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The effects of chess education on

mathematical problem solving

performance
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Abstract. We investigate the connection between the “queen of sciences” (mathematics)
and the “royal game” (chess) with respect to the development of mathematical problem
solving ability in primary school education (classes 1-8, age 7-15) where facultative chess
education is present. The records of the 2014 year’s entrance exam in mathematics -
obligatory for the enrollment to secondary grammar schools in Hungary - are compared
for the whole national database and for the results of a group containing chess-player
students. The problems in the tests are classified with respect to the competencies
needed to solve them. For the evaluation of the results we used standard mathematical
statistical methods.
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Introduction

The application of chess in the education is becoming a practice in more

and more countries. For example, in New York City within the framework of

Chess in the Schools program [3] the introduction of chess in education has been

a real success since 1986. Throughout its history more than 500,000 pupils par-

ticipated in the program. The improvement of concentration, strategy, humility,

self-confidence and flexible thinking is the key to the success of the pupils. A

strong point of the program is that it gives opportunity for pupils to learn chess

within the framework of public education.
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In Hungary, the education of chess earlier appeared as an extracurricular

activity.There it was possible to select talented children, and they could improve

themselves with the help of regional chess schools or chess clubs. There also

were students who played chess simply for their own entertainment, and did not

want to play chess professionally. The National Core Curriculum [7] brought

a revolutionary change with making chess an optional subject in schools. One

argument for making chess a subject in schools is that the thinking of a chess

player is complex, so knowing it can be beneficial for a large variety of problems

or tasks. According to Judit Polgár, chess is the most ancient game of history -

the educational tool of the future [14]. The “Sakkpalota” (Chess Palace) program

designed by her is a complex method for skill improvement, with the help of which

children can be introduced to the world of conscious knowledge acquisition at the

end of the kindergarten and at the beginning of elementary school. The program

does not primarily teach chess but it teaches with chess.

In the present paper we study the transfer effects of chess education to math-

ematical problem solving performance.For this, we evaluate the results of a Hun-

garian national entrance test in mathematics, written by students of age 14, to

enter secondary grammar schools. We point out differences between the results

of a group of chess players and average students. According to our investigations

these differences are, at least partly, due to chess education. We emphasize that

the actuality of the subject and the up-to-date research and results in the field

yield a motivation for such a study.

Theoretical background

The “general” skill improvement effect of chess education is well-known from

the literature. The development of kindergarteners and primary school students

was described by Duró in [5] and [6]. Szilágyi and Duró in [19] present a psy-

chological study on the thinking and personality improving effects of chess, and

Cśıkos connects chess, metacognition and the novice-expert terms in a complex

way (see [4]). According to him the experts can be characterized by two important

things: they possess a huge amount of knowledge, and they use these consciously

and rapidly in the process of problem solving. Their thinking consists of many

automatic elements, they are able to make quick judgements and their thinking

is conscious. When interpreting new situations, we recall our previous knowledge

and experiences. According to Mérő [10], the building blocks of complex thinking

are the schemes. Knowing schemes is inevitable in chess, as well. Grand masters
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recognize 50,000 to 100,000 schemes. Simon and Gilmartin realized [17], that

chess masters store a large number of chess positions, associating the best moves

to them. An experienced mathematical problem solver can also build up and

store a huge number of schemes in her/his memory. This makes it possible to

categorize the problems from some topic according to the steps of their solutions.

The mathematical problem solving skill improves by learning many problem solv-

ing strategies, met by relevant mathematical examples [18]. There are several

similarities between good chess players and good mathematical problem solvers.

Some elements of chess can be utilized in the mathematical thinking of students

as an opportunity for learning such schemes.

According to Gik, the comparison of mathematics and chess as human ac-

tivities is an interesting thing, which deserves attention in itself [8]. Pedagogical

experiments measuring the effects of chess education on mathematical problem

solving abilities have several viewpoints. The ages of the studied groups of chil-

dren are different, and in particular, many researchers investigate pupils below

average abilities. Hong and Bart [9], investigating students of age 8-12, having

weak abilities (close to failing), concluded that chess education does not play a

role in cognitive development. Scholz et al. [16] obtained different results for

students of low IQ, having learning problems, of age 10. They experienced im-

provement for simple addition and counting. Kazemi, Yektaryar and Abad (cited

by Bart [2]) reported on positive effects.The members of the chess player group

achieved much higher points on the usual mathematics exam, than the members of

the other group. The authors concluded that chess education significantly devel-

ops the metacognitive capacity of pupils. According to Trinchero, chess training

implies a small, but measurable improvement[20]. Sala, Gorini and Pravettoni

report on positive correlation [15], however, they also say that there are only

little data proving the improving effects of chess education on cognitive abilities.

