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ABSTRACT
The paper presents a study designed to verify the relationship between music and the
cognitive skills of primary school children. In this sense, the first part of the paper
brings to the reader’s attention some theoretical ideas regarding the Mozart effect
and the relationships between music and mathematics. In the second part of the
paper a study is presented aiming to identify whether the classical background music
influences the results obtained by students in solving mathematical problems. The
paper ends with the conclusions.
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INTRODUCTION
According to Szabolcsi, “In the successive periods of the cultural history of mankind,
theories that have combined music education with child education have always been
recognized. The recognition of the personality-forming power of music is as old as
mankind, and thus it prevails in contemporary thinking.”(Dohány, 2010, p. 194) We
have discussed the overall beneficial effects of music in the context of music
education, but it can be emphasized that it influences the emotional state, the mood
of the person and it stimulates the brain. Scientific research has shown that newborns
who have listened to music in their infant age have more synapses between the two
hemispheres and have better hearing. Most researchers recommend classical music,
saying that it stylizes creativity and develops brain power. Music also facilitates the
development of speed reading, language learning and mathematical skills, improves
motor skills, and increases the information retention up to 90%. The relationship with
the environment, self-esteem and creativity improve.
The Mozart effect is one of the most famous and commonly used theories on the
relationship between music and cognitive thinking. The theory states that when we
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listen to Mozart's music, the nerve cells in the brain tune to speed up thinking
processes. The Mozart effect was formulated by Dr. Alfred Tomatis in 1950. He
noticed that music within a specific frequency, or more precisely 60 beats per minute,
improves learning abilities by improving collaboration between the two hemispheres
and calming emotions. Classical music without lyrics written in the rhythm of the
baroque largo and andante, including many famous pieces by Mozart, Haydn and
Beethoven, falls into this category. In addition, Dr. Tomatis argues that strings used in
the works have a soothing and positive effect on the ear and brain, and due to their
frequency, they replenish our mental elements.

1. Theoretical background
Although music and mathematics seem to be two contradictory areas, the
research of the relationship between these two areas dates back to the sixth century
before Christ up to the present moment. Pythagoras deeply researched how
mathematics became manifest in music, experimenting with stringed instruments,
examining consonance and looking for relationships between strings. “Pythagoreans
achieved significant results in the field of music theory. Among other things, the
relationship between the sounds was established, which allows us to consciously
create and play intervals. All the phenomena of the world have been tried to relate to
numbers.” (approx. quote) (Kiss, 2010) Many are of the opinion that the Pythagoreans
first associated the harmony inherent in geometry and beauty.
It is interesting to note, among other things, that famous mathematicians and
physicists of all times have shown interest in music, including Einstein, Bolyan or
Kepler. But musicians like Xenaxis, who used mathematical theories in his music, or
Boldizsár Csíki who played a mathematical formula on the violin, are also examples of
interest in mathematics. Mathematical relationships of all kinds can be found in the
works of many composers, such as Bartók, Debussy, Bach or Mozart. The relationship
between mathematics and music is manifested in the relationship between fractions
and rhythms, and both areas require spatial-temporal coordination. Quoting Gottfried
Leibniz: "Music is the unconscious practice of arithmetic, while the soul is not aware
that it is counting" (approx. quote) (Music and Mathematics, 2013)
Numerous researchers have investigated the relationship between listening
to music or playing a musical instrument related to academic achievement. The topics
of the study include the Mozart effect, the relationship between study results and
musical participation, music therapy, and the effects of music on the brain.
Davison-Powell (1986) (Maas, 2013) examined the effects of easy listening
background music on various tasks such as testing, cognitive abilities, and endurance.
The results showed that students had a higher proportion of time spent on the task
when using background music.
Banes-Laffety (1995) studied the effect of musical methods used in
mathematics classes. The 44 students, divided into two groups, took geometry,
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measurement, and money concepts in mathematics lessons, and the research
measured mathematical attitudes and productivity. The results did not show a
significant difference between the two groups in terms of attitudes, but those in the
music group achieved significantly better results in terms of mathematical content.
(An, Capraro, & Tillman, 2013)
Dr. Emma Gray, a British psychologist, has done extensive research to identify
which musical styles help different learning blockages. “Those who want to absorb
new information in mathematics and solve equations need concentration. This is best
served by the music played in a tempo of 50-60 beats per minute. If you want to learn
a foreign language, solve complex physiological problems, or memorize dates, the 50
and 80 beats per minute played music is the best for you. This will not only result in a
deep focus, but also in a resourceful and creative approach to the problem.” (approx.
quote) (Andrulonis & ford. Molnár, 2016)

2. Research questions
The importance given to music in education in our country is still low, although some
trends in contemporary pedagogy have concluded that music is important for the
harmonious development of human personality. Some music methods have been
successfully used in some education systems, but it is necessary to examine how this
can be done in traditional education, where and how to achieve the best impact in a
heterogeneous class of students.

3. Purpose of the study
The main purpose of the present study is to identify the extent to which listening to
classical music fragments while working on mathematics influences students'
academic achievement. To this end, the specific objectives of the research include
examining mathematical test results in the presence or absence of background music.

4. Research hypothesis
The main hypothesis of this study is that students in elementary school who listen to
classical music while solving mathematical problems obtain better results in
mathematical tests than those who do not.
The second hypothesis of the research is that there is a difference between the
cognitive skills shown by the results of mathematical tests of students who study
some instrument and those who do not.
The third hypothesis of the research is that students who listen to classical music at
their own initiative or encouraged by their family have better cognitive skills, so they
can achieve better academic results in mathematics tests than those who do not.
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5. Research methods
In the current research, we used experimental and statistical, i.e. quasi-experimental
methods. In the experimental part of the research, the intervention consisted of
creating learning situations in mathematics using classical music as background. The
other part of the research is statistical, i.e. quasi-experimental, as we only measured
and categorized subjects based on the data obtained.

