity and couplings. Brain
Imaging and Behavior. 16 (2): 587-95, 2022. https://doi.org/10.1007/s11682-021-00537-1

10. Bilali¢ M, Langner R, Erb M, Grodd W. Mechanisms and neural basis of object and pattern
recognition: a study with chess experts. Journal of Experimental Psychology: General, 139
(4) :728-742, 2010. https://doi.org/10.1037/a0020756

11. Bilali¢ M, Langner R, Ulrich R, Grodd W. Many faces of expertise: fusiform face area in
chess experts and novices. Journal of Neuroscience, 31(28):10206-10214, 2011.
https://doi.org/10.1523/JINEUROSCI.5727-10.2011

12. Amidzic O, Riehle HJ, Fehr T, Wienbruch C, Elbert T. Pattern of focal y-bursts in chess
players. Nature, 412 (6847): 603, 2001. https://doi.org/10.1038/35088119

13. Duan X, He S, Liao W, Liang D, Qiu L, Wei L, Li Y, Liu C, Gong Q, Chen H. Reduced
caudate volume and enhanced striatal-DMN integration in chess experts. Neuroimage, 60
(2):1280-1286, 2012. https://doi.org/10.1016/j.neuroimage.2012.01.047

14. Petrella JR, Michael AM, Qian M, Nwosu A, Sneed J, Goldberg TE, Devanand DP,
Doraiswamy PM. Impact of Computerized Cognitive Training on Default Mode Network
Connectivity in Subjects at Risk for Alzheimer’s Disease: A 78-week Randomized Controlled
Trial. Journal of Alzheimer's Disease, 91 (1): 483-494, 2023. https://doi.org/10.3233/jad-220946

15. Ko YW, Kim SM, Kang KD, Han DH. Changes in Functional Connectivity Between Default
Mode Network and Attention Network in Response to Changes in Aerobic Exercise Intensity.
Psychiatry Investigation, 20 (1): 27-34, 2023. https://doi.org/10.30773/pi.2022.0245

Journal of High School Science, 7(3), 2023


https://doi.org/10.30773/pi.2022.0245
https://doi.org/10.3233/jad-220946
https://doi.org/10.1016/j.neuroimage.2012.01.047
https://doi.org/10.1038/35088119
https://doi.org/10.1523/JNEUROSCI.5727-10.2011
https://doi.org/10.1037/a0020756
https://doi.org/10.1007/s11682-021-00537-1
http://dx.doi.org/10.1038/369191a0
https://doi.org/10.1038/s41598-020-63984-8
https://doi.org/10.3758/s13428-016-0782-5

Review paper

16. Gattuso JJ, Perkins D, Ruffell S, Lawrence AJ, Hoyer D, Jacobson LH, Timmermann C,
Castle D, Rossell SL, Downey LA, Pagni BA. Default mode network modulation by
psychedelics: a systematic review. International Journal of Neuropsychopharmacology, 26
(3) :155-88, 2023. https://doi.org/10.1093/ijnp/pyac074

17. Sala G, Gobet F. Do the benefits of chess instruction transfer to academic and cognitive
skills? A meta-analysis. Educational Research Review, 18: 46-57, 2016.
https://doi.org/10.1016/j.edurev.2016.02.002

18. Sala G, Gobet F. Does far transfer exist? Negative evidence from chess, music, and working
memory training. Current directions in psychological science, 26 (6): 515-520, 2017.
https://doi.org/10.1177/0963721417712760

19. Scholz M, Niesch H, Steffen O, Ernst B, Loeffler M, Witruk E, Schwarz H. Impact of Chess
Training on Mathematics Performance and Concentration Ability of Children with Learning
Disabilities. International Journal of Special Education, 23 (3):139-149, 2008.