Because of chess education and online mathematical training, it cannot be guar-

anteed that the positive change is due to the special factor of chess. According

to their opinion, the special abilities of a chess player are context-dependent, and

transfer has a low probability. Barett and Fish write that chess abilities are do-

main specific, they cannot be readily transferred, and this also depends on the

method of chess education [1].

The research of the topic is not at all finished. The related pedagogical

experiments take a lot of time, and to measure the effect is rather problematic.
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Research question and hypothesis

We investigate how the education of chess affects the improvement of math-

ematical thinking and problem solving performance of students. According to

our hypothesis, the early chess education and training for chess competitions def-

initely help the complex development of mathematical competences. Already the

performance of amateur chess players - who participated in chess lessons one day

a week at least for a year - on a mathematical skill measurement test is better.

Methodology

We study the thinking of 8th graders (age 14) during the solution of entrance

exam tests in mathematics, in a given time frame. We analyse the mathematical

exercises of the central mathematical entrance exam [12] of the 9th grade admis-

sion in the 2013/2014 school year, which was written by 51,100 8th graders on

18 January, 2014. We use the official database for our research. In that year

59% of the 8th graders wrote the central admission exam of mathematics. The

exam was completed by those children who wanted to continue their studies in

secondary schools that require the entrance exam from Hungarian language and

mathematics. It contains ten exercises that are solved by the pupils (without

using calculator) in 45 minutes. The maximal score is 50. The main goal is to

differentiate the students based on their mathematical score which serves as the

base of the high school admission hierarchy. The other goal is the measurement

of the required basic skills and competences for successful high school learning

[13]. The objectivity of the process is guaranteed by that the tests are written

in the schools where the students want to enter, and that the tests are evaluated

according to a central correction key.

First we introduce a small group. Our experimental group consisted of twenty

students (about the same number of boys and girls), of grade 8 (age 14-15), all

writing the above mentioned entrance exam. The children were students of a

small town in Somogy county. They learned mathematics according to the stan-

dard curriculum, but in grade 8 they had an extra preparatory class in mathe-

matics. All the members of the group knew the basic rules of chess. They also

had the possibility to take part in the special chess course in the school. Some

of the students attended this chess course only for a year. At grade 8, all mem-

bers of the experimental group received some chess education, since in the frame

of the preparatory class they often met some chess problem or mathematical
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problem related to chess. On the other hand, none of the children was a high

level professional chess player. The group contained chess-players participating

in national chess championships, amateur chess-players participating in school

championships and students knowing the basic rules of chess, and playing occa-

sionally with friends and family members. We performed our research in natural

circumstances: the students participating in the experiment did not know about

it, they prepared for the mathematical exam in the usual way, and beside that

they played chess (on different levels).

Then we shall use the nationwide database of the entrance exam to com-

pare the performance of the whole population with the performance of our group

(hereafter referred to as “Chess-players group”).

Presentation of the results

First we compare the performance of the chess-players group to the national

results.Then we also investigate the question that in which type of problems

did the chess player group achieved better scores than the nationwide average.

To answer this question we perform a quantitative analysis. The access to the

national database makes possible detailed comparisons, which are also discussed.

Comparison of the records in the whole national database with the

scores of the Chess-players group

We assume the two populations (the group of chess players and the group

of all students who wrote the test) are both approximately normally distributed,

with known variances.So we may apply u-test to decide whether the difference of

their means is significant on the usual (95%) level or not. Table 1 contains the

data of the two populations, required for the u-test.

Table 1. Sizes, means and standard deviations of the national- and
chess players’ populations

National database Chess-players

n (size) 51080 20

m (mean) 20.314 33.000

standard deviation 10.508 7.416
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Null hypothesis, H0: the mean of the Chess-players and of the whole popu-

lation are statistically equal (The difference is caused only by random effects.)

