
Citation: Janurik, Márta, and

Krisztián Józsa. 2022. Long-Term

Impacts of Early Musical Abilities on

Academic Achievement: A

Longitudinal Study. Journal of

Intelligence 10: 36. https://doi.org/

10.3390/jintelligence10030036

Received: 24 May 2022

Accepted: 21 June 2022

Published: 29 June 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Intelligence
Journal of

Article

Long-Term Impacts of Early Musical Abilities on Academic
Achievement: A Longitudinal Study
Márta Janurik 1 and Krisztián Józsa 2,3,*

1 Béla Bartók Faculty of Arts, University of Szeged, 6722 Szeged, Hungary; gevayne.janurik.marta@zmk.szte.hu
2 Institute of Education, University of Szeged, 6722 Szeged, Hungary
3 Institute of Education, Hungarian University of Agriculture and Life Sciences, 7400 Kaposvár, Hungary
* Correspondence: jozsa@sol.cc.u-szeged.hu

Abstract: Numerous neurological, psychological, and transfer studies confirmed the role of learning
music in cognitive development and education. However, exploring the long-term impacts of early
musical abilities on academic achievement has gained relatively little attention thus far. In a seven-
year longitudinal study, we examined the predictive role of musical abilities in future success in
school. The sample consisted of 76 Hungarian students. The independent variables were mothers’
education and the tests administered to Grade-1 students, which included Raven’s Progressive
Matrices and tests on word reading, mathematics, and musical abilities. The dependent variable was
GPA in Grade 7. All tests demonstrated adequate reliability. In the regression model with the most
significant predictive role, the independent variables explained 46% of GPA in Grade 7 when taken
together. We established the long-term predictive role of musical abilities in later success in school.
Rhythm perception and reproduction demonstrated the most significant explanatory power (11%)
of variance for GPA. Mathematics and mothers’ education each explained 10% of the variance. The
findings shed light on the positive impacts that early musical training may play in later academic
achievement, even in the long run.

Keywords: early musical abilities; GPA; school success; academic achievement; predictive role of
musical abilities

1. Introduction

Many studies have confirmed that early academic skills predict later academic achieve-
ment (Duncan et al. 2007). Moreover, psychological and neuroscientific studies provide
evidence of the role of music learning in cognitive development. The development of
musical abilities is associated with other cognitive skills and academic achievement (Miend-
larzewska and Trost 2013; Tierney and Kraus 2013a). However, longitudinal studies on
the role of early musical abilities in later academic achievement are scarce. A few studies
on music transfer explored the role of learning to play an instrument, which is a process
accompanied by the development of complex cognitive and musical abilities in academic
achievement. In these studies, music training is considered an independent variable. Fur-
thermore, most music programs used in experiments typically include learning to play
an instrument as part of skill enhancement. However, learning to play an instrument is a
complex activity that may facilitate the development of several musical and nonmusical
abilities. It requires persistent and focused attention, decoding of complex musical patterns
and visual symbols, acquisition of musical structures (e.g., intervals, scales, and chords),
continuous improvement of motor coordination, and familiarization with music styles, as
well as the expression of emotions through musical content (Huttenlocher 2002). Certain
cognitive skills (e.g., inhibitory control, cognitive flexibility, or working memory), indis-
pensable to playing a musical instrument, are components of executive functions (Okada
and Slevc 2020).
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Furthermore, the daily practice of playing a musical instrument may enhance the
development of personal characteristics, such as persistence, determination, even mastery
motivation, and self-regulated learning, which are beneficial to learning and academic
achievement (Józsa and Molnár 2013). As one may conclude, children engaged in learning
to play an instrument or other music programs that include playing or improvising simple
instruments encounter diverse opportunities to enhance their music and non-music skills
and abilities. Moreover, examining the factors that may prompt individuals to commit
to music learning is important. These factors may include two of the Big Five person-
ality dimensions, namely, conscientiousness (includes self-discipline, organization, and
achievement-orientation) and openness to experience (Corrigall et al. 2013).

However, one may assume that the impact of music learning reported in previous
studies can be captured even at a simple level in childhood. At the musical perception
level, the perception of musical patterns (e.g., pitch and rhythm), or at the level of musical
reproduction (singing and clapping; Hargreaves and Aksentijevic 2011). Studies on the
transfer effects of music training rely on experiments with different durations; however,
they typically last no longer than a few months. To the best of our knowledge, no study has
used a longitudinal design to examine the predictive role of early musical perception and
reproduction (e.g., singing and clapping), which form the foundation of all musical abilities,
in academic achievement several years later. Alternatively, the novelty of our study is its
duration, which is seven years. Moreover, its relevant aspect is that we explored the role of
early skills in learning and the predictive role of two variables, namely, intelligence and
parents’ education, which are considered relatively fixed individual capacities.

2. Theoretical Framework
2.1. Music Learning and Academic Achievement

Previous findings have established the positive impact of music learning (instrumen-
tal learning or participation in a choir or band) on academic achievement in general as
well as on domain-specific achievement among elementary school, secondary school, and
university students (e.g., Babo 2004; Gouzouasis et al. 2007). Cabanac et al. (2013) revealed
that secondary school students who continued with music training after completing com-
pulsory music education performed significantly better in all school subjects. Moreover,
Santos-Luiz et al. (2015) examined the academic achievement of music and non-music
students from Grades 7 to 9. They found that music students exhibited higher levels of
academic achievement than non-music students did. Catterall et al. (1999) established
a positive relationship between arts education and academic achievement and reported
that the gains for arts-involved students became more prominent over time. Students
consistently involved in high levels of instrumental music learning demonstrated signifi-
cantly higher levels of mathematics proficiency than unengaged students. Morrison (1994)
analyzed data from the National Center for Educational Statistics, a branch of the United
States Department of Education that collected information on more than 18,000 high school
students. The authors found that students who participated in music learning performed
better in English, mathematics, history, and science. In another large-scale study on 4739
elementary and middle school students from the United States, Johnson and Memmott
(2006) reported that elementary school students who participated in high-quality music
education programs scored high on English and mathematics standardized tests. Moreover,
middle school students who participated in a high-quality music or low-quality instrumen-
tal programs scored high on English and mathematics standardized tests. However, the
effect sizes in these studies were small.

