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Abstract 
 

The objective of this study was to assess the relationship between 

advanced music training and neurocognitive functioning, with specific focus on 

executive function, working memory, and tactile interhemispheric transfer.  

Twenty professional musicians and a comparison group of 19 individuals with no 

formal music training or performance experience completed a battery of 

measures of executive functioning, working memory, and interhemispheric 

transfer.  The musician group had an average of 20.4 years (SD = 9.6) of formal 

music training and had started formal music training at a mean age of 5.8 years 

(SD = 2.5).  Results revealed significantly better performance of the musicians 

group on the Word, Colour, and Interference portions of the Stroop Test and on a 

test of tactile interhemispheric transfer.  These findings provide support for the 

idea that advanced music training has a positive relationship with some aspects 

of executive function and interhemispheric transfer, and may have implications 

for the potential use of music training for therapeutic purposes, as well as for 

educational programming and policies regarding early music education in the 

classroom.   
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1.  INTRODUCTION 
 

Research focusing on the effects of music training on the brain presents a 

unique opportunity for studying neural development as well as learning 

processes in the brain.  It allows researchers to investigate both functional and 

structural changes that evolve as a result of intensive and prolonged integration 

of sensory and motor information, and the precise monitoring of performance 

output.  Since many musicians begin training in childhood, while the brain is 

particularly sensitive to the influence of external experiences, structural changes 

and learning effects can be even more pronounced.  Over the past 25 years, 

there has developed a growing body of evidence that learning music may exert a 

significant and positive effect on the brain and cognitive development in musically 

trained individuals. 

 

1.1 Overview 

Historically, researchers, educators, and parents have claimed that early 

music education provides a multitude of benefits to children, including those 

benefits that extend beyond the domain of music and the arts - in other words, 

that music education advances cognitive development in general.  However, 

evidence for this claim has remained anecdotal until recent times.  Of late, 

studies have shown a relationship between early music instruction and cognitive 

growth in specific, non music abilities, such as mathematic ability (Cheek & 

Smith, 1999), syntax processing (Jentschke & Koelsch, 2009), reading ability 

(Butzlaff, 2000), spatial reasoning (Bilhartz, Bruhn, & Olson, 1999), Performance 
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IQ (Gromko & Poorman, 1998), general and spatial cognitive ability (Costa-

Giomi, 1999), and verbal memory (Ho, Cheung, & Chan, 2003).   

However, findings in this area are not always in agreement.  Some studies 

show a benefit to verbal learning but not spatial learning (Ho et al., 2003), while 

others reveal cognitive benefits for both (Lee, Lu, & Ko, 2007).  Some studies 

have demonstrated a cognitive benefit for children only for spatial working 

memory (Lee et al., 2007), yet others find evidence of general cognitive benefits 

for both adults and children (Schellenberg, 2004, 2006).  This disparity in 

research findings to date makes it difficult to make a definitive statement about 

what the specific cognitive benefits of music training might be.  However, it is 

obvious that there is some relationship between music training and brain 

development (e.g., Gaser & Schlaug, 2003; Lotze, Scheler, Tan, Braun, & 

Birbaumer 2003; Schlaug, Jäncke, Huang, Staiger, & Steinmetz, 1995) and that 

there is a positive relationship between music training and nonmusical cognitive 

development in some child and adult populations. 

The purpose of this research is to clarify which specific cognitive 

processes in an adult population might be related to music training when music 

training begins in childhood and continues to a professional level. 
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2.  LITERATURE REVIEW 

 

 The published literature regarding differences between musicians and 

nonmusicians can generally be divided into two categories:  (a) studies that 

approach this research question from a cognitive aspect, and thus employ 

instruments that measure performance on cognitive tasks, and (b) studies that 

utilize a physiological perspective and thus employ morphological or functional 

imaging techniques that bring to light specific areas of the brain involved in tasks 

relevant to musicianship.  The literature presented will be divided into these two 

categories below. 

 

2.1 Early Music Training and Cognitive Function 

It is important to mention that some of the studies discussed in this section 

are quasi-experimental – there is no random assignment of participants to music 

training and control groups.  While the research in these studies shows a 

relationship between music training and cognitive development, it does not follow 

that music training causes positive changes in cognitive development; it is also 

plausible that some children with high IQs are more likely to take music lessons 

than other children because they have parents who are more educated and 

affluent and are more likely to provide music lessons to their children. 

Some of the first researchers to investigate possible cognitive benefits of 

musical training in children were Gromko and Poorman (1998), who investigated 

the effect of music training on preschoolers‘ Performance IQ (which is commonly 
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used as a measure of visuospatial task performance; see Korkman, Kettunen, & 

Autti-Ramo, 2003).  A group of 34 children from a Montessori school were 

divided into two groups.1  Preschoolers in the treatment group underwent seven 

months of weekly, half-hour xylophone lessons, with regularly scheduled practice 

sessions at home between lessons.  Preschoolers in the control group were age-

matched children attending the same school.  Students in both groups were 

given pretest and posttest Performance IQ tests.  Both groups demonstrated 

similar pretest scores, however, posttest scores were significantly higher in the 

treatment group than for the control group, suggesting that music instruction may 

be related to gains in timed visuospatial task performance.   

 In 1999, Costa-Giomi investigated the effect of three years of piano 

lessons on the general cognitive functioning of children and found results similar 

to those reported by Gromko and Poorman (1998).  Children in this study were 

randomly divided into two groups—those who were provided with piano lessons 

from fourth to sixth grade, and those who did not take music lessons during this 

time.  Costa-Giomi found that after two years of piano lessons, children‘s general 

and spatial cognitive development had improved in a statistically significant 

manner.  However, when tested after the third year of the programme, no 

significant differences were found between the two groups, bringing into question 

the issue of the stability of the effect of music training on cognitive development.   

 A study by Ho et al. (2003) stands apart from the above studies, both in 

the choice of participant group, and in the research findings.  Ho et al. explored 

                                                 
1
 This study does not indicate whether this division of children into treatment and control groups was 

random or otherwise. 
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the relationship between early music training and memory.  However, the sample 

population in this study was made up entirely of boys between the ages of 6 and 

15.  In this study, children with music training performed significantly better on 

tasks measuring verbal memory, but not on tasks measuring spatial memory.  A 

significant relationship was also found between the duration of music training and 

verbal learning scores, something that the authors of the previous studies did not 

look at.   

 In light of quasi-experimental and correlational findings of a significant 

relationship between music and other non-musical aspects of cognition, 

Schellenberg (2004) developed one of the largest experimental studies to date to 

test the direction of causality of this relationship.  Further, Schellenberg noted 

that most experimental studies compared a group children taking music lessons 

to a group of children taking no lessons of any kind, and noted that the observed 

differences between groups in these studies may have been associated solely 

with children in the treatment groups being involved in a weekly structured 

activity, suggesting that these children may have shown positive cognitive 

differences whether the activity was music-related or any other type of lesson.  In 

order to test this, Schellenberg randomly assigned a group of 144 six-year olds 

into one of four groups: two groups were music related (keyboard lessons and 

Kodály voice lessons), while the other two were control groups (drama lessons 

and no lessons at all).  Lessons in three of the groups continued for 36 weeks.  

Children were administered the Wechsler Intelligence Scale for Children – Third 

Edition (WISC-III) before lessons began and again at the end of the study.  At the 
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beginning of the study, there were no significant differences in age, full-scale IQ 

scores or family income between groups.  The results of the study showed that 

both music groups showed small but significant gains in IQ that were not 

reflected in either of the control groups.  Thus, in this study, Schellenberg was 

able to demonstrate a causal relationship between music training and IQ in 

children, and also that a positive association between IQ and music training is not 

necessarily the result of being involved in a scheduled weekly activity, such as 

drama, but unique to music training. 

In a correlational study, Schellenberg (2006) studied 147 boys and girls 

who were 6- to 11- years old, 82 of whom had taken approximately two years of 

music lessons, in order to test the prediction that the duration of music lessons in 

childhood is associated positively with IQ.  The WISC-III was used to assess IQ 

and information was collected regarding the socioeconomic backgrounds of the 

families involved, as was report card information reflecting school performance.  

Schellenberg found that the duration of music lessons correlated significantly with 

the Full Scale Intelligence Quotient (FSIQ), as well as with school average.  

Schellenberg concluded that this association was a general one, and was not 

limited to a specific subset of intellectual abilities.  Further, after holding factors 

such as family income, parental education and involvement in non-musical out of 

school activities constant by statistical means, Shellenberg concluded that the 

results could not be attributed to these potential confounding variables. 

In the same study, Schellenberg also tested a sample of 150 young 

adults—undergraduate students—ranging from 16 to 25 years in age.  These 
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students had exposure to either group music lessons in school, or private lessons 

in childhood, and the majority had stopped taking lessons approximately four 

years prior to being involved in the study.  Each student was administered the 

complete Wechsler Adult Intelligence Scale—Third Edition (WAIS-III).  With this 

adult population, Schellenberg found that a longer history of playing music 

correlated positively with FSIQ, with two of the four factors (Perceptual 

Organization and Working Memory) and with high school average.  Schellenberg 

concluded that the relationship between music training and intelligence is a 

general one, and further, extends into adulthood despite the cessation of lessons 

several years earlier. 

In light of Schellenberg‘s findings, and given the disparity of other research 

findings regarding specific cognitive processes affected by music training, it 

seems possible that music training and cognitive development may have a more 

complex relationship.  In other words, rather than affecting one or more specific 

abilities, such as spatial memory or mathematical ability, the interplay between 

music training and cognitive growth may instead effect the development of larger-

scale cognitive processes such as the executive functions and working memory 

(e.g., Sabir & Alfano, 2005; Lee, Lu, & Ko, 2007). 

Why these two processes in particular?  Research suggests that both 

visual and verbal learning and memory are strongly influenced by an individual‘s 

degree of executive functioning (Duff, Schoenberg, Scott, & Adams, 2005).  Duff 

et al. found that individuals who perform well on executive functioning tasks also 

perform well on memory measures and tend to have higher IQs.  While this 
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research is correlational in nature and conclusions regarding any causal 

relationship between these factors cannot be made, it does become evident that 

they are related in a positive way.  The executive functions have also been linked 

with several learning disorders.  For example, both the executive functions and 

working memory have been implicated in poor mathematical ability in children 

(Bull & Scerif, 2001).  In this study, children of lower mathematical ability also 

demonstrated difficulties on executive functioning tasks, specifically tasks 

measuring the ability to inhibit prepotent information (Stroop interference) and 

learned strategies (Wisconsin Card Sorting Task), as well as difficulty maintaining 

information in working memory.  Problems with skills associated with complex 

executive functioning—combinations of executive skills—have also been linked 

to both arithmetic and reading disorders (van der Sluis, de Jong, & van der Leij, 

2004).  Perhaps, then, specific cognitive skill sets are enhanced through a more 

efficient executive and working memory system, which in turn, may affect 

performance on more specific tests of cognitive abilities.  What exactly, then, are 

the executive functions? 

 

2.2 Defining the Executive Functions and Working Memory 

Regardless of which particular definition of executive functioning one 

chooses to employ in a research study, the neuropsychological tests that are 

available remain the same.  One might argue that the theory becomes 

increasingly relevant at the point at which one interprets the results.  However, it 

is first important to understand what the tests are measuring, and further, that this 
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understanding be somewhat universal, so that researchers are beginning from a 

common conceptualization of the executive functions.    

