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Abstract: The purpose of this study was to verify a possible relationship
betweenvocal performance and mathematical skills. The study has polled
60 vocal students and 6 voice teachers, analysed educational records,
and conducted an independent singing examination. Using the Student’s
t-test, it was found that vocal performance estimates carried among
student with different levels of mathematical competency indicated
a connection between vocal performance and mathematical abilities.
The results revealed that vocal students with relatively well-developed
mathematical skills outperformed those with poor mathematical abilities
by around 33 percentage points.
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Resumo: O objetivo deste estudo foi verificar uma possivel relacao
entre desempenho vocal e habilidades matematicas. O estudo
entrevistou 60 estudantes de canto e 6 professores de canto, analisou
registros educacionais e conduziu um exame independente de canto.
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Por meio do teste-t de Student, verificou-se que as estimativas de
desempenho vocal realizadas entre alunos com diferentes niveis de
competéncia matematica indicaram uma relagdo entre desempenho
vocal e habilidades matematicas. Os resultados revelaram que os alunos
vocais com habilidades matematicas relativamente bem desenvolvidas
superaram aqueles com habilidades matematicas fracas em cerca de 33
pontos percentuais.

Palavras-chave: conexdo entre musica e matematica; habilidades
matematicas; performance musical; habilidades vocais; desempenho
vocal.
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Introduction

The link between musical abilities of a person and his/her
penchant for mathematics is a promising interdisciplinary research
topic, which currently gains popularity (GORE and HAYNES, 2020;
MONTIEL and GOMEZ, 2014; VAUGHN, 2000; SCHELLENBERG,
2016; SHCHEDRINA et al., 2020). The overwhelming majority of
studies show that students who are good at exact sciences also
perform better in the music classroom when compared to those
struggling with the basic math problems (JONES and PEARSON,
2013; MCDONEL, 2015). A qualitative survey of 24 learners carried
out to establish a connection between musical and mathematical
abilities revealed that a significant portion of respondents were
certain that knowledge of mathematics was crucial for a better
understanding of music theory (CRANMORE and TUNKS, 2015a,
2015b), especially rhythm-related concepts. HAMILTON et al. (2018)
discovered a similar tendency. In particular, a correlation was
found between one’s understanding of rhythm and proficiency in
mathematical concepts, such asfractions, equivalence, and division.
The research showed that bringing music into the mathematics
classroom enabled students to better absorb information.
However, an inverse correlation is also possible (BOCCARDI,
2015; DA SILVA, 2019; TISDELL, 2019). A pretest-posttest research
on high school students revealed that incorporating music with
mathematics lesson improves learning performance significantly
(AN and TILLMAN, 2015; AN et al., 2015). More recent studies
report similar results (HOLMES and HALLAM, 2017; PERGER et al.,
2018). BERGEE and WEINGARTEN (2020), for example, found that
training schoolchildren with music has significantly improved their
mathematical and reading skills. The methodology they used was
based on a four-level model, designed to analyze the performance
of individual students, classrooms, schools, and districts. The
results were obtained with the help of two music achievement
tests.
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It should be noted that issues surrounding the integration of
music and mathematics in the classroom have been well studied,
and evidences on the positive correlation between musical and
mathematical abilities have been around for a long time (EDELSON
and JOHNSON, 2003; MANTHEI and KELLY, 1999). Music was found
to have a positive impact on one’s cognitive abilities and health. For
example, Weinberger (1998) emphasizes that music has beneficial
effects on brain development and even enhances reading and
mathematics skills. Furthermore, music has a strong impact on the
brain. For instance, individuals who listen to music speed up the
transmission of nerve impulses through synapses. This is conducive
to creativity, high self-esteem, and social integration (TSUIKINA
and BUSURINA, 2020). Listening to music also has the potential to
significantly affectintelligence (KERSTEN, 2014; SWAMINATHAN and
SCHELLENBERG, 2018; WINTER, 2016). Another work investigated
the effects of piano keyboard training on the spatial-temporal
development of preschool children (GRAZIANO et al., 1999). The
results showed that children given piano keyboard lessons were
better at learning fractions and proportional math than children
not engaged in musical activity. These results are consistent with
the previous studies (HAMILTON et al., 2018). It should be noted
that mathematical concepts, such as fractions and proportional
math, pose a challenge to the vast majority of students and are
difficult to explain (BAKER, 2011). From a physiological point of
view, the positive correlation that has been found between music
and mathematical reasoning may be associated with the ability of
music to influence processes in the cerebral cortex.