Significance level: 5%, corresponding u value: up/2 = u0,025 = 1.96. Because

the evaluated u = 7.647 > up/2, we reject H0: the mean of the Chess players’

sample is significantly larger than the national one.

To prepare the histogram of the cumulative relative frequencies (Figure 1),

the test scores of each populations were divided into ten subintervals (0-5, 6-10,

11-15, 16-20, 21-25, 26-30, 31-35, 36-40, 41-45, 46-50). The frequency-diagrams

show the data of national population as dark-grey columns, and the data of Chess-

players as light-grey ones.

Figure 1. Histogram of cumulative relative frequencies

The incidence of students belonging to the experimental group (i.e. the chess

players) is 80% in the “best” (7-10) groups (scores between 31 and 50), and

only 20% of the students belongs to “lower” (or rather “middle”: 4-6) groups

(scores between 16 and 30). Out of the national population 20% of the students

belong to the “lowest” (1-2) groups (scores between 0 and 10). In this year the

scores of more than 2/3 of the students are in the first 5 interval considering the

whole national DB, which means, that they achieved in the investigated test of

mathematics less than or equal to 50% of the maximum score.

Comparison of the entrance exam results of the experimental group

and two other groups

In this section we compare the entrance exam results of the chess-player

group with two other groups (A and B). We chose these groups from the national
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database after they wrote the entrance exam, so they did not know that they are

being observed. When we chose the groups, the following factors were taken into

consideration. We selected students from two other nearby schools, where there

is no chess education, but the number of their weekly mathematics lessons was

similar to that in our group.The county of the three elementary schools belongs to

the mid-range based on the national results; we are not talking about mathematics

special town schools.

We assumed that the groups are samples from independent populations hav-

ing normal distribution. To compare the means (averages) of the samples we

used Student’s t-test. Table 2 contains the required input data of the t-test. We

investigated whether the difference of the two means comes from random effects,

or it is caused by the assumed effect of chess education.

Table 2. Size, mean and standard deviation values of the samples

Chess-players Group A Group B

n (size) 20 37 22

m (mean) 33.000 21.595 24.455

s (standard deviation) 7.609 8.713 10.809

Chess-players vs. Group A

Null hypothesis, H0: there is no significant difference between the means.

Student’s t-test value: t = 4.923; degree of freedom: df = 20 + 37 − 2 = 55; t

value of the 95% significance level: t95 = 2.000. We reject H0, because t > t95. It

means that the difference between the means can be considered to be significant.

Chess-players vs. Group B

Null hypothesis, H0: there is no significant difference between the means.

Student’s t-test value: t = 2.935; degree of freedom: df = 20 + 22 − 2 = 41; t

value of the 95% significance level: t95 = 2.021. We reject H0, because t > t95. It

means that the difference between the means can be considered to be significant.

The results of the randomized experiments show, that the sample mean of

the Chess-players is significantly better (larger) than the sample mean of any of

the groups.

We made a further comparison. The 20 best results out of the 37 ones of

the Group A were selected, and we performed the t-test again with the same
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H0: there is no significant difference between the mean of the Chess-players and

the mean of the restricted Group A. The result was the following. m = 27.750;

s = 5.466; t = 2.506; df = 20 + 20 − 2 = 38; t95 = 2.021. Because t > t95, we

again had to reject H0: the mean of the Chess-players group is still significantly

larger than the mean of the restricted Group A, which contains the best result

having 20 students of the original group.

These tests support our original hypothesis that chess education helps the

development of mathematical problem solving ability.

Investigations with respect to mathematical competence-areas

In this chapter we compare the results achieved on nationwide level with the

results achieved by the experimental group. Our goal is to identify the mathemat-

ical competence areas, where the scores of chess players are significantly better

than the nationwide average. We chose the components of mathematical compe-

tences and skills required for the solution of the problems (Table 3) according to

the partition of Vidákovich intelligence factor analysis (see [21])

Table 3. Mathematical competence areas according to the partition of
Vidákovich

Facilities Thinking skills Communicational
skills

Skills for
acquiring
knowledge

Learning skills

counting ordering the words of spatial
relationships

problem
sensitivity

attention

calculation combinativity reading

comprehension

problem

representation

part-whole

perception

quantitative

reasoning

deduction spatial

visualization,

spatial perception

originality,

creativity

memory

estimation,
measurement

induction drawing,
representation

problem solving staying at the
problem

unit conversion probabilistic

reasoning

metacognition problem

solving speed

solution of

word problems

arguing,

proving

Table 4 contains the statistical descriptors of the population, determined by

the achieved scores (to each problem) in the test [13]. We compared the scores
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of the Chess-players (CP) with the scores given in the whole national database

(nDB).

