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Abstract: The game of chess requires many hours of training in order to 
achieve the title of FIDE Master. The complex nature of the game 
requires higher cognitive skills and implicitly helps their development. 
We selected 2 third grade classes that have a total number of 67 pupils. 
They were assessed initially and finally to measure the intelligence 
quotient (I.Q.) and the level of spatial orientation. For testing the I.Q., 
we used the Raven Progressive Matrix and for the level of spatial 
orientation, the Bender-Santucci test. To check if the progress is 
statistically significant, we used paired samples t-test and calculated 
Cohen's d to quantify how large the difference between the two tests is. 
We performed a simple linear regression between intelligence and spatial 
orientation to see if the intelligence quotient is a predictor of the level of 
spatial orientation. We discover an upward regression line between I.Q. 
and spatial orientation. In conclusion, the level of spatial orientation 
can be improved through chess and this will positively influence the 
student's academic progress. 
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Introduction 

Chess is a sport that requires higher cognitive processes (Blanch et 
al., 2020) where the alternation of logical and analytical thinking is essential. 
It represents the ideal tool for studying cognitive processes such as: 
anticipation (Sala et al., 2016), distribution of attention (Guntz et al., 2019; 
Velea & Cojocaru, 2018) pattern recognition (Gobet & Simon, 1998), 
creativity (Gliga & Flesner, 2014; Ayperi & Sigirtmac, 2016), speed 
information processing ( Joseph et al., 2018), working memory (Joseph et al, 
2019), analytical thinking (Stegariu & Iacob, 2020), problem solving abilities 
(Unterrainer et al., 2006) or stress resistance (Guntz et al., 2018). The main 
correlation that represents the foundation of re-search with the independent 
variable chess, is the one between chess practice and intelligence (Bilalic et al., 
2007; Kazemi et al., 2012; Grabner, 2014; Hong & Bart, 2006; Milat, 1997; 
Mirzakhanyana et al., 2016; Wessel & Aciego, 2017). Reference studies have 
been carried out since 1973 when Dr. Frank (Frank & D‘Hondt, 1979) made 
the first exper- imental research on chess players. The favorable results 
encouraged Ferguson (1986) to initiate a research program started in 1979 
with the aim of providing challenges designed to stimulate the development 
of students' critical and creative thinking. Based on these results, F.I.D.E. 
(Fédération Internationale des Échecs) organized a meeting to discuss the 
issue of introducing chess into schools. The main arguments highlighted 
were that chess improves memory, enhances creativity and developes higher 
cognitive processes. This evolution culminated with the decision of the Eu- 
ropean Parliament on March 13, 2012 to promote chess as a pedagogical 
tool in the educational system (De Jorge-Moreno, 2020). 

The justification by which chess is considered a sport is given by the 
fact that there are many similarities at the level of training and competition. 
The only difference is that the chess game does not involve physical effort, 
but the physiological effects are similar to those of a marathon runner (Golf, 
2015). This aspect shows us that it is physically demanding to maintain the 
same level of concen- tration during a classical chess game (Gentile et al., 
2018). 

Chess represents the ideal environment to observe how an individual 
evolves in the process of reaching high performance, especially since in 
this sport there are no stereotypes (Blanch, 2016; Stafford, 2016), age, 
gender, background do not influence the course chess, on the contrary, it 
has been shown that, from a statistical point of view, female subjects 
perform better than male subjects (Stafford, 2018). Therefore, this is the 
environment in which the interaction between intellectual abilities and 
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emotion man- agement can be analyzed (Avni et al., 1990). There are few 
studies that have focused on identifying the chess player's personality (Klein-
Vollstädt et al., 2010), and one of the reasons may be the existence of the 
chess value measure- ment method (Elo, 1978) that quantifies this skill in an 
objective way. The relative scaling of the players masks the importance of 
some skills essential to achieving performance, such as: spatial orienta- tion, 
attention, concentration, courage, etc. 

Success in fields where the amount of information is huge depends 
on several specific but also non-specific skills (Ackerman, 1996). In the case 
of chess, the main notions to be assimilated are those over which the player 
has no substantial influence, such as: the early phase of the openings and the 
last part of the endgames (Blanch & Llaveria, 2021). Here the notions are 
clear and their validation has been seen in grandmaster games and with the 
help of engines that clearly highlight the correct sequence of moves. Also, 
many webpages have appeared recently (2020-2022) that allow practicing and 
play- ing chess online in an environment that simulates the classic version of 
training (Fuentes-Garcia et al., 2019). We can say that there is a parallel 
between the general development of the child and the chess player, because 
in the early phase it is based on non-specific skills such as: managing 
emotions, courage/fear, impulsiveness etc. The first specific skills are 
rudimentary and the formation of representations is precarious, taking on a 
form different from the real one. In the case of chess, there are valuable 
principles that apply to all players, but their interpretation and use is subject 
to individual under- standing. One such principle was enunciated by Siegbert 
Tarrasch: "Every move creates a weak- ness!". By simply moving any piece, a 
movement of forces is generated. Smaller if a pawn is moved, or larger if the 
queen is moved, and this generates tension in one point of the board, but 
leaves defenseless another. It should also be noted that the pawn is the only 
piece that is not al- lowed to move backwards which means that the 
weaknesses created are permanent. If in the case of beginners, the moves are 
made based on superficial thinking, in that of the grandmasters, they are 
based on a thought process well anchored in the particularities of the 
position on the board. Even in the case of blitz games where thinking time is 
limited (around 5 minutes for each player), the principles are strictly 
respected, and the time scramble does not affect the thinking process 
(Chang & Lane, 2016; Van Harreveld et al., 2007). 