There has been much controversy in the development of a unifying theory 

of executive function, despite the progress made in our understanding of other 

sophisticated cognitive processes, such as object perception, word recognition, 

and syntactic parsing.  According to Logan (2000), ―Executive processing is an 

enigma.  Everyone agrees it is an essential ingredient in explaining the relations 

between mind, behaviour and brain, but is as hard to grasp as a trout in a 

stream‖ (p. 211).  Perhaps the largest difficulty in choosing measures of 

executive functioning for a study in which the results are intended to be replicable 

and generalizable, is the overly general nature, not only of our understanding of 

the executive functions, but also about our understanding of what, specifically, 

tests of executive functioning measure, and how they relate to one another.  

The number and variety of terms and concepts used to characterize task 

requirements can have the effect of ―muddying‖ what is actually being measured.  

The Wisconsin Card Sorting Task, for example, has been described by different 

researchers as a measure of ―mental set shifting,‖ ―inhibition,‖ ―flexibility,‖ 

―problem solving,‖ and ―categorization‖ (Miyake et al., 2000).  While this diversity 

of conceptualization of the executive functions for each task may broaden the 

growth of our understanding of the executive functions by introducing new and 

rewarding perspectives, a lack of conceptual agreement, or at least of a 

commonality regarding terminology, may hinder the relatability of findings from 
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one study to another, resulting in an increasingly fractured growth of our 

understanding of the executive functions.   

Another contributing reason for this lack of unananimity is one of ―task 

impurity,‖ as suggested by Miyake et al., 2000.  Executive processes control 

other subordinate processes (e.g., language and visuospatial processing), and 

as such, it is difficult, if not impossible, to isolate one process from another.  As 

such, any executive task is strongly linked to other cognitive processes that may 

not be relevant to the executive function in question.  This means that a poor 

score on a test of executive function may not mean inefficient or impaired 

executive functioning at all. 

  A related contribution to the lack of a unifying theory of the central 

executive is the movement away from the idea of a single central cognitive 

control structure—the central executive (Baddeley, 1986)—to a nonunitary 

construct—the executive functions.  A major contributing factor to this trend is 

accumulating research showing low correlations among widely used executive 

tasks (Miyake et al, 2000; Lehto, 1996; Stuss & Alexander, 2000).  For example, 

Miyake et al. took three often-postulated executive functions—shifting, updating 

and monitoring of working memory content, and inhibition—and performed a 

confirmatory factor analysis.  The best fit to the data supported their hypothesis 

that the three executive functions are separate but moderately correlated 

constructs.  Their findings also pointed to the fact that different executive 

functions contribute differentially to performance on various commonly used 

executive function tasks.  
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In light of a growing body of neuropsychological and cognitive research 

that suggests that the central executive does not operate as a single unit, as 

originally suggested by Baddeley (1986), for this study, we broadly define the 

executive functions as being characterized by separable but related functions 

that share some underlying commonality (Miyake et al., 2000), that serve to 

optimize performance in situations requiring the operation of a number of other 

cognitive processes (Baddeley, 1986).  We also separate these executive 

functions into three commonly utilized theoretical constructs: shifting, updating 

and monitoring of working memory content, and inhibition. 

What is working memory and how is it related to the executive functions?  

Baddeley (1986) postulated a model of working memory in which two 

subsystems specialised for domain-specific information (the phonological loop for 

verbal-phonological information and the visuospatial sketchpad for visuospatial 

information) exist under the control of a system responsible for regulating and 

controlling information within working memory.  Though this conceptualization of 

working memory is different from Baddeley‘s more recent theory of working 

memory incorporating an episodic buffer (Baddeley, 2000), for the purpose of this 

study we will refer to his earlier model, which focuses primarily on the 

phonological loop (herein referred to as verbal working memory, since 

neuropsychological tests utilized to measure this construct refer to it as such) and 

the visuospatial sketchpad (herein referred to as visuospatial working memory).  

Further, we will consider working memory to exist under the control of several 
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executive functions—shifting, updating and monitoring of working memory 

content, and inhibition.    

 

2.3 Early Music Training and Executive Functioning 

To date, only two studies to our knowledge have been conducted to 

explore the relationship between early music training and the executive functions.  

In one such study, a group of amateur musicians with early music training 

demonstrated significantly better test performance as compared to nonmusicians 

on a test of prospective memory, or remembering to remember (Sabir & Alfano, 

2005).  Prospective memory would fall under the updating and monitoring of 

working memory content aspect of executive functioning.  In another study, an 

experimental group of amateur musicians with early music training demonstrated 

significantly better performance than participants with no early music training on 

neurocognitive tests designed to measure executive functions such as set 

shifting and updating and monitoring of working memory content (Sabir, Blakley, 

& Alfano, 2005).  These findings suggest a relationship between early music 

training and some aspects of executive functioning among adult amateur 

musicians.   

 

2.4 Early Music Training and Working Memory 

Few studies to date have been conducted in order to explore the 

relationship between music training and working memory in adults.  In one quasi-

experimental study (Sabir & Alfano, 2005) participants were students at the 
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University of Regina in music and nonmusic undergraduate programmes.  Both 

groups were administered commonly used tests of verbal and visuospatial 

working memory.  Findings revealed no significant differences in test 

performance on tests of visual and spatial working memory between amateur 

musicians and nonmusicians.   

Lee, Lu and Ko (2007) demonstrated differences in working memory and 

executive functioning performance between adults and children with music 

training.  Participants included a group of 40 children and 40 adults.  One-half of 

the children had undergone approximately six years of music training, while one-

half of the adults had undergone an average of 14 years of music training.  The 

other one-half of the children and adults had no music training at all.  Both 

groups were administered several visuospatial and verbal working memory tests.  

Lee et al. found that for verbal working memory, both the adult and child 

musically trained groups performed better than the untrained groups.  In the case 

of the executive and visuospatial working memory tests, the musically trained 

child group performed better than the untrained group, but there was no 

difference between the adult groups.   

Franklin et al. (2008) also observed significant differences in test 

performance between adult musicians with at least nine years of music training 

and nonmusicians on measures of verbal working memory. 

It should be noted that these studies are all quasi-experimental, as there is 

no random assignment of individuals into music training and control groups; thus, 

while some studies do show a relationship between music training and verbal 
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working memory, it is not necessarily a causal relationship.  Taken together, the 

findings regarding the relationship between music training, executing functioning 

and working memory are mixed.  We hypothesize that factors such as the length 

of time of music training and the age of the participant at the time of testing, as 

well as the age of the participant at the onset of music training, have some 

impact on whether this relationship is manifested on cognitive tests or not. 

 

2.5 Music and Neuroimaging Studies  
 
 Neuroimaging studies are commonly utilized to illustrate the connection 

between music and the brain.  For the purpose of understanding these studies 

and their relationship with the effect(s) of early music training on the brain, it is 

important to keep in mind that the brain is capable of change in response to 

environmental demands—a phenomenon called neural plasticity.  In support of 

the concept of neural plasticity are several studies demonstrating that early life 

experience affects brain structure and cognitive function in both animals and 

humans (e.g., Dawson, Ashman, & Carver, 2000; Kaufman & Charney, 2001).  

Furthermore, in a 2003 study, Ho et al. proposed that because cognitive 

functions are highly localized in the brain, and different parts of the brain mediate 

specific functions, the degree of an individual‘s cognitive function should be 

associated with changes in neuroanatomical systems.  This is the premise from 

which the following experiments stem; in each of these studies, professional or 

experienced musicians began training in early childhood. 
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Schlaug (1995) reported anatomical differences between the brains of 

musicians and nonmusicians.  Neural structures shown to be morphologically 

different from controls include the corpus callosum, with musicians having a 

larger corpus callosum than nonmusicians (Schlaug et al., 1995), and the motor 

cortex, cerebellum, and planum temporale (Schlaug, 2001).  Researchers have 

also found differences in grey matter volume in motor, auditory, and visual-spatial 

brain regions (Gaser & Schlaug, 2003), and differences in white matter 

architecture in the corpus callosum, corona radiata and the internal capsule 

(Schmithorst & Wilke, 2002).   

Langheim, Callicott, Mattay, Duyn, and Weinberger (2001) utilized 

functional magnetic resonance imaging (fMRI) imagery in order to observe 

specific areas of activation as professional musicians imagined themselves 

performing a complex piece of music.  Areas of activation included the right 

superior parietal lobule, the right inferior frontal gyrus (the right hemisphere 

homologue to Broca‘s area), and the cerebellum bilaterally.  These same areas 

of activation—particularly the right parietal cortex and the right ventrolateral 

frontal cortex (including the right inferior frontal gyrus) have also been implicated 

in the maintenance of spatial and object information in working memory (Fletcher 

& Henson, 2001). 

Several researchers have also discovered a strong involvement of 

structures known for the processing of language are also involved in the 

processing of music stimuli, including Broca‘s area, Wernicke‘s area and the pars 

opercula, (e.g., Koelsch et al., 2002; Sluming et al., 2007).  However, few studies 
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have linked the involvement of these areas to music performance - rather, these 

studies utilized nonmusicians as participants.   

While it cannot be said that these differences result from music training, 

since these were not studies using random assignment to participant groups, we 

can say that by utilizing both neuroanatomical comparisons and neuroimaging 

techniques, researchers have been able to show that: (a) morphological and 

physiological differences exist in the brains of musicians versus nonmusicians; 

(b) patterns of neural activation differ significantly between professional 

musicians and amateur musicians, as well as between musicians and 

nonmusicians; and (c) brain areas implicated in music processing and production 

are also involved in the processing of the executive functions and visuospatial 

and verbal working memory.  However, it is unclear whether these 

neuroanatomical and physiological differences between musicians and 

nonmusicians translate into functional differences in performance on 

neurocognitive tests. 

 

2.6 Integration and Research Objectives 

Taken together, the studies reviewed show that early music training is 

related to neuroanatomical and physiological brain development, and a positive 

relationship with some aspects of cognitive function in children and adults.  In 

light of varied research findings regarding which specific cognitive processes 

early music training may be associated with, it is postulated that early music 
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training may be associated with the broader executive and working memory 

systems that control and cue the use of other cognitive processes.   

 The objectives of this study are to further clarify: (a) whether or not a 

significant difference exists in cognitive test scores between adult musicians and 

nonmusicians; (b) whether these differences are manifested in the executive 

functions, working memory test performance, and/or efficiency of 

interhemispheric transfer; and (c) how the number of years of music training and 

the age of onset of music training interact with performance on these cognitive 

tests.  Based on previous research, it is hypothesized that musicians will perform 

significantly better than nonmusicians on tests of executive function, working 

memory and interhemispheric transfer.  It is further hypothesized that those 

musicians who began training at younger ages and thus have more years of 

playing experience will perform significantly better than both musicians with fewer 

years of training and nonmusicians. 
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          3.  METHODS 

 

3.1 Participants 

Forty individuals participated in this study.  Twenty were professional 

musicians who were members of the Regina Symphony Orchestra and a 

snowball sampling technique was used to generate a comparison sample of 20 

nonmusicians with no formal or advanced music training. 

