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1. BACKGROUND 

There is a fundamental demand for general school education to provide children with 

knowledge and experience that can be applied beyond the immediate learning context. There 

have been thus constant efforts to design classroom curricula for children in the early primary 

school years that foster the acquisition of academic skills as well as general competencies like 

problem-solving, critical, analytical, and creative thinking, cooperation, communication, and 

social interaction. However, a crucial issue in education and psychology has been the extent to 

which skills or knowledge acquired in one domain can be applied in domains independent of 

the original learning environment. Transfer, or the broad impact of learning, can be observed 

in the generalisation of experience, which can facilitate the application of acquired knowledge 

to new situations (Bransford, Brown, & Cocking, 2000). The question is, under what conditions 

can learning be transferred? 

Over the last few decades, art education has been considered a possible means of 

facilitating children’s general skill development. Sustained engagement with music is a specific 

learning situation that requires intensive learning in various skill areas, including different 

aspects of perception, motor skills, and cognition (Miendlarzewska & Trost, 2014), which are 

also essential for other non-musical cognitive tasks occurring in everyday life. This raises the 

question of whether music learning can effectively support the development of these non-

musical cognitive functions in addition to musical abilities, especially in children who are 

highly receptive to experiences. Although artistic programs aim to improve art-specific skills, 

art educators often detect enhancements for non-artistic skills in children participating in the 

arts. Based on these observations, the transfer effects of music have been a subject of sustained 

and intense interest for many decades. 

Current research shows that music learning in childhood has beneficial effects not only 

on perceptual, motor, and sensorimotor abilities related to music (e.g., Bolduc & Lefebvre, 

2012; Ilari et al., 2016; Maróti et al., 2019) but also on specific domains such as language, 

including reading and its cognitive precursors (e.g., Degé & Schwarzer, 2011; Moreno et al., 

2009; Rautenberg, 2015; Slater et al., 2014). Furthermore, research has demonstrated that music 

education can enhance general cognitive abilities, including executive functions (e.g., Bugos & 

DeMarie, 2017; Jaschke et al., 2018; Roden et al., 2012; Roden, Grube, et al., 2014) and, in 

some cases, intelligence (e.g., Schellenberg, 2004). It is important to note that much of the 

empirical evidence regarding music training has been obtained through various intensive 

programs with different age groups. Typically, children show significant improvements in 
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specific aspects of a given skill (Cooper, 2019). Additionally, most educational programs 

incorporate different forms of movement in musical activities. However, the study of the effects 

of movement is still relatively unexplored. Although attempts have been made for years to 

explore the impact of music education in natural settings (see Tervaniemi et al., 2018, for a 

review), the effectiveness of comprehensive music education programs and the role of 

movement in these methods remains unclear. 

A key area of research into the effects of music learning is the interrelationship between 

music and language. This line of research originates from the shared acoustic characteristics 

and complex structural organization of both music and language (Jentschke, 2018). The 

dominant theories (e.g., common acoustic processes hypothesis, Besson et al., 2011; top-down 

control hypothesis, Moreno & Bidelman, 2014; OPERA hypothesis, Patel, 2011, 2014) 

explaining the relationship assume that there are overlapping perceptual and cognitive 

mechanisms. This notion has inspired the study of the relations of music to phonological 

processing and reading. Although this area of research is now decades old, the nature of the 

relationship in childhood is still unclear. Some evidence suggests a general relationship between 

various musical and reading-related abilities (e.g., Degé et al., 2015; Steinbrink et al., 2019), 

while others suggest a specific relationship with either rhythmic (e.g., Douglas & Willats, 1994; 

Moritz et al., 2013) or tonal music processing (e.g., Forgeard et al., 2008; Loui et al., 2011). It 

is important to emphasize, however, that these studies typically do not take into account that 

both musical abilities (Gooding & Standley, 2011; Trainor & Corrigall, 2010) and reading-

related abilities (Ziegler & Goswami, 2005) undergo significant normative development during 

childhood, the course of which may be modified by formal learning. It is therefore conceivable 

that the nature of the music-reading relationship may change from the beginning of reading and 

music learning. This raises the question of whether parallels can be identified in the 

development of music and reading. 