After presenting some aspects specific to the game of chess and how 
they influence and are influenced by intelligence, in the following paragraphs 
we will analyze one of the psychomotor skills, spatial orientation, from two 
perspectives: chess - spatial orientation and education - spatial orientation. 
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Psychomotricity is a complex process through which the education 
and development of mo- tor functions is carried out simultaneously with 
mental ones, resulting in the dynamic integration of the individual in the 
surrounding environment (Abălaşei, 2011). Even if until recently 
psychomotricity be- longed to the field of psychology, starting from the first 
half of the 20th century, the importance of motor function was highlighted 
(Bălănean et al., 2022). It should be noted that it is not limited to motor 
activity but includes the entire scheme of adaptation of the individual to the 
demands of life, observing and analyzing the manifestations of the 
perceptive functions coordinated by the intellect in re- sponse to the 
excitation of stimuli (Stegariu & Abălaşei, 2022). Basic psychomotor skills 
are constantly evolving, being strongly influenced by the input of education, 
physical and intellectual development and habitual actions. An effective 
development of the child gives him a good overall dynamic coordination and 
spatial orientation (Pacheco et al., 2022). In the preschool phase, the child 
discovers the world using motor acts as the main means. A lack of 
coordination between intellectual and motor skills can be seen. Thus, the 
motor act is a reflex to various stimuli, later coming under the tutelage of the 
psyche. With the transition to school life, we witness an acceleration of the 
development of intellectual functions, and in this phase, we can observe a 
detachment of the intellectual component because most of the motor 
activity becomes automatic. The development of cognitive functions in 
children is closely related to the evolution of sensori-motor structures 
because they represent the foundation for using the fundamental oper ations 
of thinking. We can say that intelligence arises from action, based on the 
transformations of perception of objects and phenomena in the environment. 
Therefore, it is necessary to observe and analyze the evolution of perceptions 
in order to understand the overall development of children. Space and time 
are the benchmarks to which we relate any activity carried out, either by the 
objects in the environment (Morawietz & Muehlbauer, 2021) or by the 
person himself. These two elements define the structure of the environment 
within which people operate. The spatial relationships already known to 
children are general: near, next to, above etc, but they become clear when the 
units of measurement are included in school activities, thus creating spatial 
representations (Fernandez-Baizan et al., 2021). In the first phase, the 
estimation will be deficient through addition, and towards the end of the 
primary cycle, students will underesti mate distances and sizes (Schiopu & 
Verza, 1997). 

The importance of spatial orientation is given by the daily use of 
spatial concepts in various areas of their lives (Bălănean et al., 2022), and the 
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most important aspect is used at school where it plays an essential role in 
learning the skill of writing. According to Muntianu et al., (2022), there is a 
close relationship be- tween spatial orientation, eye-hand coordination and 
general dynamic coordination, a fact that in- creases the importance of 
developing spatial orientation during the primary cycle. 

During the chess game we can talk about two spatial aspects: the 
placement of the pieces in the center of the square and the distribution of 
forces in certain areas of the board to serve specific purposes (Stegariu and 
Abălaşei, 2022). During the learning period, the movement, value and way of 
capturing the pieces is presented in the absence of adversity thus, spatiality 
and spatial orientation is wrongly perceived. The next stage involves 
understanding the nature of the game of chess, and the fact that the oppo- 
nent has exactly the same goal generates a series of critical thoughts. The 
first reflex, similar to that of conservation, is triggered when an opposing 
piece enters its own half to attack. The child tends to make chaotic moves 
wanting to get away from the danger. Simultaneously with the evo- lution of 
chess, the spatial orientation develops, which involves the awareness of 
important squares, the way of exploitation, but also the dynamics of the 
pieces in this context. The need to control all of your own side of the board 
disappears, and breaking into the enemy camp will not be scary. 

Due to the complex nature of the chess game, we assume that higher 
cognitive processes are required, generating a clear definition of spatiality, 
and this evolution is essential in the child's maturation process. 

Materials and Methods 

The purpose of this study is to observe the evolution of two primary 
school classes that study chess as an optional subject since the First Grade. 
The observed abilities are spatial orientation and intelligence quotient (IQ) 
and to determine whether intelligence can be considered a predictor of 
spatial orientation, we performed a simple linear regression. In order to 
check if the differences between the initial and final tests are statistically 
significant, we used Paired samples t-test and the probability of superiority 
was revealed using Cohen's d. This is used complementary to ANOVA or t-
test to quantify how large the difference between the two tests is. 

The research subjects are the same as in Stegariu et al., (2022), only 
the psychomotor abilities differ. That article was focused on the analysis of 
the body schema, a psychomotor ability that is necessary for the process of 
growth and development, while in this research our attention was directed 
towards spatial orientation. Sixty-seven students from the third-grade who 
studied chess once a week were tested. Of the 67 students, 31 were boys and 
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36 were girls. The activity is included in the school curriculum as an optional 
subject at the school's decision, and each class is responsible for choosing 
the subject they will study. In the case of these two classes, the decision was 
taken by unanimous vote each year so students have studied chess since first 
grade. Testing took place at the end of the first semester of third and fourth 
grade respectively. This decision was made because it was desired to include 
the summer vacation between the two tests so we can talk about a 12-month 
period between the two tests. 