Table 4. Scores of nDB and CP group, problem-by-problem

Number

of the

exercise

MaxPoint Percentage of

achieved points

Median Modus

nDB CP nDB CP nDB CP

1 4 48,60 83,75 2 4 0 4

2 4 62,56 90,00 3 4 4 4

3 5 63,18 84,00 3 5 5 5

4 6 67,88 90,83 4 6 6 6

5 5 43,63 82,00 2 5 0 5

6 4 72,71 86,25 3 4 4 4

7 6 21,68 40,83 1 2 0 2

8 6 12,91 55,83 0 5 0 6

9 5 13,56 30,00 0 1 0 0

10 5 15,97 31,00 0 2 0 2

Sum 50 40,64 66,00 20 32,5 15 32

Considering the total scores, we see, that the nationwide mean was 40,64%

while the Chess-players mean was 66%. For the median we have MnDB = 15 <

MCP = 32. It is worth to note that in nDB for 6 problems out of 10, the modus -

the most frequently occurring score - is zero, while in the chess players’ group the

modus is zero only in problem 9. If we take in account the fact, that the average

of the achieved scores in the last four problems were in both groups significantly

lower than the those of the first six ones, we may assume, that a time-factor

influenced the individual scores of the problems, too, especially for students, who

were unable to manage their time. Anyway, the last four exercises were more

complex ones from the topics of geometry, algebra and number theory.

Based on the data of Table 4, we chose three problems (Figure 2, Figure 4

and Figure 6), where there was more than 35% difference between the means of

the achieved scores of the two groups and the difference between the medians was

at least two, between the mode values at least four. We analyze these exercises

based on the content of the problems and on the competence areas required for

solving them, as well.
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Figure 2. Exercise 1 of the entrance exam

According to Table 3, the solution of the problem requires the following math-

ematical competences: calculation, reading comprehension, attention and prob-

lem solving speed.

Figure 3. Relative frequency histogram of achieved points in Exercise 1

Figure 3 shows the relative frequencies of the achieved points in Exercise 1

(dark-grey: nDB; light-grey: CP). It is obvious, that the distributions of the

achieved points (either for the nDB, or for the CP samples) cannot be approx-

imated by normal distributions. In the case of nDB-scores the first and last

columns are rather high. This means that many students were not able to solve

this problem, and again, many students could give the totally correct solution.

The basic operations with rational numbers should be a routine task for 8th

graders. Nevertheless, the drafting of the exercise distorts the picture because
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the result of the first step is the starting point of the second one. Students who

could not solve the first step often didnot spend time on the second part, however

partial points could have been given even if the result of the first step is wrong,

but the calculations in the second one were correct. The number of perfect re-

sults was really high in case of the chess players. This experience is consistent

with the assumption of Barrett and Fish[1] that chess develops the skill of correct

calculation.

Figure 4. Exercise 5 of the entrance exam

According to Table 3,for the solution of Exercise 5 the following mathematical

competences are required: reading comprehension, drawing - representation, part-

whole perception, arguing - proving, memory, calculation and problem solving

speed.

As Figure 5 shows, this geometrical exercise extremely differentiated students

in the whole national database population (dark-grey: nDB; light-grey: CP).

The phenomenon that many chess players solved the problem perfectly is clearly

visible in this case, too. The solution requires knowledge about and application of

the connections between triangles. These types of problems were also present in

former tests, however, they could not be obviously considered as routine exercises

because they require the unusual application and restructuration of the learnt

schemes. A large scale of mathematical competence areas is required for the

complete solution. Knowing the terms, definitions and their recognition with

respect to the given triangle is required to answer the last question. The number

of complete solutions in case of the experimental group shows a great difference

against the results in the whole national database.
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Figure 5. Relative frequency histogram of achieved points in Exercise 5

Figure 6. Exercise 8 of the entrance exam

According to Table 3 for the solution of Exercise 8 the following mathemat-

ical competences are required: reading comprehension, problem representation,

originality-creativity, arguing-proving,quantitative reasoning,part-whole percep-

tion.

