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Abstract: The study purpose is to consider the influence of expressive
and sedative operaworks on the respondents’ mathematical abilities. The
respondents were tested in order to identify the above characteristics.
Two samples were obtained that contain information indirectly indicating
a change in mathematical abilities of respondents listening to expressive
and sedative opera works. There is a correlation between listening to
music and an increase in the respondents’ mathematical abilities. The
correlations between listening to sedative and expressive music and the
respondents’ mathematical ability are different. Sedative music has a
calming effect while expressive music cheers up the respondents.
Keywords: Cognitive abilities. Expressive music. Mathematics. Opera.
Sedative music.

Resumo: O objetivo do estudo é considerar ainfluéncia de obras de 6pera
expressivas e sedativas nas habilidades matematicas dos entrevistados.
Os respondentes foram testados a fim de identificar as caracteristicas
acima. Foram obtidas duas amostras que contém informac¢des que
indicam indiretamente uma mudanca nas habilidades matematicas dos
entrevistados ao ouvir obras de dpera expressivas e sedativas. Existe
uma correlacdo entre ouvir musica e um aumento nas habilidades
matematicas dos entrevistados. As correla¢des entre ouvir musica
sedativa e expressiva e a habilidade matematica dos entrevistados
sao diferentes. A musica sedativa tem um efeito calmante, enquanto a
musica expressiva anima os entrevistados.

Palavras-chave: Habilidades cognitivas. MUsica expressiva. Matematica.
Opera. MUsica sedativa.
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Introduction

The interdisciplinary field of music and mathematics has
been studied for a long time and has been rapidly developing
over the past decade. Research at the intersection of music and
mathematics often covers the areas of pedagogy (AN et al., 2016;
HAMILTON et al., 2018) and linguistics (BERGEE and WEINGARTEN,
2021; VAN DE CAVEY and HARTSUIKER, 2016).

There are many studies on the impact of different types of
music on human mathematical and cognitive abilities (HOLMES
and HALLAM, 2017; SCHELLENBERG, 2005; VILADOT et al., 2017). In
particular, a pilot study (HAMILTON et al., 2018) considers whether
knowledge in such fundamental mathematics topics as fractions,
equations, multiplication, and division can affect the students’
sense of rhythm. The results obtained showed that the perfomance
of students improved after the post-test. This study also raises the
question of the concept of human musical abilities. In addition,
there was a similar study (AN and TILLMAN, 2015) based on a pre-
and post-test experiment involving 56 primary school students.
Within the framework of the present paper, it was revealed that the
introduction of interdisciplinary music and mathematics classes
has significantly improved the mathematical abilities of children.
In the course of the study (LAATO et al., 2019), the introduction of
music classes into the school curriculum of educational institutions
in Finland was substantiated. As part of an experiment conducted
in high school, it was observed that composition lessons had
significantlyimprovedthe mathematical abilitiesoftherespondents,
in particular, the skills of basic calculation. According to the study,
good knowledge of music theory and teacher competence are
important for conducting composition lessons. It should be noted
that composing is quite difficult to assess objectively. However, up-
to-date computer software developed in the study (LAATO et al.,
2019) can solve the above problems quite successfully. The work
of MCDONEL (2015) found a significant correlation between the
musical ability of preschool children (namely, the sense of rhythm)

MUsica Hodie. 2021, v.21, 69083 @@



KON ATHG=K ENAT

Expressiveness and Sedation in Opera Music: Mathematical Perspectives

Yang Chao

and their mathematical abilities. However, it should be noted that
despite the long-term experiment lasting 12 weeks, the respondent
sample was rather small - only ten children.

The study of fractions is one of the challenges to children when
learning mathematics (BAILEY et al., 2015; LORTIE-FORGUES et al.,
2015). The study of LOVEMORE et al. (2021) considers the effect of
the introduction of music classes on the mastery of fractions by
secondary school children in South Africa. Within the framework of
the research, the interdependent study of music and mathematics
for the development of mathematical abilities of children was
proposed. The work AZARYAHU et al. (2019) also investigated
the impact of the introduction of music classes on the ability to
learn fractions. All respondents who participated in the 12-week
experiment were divided into three groups: the first group was
engaged in musical activities with an emphasis on rhythm and
melody activities; the second group was involved in rhythmic
activities; in the third group, there was no musical interference.
The main methodology of the experiment based on the pre and
post test was teaching musical notation and rhythmic lessons
conducted by tapping melody the respondents heard. Despite
the good indicators of the mathematical ability to solve fraction
problems in both music groups, a significant positive result was
noticed only in the first group.