We chose these two classes because they had the same teacher from 
the first lesson until the end of primary school. Also, absolutely all students 
in the two classes were included regardless of gender, background, grades or 
chess value. We mention that no child has any special condition so we can 
state that there was no selection bias that could have influenced the results 
[38]. We did not do a power analysis to validate the sample size because we 
were interested in presenting an overview of a group of pupils studying chess 
in school. 

According to Sala et al., 2016), the ideal design for experimental 
research involves the selection of three groups, control, experimental and 
placebo. The control group does not perform any activity, they follow the 
normal course. The experimental is the essence, they study chess and their 
results are what we are looking for and the placebo group is used to 
counteract the situation where a group of students perform better because 
they have inoculated the idea that they are better prepared, thus generating 
better concentration and desire to solve the tests. 

To quantify the level of intelligence and spatial orientation, we used 
the Raven's Progressive Matrices test and the Bender-Santucci test. Raven 
progressive matrices is a test that involves solving five sets of multiple-
choice items of abstract reasoning. Each exercise has an abstract pattern 
presented as a matrix where the piece in the bottom right corner is missing 
and underneath there are several pieces that can complete the figure 
(Brouwers et al., 2009). The student has to choose the one that completes 
the figure while respecting the rule of unfolding the elements inside. In 
order not to affect performance, students must provide the solution without 
presenting their thought process (Song et al., 2021). Raven's Progressive 
Matrices are divided into 5 sets of 12 items, ordered from simple to complex 
both within the series and overall (Qiu et al., 2020). The first three series (A, 
B, C) offer 6 possibilities to complete the item‘s figure, and the last two (D 
and E) have 8. Each series imposes a different pattern that is not presented 
or described above and these are described by Stegariu et al., (2022). To 
understand how this test should be applied, we recommend consulting the 
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following articles: Kunda et al., (2016), Małkinski & Mandziuk (2022), Song 
et al., (2021) and Waschl et al., (2016). 

The Bender-Santucci test assesses perceptual-motor function which 
refers to the child's ability to correctly perceive spatial details in order to 
compare and reproduce them (Vrasmas, 2003). Thus, we can speak of a 
practical intelligence essential in the teaching process. This test requires to 
duplicate five graphic models (Figure 1) without any help. 

 

 

Figure 1. Bender-Santucci test (Vlad, 1999) 

The drawings are shown in sequence without imposing a working 
time, but this can be timed to get a better overview. The child is given an A4 
sheet and a writing instrument and no eraser or ruler. He has to fit all 5 
drawings on one sheet, if they made a mistake and want a new sheet, they will 
get one. Marking is done punctually from 3 perspectives: 

 Angles; 

 Orientation of elements; 

 Relative position of the figure or elements within it (Vlad, 1999). 
The drawings are scored differently, as follows: 1 - 10 points; 2 - 8 

points; 3 - 11 points; 4 - 11 points and 5 -10 points. Thus, the maximum 
score the child can get is 50 points. To understand how the results are 
analyzed and interpreted, we recommend this book written by Vlad (1999). 

Both tests do not impose a time limit in which students must solve 
the tasks, but the Raven test was solved in 25-30 minutes and each model in 
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the Bender-Santucci test took about 2 minutes, resulting in an average 
solving time of 10 minutes. Once they had received the necessary 
instructions and the coordinator ensured that the students understood, there 
was no further external intervention. Every question asked by the students 
was answered with: "Do as you want!" (Stegariu & Abălaşei, 2022). 

Statistical operations were carried out using IBM SPSS Statistics 20 
software and Microsoft Excel. 

Results 

Following the application of the two tests, we recorded the 
following values which are presented in tables 1 and 2. 

Table 1. Descriptive Statistics (Stegariu & Abălaşei, 2022) 

  N Min Max Mean Std. Dev. 

Raven Initial  13 55 39.57 8.22 

Final  9 58 42.58 7.16 
 67 
Bender- 
Santucci 

Initial 20 42 29.37 4.88 

Final  17 44 35.06 4.74 

Table 2. Paired samples t-test (Stegariu & Abălaşei, 2022) 

Tests N Correlation t p Cohen’s d 

Raven 67 0.769 −4.587 0.000 0.3867 

Bender-Santucci 0.648 −11.515 0.000 1.1654 

 
We can see that at the Raven test, the final results are superior to the 

initial ones and this outcome can be considered surprising because the initial 
average of 39.57 units falls into the category of intelligence above the average level. 
The final result represents the transition to a higher category, superior 
intelligence. It should also be noted that the minimum value from the final test 
was an accidental one if we consider the results recorded by the student 
B.R., but he answered affirmatively when asked if he understood the task. 
Accepting the initial value as the closest to its actual level implies an 
improvement in the collective average (over 43 units). 

The Bender-Santucci test has a similar distribution of results, where 
the initial mean value is in the first category, but the progress of the group is 
so spectacular that the final results fit in the first category related to the age 
of 12 years (2 years more than the average age!). We notice that the final 
minimum value is lower than the initial one, but even under these 
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conditions, the group managed to progress. The standard deviation keeps 
approximately the same value thus, we can assume that the group is 
homogeneous. 

In order to check whether the numerical differences are statistically 
significant, we applied the Paired Samples t-test, where the p-value is <0.000 
in both cases. We also verified the level of correlation between the initial and 
final values in both tests and this was done to eliminate the possibility of 
having a couple of spectacular results that generated the collective progress. 
We note that in the Raven test we recorded a strong positive correlation 
(0.769) and in the Bender-Santucci test, a moderate-strong correlation (0.648). 
These values validate collective progress. 