20. Robbins TW, Anderson EJ, Barker DR, Bradley AC, Fearnyhough C, Henson R, Hudson SR,
Baddeley AD. Working memory in chess. Memory & Cognition, 24:83-93, 1996.
https://doi.org/10.3758/BF03197274

21. Waters AJ, Gobet F, Leyden G. Visuospatial abilities of chess players. Br J Psychol, 93 (Pt
4): 557-565, 2002. http://dx.doi.org/10.1348/000712602761381402

22. Kazemi F, Yektayar M, Abad AM. Investigation the impact of chess play on developing
meta-cognitive ability and math problem-solving power of students at different levels of
education. Procedia-Social and Behavioral Sciences, 32:372-379, 2012.
https://doi.org/10.1016/j.sbspro.2012.01.056

23. Binet A. Mnemonic virtuosity: a study of chess players. Genet Psychol Monogr, 74 (1):127-
162, 1966.

24. Burgoyne A, Sala G, Gobet F, Mcanamara BN, Campitelli G, Hambrick DZ. The
relationship between cognitive ability and chess skill: A comprehensive meta-analysis.
Intelligence, 59:72-83, 2016. https://doi.org/10.1016/j.intell.2016.08.002

25. Trinchero R, Piscopo M. Gli scacchi, un gioco per crescere. Sei anni di sperimentazione nella
scuola primaria. [Chess, a game to grow up with. Six year of research in primary school],

Journal of High School Science, 7(3), 2023


https://doi.org/10.1016/j.intell.2016.08.002
https://doi.org/10.1016/j.sbspro.2012.01.056
http://dx.doi.org/10.1348/000712602761381402
https://doi.org/10.3758/BF03197274
https://doi.org/10.1177/0963721417712760
https://doi.org/10.1016/j.edurev.2016.02.002
https://doi.org/10.1093/ijnp/pyac074

Review paper

FrancoAngeli s.r.1., Milano, Italy,2012.
https://francoangeli.azureedge.net/fa-contenuti/area pdfdemo/1152.20 demo.pdf

26. Riccelli R, Toschi N, Nigro S, Terracciano A, Passamonti L. Surface-based morphometry
reveals the neuroanatomical basis of the five-factor model of personality. Social cognitive and
affective neuroscience, 12 (4): 671-684, 2017. https://doi.org/10.1093/scan/nsw175

27. Franklin GL, Pereira BN, Lima NS, Germiniani FM, Camargo CH, Caramelli P, Teive HA.
Neurology, psychiatry and the chess game: a narrative review. Arquivos de neuro-psiquiatria, 78
(3):169-175, 2020. https://doi.org/10.1590/0004-282x20190187

28. Bilali¢ M, McLeod P, Gobet F. Personality profiles of young chess players. Personality and
Individual Differences, 42 (6): 901-910, 2007. https://doi.org/10.1016/1.paid.2006.08.025

29. Barbaranelli C, Caprara GV, Rabasca A, Pastorelli C. A questionnaire for measuring the Big
Five in late childhood. Personality and individual differences, 34 (4): 645-664, 2003.
https://doi.org/10.1016/S0191-8869(02)00051-X

30. Vollstddt-Klein S, Grimm O, Kirsch P, Bilali¢ M. Personality of elite male and female chess
players and its relation to chess skill. Learning and Individual Differences, 20 (5): 517-521,
2010. https://doi.org/10.1016/].1indif.2010.04.005

31. Blasco-Fontecilla H, Marisa Gonzalez MD, Garcia-Lopez R, Belen Poza MD, Pérez-Moreno
MR, Otero J. 1505-Check Mate of ADHD: A prospective, open label study. European
Psychiatry, 28 (1): 1, 2013. https://doi.org/10.1016/S0924-9338(13)76523-4

32. Barzegar K, Barzegar S. Chess therapy: a new approach to curing panic attack. Asian Journal
of Psychiatry, 30:118-119, 2017. https://doi.org/10.1016/j.ajp.2017.08.019

33. Demily C, Cavézian C, Desmurget M, Berquand-Merle M, Chambon V, Franck N. The game
of chess enhances cognitive abilities in schizophrenia. Schizophrenia research, 107 (1): 112-113,
2009. https://doi.org/10.1016/j.schres.2008.09.024