My doctoral research aimed to conduct a longitudinal investigation on the association 

between music and cognitive development in an ecologically valid setting during the early years 

of primary school. As part of this, a comprehensive evaluation was conducted to assess the 

impact of classroom music education programs on the development of schoolchildren from the 

beginning of school until the end of the second year. The studies incorporated body movement 

into the school music curricula, and it was of particular interest whether the different application 

of movement could promote distinct improvements in both musical and non-musical abilities. 

Additionally, the research involved a longitudinal investigation of the relationship between 
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music and reading-related cognitive abilities, exploring whether the relationship between these 

domains changes with increasing experience in reading and music instruction. 

 

 

2. RESEARCH OBJECTIVES AND QUESTIONS 

The dissertation had two main objectives: 1) to uncover how various classroom music learning 

programs, with or without body movement, contribute to children’s music-related and non-

musical cognitive development, and 2) to longitudinally investigate the nature of relations of 

music-related abilities to non-musical cognitive functions over the first years of school. The 

following research questions were addressed through five empirical studies: 

1) Does the amount of classroom music education experience play a role in cognitive 

development? Is greater classroom music experience associated with better musical, 

reading-related, and general cognitive abilities in second graders? 

2) Does the incorporation of body movement into classroom music education programs 

have additional impacts on children’s cognitive development in the first two years of 

school? 

3) Do various movement-based music programs employing body movement differently 

have distinct effects on children’s cognitive development in the first two years of 

school?  

4) Do music-related abilities have stable patterns of relations to phonological processing 

and word reading over the first two years of schooling? Does the ability to integrate 

musical auditory and visual information correlate with reading-related abilities in the 

early years of formal reading and music instruction?  

5) Do the developmental trajectories of musical and reading-related abilities show 

similarities? Do the patterns of association between the improvements in musical and 

reading-related abilities remain consistent across the first and the second years of 

schooling? 
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3. RESULTS 

3.1. STUDY 1: The relation of music to reading-related and general cognitive 

competencies in second-grade children 

 

Study 1 aimed to investigate whether the advantages of comprehensive classroom music 

instruction could be observed in any functions after one year of formal music instruction. 

Building on the positive outcomes of previous longitudinal research (e.g., Degé & Schwarzer, 

2011; Ilari et al., 2016; Jaschke et al., 2018; Rautenberg, 2015; Roden et al., 2012), which 

investigated the impact of music education on school-aged children, a comprehensive study of 

children’s cognitive performance in relation to school music instruction was conducted. The 

study compared two classes of 7−8-year-old children who received classroom music lessons 

according to either the regular or intensive Kodály music curricula. The aim was to investigate 

whether greater classroom music experience is associated with higher general cognitive, 

reading-related, and musical abilities at the beginning of second grade. In addition, I examined 

the nature of the relationship between the subcomponents of musical auditory abilities and 

reading-related cognitive abilities in second-grade children. Given the contradictory research 

findings (e.g., Degé et al., 2015; Douglas & Willats, 1994; Forgeard et al., 2008; Loui et al., 

2011; Moritz et al., 2013; Steinbrink et al., 2019), I sought to answer the question of whether 

only specific music and reading-related abilities are associated, or whether the music-reading 

relationship is global at this early stage of formal reading and music instruction. 

Thirty children (Mage = 8 years, SD = 0.5) from two second-grade school classes with 

approximately one year of experience in Kodály-based classroom music lessons with varying 

intensity were studied. The Intensive class (n = 14) participated in four music lessons per week, 

while the Regular class (n = 16) participated in one weekly music lesson. At the beginning of 

the second school year, participants’ general intelligence, phoneme awareness (PA), word 

reading ability, and musical auditory abilities were assessed. 

The results of the between-group comparisons did not reveal any significant differences 

in any measures between children who participated in intensive classroom music instruction 

and those who participated in less intensive music instruction during the first school year. The 

lack of group differences was supported by the analysis of data using Bayesian methods. 

Participating in classroom music lessons for one year, with varying intensity, does not appear 

to be associated with differences in music perception, phoneme awareness, reading fluency, or 

general intelligence in second graders. 
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The results of the correlation analysis indicated a specific association between 

performance on Tonal Memory and Phoneme Deletion tasks (Figure 3.1.1). No additional 

associations with reading or its cognitive precursors were observed. This close relationship 

between melody perception and phoneme awareness implies that pitch pattern processing may 

play an important role in the processing of melodic and speech sound sequences. 