In order to provide a clearer perspective of the evolution, in addition 
to the Paired Samples t-test, we also calculated Cohen's d. A statistically 
significant result does not imply a practical superiority; therefore, it is 
recommended to calculate it. We can see that in the case of the Raven 
sample there is a 60.9% probability that a randomly chosen child will have a 
better final result, and 65.2% of the final results are higher than the 
collective average from the initial testing. In the case of the Bender-Santucci 
test, the value (1.1654) shows that the difference between the two means is 
greater than the standard deviation. Therefore, we can say that an accidental 
final result will have a higher value than the one obtained in the initial 
testing. 

In figure 2, we have shown the distribution of the results recorded in 
the Raven test. We can see that the percentage of students with a higher 
intelligence has more than doubled (12% -> 26%). In the case of those with 
average intelligence, the percentage dropped significantly (39% -> 30%). In 
the other three categories the values remained approximately unchanged. 
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Bender-Santucci 
- Initial Test 

Bender-Santucci 
- Final Test 

16% 3% 

84% 
97% 

First Category Second 
Category 

First Category Second 
Category 

 

Figure 2. Raven results distribution – initial and final (Stegariu & Abălaşei, 2022) 

Figure 3 shows the distribution of the results from the Bender-
Santucci test. We can see that the initial result is a very good one, because 
84% of the students are in the first category. Even under these conditions, 
the percentage was improved to 97%, but the progress was so spectacular 
that it falls into the first category in the upper age group. 
 

Figure 3. Bender-Santucci results distribution – initial and final (authors own conception) 
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According to table 3, we can see that there is a moderate positive 
correlation (0.50) between the results of the two tests. Also, R2 shows in what 
proportion the independent variable is a pre- dictor for the dependent one. 
Thus, the intelligence quotient influences the development of the ability of 
spatial orientation in a proportion of 25%. 
 

Table 3. Regression statistics – Raven - Bender-Santucci (Stegariu & Abălaşei, 2022) 

Multiple R R2 Adjusted R2 Standard Error Observations 

0.50 0.25 0.24 4.13 67 

 
To validate the regression equation, the value of p must be less than 

0.05 and the intersection with the Oy axis must differ from 0. According to 
table 4, we notice that the value of p (0.000) is less than 0.05 so we must 
reject the null hypothesis which stated that there is no linear relationship 
between intelligence and spatial orientation. Also, the point where the 
regression line intersects the Oy axis has the value 20.85, different from 0. 

Table 4. Simple linear Regression – Raven - Bender-Santucci (Stegariu & Abălaşei, 2022) 

 Coefficients Standard Error t Stat p-Value 

Intercept 20.85 3.07 6.79 0.000 

X Variable 0.33 0.640.078 4.69 0.000 

 
With the help of the intercept value (20.85) we can present the 

simplest regression equation: Predicted variable = 0.33 x I.Q. + 20.85. If we 
enter the value of 38 obtained in the Raven test that places the student in the 
category intelligence above the average level, we obtain a predicted value of 33.39 in 
the Bender-Santucci test. This falls into the first category related to the age 
of 12. 

As it can be seen in figure 4, we obtained an upward regression line 
between I.Q. and spatial orientation. We can observe an accidental result 
recorded in the Raven test that influenced to some extent the trajectory of the 
regression line. In this figure it can be seen that most of the results are in the 
range of 40-50 units for the Raven test, respectively 30-40 for the Bender-
Santucci test. 
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Figure 4. Simple linear Regression – Raven - Bender-Santucci (Stegariu & Abălaşei, 2022) 

Discussion 

Thinking plays an essential role in everyday life and how we think 
shapes our actions and defines our daily existence. It helps us to establish 
the goals on the basis of which we make decisions (Baron, 2000). The mind 
can be compared to a neural computer, which has as its operating system a 
large number of algorithms based on causal and probabilistic reasoning 
about the elements of the environment. 

The game of chess stimulates the intensity of the thinking process 
through the constant flow of information processed by the brain, which 
leads to the regulation of the processes of accumulation, analysis and 
processing of the material with which the individual comes into contact. 
This process is very beneficial because it increases the general level of 
intelligence by accumulating relevant information that people use in various 
daily activities (Alifirov et al., 2019). The percentage of situations during a 
game where the number of ideas behind the candidate moves is bigger than 1 
exceeds 90%, rare being the cases where only one move maintains balance. 
The chess player is bound to check, at least on a superficial level, at least 2 
wins almost every move (Stegariu & Abălaşei, 2022). 

Scientific notions are obtained following a process of synthesis and 
include only the essential features of the environment highlighting the laws 
that guide it. This way of ordering the thought process is always present on 
the chessboard. In addition to the general rules that make the game possible, 
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there are numerous laws that direct the events on the chessboard. An 
example would be: The knight moved to the edge of the board is a mistake. 
Starting from the way the knight moves we notice that there are 8 squares 
available, 4 to the right and 4 to the left. Placed at the edge of the board, the 
option to move sideways can only be done in one direction, thus, out of the 8 
squares, 4 remain (Stegariu & Abălaşei, 2022). 

When analyzing a position at one point in the game one tries to 
observe several key elements of the chess game and the results are 
accumulated to provide a verdict on the status of the position. Checked 
elements include: king safety, material balance, immediate threats, pawn 
structure, etc. Regardless of the complexity of the position it can be classified 
as equal, better for white or better for black. We note that the game of chess 
involves a transition from abstract to concise where the child perceives the 
evolution of events during the game. These clear perceptions form the basis 
of the judgments that the child operationalizes every time he is in front of the 
chessboard (Stegariu & Abălaşei, 2022). 