5.1. Participants
The subjects of the research are 22 four graders within the traditional education
system. Ten are boys and 11 are girls. With the help of a level test and 10 pop quizzes
we measured the students' current mathematical knowledge. Based on the results,
we ranked them as poor, medium, good and very good level. The poor category
includes students who have achieved in the tests less than 49%, the intermediate
students between 50% and 69%, the good category values between 70% and 79%,
and the very good category are children who obtained over 80%. Most students in the
class have intermediate math skills, almost half of the class has above average math
skills, 2 students achieved poor results, 3 students got good results and 7, very good.
Half of the students in the class study some kind of instrument, only 4 listen
to classical music (3 children study and play an instrument and 1 does not), and 5
students say they love classical music (2 children study and play an instrument and 3
do not).

5.2. Method and evaluation tool
We compared the students' mathematical test results with or without
classical musical background. Students solved 1 achievement test and 10 pop quizzes,
based on similar tasks, so everyone had the opportunity to solve the same level of
difficulty, but different tasks with or without the background music.
The experiment was based on solving mathematical exercises and problems with
similar structure and difficulty in one day with background music, and the next day
without background music. This was to measure their individual performance against
the music and non-music factor.
In addition we asked students the following 3 questions regarding their attitude and
behaviour in relation to classical music: Have you ever studied or played an
instrument? Do you listen to classical music at home? Do you like classical music?

6. Findings
During a detailed examination of the data, it can be observed that the performance of
the students was fluctuating. It can also be observed that many students showed
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different performance within the same type of assignment. There were some
students that scored significantly higher at first and some that had lower scores at
first, but they got better. This phenomenon can be explained by the fact that their
motivation was very fluctuant. One of the reasons can be that the results of the test
had no effect on their school grades, so they may not have felt it important to do
their best in every case. Another factor may be the music itself, which distracts
attention from the mathematical problems that the students had to solve. These
fluctuations might interfere with the research results.
For coherence, we compared the students' level assessment with the average
results of the 10 pop quizzes. They gave the following values. The difference between
the test results and the average of the pop quiz results is insignificant, only 1%. The
results of 6 children showed a significant decrease compared to the achievement test.
In the case of 4 children, the opposite is true, as their average increased by more than
20% from baseline, as shown in the figure below.
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Figure nr. 1, Students' tests results compared to the average results of the 10 pop
quizzes

We examined the results of the students' average mathematical pop quiz
with and without background music. There was just a 2% difference between the
average of tests performed with and without background music. Students, on
average, performed better in solving mathematical problems in the absence of
background music. One child performed 16% better with background music, while 3
students performed 15% better without it. This can be seen in the chart below.
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Comparison of results in solving mathematical problems
with and without background music
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Figure nr. 2, Comparison of results in solving mathematical problems with and
without background music

Regarding the attitude of children towards classical music, the vast majority
of children studying an instrument have stated that they do not listen or do not like
classical music. An important question may be: what are the factors that influence
this result, because, if classical music is associated with negative feelings, it may
interfere with cognitive performance (in solving mathematical problems). This fact
influences the research results in an unpredictable sense.
According to the second hypothesis of the research, there is a difference
between the mathematical test results of students who study a musical instrument
and those who do not. We examined the average results of the ten pop quizzes with
and without musical background. We compared the scores of the students who play
an instrument with the scores of those who do not. The results show that students
who study musical instruments obtain on average 1% better results with musical
background, while students who do not study musical instruments obtain 5% better
results without musical background. There may be complex reasons for this situation,
but finding them requires more thorough examination.
According to the third hypothesis of the research, there is a difference
between the results of the mathematical test for students who listen to classical
music at home and those who do not. The results show that students who listen to
classical music in their spare time achieve 6% better results with musical background,
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whereas students who do not listen to classical music at all, achieve 4% better results
without musical background.
The first hypothesis of the research, in which we investigated if classical music
has a positive effect on elementary students' cognitive skills in mathematical problem
solving, has not been proved. Students, on average, performed better in solving
mathematical problems in the absence of background music.
As a second hypothesis, we wanted to examine if the students who study
music prove better cognitive skills when solving mathematical problems than those
who do not. The students who study an instrument got better results with
background music then those who do not.
According to the third hypothesis of the research, there is a difference
between the results of the mathematical test for students who listen to classical
music at home and those who do not. All in all, those who listen to classical music at
home have achieved slightly better results than without it.

Conclusions
Although my hypotheses have not been confirmed, the fine differences shown by the
partial results of the research encourage the idea that familiarizing children with
classical music is beneficial to them.
As a factor influencing research, we can mention the increasingly poor
motivation of students. When their work is not aimed at getting grades, students are
not motivated to demonstrate their cognitive skills by quickly and correctly solving
mathematics problems. In this case, classical music does not have sufficient mobilizing
power.
The results of the present research represent a challenge for further
investigation of the relationships established between music and cognitive skills at
early school ages. They generate a series of new questions such as: Why the vast
majority of children, while studying an instrument, don't listen to classical music or
they seldom do it? What is the reason for which not many children like classical
music? What made them feel negative about classical music? Only deeper and more
detailed research could provide a credible answer.
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