Once ethical approval was granted from the University of Regina 

Research Ethics Board (Appendix A), the conductor of the Regina Symphony 

Orchestra (RSO) was contacted in order to describe the study and discuss 

participation in the study.  Potential participants were notified of the study in the 

form of a short information session, during which time the nature and 

requirements of the study were outlined.  The researcher‘s contact information 

was handed out, and at this time it was specified that there would be no risk 

associated with participation in this study.  Members of the RSO who were 

interested in participation in this study contacted the researcher and were 

scheduled for an interview, during which time they were individually administered 

a battery of neurocognitive tests.   

During this time, musician-group participants were asked to think of an 

approximately age and education matched friend or associate of the same 

gender with no music training, who might be willing to participate in the 

comparison portion of the study.  Musician-group participants were asked to have 

this individual contact the researcher if they were willing to participate in the 
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study.  If the musician-group member was unable to recommend an associate, 

other participants in the musician group were asked if they were able to think of 

more than one individual with no music training who might qualify to participate in 

the study. 

 

3.2 Measures 

Participants were individually administered several measures of executive 

function, working memory, and interhemispheric transfer.  The specific tests were 

chosen because they are commonly utilized in neuropsychological research, and 

some of these types of tests have been utilized in research exploring music 

training and brain function.  In addition, participants were administered three 

control measures—the North American Adult Reading Test, the Centre for 

Epidemiological Studies Depression Scale, as well as the Lateral Dominance 

Exam, a test of handedness.  At the end of each interview, participants filled out 

two self-report questionnaires assessing executive function.  These tests are 

described in more detail in the following sections.   

 

3.2.1. Working memory.   

Working memory was assessed using the Digit Span Test (Wechsler, 

1981), the Adaptive Digit Ordering Test (DOT-A; Werheid et al., 2002), and the 

List Span Test (De Beni, Palladino, Pazzaglia, & Cornoldi, 1998).  The Digit Span 

Test, a measure commonly utilized to measure phonological loop capacity, 

requires a participant to repeat back a list of digits that becomes longer upon 
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each successful sequence.  The first part of the Digit Span task (Digits Forward) 

requires participants to recall numbers in the order presented by the 

experimenter, while the second part of the task (Digits Backward) requires 

participants to recall numbers in the reverse order as that presented by the 

experimenter.  The DOT-A, a complex working memory task, requires 

participants to recall a list of digits presented in random numerical order in 

ascending order immediately after presentation.  The List Span Test, also a 

complex working memory task, is a test of prospective and retrospective memory 

that emphasizes processing and storage demands by requiring participants to 

knock on the table upon hearing a word that is the name of an animal, while 

simultaneously remembering the last word presented in a series of lists that 

becomes longer upon the successful completion of the previous trial.  The List 

Span Test yields three different measures: Prospective Memory (knocking), 

Consecutive Recall (final word recall), and Number of Intrusions (non-final word 

recall errors).   

The Corsi Block Tapping Test (Milner, 1971) is a test commonly used to 

measure visuospatial working memory capacity.  Participants are required to tap 

a series of blocks in the same order as that demonstrated by the researcher.  As 

with the Digit Span, DOT-A, and List Span tasks, the number of blocks involved 

in each series increases upon the successful completion of two consecutive 

trials. 
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3.2.2. Executive function   

 Executive function expressed through the verbal modality was assessed 

using the Stroop Color-Word Interference Test (Stroop, 1935) and the Controlled 

Oral Word Association (FAS) Test (Spreen & Strauss, 1998).  The 

neuropsychological version of the Stroop Test has three conditions: Word, Color, 

and Interference.  The Word condition requires participants to read a list of colour 

names printed in black ink as quickly as possible within 45 seconds.  In the Color 

condition, participants are required to read a list of colour names again, but this 

time each colour name is printed in the ink colour that the name describes.  The 

third condition of this task, the Interference condition, requires participants to 

read down a list of words as quickly as possible, naming the ink colour that the 

word is written in, rather than reading the word itself.  The Stroop task is a 

complex measure of attention, inhibition, cognitive flexibility and mental speed.  

The FAS Test requires participants to generate as many words as possible within 

60 seconds beginning with a particular letter.  Initially, participants generate as 

many words as possible beginning with the letter F.  This task is repeated, this 

time with participants generating as many words as possible beginning with the 

letter A, and finally, by words beginning with the letter S.  The number of words 

generated by the participant is the dependent variable.  The FAS Verbal Fluency 

Test is a commonly used index of verbal executive function. 

Executive function expressed through visual-motoric modalities was 

assessed using the Trail Making Test (TMT; Reitan, 1958), the Mazes subtest 

from the Wechsler Intelligence Scales for Children—Revised (WISC-R; 
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Wechsler, 1974), the Figural Fluency (Five Point) Test (Lee, Strauss, Loring, & 

McCloskey, 1997), and the Tower of London Test (Shallice, 1982).  The TMT 

requires an individual to connect a sequence of numbers and letters in order, in a 

minimal amount of time.  Trails A consists of a series of 25 numbers that the 

participant is asked to connect, in order, from smallest to largest, as quickly as 

possible.  Trails B is a measure of cognitive set-shifting ability, requiring the 

participant to shift between a set of numbers and a set of letters in order to 

connect both sets in order, both numerically and alphabetically.  The TMT is a 

measure of fine motor co-ordination, planning ability, set switching, sequential 

memory and visual search.  The Mazes subtest requires participants to solve 

several mazes that increase in difficulty from one to the next, as quickly as 

possible.  The maze task is a measure of fine motor co-ordination, planning 

ability and perceptual organization.  The Figural Fluency Test is a commonly 

used indicator of executive function that requires participants to create as many 

different figures and designs as possible by making connections between a 

series of dots within rectangles on a page.  The number of drawings participants 

make is the dependent variable.  The Tower of London Test requires participants 

to transfer balls on pegs from an initial start state, to a goal end-state in the 

minimum number of moves.  During the completion of this task, only one ball may 

be moved at a time, and any ball not being moved must remain on a peg.  This 

task is a commonly used index of executive function, as it requires the participant 

to invoke both planning and strategy skills in order to successfully complete the 

task.   
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3.2.3 Interhemispheric transfer.   

A test of tactile interhemispheric transfer, the Tactile Finger Localization 

Task, was adapted from Spreen and Strauss (1998).  In this task, the participant 

wears a blindfold, while the experimenter touches one or more fingers of one of 

the participant‘s hands.  The participant responds by indicating which finger or 

fingers have been touched.  In the Same-Hand condition, participants use the 

thumb on the stimulated hand to indicate those finger(s) stimulated by the 

experimenter.  In the Other-Hand condition, the opposite hand from that 

stimulated is used to respond.  There are four trials, beginning with the 

stimulation of only one finger and progressing up to four-finger sequences.  In 

trials involving two to four finger stimulation sequences, the participant must not 

only indicate which fingers were stimulated, but also the correct order in which 

each finger was stimulated.  The Tactile Finger Localization Task provides a 

measure of (middle) corpus callosum function. 

 

3.2.4 Self-Report Measures 

Two self-report measures of executive function, the Behaviour Rating 

Inventory of Executive Function—Adult Version (BRIEF-A; Roth, Isquith, & Gioia, 

2005) and the Frontal Systems Behaviour Scale (FrSBe; Grace & Malloy, 2001) 

were used.  The BRIEF-A is a standardised self-report measure that captures 

views of an individual‘s executive functions in his or her everyday environment.  

The BRIEF-A has nine theoretically and empirically derived clinical scales that 

measure various aspects of executive functioning, including inhibition, self-
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monitoring, planning and organization, shifting from one task or schema to 

another, task monitoring, initiation, emotional control, working memory, and 

organization of materials.  The FrSBe is specifically designed to measure 

behavioural changes related to frontal system dysfunction (Grace & Malloy, 

2001).  It is a 46-item questionnaire that assesses the three frontal behavioural 

syndromes linked to the frontal circuits: apathy, disinhibition, and executive 

dysfunction.   

 

3.2.5 Supplemental measures 

Three supplemental measures were used: the Lateral Dominance 

Examination (LDE; Reitan & Wolfson, 1985), the North American Adult Reading 

Test (NAART; Nelson & O‘Connell, 1978), and the Centre for Epidemiological 

Studies Depression Scale (CES-D; Radloff, 1977).  The LDE was used to 

formally assess participants‘ handedness.  The NAART is an estimate of verbal 

intelligence and the CESD is a brief self-report scale designed to measure mood 

in the general population.  The two latter measures were used as participant 

control variables. 

 

3.2.6 Procedure 

Informed Consent was obtained first from all participants, followed by 

basic demographic historical information.  The tests were then administered in 

the following order for all participants: Lateral Dominance Examination, Digit 

Span, Adaptive Digit Ordering Test, FAS Test, Figural Fluency, Trail Making 
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Test, Mazes, Corsi Block Tapping Test, Stroop Test, Tactile Finger Localization 

Task, List Span Test, Tower of London Test, NAART.  The self-report measures 

were administered at the end of the testing session in the following order for all 

participants: Frontal Systems Behaviour Scale (FrSBe), Brief Rating Inventory of 

Executive Functioning, Centre for Epidemiological Studies Depression Scale.  

The duration of the testing session was approximately 90 minutes. 
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4.  RESULTS 

 

4.1 Participants 

All participants were initially screened for a self-reported history of 

neurological, psychiatric, and/or substance abuse disorders, learning disability, 

colour blindness, and/or current use of psychotropic medication.   

Of the 20 participants in the musician group, 40% (n = 8) were men, 60% 

(n = 12) were women, 100% were right handed, 15% (n = 3) reported a history of 

concussion, and 10% (n = 2) reported a history of depression; no participants in 

the musician group reported colour blindness or a learning disorder, and none 

were taking any psychotropic medication at the time of participation.  It should be 

noted that none of the concussion or depression histories were recent, so these 

participants were included in the study. 

Of the 20 participants initially in the comparison group, one reported a 

history of a learning disability and was excluded from further analysis.  Of the 

remaining 19 participants, 31.6% (n = 6) were men, 68.4% (n = 13) were women, 

and 94.7% (n = 18) were right handed.  None of the participants in the 

comparison group had any current health problems and none were taking any 

psychotropic medication at the time of participation.   

There was no significant difference in age between the two groups 

[F(1,37) = .2, p > .05] nor were there any significant differences in handedness or 

gender [χ2 = .3, p > .05].  Participants in the musician group had significantly 

more years of education than the comparison group [F(1,37) = 4.4, p < .05] and 
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made significantly fewer errors on the NAART [F(1,37) = 8.1, p < .05].  

Descriptively, estimated Verbal IQ using the NAART was in the high average 

range for the musician group and within the average range for the comparison 

group.   

Participants in the musician group had a mean of 20.4 years of music 

training (SD = 9.6), and started music training at a mean of 5.8 years of age (SD 

= 2.5).  Six participants in the comparison group reported some music training in 

elementary school consisting of playing the recorder or participating in choir.  

This amounted to a mean of 2.3 years of music experience (SD = 1.6) for the 

sample starting at a mean age of 9.0 years (SD = 2.0).  The demographic 

features of the two groups are summarized in Table 1. 

 

4.2 Analysis of Measures  

For ease of analysis and presentation, all statistical analyses were 

conducted using the same conceptual grouping of measures presented in the 

Methods section. 