However, a meta-analysis of the studies investigating the
impact of music training on cognitive development of children
failed to find any evidence in the favor of a positive effect (SALA and
GOBET, 2017). Despite the existence of many articles reporting a
beneficial effect of music on cognitive development (BARBAROUX
et al., 2019; HABIBI et al. 2019), RICKARD et al. (2012) also failed
to associate music with improvements in visual memory, verbal
memory, and visual-spatial reasoning. As it can be seen, there

Musica Hodie. 2021, v21, e67697 @@



KON ATHG=K ENAT

The Possible Relationship between Mathematical Skills and Vocal Performance

Wanli Hu

are many conflicting studies and different perspectives regarding
the transfer of music skills to non-music ones, such as verbal
memory, academic performance, spatial-temporal reasoning, etc.
(MIENDLARZEWSKA and TROST, 2013).

This work examines the vocal performance of the respondents
with respect to their academic achievements in the exact sciences.
It is hypothesized that students with well-developed mathematical
skills exhibit better vocal performance than students with poorly
developed mathematical skills.

Materials and Methods

This study used a poll research approach to collect data from
two groups of respondents, namely vocal students (vocalists) and
their voice teachers. The study sought to compare the students’
perceptions regarding vocal performance and independent
examination scores in music and mathematics classes. As a result,
the study involved six independent, normally-distributed data sets.

Sixty first-year students majoring in vocal performance were
sampled for a homogenous research design. No regard was given
to age, gender, and nationality. All recruits had only attained
secondary school education. The students were divided into two
groups of mathematical ability: (1) those with well-developed
mathematical skills (math group), and (2) those with poorly
developed ones (non-math). The sorting procedure involved giving
respondents the school-level mathematical tasks to solve. The
study involved 6 voice teachers.

There were several steps involved in finding a correlation
between vocal performance and mathematical abilities. The first
was asking the students to rate their vocal performance on a
scale of 1 to 10. The second was asking voice teachers to evaluate
achievements of their students on a similar scale from 1 to 10.
Then, in step 3, students’ grades from the previous semester
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were analyzed. The results were converted to a 10-point scale.
After the poll, students were asked to sing two classical songs
in front of two independent examination commissions (steps 4
and 5, respectively). Scores for the singing exam were given by
the independent examination commission through voting. Each
student could score in the range from 1 to 10. Finally, the average
group scores were found. Data were checked for normality using
the Shapiro-Wilk test. For this, the following formula was employed:

1 .
W = 5_3[ ?:1 Ap—iv1(Xn—i+1 — xi)]zs- (1)

where represents variance; are equal to 0.6646 and 0.1677;
x is the value of the data; n is the sample size; and i a variable that
can take the values 1 or 2. Differences between data sets were
found using the Student’s t-test. For this, the following formula was
used:

¢ =212 (2)

where is the average value of the sample “Math”, is the
average value of the sample “Non-Math”, s is the square root of
the variance. Differences were considered statistically significant
at p <0.05.

Results and Discussion

Average scores collected at each step of the study are depicted
in Table 1. Numbers in column 1 correspond to research steps.
Hence, the first three rows contain polling results and retrospective
data on vocal performance. Rows four and five present averaged
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examination estimates. Columns 2 and 3 present average group
scores for math and non-math groups.

Table 1. Averaged vocal performance scores among first-year vocal students

No. Math Non-Math
1 8.67 5.98
2 9.03 6.31
3 8.89 5.67
4 8.55 6.11
5 9.09 5.69

As can be seen in Table above, the first group scored in
the range from 8.55 to 9.09 points, that is, around 9 points in
all steps, whereas the second, group with its 6 points, scored
slightly lower. Furthermore, students’ subjective perception of
their own vocal performance was slightly lower when compared
to teachers’ opinions and consistent with grades they received in
the previous semester. However, students’ perceptions regarding
vocal performance in the first group were slightly lower than their
actual performance. On the other hand, students with relatively
poor mathematical skills had higher perceptions of their own
performance in the signing class than the actual performance
estimates.