The study of SCHELLENBERG (2005) examines the impact of
music on human cognitive abilities (in particular, memory, language
and visual motor skills). The work analyzes mathematical abilities
before and after listening to music (the so-called Mozart effect).
It is important to note that the study did not find any correlation
between listening to music and musical ability improvement, but
there was a beneficial effect of music on language skills. However,
the work of ANGEL et al. (2010) described completely different
results - listening to music by Mozart really improves the cognitive
abilities of a person. There is more information on the effect of
music on cognitive (in particular, mathematical abilities of a person)
in the studies of HAUSER and WATUMULL (2017), ROGERS (2004),
SAMSUDIN et al. (2019).
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Also, it should be noted that music therapy can greatly help
sick people (GARCIA-CASARES et al, 2018; KRABS et al, 2015;
PALISSON et al., 2015). For example, the researchers (SCHIAVIO
and ALTENMULLER, 2015) observed that music therapy improves
the well-being of people with Parkinson's disease. In particular, it
has been noted that this type of therapy has a positive effect on
coordination and motor abilities, as well as stabilizes psychological
state and improves social skills. However, contrary to conventional
wisdom, the research (KENNAWAY, 2015) found that music therapy
can cause serious physical and mental disorders. Considering
the effect of music on people in different eras, the author noted
that according to some people (in particular, the nineteenth and
twentieth centuries were considered), music can “brainwash”
or make young women feel faint. However, the authors of this
work believe that these are prejudices caused by the inadequate
competence of people of that time in medicine. It is likely that
nineteenth-century women fainted from too tight corsets, and
twentieth-century brainwashing was the result of the fear of the
Cold War.

Within the framework of the present paper, the influence of
sedative and expressive music on the mathematical abilities of
a person was considered. The purpose of the study is to reveal
and confirm a positive correlation between listening to music of a
different nature and better mathematics performance. In addition,
the data that will provide an abstract and subjective definition of
“expressiveness” were collected through the survey. The objective
of the study was to collect and analyze data that indicate the effect
of different types of music on the mathematical ability of a person.
A three-week experiment conducted based on the pre- and post-
test method showed that both expressive and sedative music have
a positive effect on the mathematical ability of the respondents.
However, sedative music has a greater impact on the respondents’
performance in mathematics.
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Research Methodology

Preliminary Selection Methodology

Within the framework of the study, 639 students from various
universities located in China were selected. Initially, 832 students
agreed to participate in the experiment; but the main selection
criterion was poor knowledge of mathematics. Thus, based on the
pre-test (the respondents were given a form containing test tasks
in school mathematics), some of the participants who were good
enough at mathematics were refused to participate. The selection
criterion is due to the fact that a change in student performance
should be checked by giving more complex mathematical
problems. In addition, all respondents were previously explained
the methods of solving problems.

All respondents selected were divided into three groups. Thus,
there were 213 people in each group.

It should be noted that factors such as gender, social or
financial status were not taken into account.

Research Methodology

The experiment conducted within the framework of the study
involved three-week listening to opera music of a different nature
during sleep and during the day (the respondents were required to
listen to opera music instead of the music they usually prefer). The
data collection methodology is based on the interviews of students
(three-day testing under the supervision of 87 teachers) on various
elementary mathematics topics (multiplication, division, and
addition of simple and decimal fractions; solving linear equations,
power problems, Pythagorean equations to find different sides
of right-angled triangles, as well as solving quadratic equations
based on Vieta's theorem). The respondents were also required to
define “expressiveness”. In this case, at the end of the experiment,
the respondents verbally described the feelings expressive music
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provoked in them. It should be noted that “sedative music” did not
require definition as almost all respondents defined it as “calm”.