Between groups comparisons were made using either univariate analysis 

of variance (ANOVA) or multivariate analysis of variance (MANOVA), and 

companion covariate analyses using years of education and NAART as 

covariates.  Pearson product-moment correlation coefficients were also 

computed between number of years of training and the age at which music 

training commenced for the subsample of individuals with music training.  Years 
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of education and NAART errors were used as partial correlates in these 

analyses. 

 

4.2.1 Working Memory 

To assess verbal working memory, the Digit Span Task subcategories 

(Digits Forward and Digits Backward), the Adaptive Digit Ordering Test, and the 

List Span subcategories (Prospective Memory, Consecutive Recall, and Number 

of Intrusions) were entered as dependent variables in a MANOVA and 

companion MANCOVA.  The MANOVA was nonsignificant [F(1, 35) = .8, p > 

.05].  Examination of the individual ANOVA univariate analyses derived from the 

MANOVA revealed no significant univariate difference between the two groups 

[largest F(1,35) = 3.1, all p > .05].  A MANCOVA was then utilized to examine the 

possible effect of the covariates – the number of years of education and NAART 

scores – on verbal working memory tests.  The MANCOVA was also 

nonsignificant [F(1,35) = .3, p > .05].  Examination of the individual univariate 

ANCOVA analyses derived from the MANCOVA revealed no significant 

univariate difference between the two groups [largest F(1,35) = 1.1, all p > .05].  

These data are summarized in Table 2.   

 To assess visuospatial working memory, two scores on the Corsi Block 

Tapping Test (the total number correct and the maximum sequence length) were 

compared using both MANOVA and MANCOVA.  MANOVA results were not 

significant [largest F(1, 36) = 1.51, p > .05].  Examination of the individual 

univariate analyses derived from the MANOVA also revealed no significant 
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difference between groups [largest F = 3.10, p > .05].  When the number of years 

of education and NAART scores were included as covariates in a MANCOVA the 

results were still nonsignificant [F(1,35) = 2.13, p > .05].  Examination of the 

individual univariate analyses derived from the MANCOVA revealed no 

significant difference between groups, though both of the Corsi indices (total 

number correct and maximum sequence length) approached significance (Corsi 

total number correct [F(1,34) = 4.03, p  = .053]; Corsi maximum sequence length 

[F(1,34) = 4.08, p = .051].  These data are summarized in Table 2. 

 

4.2.2 Executive Function 

 To assess executive function in the verbal modality, the scores (the 

number of words read out loud in 45 seconds) for each of the three conditions of 

the Stroop Test (Word, Color, Interference) and the scores for the FAS Test were 

entered as dependent variables in a MANOVA and companion MANCOVA.  The 

MANOVA was significant [F(1,35) = 4.2, p < .01, partial eta-squared  = .33].  

Examination of the individual univariate analyses derived from the MANOVA 

revealed significant differences between the two groups on all three of the Stroop 

Test subcategories:  Word F(1,35) = 9.8, p< .01, partial eta-squared  = .21], Color 

[F(1,35) =  4.1, p < .05, partial eta-squared  = .10],  and Interference [F(1,35) = 

11.7, p < .01, partial eta-squared  = .24].  A companion MANCOVA utilizing 

NAART scores and years of education as covariates was conducted.  The 

MANCOVA was also significant [F(1,35) = 2.6, p < .05, partial eta-squared  = 

.25].  Examination of the individual univariate analyses derived from the 
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MANCOVA revealed significant differences between the two groups on all three 

of the Stroop Test subcategories: Word F(1,35) = 4.9, p < .05, partial eta-squared  

= .12], Color [F(1,35) =  5.6, p < .05, partial eta-squared  = .14],  and Interference 

[F(1,35) = 6.4, p < .05, partial eta-squared  = .15], with the musician group 

scoring significantly higher on all of these variables.  Both the number of years of 

education [Word F(1, 35) = .24, p > .05, partial eta-squared  = .01, Color F(1, 35) 

= 5.5, p < .05, partial eta-squared  = .14, Interference F(1, 35) = .74, p > .05, 

partial eta-squared  = .02] and NAART scores [Word F(1, 35) = .67, p > .05, 

partial eta-squared  = .02, Color F(1, 35) = .24, p < .05, partial eta-squared  = 

.01, Interference F(1, 35) = 4.0, p > .05, partial eta-squared  = .10], accounted for 

a small-to-moderate percentage (approximately 1 to 14%) of the total variance, 

with group membership (i.e., musician or non-musician) accounting for a greater 

portion of the total variance overall (approximately 12 to 15%).  Even with the 

inclusion of years of education and NAART scores in the MANCOVA, music 

training accounts a greater percentage of the total variance, making it a stronger 

correlate of Stroop task performance than the number of years of education and 

NAART scores.   

However, because the musician group performed significantly better than 

the non-musician group on all three aspects of this task, it is possible that this is 

a reflection of faster overall processing, rather than a greater ability to deal with 

interference.  In order to test this possibility, a Stroop Differential index was 

derived by subtracting the Stroop Word scores from the Stroop Interference 

scores.  This score was entered as a dependent variable into an ANOVA and 
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companion ANCOVA.  The ANOVA was not significant [F(1, 36) = 0.33, p > .05].  

A companion ANCOVA utilizing NAART scores and years of education as 

covariates was not significant either [F(1, 34) = 0.166, p > .05].  These data are 

summarized in Table 3. 

To assess executive function in visual and motoric modalities, the scores 

for both indices of the Trail Making Test (Trails A and Trails B), the total time for 

all five of the Maze tasks, scores for the Figural Fluency Test, and scores for all 

four of the subcategories for the Tower of London Test (Total Move Score, Total 

Correct Score, Total Initiation Time and Total Execution Time) were entered as 

dependent variables in a MANOVA and companion MANCOVA.  The MANOVA 

was nonsignificant [F(1,36) = .97, p > .05].  Examination of the individual 

univariate analyses derived from the MANOVA further revealed no significant 

univariate difference between the two groups [largest F(1,36) = 4.04, all p > .05].  

The MANCOVA, including NAART scores and years of education as covariates, 

was also nonsignificant [F(1,34) = .53, p > .05].  Examination of the individual 

univariate analyses derived from the MANCOVA revealed no significant 

univariate difference between the two groups [largest F(1,34) = 1.68, all p > .05].   

These data are summarized in Table 4.   

 

4.2.3 Interhemispheric Transfer.  

 Total correct scores were calculated for each of four conditions: Same 

Right Hand, Same Left Hand, Transfer Left to Right Hand (or right to left 

hemisphere) and Transfer Right to Left Hand (or left to right hemisphere).  Same 
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hand total correct scores were initially compared using a MANOVA and 

companion MANCOVA.  For the MANOVA, the analysis was significant [F(2,34) 

= 13.4, p < .01, partial eta-squared  = .43] and examination of the individual 

univariate analyses derived from the MANOVA revealed significant differences 

between the two groups in that the musician group scored significantly higher 

than the comparison group for both Same Hand conditions (Same Right Hand 

[F(1,35) = 14.1, p < .01, partial eta-squared  = .28]; Same Left Hand [F(1,35) = 

27.5, p < .01, partial eta-squared  = .43]). A MANCOVA, including NAART scores 

and years of education as covariates, was also significant [F(2,34) = 6.5, p < .01, 

partial eta-squared  = .28] and examination of the individual univariate analyses 

derived from the MANCOVA revealed significant differences between the two 

groups in that the musician group scored significantly higher than the comparison 

group for both Same Hand conditions (Same Right Hand [F(1,35) = 5.3, p < .05, 

partial eta-squared  = .13]; Same Left Hand [F(1,35) = 13.4, p < .01, partial eta-

squared  = .28]).  The number of years of education [Same Right Hand F(1, 35) = 

.04, p > .05, partial eta-squared  = .00, Same Left Hand F(1, 35) = .17, p > .05, 

partial eta-squared  = .01] accounted for virtually no percentage of the total 

variance, while NAART scores [Same Right Hand F(1,35) = 8.71, p < .01, partial 

eta-squared  = .20, Same Left Hand F(1,35) = 8.42, p < .01, partial eta-squared  

= .19], each accounted for approximately 20% of the total variance.  Group 

membership (i.e., musician or non-musician) accounted for approximately 13% 

(Same Right Hand) and 28% (Same Left Hand) of the total variance.   
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 Owing to the significant same hand differences between the groups, a 

Total Same Hand score was used as an additional covariate in comparing the 

two transfer conditions.  Analysis of the two transfer conditions revealed a 

significant multivariate difference [F(2,33) = 5.7, p < .01, partial eta-squared  = 

.26].  Examination of the univariate analyses derived from the MANCOVA 

revealed that musicians scored significantly higher in the Transfer Right to Left 

Hand condition [F(1,34) = 10.6, p < .01, partial eta-squared  = .24], but not in the 

Transfer Left to Right Hand condition [F(1,34) = 2.3, p > .05, partial eta-squared  

= .06].  The number of years of education [transfer Left to Right Hand F(1, 35) = 

.01, p > .05, partial eta-squared  = .00, transfer Right to Left Hand F(1, 35) = .02, 

p > .05, partial eta-squared  = .00] accounted for almost none of the percentage 

of the variance.  NAART scores [transfer Left to Right Hand F(1,35) = 1.12, p > 

.05, partial eta-squared  = .03, transfer Right to Left Hand F(1,35) = .06, p > .05, 

partial eta-squared  = .00] similarly accounted for almost none of the total 

percentage of variance.  The Total Same Hand Score [Total Same Hand Transfer 

Left to Right Hand F(1, 35) = 9.66, p < .05, partial eta-squared  = .22, Total Same 

Hand Transfer Right to Left Hand F(1, 35) = 49.36, p < .05, partial eta-squared  = 

.59], accounted for approximately 22% and 59% of the total variance, 

respectively.  Group membership (i.e., musician or non-musician) accounted for 

approximately 6% (Transfer Left to Right Hand) and 24% (Transfer Right to Left 

Hand) of the total variance.  These data are summarized in Table 5.   
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4.2.4 Self-Report Measures 

 No significant difference was found between the two groups on the CES-D 

[F(1,36) = .18, p > .05] using ANOVA.  Examination with a companion ANCOVA 

utilizing the number of years of education and NAART scores as covariates was 

nonsignificant as well [F(1,34) = .09, p > .05].   

 The BRIEF-A has nine theoretically and empirically derived clinical 

subscales that measure various aspects of executive functioning (inhibition, self-

monitoring, planning and organization, shifting from one task or schema to 

another, task monitoring, initiation, emotional control, working memory, and 

organization of materials), which were analyzed using MANOVA with 

nonsignficant results [F(1,36) = .86, p > .05].  Examination of the individual 

univariate analyses derived from the MANOVA further revealed no significant 

univariate difference between the two groups [largest F(1,35) = 1.92, p > .05] on 

any subscale of the BRIEF-A.  In further analysis (MANCOVA), the results 

revealed no significant differences between the two groups [F(1,34) = .90, p > 

.05] when the number of years of education and NAART scores were included as 

covariates.  Examination of the individual univariate analyses derived from the 

MANCOVA yielded no significant differences between the two groups [largest 

F(1,36) = 3.95, p > .05] on any subscale of the BRIEF-A.   