Evidence suggests that children and adolescents perform better in the following domains
in school due to music training: language arts (Babo 2004; Kinney 2008; Morrison 1994;
Santos-Luiz et al. 2015; Young et al. 2014; Zanutto 1997), reading (Babo 2004; Butzlaff 2000;
David et al. 2007; Moreno et al. 2009; Zanutto 1997), mathematics (Babo 2004; Cabanac et al. 2013;
Cheek and Smith 1999; Gouzouasis et al. 2007; Johnson and Memmott 2006; Morrison 1994;
Santos-Luiz et al. 2015; Zanutto 1997), history (Cabanac et al. 2013; Morrison 1994), physics
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(Cabanac et al. 2013), chemistry (Cabanac et al. 2013), geography (Santos-Luiz et al.
2015), biology (Gouzouasis et al. 2007), natural science (Santos-Luiz et al. 2015), science
(Morrison 1994; Zanutto 1997), foreign languages (Santos-Luiz et al. 2015), and sports
(Cabanac et al. 2013).

In exploring the impacts of music learning and understanding their underlying mech-
anisms, these studies have also included specific variables such as prior academic achieve-
ment (Kinney 2008), intelligence (Corrigall et al. 2013; Santos-Luiz et al. 2015; Schellenberg
2006), personality characteristics of children (Corrigall et al. 2013), socioeconomic status
(SES; Babo 2004; Catterall et al. 1999; Kinney 2008; Miksza 2007; Santos-Luiz et al. 2015;
Schellenberg 2006; Young et al. 2014), or nonmusical activities (Schellenberg 2006), and
examined their role as well.

2.2. Musical and Cognitive Abilities

Although the perception of musical patterns, the capability to perform musical ac-
tivities, and pleasure in music are universal abilities, significant individual differences
may exist in these abilities. Music aptitude refers to natural musical abilities or an innate
potential to succeed as a musician (Sloboda 1994). In a narrow sense, musical abilities are
those that entirely relate to musical content. Musical perception, which relies on cognitive
operations with auditory information, is the foundation of all complex musical abilities.
According to the modular approach of musical perception, pitch and timing or temporal
processing are distinct within the music processing module (Peretz 2009). Pitch perception
is concerned with three important characteristics of musical sound patterns, namely, pitch
(perception of the frequency of a sound), melody (recognition of the order of sounds), and
harmony (perception of key membership, tonal hierarchy, and harmony change). Rhythm
in music has two independent hierarchical organizations: grouping (entails the segmenta-
tion of small units into large and even larger units) and meter (the periodic alternation of
strong and weak beats; Jackendoff and Lerdahl 2006).

Reproduction, singing melodies after listening to them, or clapping or tapping back
rhythmic patterns, is also complex. Previous studies have pointed to the complex systems
that underlie proficient singing and rhythm reproduction. Berkowska and Bella (2009)
proposed the vocal sensorimotor loop model, where perceptual and motor planning com-
ponents, memory retrieval, auditory–motor mapping, and complex feedback mechanisms
are key elements of singing. Moreover, working memory, attention, motor control, coordi-
nation, and planning all play a role in the development of rhythm reproduction (Drake et al.
2000). Musical perception and reproduction develop through the years due to cognitive
development and musical experience, and childhood plays a crucial role in this process
(Asztalos and Csapó 2017; Dowling 2002).

Although conventional protocols can measure musical perception and reproduction,
musical aptitude tests typically assess the level of development in musical perception
(Gordon 1989). Such tests are based on the same–different tasks. The level of performance
in these tasks, in which participants must determine whether two sequences of sounds
are the same or different, is linked to the ability to recall sounds in working memory
(Besson et al. 2011). In addition, Degé et al. (2015) established the significant correlation
between rhythm perception and production through rapid retrieval from long-term and
working memory. Law (2012) defined two perceptual strategies for processing musical
information. The first pertains to using memory to store and recall auditory elements;
the second denotes utilizing auditory sensory mechanisms to process auditory elements.
This study demonstrated the positive relationships of rhythm-to-melody, rhythm, accent,
and melody subtests with short-term memory capacities (simple span task) and working
memory (complex manipulation of original information).

Previous results mainly indicate positive correlations between intelligence scores
and musical ability tests; however, the correlation coefficient is typically low at approx-
imately 0.30 (Shuter-Dyson 1999). Several studies have confirmed a link between mu-
sic learning and intelligence (Esteki 2013; Schellenberg 2004, 2006, 2011). According to
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Helmbold et al. (2006), temporal and pitch discrimination can be considered valid predic-
tors of psychometric intelligence. Moreover, Costa-Giomi (1999) reports the positive impact
of piano instruction on the development of spatial skills. Daily music training may also
enhance the development of creativity. In a four-year longitudinal study on students who
received Kodály-based music education through daily music classes, Barkóczi and Pléh
(1977) identified enhanced creativity.

Recent results suggest that musical activities may influence the development of ex-
ecutive functions. Rhythm perception and reproduction are associated with certain com-
ponents of intelligence that play an important role in learning, such as working memory
(Degé et al. 2015), music training, which enhances inhibitory control (Bugos and DeMarie
2017; Frischen et al. 2019; Moreno et al. 2011), and cognitive flexibility (Bugos et al. 2007;
Portowitz et al. 2014). These components are executive functions. Degé et al. (2011) estab-
lished a significant association between the duration of music training and intelligence,
mediated by executive functions. Furthermore, Moreno et al. (2011) suggest that musical
activities that are indirectly related to playing musical instruments also facilitate the devel-
opment of executive functions. Previous studies on the impacts of music mainly relied on
musical activities that included playing instruments. However, Janurik et al. (2019) shifted
their focus to a simple level, musical perception, and established significant correlations
between pitch and rhythm perception and executive functions. The highest correlation,
which was moderate (r = 0.53), was established through moderately challenging tasks
with self-regulated inhibition and executive function components that promote mental set-
shifting. In these moderately challenging tasks, pitch and rhythm discrimination exhibited
significant correlations; in challenging tasks, however, only rhythm perception correlated
significantly with the components of executive function. Furthermore, melody and pitch
perception correlated significantly with working memory. In addition, other studies point
to the potential role of executive functions in developing rhythm reproduction (Tierney
and Kraus 2013b).