Statistical Research Methods

Within the framework of the research, a dataset grouped into
three paired samples was obtained. Each pair was the pre- and
post-test result of the three study groups (one control group and
two experimental groups).

The data in the samples reflected the number of respondents
who answered the questions.

The data obtained were analyzed based on the two-sample
t-test for independent variables. However, a prerequisite tor the
application of this statistical method is the sample size of more
than 8 and conformity with the student’s normal distribution. The
first condition is true (12> 8), the second one is checked through
the Shapiro-Wilk criterion, which is found according to the formula:

(1)

where is the sample variance, are sample values, and are table
constants.

In this case, the normality of the sample is confirmed unless
the empirical values exceed the critical value. The critical value of
the Shapiro-Wilk test depends on the size of the samples and is
calculated by the following formula:

(2)
where n is the sample size.

As noted above, the Student’s t-test is the main method of
testing the hypothesis for the correlation between listening to
sedative or expressive opera music and the improvement in the
mathematical ability of the respondents. The Student's t-test is
found by the formula

(3)
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where is the arithmetic mean of the sample, and s is the
variance of the sample.

The hypothesis under study is confirmed if the t-test values
exceed the table value that is 2.2.

The analysis was carried out taking into account the reliability
coefficient of 0.05 used for any experimental data.

Ethical Issues

The respondents were not asked to mention their names and
universities, and teachers from other universities were invited. It was
alsopreviously checked thattherespondentsdonotstudyattechnical
faculties. Both written and verbal consent for participation in
research were received. The research was approved by the Ethics
Review Committee of Guangxi Arts University (protocol number
IC3451AJ2_RES).

Research Limitations

However, it should be noted that there are a number of factors
that can slightly distort the results obtained. These include a
relatively small number of questions in the questionnaire. Despite
the fact that the number of questions allows the application of
the Student's t-test (12> 8), the larger the amount of data in the
samples, the more accurate the results are. In addition, a more
careful selection of respondents based on different factors of
influence can be performed. Thus, the study not only confirms the
correlation, but also substantiates the need for further research in
the area.

Results and Discussion

Within the framework of the study, two types of oral testing
of respondents were carried out. The first survey involved mental
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calculation to solve basic mathematics tasks (Table 1 and Table
2). In the second survey, the respondents were asked to define
“expressiveness”. The results are given below.

Survey 1.

In the course of the study based on the pre- and post-test
method, three paired samples were obtained.

Table 1 shows the results thatindirectly indicate a change in the
mathematical abilities of the control group respondents. Column
1 contains question numbers (“Note”). Column 3 and 4 show test
results one day before the experiment and three weeks after the
experiment, respectively.

Table 1 - Control group results.

CONTROL GROUP

TASK NO. PRE-TEST POST-TEST
1 389 392
2 385 386
3 379 380
4 382 382
5 378 377
6 385 388
7 386 386
8 370 372
9 379 382
10 383 388
11 388 386
12 385 380

The highest pretest sample value is 389 for question 1 and the lowest - 370 for question 8. For the second sample, the
results are a bit better. However, further analysis based on the Student’s t-test showed that these differences are not
significant. For the second sample, the highest value is 372, and the lowest - 392 for the same questions.

Table 2 and 3 present the results of the experimental groups
that listened to sedative (experimental group 1) and expressive
music (experimental group 2). Similarly to Table 1, the first, second,
and third columns correspond to question numbers and pre- and
post-test results, respectively.
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Table 2 - Results of the experimental group listening to sedative opera music.

EXPERIMENTAL GROUP 1
PRE-
TASK NO. TEST POST-TEST
1 390 748
2 386 746
3 388 742
4 382 743
5 382 714
6 383 719
7 385 710
8 380 709
9 383 710
10 385 711
11 387 711
12 388 713

In this case, for experimental group 1, the highest and lowest indicators in the first column are 390 and 380, and in the
second one - 709 and 748. As for the post- and pre-test results of the control group, the respondents found question 1
to be the easiest while question 2 caused the greatest difficulty.

Table 3 - Results of the experimental group listening to expressive opera music.