 The BRIEF-A also has three composite indices (the Behavioural 

Regulation Index (BRI), the Metacognition Index (MI) and the Global Executive 

Composite (GEC) which were also analyzed using MANOVA and MANCOVA.  

The results for MANOVA were nonsignificant [F(1,36) = .54, p > .05].  
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Examination of the individual univariate analyses derived from the MANOVA 

further revealed no significant univariate difference between the two groups 

[largest F(1,35) = 1.10, p > .05] on any of the composite indices of the BRIEF-A.  

In further analysis (MANCOVA), the results revealed no significant differences 

between the two groups [F(1, 34) = 1.47, p > .05] when the number of years of 

education and NAART scores were included as covariates.  Examination of the 

individual univariate analyses derived from the MANCOVA yielded no significant 

differences between the two groups [largest F(1,34) = 3.02, p > .05] on any of the 

composite indices of the BRIEF-A.   

 The FrSBe measures behaviour related to frontal behavioural syndromes 

in terms of three subscales - apathy, disinhibition, and executive dysfunction.  

These three subscales were also analyzed using MANOVA with nonsignificant 

results. Examination of the individual univariate analyses derived from the 

MANCOVA yielded no significant differences between the two groups [largest 

F(1,36) = 1.10, p > .05] on any subscale of the FrSBe.  Examination of the 

individual univariate analyses derived from the MANOVA further revealed no 

significant univariate difference between the two groups [largest F(1,36) = 2.22, p 

> .05] on any subscale of the FrSBe.  In further analysis (MANCOVA), the results 

revealed no significant differences between the two groups [F(1,34) = .58, p > 

.05] when the number of years of education and NAART scores were included as 

covariates.  Examination of the individual univariate analyses derived from the 

MANCOVA yielded no significant differences between the two groups [largest 
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F(1,36) = 1.66, p > .05] on any subscale of the FrSBe.  These data are 

summarized in Table 6. 

 

4.2.5 Correlation Analysis 

Correlation analysis was utilized to assess the relationship between the 

number of years of music training and the age at which music training began, and 

those measures for which there were significant differences between the two 

groups.  Years of education and NAART score were used as partial correlates in 

these analyses.   

For the correlation analysis involving number of years of music training, 

the entire sample of 39 participants was used.  The results revealed that the 

number of years of music training correlated significantly with Stroop Interference 

(r = .30, p < .05), Tactile Finger Localization Same Hand Right (r = .29, p < .05) 

and Same Hand Left (r = .44, p < .01) and interhemispheric transfer from the right 

to left hemisphere (r = .42, p < .01); the direction of all correlation coefficients 

indicated better performance as number of years of music training increased.  

For the correlation analysis involving the age at which music training began, the 6 

participants in the comparison group who reported some informal music training 

were included to increase the representativeness of the subsample.  The age at 

which music training began was correlated significantly with Tactile Finger 

Localization Same Hand Left (r = -.48, p < .01) and interhemispheric transfer 

from the right to left hemisphere (r = -.44, p < .05); the direction of both 

correlation coefficients indicated better performance with music training 
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beginning at a younger age.  All correlations and associated effect sizes are 

summarized in Table 7. 

Inter-correlations among the measures on which the groups differed 

significantly were also examined with education and NAART score as partial 

correlates (i.e., covariates). The results revealed a consistent pattern of 

significant correlations between Stroop indices and Tactile Finger Localization 

indices.  Specifically, Stroop Word (r = .32, p < .05), Color (r = .46, p < .01) and 

Interference (r = .66, p < .01) scores were all significantly and positively 

correlated with the interhemispheric transfer right to left hemisphere score; 

Stroop Word was significantly and positively correlated with Tactile Finger 

Localization Same Hand Left (r = .33, p < .05) and Stoop Interference was 

significantly and positively correlated with Same Hand Right (r = .44, p < .01) and 

left (r = .54, p < .01).  Results also revealed a significant and positive correlation 

between the Corsi Test and Stroop Interference (r = .35, p < .05).  The 

correlations and associated effect sizes are summarized in Table 8. 
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5.  DISCUSSION 

 

The objective of this study was to assess the relationship between 

advanced music training and neurocognitive functioning, with specific focus on 

executive function, working memory, and tactile interhemispheric transfer.  The 

findings indicated that advanced exposure to formal music training beginning 

early in life was associated with better neurocognitive function in adulthood on 

certain measures of verbal executive functioning and tactile interhemispheric 

transfer.  On all measures in which significant differences were found, as well as 

on a measure of visuospatial working memory in which there was a trend towards 

significance, group membership (musician versus non-musician) accounted for a 

greater percentage of the total variance than the number of years of education 

and NAART scores.  Correlation analysis (with years of education and NAART 

scores as partial correlates) revealed that the number of years of music training 

correlated significantly and positively with performance on the Stroop 

Interference task and tactile interhemispheric transfer from the right to left 

hemisphere of the brain.  Finally, the age at which music training began was 

correlated significantly with tactile interhemispheric transfer from the right to left 

hemisphere, indicating better performance with music training beginning at a 

younger age.   

 

 

 



39 

 

 

 

 

5.1 Sample 

 Participants in this study were placed in one of two groups, depending on 

their level of music training and experience.  Participants in the musician group 

had a substantial amount of formal and advanced music training and all 

performed professionally for a living as members of the Regina Symphony 

Orchestra.  Among the participants in the comparison group, six reported some 

informal music experience in elementary school.  Given the large number of 

individuals with some music training or experience in the general population -

nearly one-half of the English and American population according to a recent 

British survey (North, Hargreaves, & O‘Neil, 2000) - these six individuals were 

retained in the study to enhance the representativeness of the comparison group 

and ultimately the generalizability of the findings.   

 The musician and comparison group differed significantly in terms of the 

number of years of education and NAART score, the latter an estimate of verbal 

intellectual function.  Both of these variables were used as covariates or partial 

correlates in all of the statistical analyses in this study.  Otherwise, the two 

groups were well matched for age, gender, and handedness. 

 

5.2 Neurocognitive Findings 

 This study focused on three main neurocognitive processes - executive 

function, working memory, and tactile interhemispheric transfer.  In the case of 

executive function and working memory, these processes were divided into 

conceptual constructs, thus allowing a potentially more specific understanding of 
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their relationships to advanced music training.  It should be noted here that 

because of the significant differences between the two groups in the number of 

years of education, with musicians having more years of education, and in 

NAART scores, with musicians having higher NAART scores than nonmusicians, 

results were only considered to be significant in this analysis if they were 

calculated through covariate analysis, using these two variables as covariates.  

This criterion helps to ensure that the results of the present study are as robust 

and as unbiased as possible.  Further, since this study did not involve 

randomized assignment of participants to groups, significant results do not infer 

causality, only a relationship between music training and specific aspects of brain 

function. 

 

5.2.1 Working Memory 

Although several previous studies have concluded that music training is 

associated with verbal working memory (Franklin et al., 2008; Lee et al., 2007; 

Schellenberg, 2004, 2006), no significant differences between groups were found 

on tests of verbal working memory in the present study. 

This study differs from previous studies in terms of the age of the 

participant group; participants in the current study had an average age of 

approximately 35 years, which is considerably older than that of the participant 

groups in the other four studies.  Participant groups in earlier studies ranged from 

children (with average ages of 12 and 6, respectively; Lee et al., 2007; 

Schellenberg, 2004) to young adults (with average ages of 19, 22 and 19 
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respectively; Franklin et al., 2008; Lee et al., 2007; Schellenberg, 2006).  

Additionally, the extent to which participants in the previous studies had been 

musically trained and whether they could be considered amateur or professional 

musicians should also be considered.  In the four studies cited above, the 

number of years of music training varied considerably.  The shortest duration was 

9 months (Schellenberg, 2004), and the longest was 14 years (Lee et al., 2007).2  

These are much shorter training durations than those of the current study in 

which the average duration of training in the musician group was approximately 

20 years.  Further, participants in the previous four studies were arguably 

amateur musicians, being either children (Lee et al., 2007; Schellenberg, 2004; 

Schellenberg, 2006), university students in programmes other than music (Lee et 

al., 2007; Schellenberg, 2006), or university students in a music programme 

(Franklin et al., 2008).  In the current study, participants in the musician group 

were all professional musicians.  These factors - the age of the musician groups, 

as well as the duration of music training and the ability level of the musicians - 

may, therefore, account for the discrepancy in the findings of this research as 

compared to past research with respect to verbal working memory. 

It seems counterintuitive that individuals with more years of music training 

perform on par with nonmusician comparison groups, while, as previous research 

suggests, amateur musicians perform significantly better than nonmusician 

control groups on tasks of verbal working memory.  However, research by Lotze, 

Scheler, Tan, Braun and Birbaumer (2003) utilizing fMRI imaging of amateur and 

                                                 
2
 Intermediate years of music training in these studies were 2 years (Schellenberg, 2006), 5 years (Lee et al, 

2007), 8 years (Schellenberg, 2006), and 9 years (Franklin, 2008). 
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professional musicians during performance suggests that amateur performance 

originates from more diffuse neural networks (cerebello-cortical, striato-cortical 

and cortical-cortical) that become more refined and circumscribed with practice.  

This research, coupled with the findings of the present study, might suggest that 

as these networks become more focused over time and practice, the decrease in 

activation of those areas of the brain ―shared‖ by verbal working memory may 

result in less of an ―advantage‖ over nonmusician individuals in the area of verbal 

working memory.  This type of relationship between musicianship and 

performance on verbal working memory tasks may be suggestive of an inverted 

U-shaped curve, with test performance reaching a peak at an amateur level of 

musicianship, and then declined to ―normal‖ performance level as musicianship 

continues to an expert level.  Further research needs to been done in this area in 

order to explore this further. 

This study did not find any significant differences between groups on a 

measure of visuospatial working memory – the Corsi Block Tapping Task, though 

results approached significance with the addition of the number of years of 

education and NAART scores as covariates in the analysis.  This suggests that 

while music training contributed to a larger percentage of the total variance, it 

was the additional contributions to the total percentage of variance by education 

and NAART scores that brought the analysis to a borderline level of significance.  

Previous research focusing on the relationship between music training and 

visuospatial working memory has yielded mixed results.  Two studies found no 

significant differences between musically trained and untrained participants; for 
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example, Ho et al. (2003) did not observe better performance in visual memory in 

children who had been playing an instrument for an average of two and one-half 

years compared to children who did not have music training.  Tierney, Bergeson 

and Pisoni (2008) also failed to find any difference in visuospatial working 

memory test performance between a group of young adult musicians, a group of 

gymnasts, and a group of computer gamers.  Other studies have found 

significantly better performance of musically trained individuals on these types of 

tasks (Bilhartz et al., 2000; Costa-Giomi, 1999; Lee et al., 2007).  However, these 

results should be interpreted with caution, since a closer look at some results 

reveals that the relationship between music training and visuospatial working 

memory may be more complex than previously thought.  For example, the better 

performance of musically trained children applied only to children and not to 

musically trained adults in the study by Lee et al. (2007).  In the study by Costa-

Giomi (1999), the observed differences between groups on measures of 

visuospatial working memory disappeared after two years of music lessons.  