 

Figure 3.1.1 

Scatterplot showing the association between Tonal Memory and Phoneme Deletion 

 

 

 

Thesis 1. Participation in classroom music education with varying intensity for one year is 

associated with similar levels of musical, reading-related, and general cognitive abilities in 

second-grade children. 

 

 

3.2. STUDY 2: The effects of classroom music education with or without body 

movement on children’s cognitive development 

 

Study 2 examined whether incorporating body movement in classroom music learning enhances 

cognitive development in the early primary school years. Previous research (Lewis, 1988; 

Maróti et al., 2019; Rohwer, 1998; Yazejian & Peisner-Feinberg, 2009) has shown that 

movement-based music instruction has limited cognitive benefits in children. However, it is 

difficult to determine the extent to which movement-based school music learning can influence 

the development of various cognitive capabilities as most studies have focused on specific and 

distinct cognitive areas. Additionally, previous movement-based music learning programs have 

shown the potential to considerably improve music-related abilities within a few months. 
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However, improvements in non-musical cognitive functions may not be observed even after 

several months of music instruction. Therefore, it is possible that the non-musical benefits of 

movement-based music education programs may only become apparent after longer periods of 

learning. 

Thus, Study 2 conducted comprehensive longitudinal research to investigate the effects 

of school music education programs, with or without body movement, on the development of 

musical discrimination, auditory-visual connection ability, synchronized and continuation 

tapping, phoneme awareness, rapid automatized naming (RAN), reading fluency, executive 

functions, and general intelligence three times (T0 = beginning of schooling, T1 = end of the 

first year, T2 = end of the second year) during the first two years of primary school. Two classes 

of children (Mage = 6.95 years, SD = 0.31 at baseline) were followed from the beginning of 

schooling until the end of second grade. The Directed Movement science (DM-science) class 

(n = 25) received a movement-based music curriculum, while children in the No-Movement 

science (NM-science) class (n = 15) received the traditional Kodály music curriculum without 

body movement incorporated into music lessons. 

In most of the examined areas, children in the NM-science class showed similar 

improvements to those in the DM-science class. Concerning Melody Discrimination 

(Figure 3.2.1), the performance of children in the DM-science class remained relatively 

stagnant over the 18-month investigation period, while the performance of children in the NM-

science class significantly declined during the first year and then stagnated during the second 

school year. Furthermore, the classes exhibited varying rates of development in Verbal IQ 

(Figure 3.2.2). The DM-science class exhibited more significant enhancements during the first 

school year, whereas the NM-science class showed more pronounced improvements during the 

second school year. However, these developmental patterns do not imply that either music 

program is better suited to support the development of the classes. The overall benefits of the 

music programs were comparable. The results of Study 2 suggest that the 18-month music 

instruction, which included movement, did not lead to improved development in either music-

related or non-musical domains. 
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Figure 3.2.1 

Performance on the Melody Discrimination task for all time points in the science classes 

 

Note. (A) Boxplots showing the changes in performance on the Melody Discrimination test from T0 to T2. 

Asterisks indicate significant differences between the groups. **p < .01. (B) Relative treatment effects (RTEs) for 

each measurement point by groups. Error bars show the 95% confidence intervals for RTEs. 

 

Figure 3.2.2 

Performance on the measure of Verbal IQ for all time points in the science classes 

 

Note. (A) Boxplots showing the changes in performance on the WISC-IV Vocabulary subtest test from T0 to T2. 

Asterisks indicate significant differences between the groups. **p < .01. (B) Relative treatment effects (RTEs) for 

each measurement point by groups. Error bars show the 95% confidence intervals for RTEs.  