EXPERIMENTAL GROUP 2

TASK NO. PRE-TEST POST-TEST
1 391 582
2 382 563
3 383 564
4 385 566
5 384 567
6 386 564
7 383 569
8 381 561
9 388 568
10 386 562
11 387 565
12 385 568

For experimental group 2, as well as for the other groups, the highest and lowest values corresponded to the same
questions. The lowest and highest pre-test and post-test values were 381and 391, and 561 and 582, respectively.

MUsica Hodie. 2021, v.21, 69083 @@



Expressiveness and Sedation in Opera Music: Mathematical Perspectives
Yang Chao

Table 4 shows the results of the analysis of the samples
obtained in the context of their compliance with the law of normal
distribution. It was checked based on the Shapiro-Wilk test. In line
3, number 1 and number 2 correspond to the pre- and post-test
samples for the control group, and number 3,4, 5 and 6 correspond
to the pre- and post-test values for experimental group 1 (3 and 4)
and experimental group 2 (5 and 6).

Table 4 - Results of the analysis of the samples based on the Shapiro-Wilk test.

EXPERIMENTAL GROUP
VALUES SHAPIRO-WILK CRITERION

1 2 3 4 5 6
<X> 382.4167 |383.25 384.9167 | 723 385.0833 | 566.5833
S? 5.04000 5.27770 |2.87110 7.22072 |2.66010 |3.05850
W 0.789682 |0.65908 |0.801821 |0.79803 |0.812467 |0.818576

Line 1 and line 2 show the arithmetic mean of the sample and the variance, respectively.

As can be seen, for the control group, the mean pre- and post-
test values of 382.4167 and 383.25 are rather close, while for the
experimental groups, the differences are quite large - 384.9167
and 723 for the first group, and 385.0833 and 566.5833 for the
second one. Line 3 shows the results of the Shapiro-Wilk test. Thus,
due to the fact that all values obtained do not exceed the critical
one (0.850908), the law of normal distribution is fulfilled.

Table 5 shows the results of the analysis of the paired samples
based on the Student's t-test. Column 1, 2, and 3 show the results
of comparing paired samples for the control and experimental
samples (first and second). Line 1 shows the root-mean-square
variance for the two pairs of samples, line 2 - the empirical Student’s
t-test.
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Table 5 - Results of the analysis of the samples based on the Student’s t-test.

STUDENT'S T-TEST
VALUES

CONTROL GROUP  EXPERIMENTAL GROUP 1 EXPERIMENTAL GROUP
52 0.859808333 0.84099 0.47655
T 0.256347069 4.743044421 6.300820101

As the t-test value of the control group does not exceed the table value, the hypothesis for the correlation is rejected. The
Student’s t-test values of the experimental groups exceed the table one; therefore, the correlation is confirmed. Thus, the-
re is a correlation between listening to opera music and improvement of the mathematical abilities of the respondents.
However, in the context of sedative music, the correlation is stronger.

Survey 2

In the second survey, respondents were asked to define
“expressiveness”. The overwhelming majority of the respondents
characterized the term exclusively with epithets. Within the
framework of the study, the most common epithets used were

n i n u

“motivating”, “shivering”, “exciting” and “uplifting”.

Next, more detailed characteristics are given.

1. “It's quite difficult to describe ... This kind of music definitely
cheers me up. | would say that it encourages action.”

2. “Ithink this kind of music can be described as exciting. Perhaps,
my basic feeling resembles anxiety.”

3. “This music is rather unusual for me. It's not that it makes me
scared, but it's a bit frightening for me. It's hard to describe it
verbally.”

4. “In general, | love opera music, but | don't listen to it all the
time. She helps me focus and cheers me up.”

5. “Obviously, not everyone enjoys this kind of music. It has a
special character and is very aesthetic.”

6. “This kind of music makes me think. This is a kind of intellectual
load.”
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7. “Despite the fact that it is clearly not calm, | would describe
opera music as meditative because while listening to it, you
disengage yourself from the outside world.”