Costa-Giomi suggested that this decrease in performance for musically trained 

children occurred because of a decrease in practice time and enthusiasm as the 

novelty of music lessons began to wear off.  It is possible that music training may 

only be associated with better visuospatial memory in a short term context.  

Since music training also teaches children to pay attention to the movement of 

their bodies in space (i.e., the movement of hands over a keyboard), perhaps 

nonmusically trained children learning sports, dance and other types of organized 

movement ―catch up‖ to musically trained children over time, thereby eliminating 
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significant differences between these two groups.  It is also possible, as in the 

case of verbal working memory, that the relationship between music training and 

visuospatial working memory test performance resembles an inverted U-shaped 

curve.  That is, at an amateur level, musicians perform significantly better than 

their non-musician peers, but as musicianship increases and neural areas 

involved in music performance become more localized and efficient, performance 

on visuospatial working memory test performance approaches that of non-

musicians.  More research needs to be done in this area in order to explore the 

specific nature of this relationship. 

 

5.2.2 Executive Function 

The current study adds to the growing literature on the relationship 

between music training and executive function, having found significantly better 

performance of the musician group on all three indices of verbal executive 

function measured by the Stroop Test.  Interestingly, the results of this study did 

not reveal better performance of the musician groups on another test of verbal 

executive function, the Controlled Oral Word Association (FAS) Test, nor in any 

measures of visual-motoric executive function.  Further, since a significant 

difference was found between groups for all three indices of the Stroop Task 

rather than the Interference portion only, and since there was no difference 

between the performance of musicians and nonmusicians on the Stroop 

differential score (Stroop Interference minus Stroop Word), it seems likely that 

the differences found in Stroop performance reflect a faster overall processing 
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speed of those in the musician group, rather than a difference in inhibiting or 

updating aspects of executive functioning. 

There are two previous studies that have specifically examined the 

relationship between music training and executive function.  Sabir and Alfano 

(2005) reported a positive relationship between music training and prospective 

memory and Sabir et al. (2005) found better performance on Part B of the Trail 

Making Test in individuals with music training.   Two potential factors to account 

for theis discrepancy in the current study are the differences in both age and 

duration of musical training of the musician groups.  Musicians in the current 

study were older and more experienced, with an average age of 35 years and an 

average duration of music training of 20 years, as compared to an average age 

of 20 years and an average duration of 11 years of music training in the previous 

studies.  It is thus possible that age and duration of music training are factors 

also involved in the relationship between music training and executive function in 

the same way as verbal and visuospatial working memory mentioned above: as 

musicians increase in proficiency and duration of musicianship, neural pathways 

mediating music performance become more focused over time and practice, 

decreasing in activation in those areas of the brain ―shared‖ by verbal executive 

function and resulting in less of an ―advantage‖ over non-musician individuals in 

the area of verbal executive function. 
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5.2.3 Interhemispheric Transfer 

This is the first study to directly assess the relationship between music 

training and interhemispheric transfer, and one of the significant findings of this 

study was the better performance of the musician group in terms of tactile 

interhemispheric transfer, findings that clearly suggest a functional parallel to the 

previously found morphological differences in the corpus callosum of musicians.   

The manipulation of a musical instrument in space requires precise 

coordination of bimanual movements that, by definition, would require 

interhemipsheric transfer mechanisms mediated by the corpus callosum.  There 

is evidence to show that the anterior midsagittal corpus callosum is larger in 

professional musicians with an early commencement of music training than 

nonmusicians (Schlaug et al., 1995).  Further evidence of callosal differences 

between musicians and nonmusicians is revealed through a fractional anisotropy 

(FA) study of the corpus callosum in musicians and nonmusicians (Schmithorst & 

Wilke, 2002).  The FA may be seen as an indicator of white matter organization, 

with higher FA values indicating a higher degree of organization.  In their 2002 

study, Schmithorst and Wilke found that musicians had a higher FA in the 

anterior portion (the inferior part of the genu) of the corpus callosum. 

Previous research has clearly illustrated the importance of the corpus 

callosum to neurocognitive functioning.  For example, the overall size of the 

corpus callosum has been found to correlate negatively with reaction time on 

tests of dichotic listening (Jäncke & Steinmetz, 1994).  Poorer performance on 

the Stroop Test (incongruent minus congruent performance) is significantly 
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related to smaller callosal genu areas in alcoholic individuals (Schulte, Müller-

Oehring, Salo, Pfefferbaum, & Sullivan, 2006) and overall corpus callosum size 

has been correlated with interhemispheric facilitation (as measured by the Stroop 

Test) (Woodruff et al., 1997).   

Drawing conclusions about musicians‘ performance on tasks of 

interhemispheric transfer based solely on neuroanatomical size and 

organizational differences in the corpus callosum is not necessarily justified 

without evidence to show that these differences may, in fact, relate to 

performance on tasks of interhemispheric transfer, and the present study may be 

an initial link between structure and function in the area of musicianship and 

interhemispheric transfer.  

 

5.2.4 Correlations with Years of Music Training and Age 

While it makes intuitive sense that more years of music training beginning 

at an earlier age are related positively to neurocognitive function, this is one of 

few studies that systematically and objectively relates the duration of music 

training and the age at which music training began to neurocognitive function 

(see also Schellenberg, 2006).  In this study, the number of years of music 

training, as well as the age at which music training began, were correlated with 

measures that were found to show significant differences between the musician 

and control groups.  The results of this study showed that the number of years of 

music training correlated significantly and positively with performance on Stroop 

Interference and Tactile Finger Localization involving interhemispheric transfer 
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from the right to the left hemisphere of the brain.  Additionally, the age at which 

music training began correlated significantly with Tactile Finger Localization 

involving interhemispheric transfer from the right to the left hemisphere, with 

individuals beginning music training at a younger age achieving a greater number 

of correct scores on this task.  The regions of the brain principally involved with 

processing demands on the Stroop and Tactile Finger Localization tasks, the 

prefrontal cortex and corpus callosum, are among the last areas of the brain to 

experience important developmental events, such as synaptogenesis and 

myelination (Huttenlocher & Dabholkar, 1997; Schlaug et al., 1995, respectively).  

As such, environmental influences early in life, such as music training, may have 

a particularly strong relationship with processes mediated by these neural 

structures.  A more in-depth exploration of this possibility follows in the next 

section.   

 

5.2.5 Self Report Measures 

 No significant differences were found between musician and nonmusician 

groups on any of the depression and executive function self-report measures.  

This may be because these measures are designed for use within clinical 

populations, and may not have been sensitive enough to detect differences 

between groups in a normal population.   
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5.2.6 Brain Mechanisms and Advanced Music Training 

The results of this study provide evidence for a relationship between 

advanced music training and neurocognitive function.  From a neurobiological 

perspective, it becomes important to understand this relationship in the context of 

those brain areas involved in the production and processing of music.  The 

significant findings of this study are examined below from a neurobiological 

perspective relating music and the brain.  Again, it is important to note that the 

directionality of the relationship between brain development and music training 

has yet to be firmly established (i.e., it is also possible that children who have 

higher IQs are more likely to seek out and stick with music lessons because they 

enjoy the intellectual stimulation), however, a growing field of research utilizing 

random assignment to musician and control groups (i.e., Costa-Giomi, 1999; 

Schellenberg, 2004) is finding that music training affects cognitive development, 

rather than the other way around. 

 

5.2.6.1   Visuospatial Working Memory 

While the results of this study did not yield significant differences in group 

performance on a test of visuospatial working memory (the Corsi Block Tapping 

Task), the trend towards significance should not be ignored.  Both of the Corsi 

indices (total number correct and maximum sequence length) approached 

significance with the Corsi total number correct having a significance of p = .053, 

and the Corsi maximum sequence length yielding a significance of p = .051. 

However, since the results of this study only suggest a trend towards 
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significance, we can only make an educated guess about this relationship.  It is 

possible that a study with a larger sample size and more tests measuring 

visuospatial working memory function would yield more significant results.  

Alternatively, it is possible that music training and visuospatial working memory 

performance, as suggested previously, share an inverted U-shaped curve 

relationship, with performance on visuospatial working memory tasks peaking at 

an amateur level of performance and then declining to a level of non-significance 

when compared to a nonmusician cohort.   

 

5.2.6.2   Executive Function 

Several brain areas are implicated both in the neurocognitive processing 

demands of the Stroop Task, as well as in the production and processing of 

music.  Several studies utilizing positron emission tomography (PET) and fMRI 

designed to highlight those neural areas involved in the Stroop Task, have found 

maximal differential activation for the Interference condition in the anterior 

cingulate, the dorsolateral prefronal cortex, the inferior temporal gyrus, and 

superior and inferior regions of the parietal lobe (MacLeod & MacDonald, 2000).  

Activation of the anterior cingulate has also been linked to divided attention and 

response selection in the presence of conflicting information, and it is generally 

agreed that the anterior cingulate carries out an executive role in directing 

attention to goals (MacLeod & MacDonald, 2000).  The involvement of the 

anterior cingulate gyrus in music processing is not fully understood; however, 

researchers have observed increased activation in this area of the brain with the 
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practice of a stringed instrument, as revealed by fMRI (Kim et al., 2004; Sluming 

et al., 2007). 

The dorsolateral prefrontal cortex has been implicated in the executive 

aspects of attentional selection by Banich et al. (2000) who proposed that the 

dorsolateral prefrontal cortex establishes a top-down bias for selecting certain 

types of information, and further, that prefrontal areas are especially active when 

the selection of information is attentionally difficult.  For example, in the Stroop 

Task, reading a word to retrieve its meaning is relatively automatic, whereas 

ignoring the meaning of a word in order to extract colour information is much less 

so.  Banich et al. (2000) observed the activity of the dorsolateral prefrontal cortex 

using fMRI under two conditions—one in which it was easier to direct attention to 

the task-relevant dimension of a stimulus, and one in which it was more difficult 

to direct attention to the task-relevant dimension as compared to the task-

irrelevant dimension.  Significant dorsolateral prefrontal activity was only 

observed in the latter case, consistent with the idea that the dorsolateral 

prefrontal regions are only involved when executive control is necessary to direct 

attention to a task, and not when such information is processed automatically.   

This finding is paralleled by imaging studies demonstrating that the 

dorsolateral prefrontal cortex is more active in amateur musicians, since these 

musicians lack the automaticity of instrument manipulation of professional 

musicians (Lotze et al., 2003).  Thus, there appears to be an overlap of neural 

areas involved in both musical processing and those aspects of executive 

functioning tapped by the Stroop Test.  It is possible that the repeated intensive 
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practice of musical skills optimizes neural circuits by changing the number of 

neurons involved, the timing of synchronization, and the number and strength of 

excitatory and inhibitory synaptic connections (Habib & Besson, 2009).  The 

present study did not include a separate group of amateur musicians, so it is 

difficult to speculate as imaging studies suggest, whether amateur musicians 

would have performed better than both professional musicians and non-

musicians.  However, with imaging research in mind, and despite the possible 

inverted U-shaped trend suggested by other findings in this study, it seems that 

the significance of Stroop findings are particularly robust since they demonstrate 

significant differences between groups when imaging research suggests that, 

based on patterns of cortical activation, this relationship might weaken as the 

level of musicianship increases.  Perhaps this is due to the relatively late 

development of the prefrontal cortex as compared to the rest of the brain, 

predisposing it to a stronger relationship with environmental influences early in 

life.  