2.3. Early Reading and Mathematical Skills and Early Musical Abilities

Reading and arithmetic are the two most fundamental skills, in which acquisition
is the most important objective of teaching during the early school years. Specifically,
reading is a complex, multi-level activity. At the first level, three cognitive abilities, namely,
phonological awareness, phonics, and rapid automatized naming, play crucial roles in the
early development of reading (Ziegler and Goswami 2005). Previous scholars establish that
music training promotes the success of reading acquisition. The theoretical approaches
of this link assume common characteristics for musical and speech perception. In other
words, music may stimulate cognitive abilities, such as auditory perception, and facilitate
speech perception in early childhood. The assumption that language and music share
common auditory-processing mechanisms is becoming accepted (Patel 2012). The majority
of available evidence of perceptual language abilities in reading acquisition is related to the
relationship between phonological awareness and musical abilities (Degé and Schwarzer
2011; Holliman et al. 2010; Moreno et al. 2011). Phonological awareness is an essential
precursor of later reading ability and refers to reflecting on and manipulating the sound
structure of spoken words (for a review, see Melby-Lervag et al. 2012). Other perceptual
language skills are connected to musical perception. Examples of these skills are prosody
perception (lexical identification; Wong and Perrachione 2007), vocabulary (Moyeda et al.
2006), and verbal memory (Ho et al. 2003).

Temporal and pitch representation, rapid auditory processing, auditory working
memory, and recognition of auditory patterns do not only form the basis of musical
perception but also play a role in reading acquisition (Tierney and Kraus 2013a). Several
studies report a positive relationship between music learning and reading in the early
stages of learning to read (e.g., David et al. 2007; Holliman et al. 2010; Moreno et al. 2009),
whereas other studies are unable to establish such a relationship (Lukács and Hombolygó
2019). Conversely, Butzlaff (2000) describes two meta-analyses in a review. The findings
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reveal that correlational studies reported a positive association between music training and
reading abilities. However, experimental studies fail to establish this significant correlation.
This contradiction suggests that perceptual language abilities may mediate the impacts of
music training. According to the review of Schellenberg and Weiss (2013), the evidence that
music training has a causal effect on reading does not seem to be strong enough; the causal
effect between music lessons and phonological awareness is more compelling.

There are three levels in the early development of mathematical skills: number–word
sequence isolated from quantities (basic numerical skills), quantity to number–word linkage
(linking number words with quantity), and linking quantity relations with number words
(concept of number relationships; Krajewski and Schneider 2009). For example, Wenger
and Wenger (1990) suggested that exercising cortical neurons during musical activities
may enhance the areas of the cortex that play a role in mathematical thinking. Presumably,
music training activates and improves processes that connect different systems to represent
natural numbers. The National Council of Teachers of Mathematics in the United States
pointed out the focal points of linking music and mathematics (Kells 2008). They include
numbers and operations (understanding whole numbers, concepts of correspondence,
counting, cardinality, and comparison) linked to counting beats (more or less); geometry
(identifying shapes and describing spatial relationships) linked to notation (high/low
notes on the staff); and measurement (identifying measurable attributes and identifying
objects by comparing measurable attributes) linked to tonality (high/low notes and tempo
discrimination). A wide range of studies confirmed the positive impact of music learning
on mathematics achievement among elementary school students (Haley 2001; Hurwitz et al.
1975; Spelke 2008; Nisbet 1991). For example, Vaughn (2000) conducted a meta-analysis on
correlational studies and concluded that a small positive association exists between music
training and mathematical abilities.

An increasing number of researchers assume overlaps between arithmetic and read-
ing skills. Certain cognitive skills form the foundation for learning to read and perform
arithmetic. On the one hand, the results of Durand et al. (2005) confirm previous results,
in which phoneme deletion is a critical foundation for learning to read. However, the
authors also found that verbal abilities predict reading and arithmetic skills to a similar
extent. Other scholars confirmed the role of working memory in developing reading and
mathematical skills. In a three-year longitudinal study, Krajewski and Schneider (2009)
concluded that early phonological awareness and visual–spatial working memory, assessed
at the age of 5 years, mediated the impact through early quantity–number competencies,
which predicted mathematics achievement at Grade 3. Specifically, phonological awareness
predicted basic numerical competencies but not higher numerical competencies, which
may explain the moderate relationship between early literacy development and the devel-
opment of mathematical competencies. Based on these findings, the authors suggested that
phonological awareness is a domain-general precursor of academic achievement instead of
a domain-specific precursor of only subsequent literacy development in school.

2.4. Social Background, School Learning, and Music Learning

Research indicates that children with low SES develop academic skills more slowly
than children with high SES. Children from low-SES families gain less experience that
supports the development of fundamental reading acquisition skills, such as phonological
awareness, vocabulary, and oral language. Furthermore, they enter the education system
with less developed arithmetic and cognitive skills (Buckingham et al. 2013; Morgan et al.
2009). Several studies have suggested that music training may be a tool for compensating
for disadvantages due to SES (e.g., Babo 2004; Catterall et al. 1999; Barkóczi and Pléh 1977;
Schellenberg 2006; Helmrich 2010).

Social background plays a key role in developing musical abilities in childhood, which
is similar to the development of other cognitive skills. Janurik and Józsa (2013) examined
the development of musical perception in preschool as well as in the early school years.
The authors found no difference in musical perception among preschool children based
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on parents’ education. However, during the first years of school (when cognitive skills
typically start to improve, which is crucial for the development of musical perception),
children whose parents have elementary level of education (i.e., the first eight grades) are,
on average, two years lagging behind in musical abilities. However, the role of family
decreases in the long run and is replaced by peer relationships, musical activities, and
music learning, which influence the development of musical perception (Gembris 2006).