The independent exam scores are ambiguous within the
samples. The average group score given by the first examination
commission is lower than the actual performance score obtained
in the classroom. At the same time, the second examination
commission marked the vocal skills of students in the first group
rather high, such that the resultant average group score turned
out to be much higher than the overall students’ perception, the
overall teachers’ perception, and the average group score from
the previous semester. The second group, however, scored lower
when compared to students’ and teachers’ perceptions, but the
average group score was consistent with the past achievement.
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Factors that have influenced the examiners' decision-making are
unknown.

Table 2 shows the results of the normality test. The first row
contains the average values of the samples, whilst the second and
third rows depict data on variance and sample size, respectively.
Rows four and five present empirical and tabular values of
normality.

Table 2. Results of the Shapiro-Wilk test

Shapiro-Wilk

Math Non-Math

<x>  8.846 5.952

s? 0.5677 0.30208

n 5

W 0.069502 0.1694913

Wcr 0.928

AsitcanbeseeninTable above, the empirical value of normality
is larger than the tabular one, which indicates that samples follow
the normal distribution. In addition, the sample size is greater than
4. Hence, the t-test can be performed.

Table 3 presentstheresults ofthe Student'st-test. Rows oneand
two depict data on variance and sample size, respectively, and rows
three and four present empirical and tabular t-values, respectively.
The t-test was aimed at testing the research hypothesis. In this
case, if the calculated t-value is greater than the tabular one, then
it (research hypothesis) is proved. Otherwise, it is rejected.
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Table 3. Results of the t-test

Student’s t-test
s2 0.217445

n 5

t 6.206172

ter 2.776

Based on the results of the t-test, the research hypothesis
can be considered proved. As it can see in Table 2, the average
scores of the math group are significantly higher than those of the
non-math one. This suggests that there is a positive correlation
between one's mathematical abilities and his/her musical (in this
case, vocal) skills.

The connection between mathematics and music has been
well studied (CAPOZUCCA and FERMANI, 2019; ELOFSSON et
al., 2016, MAYES, 2018). A survey of 68 university students in
Spain revealed that musical exercises significantly affect one's
performance in the mathematics classroom (CHAO-FERNANDEZ et
al., 2017). In particular, there was a positive correlation between
music training and cognitive abilities of the respondents. A similar
study was carried out among elementary school students (ROA et
al., 2020). It was found that music training had a beneficial effect
on STEAM learning. However, those results do not fully agree
with earlier studies. This may indicate that a certain dependence
between learning performance and learning context is present. A
similar methodology was used in a range of other studies (S. ACAN
and N. ACAN, 2019; ANDREOTTI and FRANS, 2019; MANNONE,
2019). Other scholars explore Mathematical Music Theory and
Mathematical Music Game (MAZZOLA, 2017).

It should be noted that a direct correlation between vocal
performance and mathematical abilities is rather poorly studied.
The authors of this article failed to find any reliable information
about this sort of connection between mathematical and vocal
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skills. Nevertheless, GUHN et al. (2020) explored the association
between vocal performance and achievements in mathematics
and science. The results, however, are not in agreement with the
present findings.

Conclusions

Thisworkwas aimedto find association between vocal skillsand
mathematical abilities. The results show that vocal students with
relatively well-developed set of mathematical skills outperformed
those with poor mathematical abilities by around 33 percentage
points. Based on the Student’s t-test results, it was established
that strong mathematical competence is conducive to higher
vocal performance. The present work can serve as a platform for
similar studies. The limitation of this research is a small sample
size, which can affect the accuracy of the results. Hence, a study
with a larger number of respondents and assessment methods is
recommended. The results of the study may be used to substantiate
the integration of musical (vocal) and mathematical classes for
learning enhancement.
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