 

5.2.6.3   Correlations Among Neurocognitive Domains 

In an effort to further understand potential brain mechanisms associated 

with the results of this study, a correlation analysis of those measures in which a 

significant difference in performance was found between musicians and 

comparisons was performed.  The analysis revealed the Stroop Interference 

condition was highly correlated with the interhemispheric transfer right to left 

hemisphere condition.  It is tempting to speculate that performance on these 
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tasks might be significantly correlated due to the highly interconnected nature of 

the anterior part of the corpus callosum with the prefrontal cortex.  For example, 

in a study exploring the relationship between cortical atrophy and executive 

function deficits, Jokinen et al. (2007) found that the more anterior parts of the 

corpus callosum (the rostrum and genu) were independently associated with poor 

performance on tasks assessing attention and executive functioning, including 

the Stroop Test.  The genu of the corpus callosum figures prominently in 

morphological studies comparing musicians to nonmusicians.  A further study 

generated population maps of the corpus callosum and the cortical lobes by 

combining cortical grey matter parcellation with the diffusion tensor fibre 

tractography of individual participants (Park et al., 2008).  They found that the 

ventral parts of the dorsal prefrontal cortex run through the genu of the corpus 

callosum.  This study is supported by other research findings utilizing echo planar 

imaging showing that the genu and anterior part of the corpus callosum have 

strong connections to the prefrontal cortex (Zarei et al., 2006).  Given the heavily 

interconnected nature of the anterior part of the corpus callosum with prefrontal 

areas, it is not surprising that the Stroop Interference condition was highly 

correlated with the interhemispheric transfer right to left hemisphere condition in 

this study. 

Performance on the Stroop Interference condition was also correlated with 

performance on the Corsi Block Tapping Test.  Again, according to imaging 

studies, both of these tasks rely on similar areas of the brain.  As previously 

mentioned, fMRI studies focusing on neural correlates of visuospatial working 
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memory have noted the involvement of the superior and inferior portions of the 

parietal lobe (BA 7 and 40) and the dorsolateral prefrontal cortex (BA 46) 

(Thomas et al., 1999; Smith, Jonides & Koeppe, 1996; Ricciardi et al., 2006) as 

well as the anterior cingulate gyrus (Ricciardi et al., 2006).  As discussed earlier, 

the Interference portion of the Stroop Test relies heavily on the involvement of 

the dorsolateral prefrontal cortex which is involved in attentional selection (Banich 

et al., 2000), as well as on the involvement of the anterior cingulate and the 

superior and inferior regions of the parietal lobe (MacLeod & MacDonald, 2000).  

The fact that the same neural areas are utilized in both tasks may explain the 

significant correlations in test performance in the present study.   

 

5.2.6.4   Development of the Prefrontal Lobe and Corpus Callosum  

There is much evidence that shows that many parts of the brain continue 

to develop long after birth.  Two particular areas of the brain implicated in the 

results of this study are the prefrontal region and the corpus callosum.  

Functional maturation of the corpus callosum extends into late childhood and 

adolescence and coincides with the termination of the myelination cycle (Yakolev 

& Lecours, 1967).  In fact, the corpus callosum is one of the latest fibre tracts in 

the central nervous system to be myelinated (Rakic & Yakovlev, 1968).  In-vivo 

imaging of the human brain reveals that the corpus callosum increases in size up 

to the middle of the third decade of life with a maximum increase during the first 

decade of life (Allen, Richey, Chai, & Gorski, 1991; Schlaug et al., 1995).   



55 

 

 

 

 

Synaptogenesis is the process by which synapses - structures that allow 

for communication between neurons - are formed.  Synaptognesis is particularly 

important during ―critical periods,‖ or times when neural pruning (or synaptic 

elimination) occurs.  During this time, processes that are not used, or processes 

that are inhibited, will fail to develop normally later in life.  Conversely, repeated 

use of neuronal circuits (for example, through music training) will optimize 

neuronal circuits by changing the number of neurons involved, the timing of 

synchronization, and the number and strength of excitatory and inhibitory 

synaptic connections (Habib & Besson, 2009).  The prefrontal cortex is one of the 

last brain areas in which synaptogenesis occurs, with peak synaptic densities 

forming around two to three-and-a-half-years of age (Huttenlocher & Dabholkar, 

1997).  This peak synaptic density occurs in tandem with the emergence of 

important cognitive skills, including early manifestations of working memory and 

executive function (Diamond & Goldman-Rakic, 1989).   

Further evidence to support the late development of the prefrontal cortex 

is a study measuring cerebral blood flow in the frontal cortex, which does not 

reach adult patterns in humans until 15 to 19 years of age (Chiron et al., 1992).  

Interestingly, Chiron et al. found that around ages five and six, cerebral blood 

flow in all cortices reach levels of 70% higher than that of normal adults, and then 

decreases to attain adult levels around 15 years of age.  This extremely high 

blood flow corresponds to a period of postnatal brain growth - specifically 

myelination and dendritic growth.  The decreasing phase seems to be related to 

synaptic stabilization related to a decrease in the number of synapses.   
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The ‗late development‘ of the prefrontal cortex and corpus callosum, 

therefore, leaves them developmentally open to the influence of the environment 

on the organization of these developing aspects of the brain.  It seems likely that 

early life experiences, such as the practicing of a musical instrument, may have a 

profound effect on these developing brain areas and, in turn, the strengthening of 

neural circuits in these regions would be evident on measures of neurocognitive 

function that require the use of those same neural circuits.  Of course, caution 

should be taken in inferring directionality in this relationship, since the present 

study and much of the research highlighted in the present study is correlational in 

nature.  However, given the contributions to this area of research of some 

longitudinal research highlighting the impact of music training on cognitive 

testing, a causal relationship between music training and neural development is a 

very real possibility.  The results of this study, therefore, add to existing 

knowledge of neural development and morphological and cognitive differences 

between musicians and nonmusicians, and are consistent with the idea of 

overlapping neural substrates and circuits, particularly involving prefrontal and 

anterior corpus callosal areas, that are utilized in both music production and 

processing, as well as visuospatial working memory, executive functioning, and 

tactile interhemispheric transfer. 

 

5.2.7 Limitations and Strengths of the Study 

 One limitation of this study lies in the incomplete matching of the musician 

and comparison groups.  The musician group had a significantly greater number 
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of years of education and scored significantly higher on the NAART than the 

nonmusician group.  In order to moderate this, however, both variables were 

treated as covariates or partial correlates in all statistical analyses, and findings 

were not considered to be significant unless these covariates were utilized.  This 

criterion helped to increase the robustness of significant results found in the 

present study.   

 Sample size is another potential limitation in this study, which was limited 

by the number of volunteers in the experimental group interested in participating 

in this research.  The significant findings of this study, however, might be 

considered fairly robust in order to be significant with the sample size utilized in 

this study.  Replication using larger samples of professional musicians and better 

matched controls would, however, be desirable. 

 A further limitation of this study lies in the snowball sampling method of 

generating a comparison group, as musicians were asked to recommend a 

nonmusician individual that they were already acquainted with.  Since it might be 

true that musicians have only a small pool of nonmusician acquaintances from 

which to draw from, this would have resulted in a biased sample and the two 

groups may have differed on many other factors in addition to musicianship (for 

example, socioeconomic status) that were not looked at in this study. 

 A final limitation of this study was its quasi-experimental design.  A more 

desirable research design for a study of this nature would be a longitudinal study 

utilizing random assignment for the control and experimental groups, since a 

study of this type would enable researchers to chart the progress of the 
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relationship between music training and cognitive function over time, as well as 

enable researchers to establish causality.  This may be especially useful since 

the results of this study suggest that the relationship between music training and 

cognitive function may not necessarily be a linear one. 

 Previous research in this area has typically focused on the potential 

cognitive benefits of music training in children.  A unique and singular strength of 

this study was the focus on adult professional musicians.  This focus was 

particularly important in light of previous research demonstrating that while 

cognitive differences may exist between children with and without music training, 

these differences may not extend over longer periods of time (e.g., Costa-Giomi, 

1999). 

 

5.2.8 Educational Implications 

The results of this study revealed that early music training was significantly 

associated with better performance in some aspects of nonmusical 

neurocognitive performance in adulthood.  These findings have implications for 

educational programming and policies regarding early music education and have 

added to existing research showing a relationship between music and non-

musical abilities in children and adults.   

There is a growing body of research to suggest a relationship between 

music and speech development in early childhood (Anvari, Trainor, Woodside, & 

Levy, 2002), print concepts and prewriting skills (Standley & Hughes, 1997), and 

phonological processing (Overy, 2003).  Since findings in this study suggest a 
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relationship between music training and callosal function as well as some 

aspects of executive function, it is important to look at how these two brain 

systems affect early learning. 

One study by Brock, Rimm-Kaufman, Nathanson and Grimm (2009) 

suggests that the executive functions can be divided into hot and cool 

components that are related to two discrete brain regions invoked for problem 

solving.  Hot executive function is related to problem solving on an emotional 

level and is related to orbitofrontal activity, while cool executive function is related 

to the coordination of cognitive processing and is related to activity in the 

dorsolateral prefrontal cortex.  The Stroop task is a validated test of cool 

executive function.  There is empirical evidence to suggest a link between cool 

executive function and academic achievement, particularly in math (Brock et al., 

2009).  In elementary school, cool executive function is related to achievement in 

language arts, math and science (St. Clair-Thompson & Gathercole, 2006), while 

low cool executive function has been associated with problem behaviours in 

school (McGlamery, Ball, Heneley, & Besozzi, 2007) and has been shown to be 

predictive of high school dropout (Vitaro, Brendgen, Larose, & Tremblay, 2005).   

In another study by Imbrosciano and Berlach (2005), the Stroop task was 

found to be a powerful predictor of both academic performance as well as 

general behaviour rankings.  Further, researchers in this study found the Stroop 

task to be relatively immune to socio-economic bias, while simultaneously finding 

a very strong correlation between measures of IQ and socioeconomic status, 

making it a very useful tool in education research.   
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Since the present study found that musically trained individuals performed 

significantly better on one aspect of executive function – the Stroop task – and 

both music training and the Stroop task are associated with activity in the 

dorsolateral prefrontal cortex, an area implicated in aspects of attentional 

selection, early music training may have large implications for developing 

cognitive problem solving skills by increasing a child‘s ability to focus attention on 

task-relevant information in the classroom.  While the directionality of this 

relationship has been suggested in a few longitudinal studies, further 

experimental research needs to be done in this area to establish the directionality 

of this relationship. 

Studies assessing interhemispheric or callosal transfer in school settings 

are few and far between.  However, there is some evidence to suggest that 

children with developmental language disorder also show an impairment in 

callosal transfer as well as poor manual coordination (Fabbro, Libera & Tavano, 

2002).  Further, in a study assessing children who were more fluent readers than 

age-matched controls, fluent readers showed greater bilaterality of fine motor 

skills (Mamen, 1987).  This fine motor bilaterality was due to a relatively efficient 

left hand (right hemisphere) rather than depressed right hand performance.  This 

link between bilaterality of brain organization and reading ability, coupled with 

findings in this study suggesting more efficient interhemispheric transfer in 

musicians, suggest implications for the development of callosal transfer through 

early music programmes.   
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Further research needs to be done in the area of interhemispheric transfer 

and music training in children in order to explore the direction of this relationship, 

as well as the possible use of music training as a tool for both enhancement of 

callosal transfer and attentional focus in the classroom. 