3. Objectives

The study presents the following research questions. Can a relationship be established
between musical abilities and the dimensions examined (e.g., perception, reproduction,
and pitch-related and rhythm-related abilities) in Grade 1 and GPA in Grade 7? To what
extent does mothers’ education predict GPA in Grade 7? What is the explanatory power
of IQ? Can the predictive role of musical abilities in Grade 1 be established apart from
mothers’ education and IQ? To what extent do mothers’ education, IQ, word reading, and
mathematical skills predict GPA? What is the explanatory power of musical abilities? Can
its predictive role be established apart from mothers’ education, IQ, word reading, and
mathematical skills?

4. Method
4.1. Participants

The study recruited participants from schools located in the southern part of Hun-
gary. We followed the development of 76 students (male: 40) from eight classes between
Grades 1 and 7. The schools were situated in advantaged regions, as five were in a city
with a university. All children were monolingual native speakers of Hungarian without
known hearing or neurological deficits, attentional deficit disorders, or reading disabilities.
The mean age of participants was 6 years and 6 months at the start of the investigation
(M = 79.34, SD = 4.36 months). We used mothers’ education as the social background vari-
able. In total, 28, 28, and 20 of the mothers achieved the elementary, secondary, and higher
levels of education, respectively. The difference between the number of participants of
the sub-samples based on mothers’ education is non-significant (χ2 = 1.684, p = 0.431).
Moreover, 12 participants were engaged in after-school music programs. Out of them, three
learned to play a musical instrument in an after-school program for one year, three for
2 years, and three for 3 years. One participant learned to play a musical instrument for
5 years, one for 6 years, and one for 8 years. The parents provided written consent to assess
their children and record their data.

4.2. Measures
4.2.1. Musical Aptitude Test

The musical aptitude test consisted of 75 items (Surján and Janurik 2018). The items
can be grouped in two ways, which allowed two ways of creating subtests. The first is
formulating subtests for musical perception and musical reproduction. The second is
creating subtests for pitch-related abilities (pitch perception and reproduction) and rhythm-
related abilities (rhythm perception and reproduction). The raw scores of musical aptitude
were transformed into percentage values, range 0–100.

4.2.2. Musical Perception and Musical Reproduction

In this arrangement, the musical aptitude test categorized musical skills or items
based on two aspects. First, it measured the level of (1) development of musical percep-
tion using listening discrimination tasks and (2) musical reproduction using singing and
clapping tasks.

The first section of the test, which measured musical perception, consisted of tape-
recorded discrimination tasks (42 items). The participants had to decide whether two succes-
sive musical sound patterns were the same or different. The task types were as follows:
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(1) Melody discrimination: deciding whether two successive short, sung melodies were
the same or different (6 items);

(2) Chord analysis: determining the number of notes heard at once (5 items);
(3) Tempo discrimination: short, simple piano excerpts with the same or different tempo

at repetition (5 items);
(4) Interval discrimination: two successive ascending/descending intervals played on

the piano (7 items);
(5) Rhythm discrimination: two successive rhythmic patterns played on a snare drum

(6 items);
(6) Timbre discrimination: comparing the sounds of instruments from the same or a

different instrument family with a slightly similar timbre (5 items);
(7) Chord discrimination: two successive chords (6 items);
(8) Dynamics: comparing the dynamics of five-beat music excerpts played on the piano

(2 items).

A 2.5-second delay was used between the music excerpts being compared.
The second section of the test consisted of three musical reproduction tasks (33 items),

namely, rhythm-clapping (8 items), interval-singing (18 items), and melody-singing (7 items).

4.2.3. Pitch-Related Abilities and Rhythm-Related Abilities

Grouping test items differently enabled the examination of pitch-related and rhythm-
related abilities separately.

The items that measured pitch-related abilities were as follows (49 items):

(1) Melody discrimination: deciding whether two successive short, sung melodies were
the same or different (6 items);

(2) Chord analysis: determining the number of notes heard at once (5 items);
(3) Interval discrimination: two successive ascending/descending intervals played on

the piano (7 items);
(4) Chord discrimination: two successive chords (6 items);
(5) Interval-singing (18 items);
(6) Melody-singing (7 items).

The rhythm-related subtest consisted of the following tasks (19 items):

(1) Tempo discrimination: short, simple piano excerpts with the same or different tempo
at repetition (5 items);

(2) Rhythm discrimination: two successive rhythmic patterns played on a snare drum
(6 items);

(3) Rhythm-clapping (8 items).

The composite index of the combined musical aptitude test included all test items. The
subtests for pitch- and rhythm-related abilities exclude dynamics and timbre discrimination
tasks because these tasks are neither related to pitch perception and reproduction nor to
rhythm perception and reproduction.

4.2.4. Intelligence

We used Raven’s Progressive Matrices to measure non-verbal intelligence (Raven
et al. 1998). The test comprises three sets of matrices, namely, A, AB, and B. The three sets
are considered the three sub-scales of the test: A (11 items, Cronbach’s alpha: 0.89), AB
(12 items, Cronbach’s alpha: 0.90), and B (12 items, Cronbach’s alpha: 0.88). The overall
reliability for the 35 items was 0.89. The raw scores were transformed into percentage
values ranging from 0 to 100.

4.2.5. Word Reading

We measured the level of development in word reading in Grade 1 to assess reading
ability (Nagy 2004). The criterion-oriented diagnostic test is based on the critical vocabulary
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of an optimal level of word reading competency. The items are related to headwords
(37 items), synonyms (15 items), and word-meaning (15 items) for a total number of 67.

4.2.6. Elementary Arithmetic Skills

The test was developed based on the Grade-1 standards of the Hungarian National
Core Curriculum and the Principles and Standards for School Mathematics of the United
States of America (National Council of Teachers of Mathematics 2000; Józsa and Kelemen
2007). It assesses the following skills: counting, reading numbers, place value, ratio, ordinal
numbers, and basic arithmetic operations. The test consists of 77 items. The raw scores of
the subtests were transformed into percentage values ranging from 0 to 100.

4.2.7. School Marks

Data related to students’ marks and achievements were requested from the participat-
ing schools. The parents of five students did not consent to include their children’s GPAs
in the study. All participants learned the same school subjects; GPA was calculated from
the midterm marks in 12 subjects in Grade 7. Academic achievement and GPA in Hungary
are measured using a five-point scale, with 5 representing the highest level of achievement.