It has been shown that constant neural activity, specific to higher 
cognitive processes such as thinking, memorizing or distributing attention 
during a chess game, produces a deep engagement of the nervous system. 
This change generates adaptations that are felt throughout the body as the 
brain creates systems to regulate and self-regulate physiological functions. 
The more complex the process of logical thinking, the more neural 
formations of the axons - dendrites - synapses type are used (Stegariu & 
Abălaşei, 2022). Since students of this generation love to play, we believe 
that practicing a sport like chess will improve their critical thinking and 
problem-solving skills. 

For the measurement of the intelligence quotient, we opted for the 
Raven Progressive Matrix because the format of the test assumes many 
similarities with the game of chess. The main aspect is given by the fact that 
each item follows a logical pattern that propagates inside the series. Also, the 
child is not told what logical principle he must follow to solve the item, only 
that there is one. These two traits are found in every game of chess and 
failing to observe them often leads to unfounded decisions that are easily 
punished (Stegariu & Abălaşei, 2022). 

The Raven testing revealed the collective intelligence level, which at 
the beginning was above the average level and at the end, superior intelligence. It 
should be noted that the initial level is high and its improvement represents 
a spectacular progress. On the final test, one student had an accidental result 
that affected the collective mean, although he claimed to have understood the 
task. The ability to reason with abstract elements plays an essential role in the 



A Study on the Correlation Between Intelligence and Spatial… 
Vlad Ionuţ STEGARIU et al. 

 

471 

child's maturation process. An interesting analogy between the fundamental 
laws of chess and their applicability in everyday life is presented in the book 
How life imitates chess (Kasparov, 2008). 

The Bender-Santucci test measured the level of spatial orientation of 
the research subjects and at initial testing, the majority (84%) fits in the first 
category for their age. The recorded values are spectacular and the high level 
of correlation between the two skills (I.Q. and spatial orientation) indicates, on 
a superficial level, the existence of a codependency. The progress is 
satisfactory, especially since 97% of the final results fits into the first category 
in an older age group. The ability to perceive forms and subsequently to 
reproduce or use them in another given context represents a milestone in 
the teaching process. During a game of chess, the child discovers the value 
and importance of the pieces when he wants to realize a plan and notices 
that the pieces left on the board cannot serve that purpose. In addition to 
this aspect, the simple way of moving the pieces divides the board into 
different shapes, for example: in bishop endgames, the child realizes that on 
the opposite color cannot generate threats and a simple move of the pawn 
from white to black can mean his salvation. Also, the fact that the rook 
moves linearly, and the pawn is not allowed to change the file, will generate a 
reflex to attack that pawn frontally. The queen's movement turns the fight 
between it and any piece (except the opponent‘s queen) into a siege, where 
the outside intervention of another piece is vital. The area in which one's own 
or the opponent's king is located takes on special importance, since a 
precisely executed invasion can lead to victory. All these examples reinforce 
the idea that the game of chess educates the ability of spatial orientation. 

Spatiality is essential in the game of chess from several perspectives 
and the most important connection with school life is given by the affective 
component. The sense of ownership of the objects he uses at school is 
identical to that of his own pieces and the loss of some of these generates 
strongly felt emotions. His half the board is a place where he feels safe and 
any opposing move that defies this aspect triggers the conservation instinct. 
The same thing happens when a colleague takes his seat (Stegariu & 
Abălaşei, 2022). This ability is more present at boys than at girls and due to 
the fact that there is a correlation between intelligence and spatial 
orientation, it can represent a possible explanation why males are better 
represented than females among top chess players (Frydman & Lynn, 1992). 
The link between chess and intelligence represents the main interest of several 
studies and to have a clearer picture we recommend reading the following 
works (Alifirov et al., 2018; Burgoyne et al., 2016; Cibeira et al., 2021; Gao et 
al., 2021; Kakoma & Giannakopoulos, 2016; Sala et al., 2017) 
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We used linear regression to show whether the intelligence quotient 
can be considered a predictor of the level of spatial orientation. According 
to the data presented in table 3, the intelligence quotient can be considered a 
predictor of the level of spatial orientation to the extent of 25%. We consider 
this value to be significant, and if we take into account the age of the subjects, 
we see the importance of studying chess. 

The choosing of the two tests was an important step in the conduct 
of this research and the age of the subjects was a decisive factor. There are 
limitations of the research that we tried to combat by using an applied 
experimental design and for this reason we recommend duplicating the 
research on a significantly larger number of subjects. It can also be extended 
over the course of an educational cycle where the role of intelligence in the 
processes of growth and development can be observed in depth. 

Conclusions 

The I.Q. is a predictor of the level of spatial orientation. Practicing 
chess is associated with superior cognitive abilities [57-62] thus, we can say 
that students who study chess in school will benefit from a multilateral 
development. 

Related to the subjects of the research and the context in which they 
practiced chess, we can state that the intelligence quotient is a predictor of 
the level of spatial orientation at a percentage of 25%. 

Due to the fact that spatial orientation is vital in the didactic process, 
we can say that chess represents a solution for enriching the school offer. 
Also, the competitive side of chess educates respect and develops fair play 
which have an important role in the development of children's socio- cultural 
skills. Highlighting the relationship between intelligence and spatial 
orientation can represent a starting point for research focused on the link 
between intelligence and psychomotor abilities in students who study chess. 