34. Knobel P, Litke R, Mobbs CV. Biological age and environmental risk factors for dementia
and stroke: Molecular mechanisms. Frontiers in Aging Neuroscience, 14, 2022.
https://doi.org/10.3389/fnagi.2022.1042488

Journal of High School Science, 7(3), 2023


https://doi.org/10.1016/j.paid.2006.08.025
https://doi.org/10.3389/fnagi.2022.1042488
https://doi.org/10.1016/j.schres.2008.09.024
https://doi.org/10.1016/j.ajp.2017.08.019
https://doi.org/10.1016/S0924-9338(13)76523-4
https://doi.org/10.1016/j.lindif.2010.04.005
https://doi.org/10.1016/S0191-8869(02)00051-X
https://doi.org/10.1590/0004-282x20190187
https://doi.org/10.1093/scan/nsw175
https://francoangeli.azureedge.net/fa-contenuti/area_pdfdemo/1152.20_demo.pdf

Review paper

35. Lillo-Crespo M, Forner-Ruiz M, Riquelme-Galindo J, Ruiz-Ferndndez D, Garcia-Sanjuan S.
Chess practice as a protective factor in dementia. International Journal of Environmental
Research and Public Health, 16 (12):2116, 2019. https://doi.org/10.3390%2Fijerph16122116

36. Verghese J, Lipton RB, Katz MJ, Hall CB, Derby CA, Kuslansky G, et. al. Leisure activities
and the risk of dementia in the elderly. New England Journal of Medicine, 348 (25): 2508-2516,
2003. https://doi.org/10.1056/nejmoa022252

37. Sala G, Burgoyne AP, Macnamara BN, Hambrick DZ, Campitelli G, Gobet F. Checking the
“Academic Selection” argument. Chess players outperform non-chess players in cognitive skills
related to intelligence: A meta-analysis. Intelligence, 61:130-139, 2017.
http://dx.doi.org/10.1016/j.intell.2017.01.013

38. Delvecchio G, Bellani M, Altamura AC, Brambilla P. The association between the serotonin
and dopamine neurotransmitters and personality traits. Epidemiology and psychiatric sciences,
25 92):109-112, 2016. https://doi.org/10.1017%2FS2045796015001146

39. Franke AG, Gransmark P, Agricola A, Schiihle K, Rommel T, Sebastian A, et. al.
Methylphenidate, modafinil, and caffeine for cognitive enhancement in chess: a double-blind,
randomised controlled trial. European Neuropsychopharmacology, 27 (3): 248-260, 2017.
https://doi.org/10.1016/j.euroneuro.2017.01.006

Journal of High School Science, 7(3), 2023


https://doi.org/10.1016/j.euroneuro.2017.01.006
https://doi.org/10.1017%2FS2045796015001146
http://dx.doi.org/10.1016/j.intell.2017.01.013
https://doi.org/10.1056/nejmoa022252
https://doi.org/10.3390%2Fijerph16122116

	Figure 2. A funnel plot from a meta-analysis showing different effect sizes (Hedge’s g). The diamond at the bottom represents the meta-analytically weighted mean effect size of 0.338- a moderate effect of chess on cognition (10).
	Chess-personality connection
	Chess is much more than a strategy board game. It activates various brain circuits that lead to improvement in domains such as attention, executive function and problem-solving. There is moderate evidence that these benefits translate to enhanced cognitive skills in children, mainly in the domain of mathematics. The game is closely linked to behavior and personality, with gender being an important variable in this association. Thus, while stronger male players are more introverted than non-players, female players have better personality profiles than their non-playing counterparts. As a clinical tool, the game seems to have diverse therapeutic potential in treating various neuro-cognitive and behavioral disorders. It is suggested to be protective against dementia, though the available evidence on the matter is weak. Patients with attention deficit hyperactivity disorder reportedly demonstrate significant improvement in their symptoms with chess-training. There are reports of the game decreasing the incidence of panic attacks and improving the overall executive functioning of patients with schizophrenia. Pending well-designed prospective trials, it remains to be seen if the ‘King of all Games’ proves to be a game-changer in the field of therapeutic neuropsychology.
	Acknowledgements