The impact of different types of music on the cognitive (in
particular, mathematical) abilities of a person is well studied. Thus,
the work of GAN et al. (2015) considers the effect of sedative music
on the level of mathematical anxiety among the respondents.
As part of the study involving 100 bachelors of the Faculty of
Psychology, an experiment was conducted in three groups: the first
two groups listened to sedative and stimulative music, respectively,
and the third one did not listen to music. The research based
on the pre- and post-test study revealed that both sedative and
stimulative music reduced mathematical anxiety (in particular, the
results showed a decrease in systolic blood pressure). However,
it was also observed that stimulative music is less effective in this
case. If expressiveness is interpreted as stimulative music (the
respondents characterized expressive music with similar epithets
in our study), it can be argued that the results obtained in this study
are similar to our results. In addition, it should be noted that within
the framework of our experiment, a similar research methodology
based on pre- and post-tests followed by further analysis with the
use of the Student's t-test was applied. The work of TISDELL (2019)
investigates the impact of integrating songs on maths learning.
As part of the study, the researcher created the song called “e is
magic number” and integrated it into his classes with students.
The study showed that the introduction of musical works of this
type can also have a positive effect on the musical abilities of the
respondents and help them better memorize the material received
in the classroom. However, a meta-analysis (SALA and GOBET,
2020) described opposite results. Within the framework of the
study, various methods of assessing the effectiveness of musical
activity (verbal, non-verbal, speed-related, etc.) were implemented;
each of them showed poor effectiveness or no results. Despite
testing of respondents of different age and at different time of the
experiment, there was no significant correlation between musical
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activity and an improvement in the mathematical abilities of the
respondents. Later, the same authors came to a similar conclusion
(SALA and GOBET, 2017). The study of FANCOURT and STEPTOE
(2018) involving 3445 respondents found that going to the theater,
as well as attending concerts and operas, exhibitions, museums
and galleries, have a beneficial effect on the cognitive abilities of
adults aged 25 and older for the next 10 years. Regardless of the
demographic status of the respondents, their health, and social
status, this correlation remains. Based on the results of the study
of BENZ et al. (2016), it was noted that musical activity as a type of
cognitive training can also improve cognitive abilities of a person.

Conclusions and Future Work

Within the framework of the study, a three-week experiment
involving passive listening to sedative and expressive opera music
was conducted. The respondents (639 students from various
universities in China) listened to opera music while sleeping. The
respondents were required to neglect their musical preferences
and listen to sedative or expressive pieces of music instead.

Inthe course of the experiment, a correlation between listening
to sedative and expressive opera music and an improvement in
the mathematical abilities of the respondents was observed. The
samples analyzed based on the two-sample Student’s t-test for
independent variables showed that the pre-test results were much
worse compared to the post-test results in the the experimental
groups while the results of the control group almost did not change.
However, sedative music has a greater effect on the improvement
of cognitive abilities (the pre-test based on the results of the
respondents showed an average value of 384.9167 while the
post-test - 723). Despite this, the expressiveness of opera music
should not be underestimated as the results of the second group
respondents also improved significantly (the pre-test mean value is
385.0833, the post-testvalue-563566.5833).Inaddition, the results
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of the interview of respondents provided quite comprehensive and
similar characteristics of “expressiveness”. Thus, many respondents
described this type of music as “motivating”, “shivering”, “exciting”
and “uplifting”. However, some respondents gave not quite correct
answers. For example, some respondents called expressive opera
music loud and “screaming”. Some respondents also noted that

this kind of music interferes with concentration.

The results obtained can be used to integrate interdisciplinary
music and mathematics classes. Also, there is a problem of
underestimating music as a subject of the school curriculum.
However, as our results have shown, music can affect the
assimilation of exact sciences. It is planned to conduct a more
thorough selection of respondents to participate in further
research. In addition, to obtain a more reliable result, itis necessary
to increase the number of test items in the questionnaire. The
results obtained can also serve as an argument for the research
on the correlation between mathematical ability and listening to
other types of music.
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% Appendix 1
1. Add and reduce the fraction
2. = Multiply and reduce the fraction
3. x+134.5-2.4=164.2
4. Find x
5. Find x based on Vieta's formula
6. Find the length of the hypotenuse if the lengths of the legs
are3cmand 4 cm.
7. Change 2 mm into meters and decimeters
8. = Divide and reduce the fraction
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