Figure 7. Relative frequency histogram of achieved points in Exercise 8
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This exercise requires ability for text-to-model (equation) creation. Solving

this exercise caused difficulties country-wide. As Figure 7 shows, about 75% of

the students achieved 0 point (dark-grey: nDB; light-grey: CP). This problem

divided chess players into two groups: more than half of the group scored 5-6

points.

From Table 3, we have chosen the competence areas occurring in most exer-

cises. All the eleven chosen areas were investigated according as in which exercises,

and inside that, in which items they appear. In this way, we could attach the

scores (corresponding to the items) to these competence areas (Table 5).

Table 5. The national and the chess players’ results divided between
11 competence areas
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Appearance

in the

exercises

and in their

items

1a

2abcd

4bdf

5abc

10be

2abcd 2abcd

4ce

8ade

10acd

3a 4a

5abc

5abc

8a

9a

5abcd

8a

9a

10abcd

5d

6abcd

71

72

92
82 102

Achievable

score

16 4 15 5 4 14 21 7 11 6 5

National

average

50,9% 62,6% 32,8% 63,2% 54,8% 19,9% 21,1% 62,2% 7,4% 9,1% 1,4%

Chess -

players

79,1% 90,0% 64,3% 84,0% 82,5% 51,4% 50,0% 86,4% 20,9% 51,7% 4,0%

The classification is based upon our long term experience in education, though

it necessarily may involve certain subjective elements, as well. We performed the

same steps in case of every competence area. For example, calculation skill is

needed to solve exercises 1, 2, 4, 5 and 10, as given in Table 6.

Both population scored the highest percentage (compared to themselves) in

the fields of unit conversion, memory, and combinativity. These areas appeared in

previous exams, too (routine exercises). The graph of Figure 8 clearly shows that

the students of the chess player group performed better in all competence areas

(dark-grey: nDB; light-grey: CP). Their performance in problem representation is

11 point if the score is not 0
2the total score if it is at least 4
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Table 6. The way of determination of the maximum score assigned to
the competence area calculation

Exercise 1 2 4 5 10

Item a a b c d b d f a b c b e

Score 4 1 1 1 1 1 1 1 1 1 1 1 1

outstanding. (The previously demonstrated Exercise 8 requires this ability.) The

highest difference between the two groups is at this point. This competence area

only appeared in one single exercise, nevertheless states the results of Trinchero

[19] and Kazemi, Yektayar and Abad (cited by Bart [2]) concerning mathematical

problem solving. In problem sensitivity, spatial visualization-spatial perception,

part-whole perception and arguing-proving chess players performed much better

than other students. Our quantitative conclusion is more than two times the

country-wide average.

Figure 8. The dispersion of the analyzed competence areas

We talked over the solutions of the exam afterwards in detail and it turned out

that every student of the experimental group could complete the exam in the given

time. They used their leftover time to solve the more difficult problems and to

check their answers. Solving sample exercises, the knowledge of routine exercises

and the developed schemes played an important role in time management.
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Summary

In our paper, we were interested in the following questions. Is there some

difference in the problem solving abilities of a chess player group with respect to

other groups? Which are those mathematical competencies where chess players

perform better?

The outcome of the mathematical entrance exam of Chess-players (who have

been practicing chess course at least for a year, at most one hour a week) is

significantly better than that of the two investigated group and the national av-

erage. This supports that learning and competing in chess from an early age may

contribute to the better performance of pupils in mathematical problem solving.

With the analysis of the mathematical competence areas further research was

aimed to the comparison of the results of the chess experimental group. Based

upon the results obtained, some further conclusion may be drown: Chess-players

performed better in more complex word problems that required more than one

competence areas. Of the 11 analyzed competence areas the most outstanding was

their performance in problem representation. In the fields of problem sensitivity,

spatial visualization-spatial perception, part-whole perception, arguing-proving

students of the experimental group greatly overachieved others.
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