4.3. Procedure

The musical perception test (listening discrimination) in Grade 1 was administered in
groups. The students listened to audio files that contained tasks, then each student filled
in their responses in writing. An examiner verbally provided the written instructions for
each task. The allocated time for test completion was 40 min. The students were assessed
individually in singing and rhythm clapping. First, they listened to the audio files, then
reproduced the clapping and singing tasks. University colleagues helped with the test
recordings. Only the examiner and one participant were present in the room per assessment.
Test completion required 10 min per participant. Word reading, elementary arithmetic
skills, and intelligence tests were paper–pencil tests administered during regular class
hours. One test was completed per lesson.

5. Results
5.1. Descriptive Statistics

Table 1 displays the mean and standard deviation of the tests for musical abilities
combined and the scores for the subtests, the level of development in arithmetic skills and
intelligence, the mean and standard deviation of the GPA, and the reliability values of
each test.

Table 1. Descriptive statistics.

Tests and Subtests Number of Items Cronbach’s α Min–Max Mean SD

Musical abilities combined 75 0.89 0–100 42.63 14.11
Musical perception 42 0.70 0–100 57.96 12.23

Musical reproduction 33 0.93 0–100 26.53 21.63
Pitch-related abilities 49 0.88 0–100 37.62 15.18

Rhythm-related abilities 19 0.71 0–100 55.92 20.33
Raven IQ 35 0.89 0–100 78.03 16.89

Word reading 67 0.81 0–100 75.15 11.31
Mathematics 77 0.92 0–100 65.82 14.09

GPA 12 0.92 1–5 3.98 0.71

5.2. Intercorrelations of Variables

The main focus of this research was to examine the long-term impacts of early musical
abilities. We examined the extent to which musical abilities (i.e., musical perception,
reproduction, and pitch- and rhythm-related abilities), reading, arithmetic skills, and
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intelligence in Grade 1 and mothers’ education predict GPA in Grade 7. Before executing
these principal analyses, the study conducted intercorrelations.

Table 2 indicates that the correlation between the combined musical abilities test and
musical perception (r = 0.72, p < 0.001) and rhythm-related abilities (r = 0.69, p < 0.001)
is moderate/strong; moreover, the correlation between reproduction (r = 0.91, p < 0.001)
and pitch-related abilities (r = 0.96, p < 0.001) is strong. These strong relationships are due
to the fact that these variables are dependent on one another, that is, they share common
items in varying proportions. Musical perception displayed a moderate/weak (r = 0.37,
p = 0.001) correlation with reproduction and a moderate correlation with rhythm-related
abilities (r = 0.49, p < 0.001).

Table 2. Intercorrelations of variables.

Variables 1 2 3 4 5 6 7 8 9 10 11

1. Musical perception –
2. Musical reproduction 0.37 –
3. Pitch-related abilities 0.71 0.86 –

4. Rhythm-related abilities 0.39 0.69 0.49 –
5. Musical abilities combined 0.72 0.91 0.96 0.69 –

6. Arithmetic skills 0.23 0.19 0.19 0.31 0.25 –
7. Word reading 0.23 0.18 0.16 0.34 0.23 0.37 –

8. Raven IQ 0.27 0.16 0.26 0.19 0.24 0.46 0.25 –
9. Mothers’ education 0.31 0.19 0.31 0.17 0.28 0.18 0.18 0.48 –

10. Instrumental training 0.38 0.42 0.48 0.33 0.49 0.11 0.15 0.16 0.20 –
11. GPA 0.30 0.32 0.29 0.43 0.38 0.47 0.46 0.47 0.41 0.19 –

Note: For r > 0.22, the level of significance was set at p <0.05; for r > 0.30, the level of significance was set at
p < 0.01; and for r > 0.37, the level of significance was set at p < 0.001.

Mothers’ education exhibited a significant, moderate correlation with the combined
musical abilities test (r = 0.28, p = 0.014) as well as with musical perception (r = 0.31,
p = 0.006) and pitch-related abilities (r = 0.31, p = 0.007). We established significant, moder-
ate to medium (0.33–0.48) correlations between musical abilities in Grade 1 and learning
musical instruments in later years. Learning to play a musical instrument did not correlate
significantly with the other independent variables.

Correlation between arithmetic skills and word reading was found to be moderate
(r = 0.37, p < 0.001). These two basic skills did not correlate significantly with mothers’
education. The correlation between arithmetic skills and the combined musical abilities
test was r = 0.25 (p = 0.031), whereas the correlations between arithmetic skills and musical
subtests were low to moderate (0.19–0.31). There was no significant correlation between
arithmetic skills and pitch-related abilities. Word reading displayed significant, low corre-
lations with the combined musical abilities test (r = 0.23, p < 0.044) and musical perception
(r = 0.23, p < 0.050). Alternatively, its correlation with rhythm-related abilities was found to
be moderate (r = 0.34, p = 0.002).

Intelligence in Grade 1 exhibited the same, moderate correlation with arithmetic skills
and GPA in Grade 7 (r = 0.46, p < 0.001). Moreover, its correlation with mothers’ education
was r = 0.48 (p < 0.001), whereas no significant correlation was established with later
instrumental training. We found a significant, low correlation between intelligence and the
combined musical abilities test (r = 0.24, p < 0.038). Furthermore, significant correlations
were established between pitch-related abilities (r = 0.26, p < 0.026) and musical perception
(r = 0.27, p < 0.019).

All independent variables exhibited significant, moderate correlations (0.29–0.47) with
GPA in Grade 7, except for instrumental learning. The correlation between GPA and the
combined musical abilities test was r = 0.38 (p = 0.001). In addition, GPA demonstrated
moderate correlations with the subtests for musical abilities: the correlations with rhythm-
related abilities was r = 0.43 (p < 0.001) (musical perception: r = 0.30, p = 0.010; reproduction:
r = 0.32, p = 0.007; and pitch-related abilities: r = 0.29, p = 0.015). Further moderate
correlations were established between GPA and word reading (r = 0.46, p < 0.001), arithmetic
skills (r = 0.47, p < 0.001), intelligence (r = 0.47, p < 0.001), and mothers’ education (r = 0.41,
p < 0.001).
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5.3. Regression Models

We ran hierarchical, linear regression models to establish mothers’ education and
intelligence’s explanatory power and musical abilities on GPA in Grade 7. Given that
after-school instrumental training did not significantly correlate with GPA, we excluded
this variable from further analyses.