 

Thesis 2. Classroom music education programs, regardless of the inclusion of movement, lead 

to similar improvements in both music-related and non-musical cognitive abilities during the 

first two years of primary school. 
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3.3. STUDY 3: The impacts of classroom music education combined with directed or 

improvised body movement on children’s cognitive development 

 

Study 3 aimed to investigate whether different implementations of movement in classroom 

music education led to specific improvements during the first years of primary school. Current 

research on the contribution of diverse movement-based music education programs to music-

related and non-musical cognitive development in the early school years is limited. In the pilot 

study conducted by Maróti et al. (2019), it was found that the application of different 

movements during music lessons did not have a differential impact on children’s development 

over an 8-month period in their first year of school. Thus, in the present study, the focus was 

on whether the different use of movement impacted schoolchildren’s cognitive development 

over an extended 18-month learning period. The study followed the development of 

participants’ musical abilities, rhythmic synchronization, phoneme awareness, rapid naming, 

reading, executive functions, and general intelligence during the first two years of primary 

school.  

Two classes of children (Mage = 7.02 years, SD = 0.34 at baseline) were investigated from 

the beginning of schooling until the end of second grade. The Directed Movement music (DM-

music) class (n = 22) received a movement-based music curriculum that combined Kodály 

music lessons with teacher-directed movements, while the Improvised Movement music (IM-

music) class (n = 18) received Kodály music lessons combined with improvisational body 

movements. The measures and procedures employed in the current study were identical to those 

used in Study 2.  

Over the 18-month period, the DM-music class and the IM-music class showed 

comparable improvement in most measured skills. However, there were differences in the 

developmental courses for RAN pictures and Verbal IQ. Children in the DM-music class 

showed greater improvement in rapid naming of pictures compared to their peers in the IM-

music class (Figure 3.3.1). As there was a significant difference between the classes at baseline, 

classroom music instruction could have a larger impact on the development of rapid naming in 

the class with more room for growth. The distinct developmental patterns in Verbal IQ (Figure 

3.3.2) could be similarly explained. Overall, these developmental patterns do not indicate that 

the diverse incorporation of body movement into intense classroom music instruction can have 

distinct effects on any music-related or non-musical functions during the first two years of 

school. 
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Figure 3.3.1 

Performance on the RAN Pictures task at each measurement point in the music classes 

 

Note. (A) Boxplots showing the changes in performance on the RAN Pictures test from T0 to T2. Asterisks indicate 

significant differences between the groups. *p < .05. ***p < .001 (B) Relative treatment effects (RTEs) for each 

measurement point by groups. Error bars show the 95% confidence intervals for RTEs. 

 

 

Figure 3.3.2 

Performance on the Verbal IQ task at each measurement point in the music classes 

 

Note. (A) Boxplots showing the changes in performance on the WISC-IV Vocabulary subtest from T0 to T2. The 

asterisk displays a significant difference between the groups. *p < .05. (B) Relative treatment effects (RTEs) for 

each measurement point by groups. Error bars show the 95% confidence intervals for RTEs. 

 

Thesis 3. Incorporating different types of movement into classroom music education results in 

similar improvements in music-related and non-musical cognitive abilities during the first two 

years of primary school. 
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3.4. STUDY 4−5: Longitudinal associations between musical abilities and reading-

related competencies in the first and second school years 

 

Studies 4 and 5 aimed to examine potential longitudinal correlations between musical abilities, 

phonological processing skills, and word reading in the first and second school years, 

respectively. The findings of Study 1 revealed a highly specific relationship between melody 

perception and phoneme awareness. As questions were raised about whether the type of tasks 

influenced the formation of music-reading relations in second-grade children, musical abilities 

were assessed using a different measurement tool in these studies. The studies aimed to 

determine if the relationships between the sub-components of musical abilities and reading-

related cognitive abilities remained stable or changed during the first and second years of formal 

reading and music instruction. Study 4 examined the patterns of relations at the beginning of 

schooling and at the end of the first school year. It also explored the developmental relations 

between musical and reading-related abilities during this period. Additionally, Study 5 

investigated the music-reading relationship at the end of the first and second school years, as 

well as the potential parallels between improvements in musical abilities and reading-related 

skills over the second school year. 

Children recruited for Studies 2 and 3 were pooled together in these studies. The final 

sample size was 85 participants for Study 4 and 80 participants for Study 5. Measures of general 

intelligence, musical abilities (discrimination, auditory-visual connection), phoneme 

awareness, reading fluency, rapid automatized naming, and general cognitive abilities (working 

memory, verbal, and non-verbal IQ) were selected based on tests administered at T0 and T1 in 

Study 4 and at T1 and T2 in Study 5. 