 
Author Contributions: Conceptualization, ABALAŞEI Beatrice-Aurelia 
and Vlad Ionuţ Ste- gariu; Data curation, Vlad Ionuţ Stegariu; Formal 
analysis, ABALAŞEI Beatrice-Aurelia and Vlad Ionuţ Stegariu; Investigation, 
Vlad Ionuţ Stegariu; Methodology, ABALAŞEI Beatrice-Aurelia; Project 
administration, ABALAŞEI Beatrice-Aurelia and Vlad Ionuţ Stegariu; 
Resources, Vlad Ionuţ Stegariu, Raluca Mihaela Onose and Lucian Popescu; 
Software, Vlad Ionuţ Stegariu; Super- vision, ABALAŞEI Beatrice-Aurelia 
and Lucian Popescu; Validation, ABALAŞEI Beatrice-Au- relia, Vlad Ionuţ 
Stegariu, Raluca Mihaela Onose and Lucian Popescu; Visualization, 
ABALAŞEI Beatrice-Aurelia, Raluca Mihaela Onose and Lucian Popescu; 



A Study on the Correlation Between Intelligence and Spatial… 
Vlad Ionuţ STEGARIU et al. 

 

473 

Writing – original draft, Vlad Ionuţ Stegariu; Writing – review & editing, Vlad 
Ionuţ Stegariu. All authors have read and agreed to the published version of 
the manuscript. 
 
Funding: The authors received no financial support for the research, 
authorship or publication of this article. 
 
Acknowledgement: Fragments of this paper have been previously used in 
the doctoral thesis entitled Characteristics of Chess in relation to Psycho Motor 
Development of Children, authored by Stegariu Vlad Ionuţ under the 
supervision of Prof. Dr. Abalaşei Beatrice Aurelia. 
 
Institutional Review Board Statement: The manuscript has the Faculty of 
Physical Education and Sports Ethics Committee‘s approval (nr. 144/12 
February 2021). 
 
Informed Consent Statement: Informed consent was obtained from all 
subjects involved in the study. 
 
Data Availability Statement: Data can be available for consultation when 
requested from the corresponding author. 
 
Conflicts of Interest: The authors declare no conflict of interest. 

References 

Blanch, A., Ayats, A., & Cornadó, M. P. (2020). Slow and fast chess performance 
across three expert levels. Psychology of Sport and Exercise, 50, 101749. 

Sala, G.; Gobet, R.; Trinchero, R.; Ventura, V. (2016). Does chess instruction 
enhance mathematical ability in children? A three-group design to control 
for placebo effects. In Proceedings of the 38th Annual Meeting of the Cognitive 
Science Society, Philadelphia, PA, USA 

Guntz, T.; Louedec, J.; Crowley, J.; Vaufreydaz, D. (2019). Deep learning 
investigation for chess player attention prediction using eye-tracking and 
game data. In Proceedings of the ETRA ’19: 2019 Symposium on Eye Tracking 
Research and Applications, Denver, CO, USA,; pp. 1–9. 
https://doi.org/10.1145/3314111.3319827. 

Velea, T., & Cojocaru, V. (2018). The effect of playing chess on focused attention. 
The European Proceedings of Social & Behavioural Sciences, 685-690. 



Broad Research in 
Artificial Intelligence and Neuroscience 

December 2023 
Volume 14, Issue 4 

 

474 

Gobet, F., & Simon, H. A. (1998). Pattern recognition makes search possible: 
Comments on holding . Psychological Research, 61(3), 204-208. 

Gliga, F., & Flesner, P. I. (2014). Cognitive benefits of chess training in novice 
children. Procedia- Social and Behavioral Sciences, 116, 962-967 

Ayperi, D.S. & Sigirtmac, A.D. (2016). An investigation on the effectiveness of 
chess training on creativity and theory of mind development at early 
childhood. Educ. Res. Rev., 11, 1056–1063. 
https://doi.org/10.5897/err2016.2676. 

Joseph, E., Easvaradoss, V., Abraham, S., & Jain, S. (2018). Enhancing verbal 
reasoning of school children through chess learning. International Journal of 
Scientific Engineering and Science, 2(7), 1-3. 

Joseph, E., Easvaradoss, V., Prabhakaran, T. E., Jain, S. (2019). Malleability of 
working memory through chess training in school children. Psychological 
Applications and Trends. DOI: 10.36315/2019inpact054  

Stegariu, V.I. & Iacob, G.S. (2020). The effects of practicing chess on analytical 
thinking in primary school students. Sport and Society, 20(2). 
DOI:10.36836/2020/2/7 

Unterrainer, J. M., Kaller, C. P., Halsband, U., & Rahm, B. (2006). Planning abilities 

and chess: A comparison of chess and non‐chess players on the Tower of 
London task. British Journal of Psychology, 97(3), 299-311. 

Guntz, T., Balzarini, R., Vaufreydaz, D., & Crowley, J. (2018). Multimodal 
observation and classification of people engaged in problem solving: 
Application to chess players. Multimodal Technologies and Interaction, 
2(2), 11. 

Bilalic, M.; McLeod, P.; Gobet, F. (2007). Does chess need intelligence? —A study 
with young chess players.Intelligence, 35, 457–470. 
https://doi.org/10.1016/j.intell.2006.09.05. 