5.3.1. Regression Model I

We tested the following models using step-by-step regression: the dependent variable
was GPA in Grade 7. Mothers’ education was entered as an independent variable in the
first step, whereas IQ was entered in the second step. In the third step, we ran three models
simultaneously using various variables, which we further referred to as models 3A, 3B,
and 3C. In model 3A, musical abilities combined was entered in the third step. In model 3B,
musical perception and musical reproduction were entered in the third step, while in model
3C, rhythm-related and pitch-related abilities were entered in the third step (Table 3).

Table 3. Hierarchical regression models with GPA as the dependent variable.

Regression Models R2 β
R2

Change
F p

Step1
Mothers’ education 0.17 0.41 0.17 14.19 <0.001

Step 2
Mothers’ education 0.25

Raven IQ 0.27 0.35 0.10 12.28 <0.001

Step 3A
Mothers’ education 0.19

Raven IQ 0.33
Musical abilities combined 0.33 0.26 0.06 10.80 <0.001

Step 3B
Mothers’ education 0.19

Raven IQ 0.33
Musical perception 0.09

Musical reproduction 0.33 0.21 0.06 8.00 <0.001

Step 3C
Mothers’ education 0.23

Raven IQ 0.31
Rhythm-related abilities 0.37

Pitch-related abilities 0.39 −0.05 0.12 10.37 <0.001

In the first model, mothers’ education produced a significant 17% explanatory power
(R2 = 0.17) on GPA in Grade 7 (F(1, 69) = 14.02, β = 0.41, t(1, 69) = 3.77, p < 0.001). In
Step 2, intelligence added a further 10% increase in explained variance (R2 = 0.27). Lastly,
intelligence demonstrated a 16% explanatory power (rβ = 0.16, β = 0.35, t(2, 68) = 2.97,
p = 0.004), whereas mothers’ education reached 10% in this models (β = 0.25, t(2, 68) = 2.11,
p = 0.038).

In Step 3A, adding musical abilities combined increased the explanatory power of
the model by 6%, where explained variance reached 33% (R2 = 0.33). Intelligence, which
demonstrated a 15% explanatory power in GPA, was found to be the most significant
variable (β = 0.33, t(3, 67) = 2.88, p = 0.005) in this model. Musical abilities combined
demonstrated a significant 10% explanatory power (β = 0.26, t(3, 67) = 2.45, p = 0.017), while
the predictive role of mothers’ education was found to be non-significant.

In Step 3B, adding musical perception and musical reproduction increased the ex-
planatory power of the model and explained variance again reached 33% (R2 = 0.33). With
its 15% explanatory power, intelligence remained the most significant variable (β = 0.33,
t(4, 66) = 2.87, p = 0.005). Musical reproduction demonstrated a near-significant explanatory
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power (rβ = 0.07, β = 0.21, t(4, 66) = 1.94, p = 0.057), whereas the role of musical perception
was non-significant in this model (rβ = 0.03, β = 0.09, t(4, 66) = 0.81, p = 0.423). In this model,
mothers’ education (rβ = 0.08, β = 0.19, t(4, 66) = 1.59, p = 0.117) and musical perception
(rβ = 0.03, β = 0.09, t(4, 66) = 0.81, p = 0.423) did not exert a significant explanatory power.

In Step 3C, adding rhythm- and pitch-related abilities further increased the explained
variance of the independent variables by 12% (rβ = 0.12) compared to models 3A and
3B (R2 = 0.39). In this model, rhythm-related abilities demonstrated the most significant
explanatory power at 16% (β = 0.37, t(4, 66) = 3.30, p = 0.002), where pitch-related abilities
did not play a significant role (rβ = −0.01, β = −0.05, t(4, 66) = −0.039, p = 0.697). Intelli-
gence demonstrated a lower explanatory power than those in previous models (rβ = 0.14,
β = 0.31, t(4, 66) = 2.80, p = 0.007), whereas mothers’ education demonstrated a significant
explanatory power at 9% (rβ = 0.09, β = 0.23, t(4, 66) = 2.00, p = 0.050), which is in contrast
with that for model 3A.

5.3.2. Regression Model II

We added word reading and mathematical skills as the independent variables in a few
models, and GPA remained the dependent variable. The mother’s education, IQ, word
reading, and mathematical skills were entered as the independent variables in the first step.
In the second step, we ran three simultaneous models, which we further referred to as
models 2A, 2B, and 2C. In model 2A, the combined musical abilities test was entered in the
first step. In model 2B, musical perception and reproduction were entered in the second
step. Lastly, in model 2C, rhythm-related and pitch-related abilities were entered in the
second step (Table 4).

Table 4. Hierarchical regression models with GPA as the dependent variable.

Regression Models R2 β R2

Change F p

Step 1
Mothers’ education 0.24

Raven IQ 0.16
Word reading 0.26

Mathematical skills 0.41 0.25 0.41 11.47 <0.001
Step 2A

Mothers’ education 0.20
Raven IQ 0.17

Word reading 0.22
Mathematical skills 0.23

Musical abilities
combined 0.43 0.16 0.02 9.88 <0.001

Step 2B
Mothers’ education 0.21

Raven IQ 0.17
Word reading 0.22

Mathematical skills 0.23
Musical perception 0.04

Musical reproduction 0.43 0.15 0.00 8.15 <0.001
Step 2C

Mothers’ education 0.23
Raven IQ 0.17

Word reading 0.18
Mathematical skills 0.22

Rhythm-related abilities 0.26
Pitch-related abilities 46 −0.04 0.03 9.01 <0.001

According to the first model, word reading and mathematical skills further increased
the explained variance of mothers’ education and IQ by 14% (cf. Table 3; Step 2). The
overall model expressed a 41% explanatory power (R2 = 0.41). Word reading and arithmetic
skills demonstrated a 12% explanatory power (rβ = 0.12, β = 0.26, t(4, 66) = 2.40, p = 0.017
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and rβ = 0.12, β = 0.25, t(4, 66) = 2.25, p = 0.027, respectively). Mothers’ education provided
a 10% explanatory power (rβ = 0.10, β = 0.24, t(4, 66) = 2.23, p = 0.029), and intelligence
produced an 8% (rβ = 0.08), which was found to be non-significant in this model (β = 0.16,
t(4, 66) = 1.34, p = 0.184).