Regarding cross-sectional correlations, the only significant association found was 

between Tempo Discrimination and Reading Fluency at school entry. At the end of first grade, 

Phoneme Deletion was found to be related to both Melody Discrimination and Rhythm 

Connection. Reading Fluency showed a unique relationship with Pitch Discrimination at the 

end of first grade, whereas it was specifically related to Melody Discrimination at the end of 

second grade. In conclusion, the relationships between musical and reading-related abilities 

show specific associations throughout the first years of primary school, as indicated by the 

patterns observed at all assessment points. 

The results of repeated measures correlations showed significant longitudinal 

associations between improvements in phonological processing and musical audiovisual 
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processing abilities during the first school year. Specifically, increases in Melody Connection 

were related to improvements in PA and RAN, but not reading. Furthermore, there was a 

specific association between increases in Rhythm Connection and rapid naming of pictures. In 

contrast to these selective relations, several relations were detected between improvements in 

subcomponents of music discrimination and phonological processing during the second school 

year. Enhancements in Melody and Rhythm Connection were generally associated with 

improvements in PA and RAN. Additionally, Reading Fluency had significant longitudinal 

relationships with all music discrimination abilities, except for Rhythm Discrimination (Figure 

3.4.1). The studies suggest that the associations between the development of musical abilities, 

phonological processing, and reading become less specific during the first two years of primary 

school. 

Investigating the unique contribution of each musical ability to word reading 

development in second grade, results showed that improvements in Pitch Discrimination made 

a significant contribution to reading development beyond the improvements in PA and numeric 

RAN. These results indicate that the acquisition of fluency in word reading during the second 

school year is specifically influenced by the development of pitch perception ability, in addition 

to the development of the cognitive precursors of reading. 

 

 

Thesis 4. The relationship between musical abilities and reading, as well as its cognitive 

indicators, is highly specific. The patterns of these relationships differ across all assessments 

during the first two years of school. 

Thesis 5. The relationship between the development of musical competencies and reading-

related cognitive abilities is selective, with different patterns of association in the first and 

second school years. 
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Figure 3.4.1 

Scatterplots of the significant repeated measures correlations between musical abilities and reading in 

second grade 

 

Note. Panels display the significant longitudinal relations of Reading Fluency to Melody (A), Pitch (B), Harmony 

(C), and Tempo Discrimination (D) as well as to Melody (E) and Rhythm Connection (F). For the musical 

measures, the number of correct responses is illustrated.   
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4. DISCUSSION 

The findings of the dissertation suggest that one year of participation in comprehensive music 

instruction, varying in intensity, is associated with similar performance levels in music 

perception, phoneme awareness, reading, and general intelligence among second graders. 

Furthermore, different classroom music learning programs that incorporate various body 

movement elements can lead to comparable improvements in music-related abilities, early 

literacy skills, executive functions, and general intelligence during the first two years of primary 

school. The developmental trajectories do not support the superiority of any specific music 

learning program. Several factors linked to the context, content of music learning, and the 

period during which music lessons occurred may have contributed to the absence of broader 

movement-related cognitive advantages. 

When examining the relationship between musical competencies and reading-related 

abilities, their highly specific and somewhat varying nature can be observed over the first 18 

months of primary school. Moreover, there appears to be a parallel development of musical 

abilities and reading-related skills, with more extensive longitudinal associations between the 

domains observed in the second school year. There may be moderate changes in the patterns of 

cross-domain associations during the early years of formal reading and music acquisition, 

which could impact the role of music in supporting early reading acquisition.  

This dissertation contributes to the literature of music-induced transfer by conducting a 

thorough investigation into the impact of classroom music learning on children’s cognitive 

development within the school context. The doctoral work also enhances our understanding of 

the role of movement in supporting cognitive improvements during the early years of primary 

school. Furthermore, this dissertation is distinctive in revealing parallels between the 

development of musical and reading-related abilities. These findings underline the importance 

of conducting further longitudinal studies over extended periods to investigate whether the 

influence of movement-based music education and the relationship between music and reading 

development change in later years of primary school. 
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