Kazemi, F., Yektayar, M., Abad, A.M.B. (2012). Investigation the impact of chess 
plays on developing meta- cognitive ability and math problem-solving 
power of students at different levels of education. Procedia— Soc. Behav. Sci., 
32, 372–379. https://doi.org/10.1016/j.sbspro.2012.01.056. 

Grabner, R.H. (2014). The role of intelligence for performance in the prototypical 
expertise domain of chess.Intelligence, 45, 26–33. 
https://doi.org/10.1016/j.intell.2013.07.023. 

Hong, S. & Bart, W. (2006). Cognitive effects of chess instruction on students at risk 
for academic failure. Int. J. Spec. Educ., 22, 938–939. 

http://dx.doi.org/10.36836/2020/2/7


A Study on the Correlation Between Intelligence and Spatial… 
Vlad Ionuţ STEGARIU et al. 

 

475 

Milat, M. (1997). The role of chess in modern education. http://chessedu.org/wp- 
content/uploads/Role_Chess_Education.pdf 

on 31.10.2022. 

Mirzakhanyana, R., Gevorgyana, S., & Khachatryana, A. (2016). An adequate 
perception on attention towards stability and obstacles of space and time, as 
an assimilate record of an academic chess. Sociology Study, 6(7), 478-484. 

Wessel, T. C., & Aciego, R. (2017). Neuropsychological impact of chess on 
executive functions and attention of adolescents: A quasi-experimental 
pilot study. ResearchGate. Universidad de La Laguna.  

Frank, A., & D‗Hondt, W. (1979). Aptitudes and learning of the game of chess in 
Zaire. Psychopathologie Africaine, 15, 81-98. 

Ferguson, R. (1986). Developing critical and creative thinking through chess. In 
report on ESEA Title IV-C project presented at the annual conference of 
the Pennsylvania Association for Gifted Education, Pittsburgh, 
Pennsylvania. 

De Jorge-Moreno, J. (2020). Relationship between university education in strategic 
management and chess in a both learning process: an approach across 
learning paths. Business, Management and Economics Engineering, 18(2), 226-246. 

Golf, S. (2015). Biochemistry and psychology of chess and classical physical 
exercise: Concurring or conflicting evidence. Journal of Sports Medicine and 
Doping Studies, 5(2), 158. 

Gentile, A., Boca, S., & Giammusso, I. (2018). You play like a Woman!‘Effects of 
gender stereotype threat on Women's performance in physical and sport 
activities: A meta-analysis. Psychology of Sport and Exercise, 39, 95-103. 

Blanch, A. (2016). Expert performance of men and women: A cross-cultural study 
in the chess domain. Personality and Individual Differences, 101, 90-97. 

Stafford, T. (2016). No stereotype threat effect in international chess. In CogSci. 

Stafford, T. (2018). Female chess players outperform expectations when playing 
men. Psychological science, 29(3), 429-436. 

Avni, A., Bar-Eli, M., & Tenenbaum, G. (1990). Assessment and calculation in top 
chess players' decision-making during competition: a theoretical model. 
Psychological reports, 67(3), 899-906. 

Klein-Vollstädt, S., Grimm, O., Kirsch, P., Bilalic, M. (2010). Personality of elite 
male and female chess players and its relation to chess skill. Learning and 
Individual Differences, 20, 517-521. 10.1016/j.lindif.2010.04.005. 

http://chessedu.org/wp-content/uploads/Role_Chess_Education.pdf
http://chessedu.org/wp-content/uploads/Role_Chess_Education.pdf


Broad Research in 
Artificial Intelligence and Neuroscience 

December 2023 
Volume 14, Issue 4 

 

476 

Elo, A. (1978). The rating of chess players, past and present. Arco Pub, New York, USA. 

Ackerman, P. (1996). A theory of adult intellectual development: Process, 
personality, interests, and knowledge. Intelligence. 22. 227-257. 
10.1016/S0160-2896(96)90016-1. 

Blanch, A., & Llaveria, A. (2021). Ability and non-ability traits in chess skill. 
Personality and Individual Differences, 179, 110909. 

Fuentes-García, J. P., Pereira, T., Castro, M. A., Carvalho Santos, A., & Villafaina, 
S. (2019). Heart and brain responses to real versus simulated chess games in 
trained chess players: a quantitative EEG and HRV study. International 
journal of environmental research and public health, 16(24), 5021. 

Chang, Y. H. A., & Lane, D. M. (2016). There is time for calculation in speed chess, 
and calculation accuracy increases with expertise. The American journal of 
psychology, 129(1), 1-9. 

Van Harreveld, F., Wagenmakers, E.J., van der Maas, H.L.J. (2007). The effects of 
time pressure on chess skill: An investigation into fast and slow processes 
underlying expert performance. Psychol. Res., 71, 591–597. 

Abalaşei, B. (2011). Psihomotricitate şi reeducare psihomotrică, Universităţii: Iaşi, Romania 

Bălănean, D. M., Negrea, C., Bota, E., Petracovschi, S., & Almăjan-Guţă, B. (2022). 
Optimizing the development of space-temporal orientation in physical 
education and sports lessons for students aged  8–11 years. Children, 9(9), 
1299. 

Stegariu, V.I., Abalaşei, B.A. (2022). Characteristics of chess in relation to psycho motor 
development of children – Doctoral Thesis. 

Pacheco, R.J.P., Bravo, N.O., Viteri, B.P., Ñacato, J.M., Arufe-Giráldez, V. (2022). 
Análisis de la influencia de un programa estructurado de educación física 
sobre la coordinación motriz y autoestima en niños de 6 y 7 años. J. Sport 
Health Res. 14, 9. 