Entering musical abilities combined in Step 2A further increased the explanatory
power of the independent variables in Step 1 by 2% (R2 = 0.43). The explanatory power of
musical abilities combined (rβ = 0.06, β = 0.16, t(5, 65) = 1.57, p = 0.120) and intelligence
(rβ = 0.08, β = 0.17, t(5, 65) = 1.42, p = 0.162) were non-significant in this model. Based on the
independent variables, mathematical skills and word reading demonstrated a significant
explanatory power at 11% (rβ = 0.11, β = 0.23, t(5, 65) = 2.05, p = 0.045) and 10% (rβ = 0.10,
β = 0.22, t(5, 65) = 2.11, p = 0.038), respectively, whereas mothers’ education displayed a
near-significant explanatory power (rβ = 0.08, β = 0.20, t(5, 65) = 1.85, p = 0.068).

Entering musical perception and musical reproduction in Step 2B once again further
increased the explanatory power of the independent variables in Step 1 by 2% (R2 = 0.43).
Arithmetic skills (rβ = 0.11, β = 0.23, t(6, 64) = 2.04, p = 0.046) and word reading (rβ = 0.10,
β = 0.22, t(6, 64) = 2.11, p = 0.039) demonstrated the most significant explanatory power
in this model. Mothers’ education represented a near-significant explanatory power at
9% (rβ = 0.09, β = 0.21, t(6, 64) = 1.87, p = 0.066). Neither intelligence (rβ = 0.08, β = 0.17,
t(6, 64) = 1.43, p = 0.158) nor musical perception (rβ = 0.01, β = 0.04, t(6, 64) = 0.34, p = 0.735)
or musical reproduction (rβ = 0.05, β = 0.15, t(6, 64) = 1.41, p = 0.163) were found to have
significant explanatory power.

Entering rhythm- and pitch-related abilities in Step 2C further increased the signifi-
cant explanatory power of the independent variables in Step 1 by 5%; explained variance
was 46% in this model (R2 = 0.46). The most significant explanatory power was demon-
strated by rhythm-related abilities (rβ = 0.11, β = 0.26, t(6, 64) = 2.23, p = 0.029) in this
model, whereas pitch–rhythm-related abilities did not exert a significant explanatory power
(β = −0.04, t(6, 64) = −3.34, p = 0.732). In addition to rhythm-related abilities, mothers’
education also demonstrated a significant explanatory power at 10% (rβ = 0.10, β = 0.23,
t(6, 64) = 2.14, p = 0.036). Mathematical skills represented a near-significant explanatory
power at 10% (rβ = 0.10, β = 0.22, t(6, 64) = 1.93, p = 0.058). However, neither intelli-
gence (rβ = 0.08, β = 0.17, t(6, 64) = 1.48, p = 0.145) nor word reading (rβ = 0.08, β = 0.18,
t(6, 64) = 1.63, p = 0.109) was found to have significant explanatory power.

6. Discussion

The results confirmed that early musical abilities predict GPA in Grade 7. These results
are consistent with previous studies that established the positive role of learning to play a
musical instrument during the school years in academic achievement (e.g., Cabanac et al.
2013; Gouzouasis et al. 2007; Santos-Luiz et al. 2015). In contrast to the complex impact of
learning to play a musical instrument on music and non-music skills, this study focused
on more basic skills. It proved the long-term impact of early rhythm-related (rhythm
perception and rhythm reproduction) abilities on academic achievement.

All musical subtests under investigation and the combined musical abilities test
correlated significantly with GPA in Grade 7. Furthermore, we established moderate
correlations between GPA and early musical abilities, specifically between GPA and rhythm-
related abilities (rhythm perception and reproduction).

According to the first model of regression model II, mothers’ education, word reading,
and arithmetic skills in Grade 1 represented significant explanatory power in GPA in
Grade 7. In model 2B, we entered pitch-related and rhythm-related abilities and found
that the independent variables explained nearly 50% of the variance for GPA. That is, they
played a long-term role in academic achievement. Rhythm-related abilities were the most
significant variables in predicting academic achievement. In addition, mothers’ education
also demonstrated a significant role. This is in line with previous results focusing on music
participation (e.g., Babo 2004; Miksza 2007; Schellenberg 2006; Young et al. 2014). For
example, Santos-Luiz et al. (2015) analyzed the academic achievement of 110 adolescents
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in a longitudinal study. Data were collected at two time points, once when the students
attended Grade 7 and 3 years after, when they attended Grade 9. According to the results,
the academic achievement of music students is higher than those of non-music students
in Grades 7 and 9. Similar to the current results, this positive association between music
training and academic achievement was held even after controlling for intelligence, SES,
and motivation. Janurik (2009) focused on GPA among sixth and seventh graders and
reported that students learning to play a musical instrument for a minimum of 4 years
displayed significantly higher GPAs than non-music students. The explanatory power of
instrumental learning was significant even after controlling for SES. In the current study,
learning to play a musical instrument did not significantly affect GPA. Nevertheless, this
finding is important given that the number of students who engaged in instrumental
learning was relatively low in our sample. The majority of these students did so for only a
short time. Thus, we assume that our findings on instrumental learning are less relevant to
the present research.

The role of intelligence was not any more significant in the regression models that
included all independent variables. Furthermore, word reading did not play a significant
role in the model where explained variance was the highest of all regression models and
included rhythm-related abilities. Based on previous findings, we may assume that this
finding is due to the association between musical perception and reproduction (primarily
temporal processing) in Grade 1 as well as the early development of other reading and
intelligence-related cognitive skills. The explanatory power of these general skills in this
domain may be represented in the explained variance demonstrated by rhythm-related
abilities in this model.