Morawietz, C., & Muehlbauer, T. (2021). Effects of physical exercise interventions 
on spatial orientation in children and adolescents: A systematic scoping 
review. Frontiers in sports and active living, 3, 156. 

Fernandez-Baizan, C., Arias, J. L., & Mendez, M. (2021). Egocentric and allocentric 
spatial memory in young children: A comparison with young adults. Infant 
and Child Development, 30(2), e2216. 

Şchiopu, U., Verza, E. (1997). Psihologia vârstei, Didactică şi Pedagogică: Bucureşti, 
Romania.  



A Study on the Correlation Between Intelligence and Spatial… 
Vlad Ionuţ STEGARIU et al. 

 

477 

Muntianu, V. A., Abalaşei, B. A., Nichifor, F., & Dumitru, I. M. (2022). The 
Correlation between Psychological Characteristics and Psychomotor 
Abilities of Junior Handball Players. Children, 9(6), 767. 

Stegariu, V. I., Abalasei, B. A., & Stoica, M. (2022). A Study on the Correlation 
between Intelligence and Body Schema in Children Who Practice Chess at 
School. Children, 9(4), 477. 

Brouwers, S. A., Van de Vijver, F. J., & Van Hemert, D. A. (2009). Variation in 
Raven's progressive matrices scores across time and place. Learning and 
Individual Differences, 19(3), 330-338. 

Song, J. H., Loyal, S., & Lond, B. (2021). Metacognitive awareness scale, domain 
specific (MCAS- DS): Assessing metacognitive awareness during raven‘s 
progressive matrices. Frontiers in Psychology, 11, 607577. 

Qiu, C., Hatton, R., & Hou, M. (2020). Variations in Raven's Progressive Matrices 
scores among Chinese children and adolescents. Personality and Individual 
Differences, 164, 110064. 

Kunda, M., Soulieres, I., Rozga, A., & Goel, A. K. (2016). Error patterns on the 
Raven's Standard Progressive Matrices test. Intelligence, 59, 181-198. 

Małkinski, M. & Mandziuk, J. (2022). Deep Learning Methods for Abstract Visual 
Reasoning: A Survey on Raven‘s Progressive Matrices. arXiv, 
arXiv:2201.12382. 

Waschl, N.A., Nettelbeck, T., Jackson, S.A., Burns, N.R. (2016). Dimensionality of 
the Raven‘s Advanced Progressive Matrices: Sex differences and 
visuospatial ability. Personal. Individ. Differ., 100, 157– 166. 

Vrasmaş, E. (2003). Set de Instrumente, Probe şi Teste Pentru Evaluarea Educaţională a 
Copiilor cu Dizabilităţi; MarLink: Bucharest, Romania. 

Vlad, E. (1999). Evaluarea în Actul Educaţional Terapeutic; Prohumanitate: Bucharest, 
Romania. 

Baron, J. (2000). Thinking and Deciding; Cambridge University Press, New York. 

Alifirov, A. I., Mikhaylova, I. V., Fomina, S. N., Seselkin, A. I., & Zhalilov, A. V. 
(2019). Methods of training chess players of higher sportsmanship. Research 
Journal of Pharmaceutical, Biological and Chemical Sciences, 10(1), 45-51. 

Kasparov, G. (2008). How life imitates chess. Arrow Books: London, UK. 

Frydman, M., & Lynn, R. (1992). The general intelligence and spatial abilities of gifted 
young Belgian chess players. British journal of Psychology, 83(2), 233-235. 



Broad Research in 
Artificial Intelligence and Neuroscience 

December 2023 
Volume 14, Issue 4 

 

478 

Alifirov, A.I. & Mikhaylova, I.V. & Fomina, Svetlana & Fedchuk, D.V. & Bakulina, 
E.D. (2018). The development of intellectual features of students using a 
chess game. Dusunen Adam. 9. 106-112. 

Burgoyne, A. P., Sala, G., Gobet, F., Macnamara, B. N., Campitelli, G., & 
Hambrick, D. Z. (2016). The relationship between cognitive ability and 
chess skill: A comprehensive meta-analysis. Intelligence, 59, 72-83. 

Cibeira, N., Lorenzo-López, L., Maseda, A., Blanco-Fandino, J., López-López, R., & 
Millán-Calenti, 

J. C. (2021). Effectiveness of a chess-training program for improving cognition, 
mood, and quality of life in older adults: A pilot study. Geriatric Nursing, 
42(4), 894-900. 

Gao, Q., Feng, Y., Chen, W., & Ping, X. (2021). Does perceived chess skills mediate 
the relationship between fluid intelligence and academic performance? 
Journal of Psychology in Africa, 31(1), 56-60. 

Kakoma, L., & Giannakopoulos, A. (2016). Chess playing and mathematics: An 
exploratory study in the South African Context. In Serious Games, Interaction, 
and Simulation: 5th International Conference, SGAMES 2015, Novedrate, Italy, 
September 16–18, 2015, Revised Selected Papers 5 (pp. 66-73). Springer 
International Publishing 10.1007/978-3-319-29060-7. 

Sala, G., Burgoyne, A. P., Macnamara, B. N., Hambrick, D. Z., Campitelli, G., & 
Gobet, F. (2017). Checking the ―Academic Selection‖ argument. Chess 
players outperform non-chess players in cognitive skills related to 
intelligence: A meta-analysis. Intelligence, 61, 130-139. 

 