Scholars provided evidence of functional overlap in brain structures involved in music
and speech processing (McMullen and Saffran 2004; Patel 2012). As established in this
study, these common auditory-processing mechanisms may partially explain the more
significant role of early rhythm-related abilities than that of early reading. The advantage
of children with more developed musical perception abilities may be reflected in the level
of speech perception through more developed phonological abilities (Degé and Schwarzer
2011; Holliman et al. 2010; Moreno et al. 2009). A wide range of transfer research in the
reading domain supports this idea because these studies also confirmed the positive impact
of rhythm-related abilities (e.g., David et al. 2007; Overy et al. 2003).

The current findings concerning the more significant role of rhythm perception and
reproduction than that of intelligence are consistent with previous studies that established
the link between music participation and intelligence (Helmbold et al. 2006; Schellenberg
2011). Schellenberg (2006) conducted correlational studies on the relationship between
music learning, intelligence, and academic achievement and reported that music learning
in childhood was a significant predictor of intelligence in young adulthood and academic
ability in high school. In his 6- to 11-year-old students, music lessons were positively
associated with academic achievement and measures of intelligence, and nonmusical
after-school activities were not associated with intelligence or academic achievement.

A wide range of cognitive skills related to intelligence play a role in the development
of musical perception and reproduction abilities. In our model, their contribution to
academic achievement may be represented by the predictive role of rhythm perception
and reproduction, which they “took away from” intelligence. In his research, Thackray
(1969) confirmed that a conscious analysis of certain cognitive skills, such as understanding
and memorizing rhythmic structures and holistically perceiving them, are fundamental
to rhythm perception. Furthermore, the development of rhythm reproduction is linked to
specific cognitive skills such as working memory, attention, motor control or coordination,
and planning (Drake et al. 2000).

In addition, the set of cognitive skills that previous studies identified as executive
functions (working memory, inhibitory control, and cognitive flexibility) are associated
with musical cognition and cognition in general, which may explain the impact of music
learning on intelligence (Degé et al. 2011; Frischen et al. 2019; Holochwost et al. 2017;
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Jaschke et al. 2018). Achievement in musical aptitude tests, which assess rhythm and pitch
perception, has also been linked to working memory, inhibitory control, and cognitive
flexibility (Janurik et al. 2019). For example, Leisuk (2015) reported significant differences in
children’s duration and rhythm perception ability with and without executive dysfunction.
Thus, executive functions may also play a role in developing rhythm reproduction (Tierney
and Kraus 2013b). In their review, Miendlarzewska and Trost (2013) emphasized the
mechanism of rhythmic entrainment, which may support learning and the development of
executive functions. The current study may provide further indirect evidence to support this
idea. Conversely, our results indicate that musical abilities play a more significant predictive
role than intelligence. They are important, especially because intelligence possesses well-
defined genetic, cultural, and environmental components that determine and limit, to a
certain extent, the level of learning and cognition (Neisser et al. 1996). Moreover, musical
abilities can improve during early childhood even within a short time (Janurik and Józsa
2012). The results demonstrate that early cognitive and psychomotor skills linked to
rhythm perception and reproduction may be associated with specific cognitive skills that
influence academic achievement. Children with better rhythmic skills may perform better
in acquiring literacy skills, which may lead to positive gains in academic achievement.

In Step 2B of our regression model, early arithmetic skills played a significant pre-
dictive role in individual differences in terms of GPA. This role was more significant than
intelligence and reading; however, its role is less than that of rhythm-related abilities. Early
arithmetic skills are strongly associated with non-verbal intelligence (Jenks et al. 2009),
working memory, and executive functions (Bull et al. 2008). Moreover, many studies have
noted the possible links between music and mathematical processing (Nisbet 1991; Spelke
2008; Wenger and Wenger 1990). According to a previous study on first-grade elementary
school students in Hungary, the predictive roles of musical perception and arithmetic skills
are similar to that of general intelligence (Gévayné 2010). In the current study, harmony
discrimination and rhythm discrimination together explained 16% of the variance for aca-
demic achievement, similar to the role of arithmetic skills. Meanwhile, the explanatory
power of intelligence as measured using Raven’s Progressive Matrices was higher by only
1% (Gévayné 2010).

Our results provide further evidence for the associations between early arithmetic
and reading skills and the components of intelligence that play an important role in
academic achievement. These abilities predicted GPA in Grade 7 to a similar and significant
extent in our regression models, where the combined musical abilities tests and musical
perception and reproduction were the independent variables. An increasing number
of researchers assume overlaps between arithmetic and reading skills. In other words,
underlying mechanisms seemingly facilitate one another and simultaneously develop
arithmetic and reading skills (Durand et al. 2005; Krajewski and Schneider 2009). Several
studies found substantial intercorrelations between literacy and mathematical competencies
in school that range from r = 0.4 to r = 0.6 (e.g., Berg 2008; Schneider and Näslund 1999).
The current study established similar correlations.

7. Conclusions

This longitudinal study suggests that musical abilities, especially rhythm-related
abilities, as well as early arithmetic skills and mothers’ education are key predictors of GPA
in Grade 7. Findings also highlight the prominent role of early reading and intelligence.
Moreover, our results confirmed the moderate relationship between early arithmetic skills
and early reading skills that were found by some previous studies. Indirectly, these
results imply the existence of domain-general abilities used for early music, speech, and
mathematical processing. The findings suggest that the development of basic skills that
underlie musical perception, intelligence, and academic achievement may be linked even at
a more simple level than learning to play a musical instrument at the age of 6 years. Thus,
we conclude that musical abilities, primarily rhythm perception and reproduction, and
early arithmetic skills in Grade 1 are associated with the development of key cognitive skills
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that play a role in later academic achievement. However, this aspect requires a specific
examination by future studies.

Based on the independent variables under investigation, rhythm-related abilities
(perception and reproduction abilities) were found to play the most significant predictive
role. Thus, this study emphasizes the benefits of early music training, especially rhythmic
training, for all children in the early years and, specifically, for disadvantaged children.
The powerful enhancement of musical abilities in preschool and the early years of school
may facilitate the development of core skills that, in turn, positively influence academic
achievement in the long run.
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