There are many arguments for the use of music training in the classroom 

both as a tool in the aid of normal speech and literacy development, as well as a 

tool in the development of these same skills in a therapeutic sense in populations 

with specific deficits in these areas.  Music training is a tool that is easily modified 

and adaptable to strengthen specific skill sets by emphasizing a specific element 

of music (for example, rhythmic structures can be emphasized in populations with 

deficits in the rhythmic processing of sound, while words and melodies can be 

emphasized in the development of phonemic structure and memory).  Further, 

there is a wealth of musical material available for a musical remediation 

approach, from nursery rhymes to folk music to classical music, along with an 

established tradition of classroom music training.    

Finally, music training is a unique educational and therapeutic tool that has 

been shown to have a positive effect on nonmusical neurocognitive functions, as 

evidenced not only in childhood, but as illustrated in this study, also in adulthood.   

 

5.2.9 Directions for Future Research 

A number of interesting questions came to light during the process of 

researching this fascinating topic and may be useful in considering as directions 

for future research.  
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 One question that arose as a direct result of this research is the nature of 

the relationship between music training and cognitive function over time, 

specifically through the progression from beginner, to intermediate to advanced 

or professional musicians.  The results of this study suggest that the relationship 

between the degree of music training and cognitive function may not necessarily 

be one of a linear nature.  Further, changes in cognition are not necessarily 

sustained over long periods of time, so research of this nature would be 

important for the creation of more than just a ―snapshot‖ of cognitive function at 

any one time. 

 Another interesting avenue of research to pursue would be whether there 

is any relationship between the type of instrument a musician plays and cognitive 

function.  To our knowledge, there is no research that involves experimental 

groups comparing musicians who play one instrument (for example, the violin), to 

musicians who play another instrument (for example, voice), and potentially, to a 

group of musicians who are multi-instrumentalists.  This same idea could also be 

applied to a comparison of musicians who specialize in one type of music (for 

example, classical music, which often requires musicians to play from sheet 

music, as in the symphony) to those who play a different type of music (for 

example, jazz music, which frequently requires musicians to play music that is 

memorized and even improvised). 

 Another direction for research may be in utilizing control groups who 

undergo training in areas that are non-musical, but still demand the same amount 

of dedication to lessons and practicing.  Some studies have made this 
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comparison already (for example, Schellenberg, 2004, included a control group 

of children involved in drama lessons).  However, few studies have included 

groups that utilize similar complex, metacognitive processes that are required for 

the production of music (for example, a violinist must pay attention to different 

technical aspects of both the right and left arm, read music, pay attention to 

intonation and tone, and be expressive, all at the same time).  A study of this 

nature would provide insight into whether any differences in cognitive processing 

could be attributed to the nature of music production, or the intensity of training at 

something that requires many parts of the brain to be working in concert in order 

to be successful.   

 Finally, since some research has established that the brain is still capable 

of functional reorganization into adulthood with the learning of a new skill (Kim et 

al., 2004), a potentially fruitful area of research would be the potential buffering 

effect that learning an instrument might have in relationship to degenerative brain 

disorders.  It is possible, given the relationship suggested by previous research 

between music training and cognition, and music training and functional 

reorganization, that music training may slow or prevent the development of these 

kinds of disorders.  Further research in this area could also potentially be very 

fruitful in providing insight into the healthy aging brain and how and to what 

degree it adapts to new skill sets. 

 The study of the relationship between music training and neurocognitive 

function provides us with a unique opportunity to observe positive environmental 

influences on brain development and aging, as well as cognitive function over the 
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lifespan.  After naming just a few potential directions for future research here, it 

becomes obvious that the potential for experimental applications, settings and 

populations for this topic is extraordinary, the potential benefit to our 

understanding of the brain and cognition, enormous.   
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Table 1 
 
Demographic Characteristics of Study Groups 
   

 
                Musician group    Control group 
             (n = 20)                     (n = 19) 
 

 
Variable                             M           SD                           M          SD 
 

 
   Education (years)* 16.2  2.2                                14.7       2.1  
   Age (years) 35.2  14.0                       33.2       12.6  
   Years of Music Training* 20.4  9.6                        2.3       1.6 
   Age Started Music Training (years) 5.8  2.5                        9.0 2.0        

NAART (errors)* 5.6  4.9                          23.2    10.9 
   Estimated VIQ 114.9 4.3 108.1 9.7 
 

* p  < .05 
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Table 2 
 
Measures of Working Memory 
 

             
                                                            Musician group             Control group 
                  (n = 20)          (n = 19) 
 

 
Variable M            SD                      M            SD 
 

 
Verbal Working Memory (MANOVA) 
   Digits Forward  9.7 2.1 8.5 2.1 
   Digits Backward  7.3 2.0 6.4 2.5 
   DOT-A  7.4 2.4 6.8 1.8 
   List Span Test (Prospective Memory)            10.8             3.2 10.0 2.5 
   List Span Test (Consecutive Recall) 5.0 3.0 4.8 2.6 
   List Span Test (Number of Intrusions) 1.4 1.3 1.9 2.0 

 
Verbal Working Memory (MANCOVA)** 
   Digits Forward  9.5 - 8.7 - 
   Digits Backward  7.0 - 6.7 - 
   DOT-A  7.2 - 7.1 - 
   List Span Test (Prospective Memory)            10.5               - 10.2 - 
   List Span Test (Consecutive Recall) 4.8 - 5.0 - 
   List Span Test (Number of Intrusions) 1.6 - 1.6 - 

 
Visuospatial Working Memory (ANOVA) 
   Corsi Block Tapping Test   6.6  1.7  5.7 1.4 
    

Visuospatial Working Memory (ANCOVA)** 
   Corsi Block Tapping Test  6.7 - 5.5  - 
 

** NAART scores and years of education as covariates; adjusted means
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Table 3 

 
Measures of Verbal Executive Function 

 

                              
                                                            Musician group            Control group 
                   (n = 20)         (n = 19) 
 

 
Variable  M             SD                  M          SD 
 

 
Verbal Executive Function (MANOVA) 
   FAS Test  52.3  11.4 44.6 13.9 
   Stroop Test (Word)**                                       114.5 10.7            103.0 13.4 
   Stroop Test (Color)*    81.0 9.5 73.3 13.8 
   Stroop Test (Interference)**    52.4 8.5 42.0   8.6  
   Stroop Test I-C (Differential) -62.1 12.6 -59.6 14.5 

Verbal Executive Function (MANCOVA)*** 
   FAS Test  50.5 - 47.2 - 
   Stroop Test (Word)*                                        113.5              - 103.5 - 
   Stroop Test (Color)*    82.0  - 72.4 - 
   Stroop Test (Interference)*    51.6   - 43.7 -  
   Stroop Test I-C (Differential) -61.9 - -59.8 - 

    *p  < .05 

  **p < .01 

*** NAART scores and years of education as covariates; adjusted means 
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Table 4 
 
Measures of Visual-Motoric Executive Function 
 

                                                         
                                                            Musician group            Control group 
                  (n = 20)      (n = 19) 
 

 
Variable  M           SD                     M          SD 
 
 

Visual-Motoric Executive Function (MANOVA)    
   Trail Making Test (Part A) (seconds) 19.9   4.9 21.7  7.9 
   Trail Making Test (Part B) (seconds) 44.3 12.4 54.1 17.9 
   Mazes Total Time (seconds)                          147.1 68.6                   130.1 75.6 
   Figural Fluency    43.4         7.2 44.3       12.0 
   TOL Test (Total Move Score) 39.1 17.5 33.0 16.6 
   TOL Test (Total Correct Score)   3.7   2.0   4.0   2.0 
   TOL Test (Total Initiation Time) (seconds) 25.1 12.0 24.3 23.0 
   TOL Test (Total Execution Time) (seconds)  172.0 61.3                173.6 91.0 
 

Visual-Motoric Executive Function (MANCOVA)* 
   Trail Making Test (Part A) (seconds) 20.7   - 20.8  - 
   Trail Making Test (Part B) (seconds) 45.7 - 52.6 - 
   Mazes Total Time (seconds)                          139.6            -      137.9 - 
   Figural Fluency    42.5        - 45.3       - 
   TOL Test (Total Move Score) 38.9 - 33.1 - 
   TOL Test (Total Correct Score)   3.4   -   4.1   - 
   TOL Test (Total Initiation Time) (seconds) 23.0 - 26.4 - 
   TOL Test (Total Execution Time) (seconds)  168.9            -     176.8 - 
 

* NAART scores and years of education as covariates; adjusted means
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Table 5 
 
Measures of Tactile Interhemispheric Transfer 
 

 
                                                Musician group         Control group 

                (n = 20)               (n = 19) 
 

 
Variable M           SD                M           SD 
 

 
Tactile Interhemispheric Transfer (MANOVA) 
   Same Right Hand** 15.0      0.9 13.1  2.0 
   Same Left Hand** 15.3      0.9 12.4  2.3 
    

 
Tactile Interhemispheric Transfer (MANCOVA)*** 
   Same Right Hand* 14.6     -  13.4  - 
   Same Left Hand** 14.9     -  12.8  - 
   Transfer Right to Left Hand* 13.5     -  11.8  - 
   Transfer Left to Right Hand 13.6     -  12.2  - 
 

    *p  < .05 

  **p < .01 

*** NAART scores, years of education, and Total Same Hand Score as covariates; adjusted means
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Table 6 
 
Self-Report Measures 
 

                                                             
                                                       Musician group              Control group                                                                                       
                                                             (n = 20)                               (n = 19) 
 

 
Variable M          SD                         M          SD 
 

 
   CES-D (ANOVA) 11.7 7.6 12.8 8.6 
 

 CES-D (ANCOVA)* 11.8 - 12.7 - 
 

   BRIEF-A (MANOVA) 
      Subscales          
       Inhibition 12.1 2.7 12.4 3.3 
       Self-Monitoring   9.0 2.1   8.3 1.6 
      Emotional Control 16.6 4.1 14.7        4.5 
       Shifting   9.4 2.0   9.3         1.9 
       Initiation 13.3 2.3 12.3         2.4 
       Working Memory 12.6 2.8 12.3         2.3 
       Planning 15.9 4.1 14.5 3.5 
       Task-Monitoring   9.9 2.3   9.4         1.6 
       Organization 13.8 4.5 13.1         4.1 
      Composite Indices 
       Behavioral Regulation  47.1 8.5 44.6 7.8 
       Metacognition 65.4        14.1   61.5       10.8 
       Global Executive Composite  112.4        20.6                106.1         16.6 
 

BRIEF-A (MANCOVA)* 
      Subscales          
       Inhibition 12.5 - 12.0 - 
       Self-Monitoring   9.1 -   8.1 - 
      Emotional Control 17.2 - 14.1        - 
       Shifting   9.5 -   9.1         - 
       Initiation 13.3 - 12.2         - 
       Working Memory 12.9 - 12.0         - 
       Planning 16.3 - 14.1 - 
       Task-Monitoring   10.0 -   9.3         - 
       Organization 13.7 - 13.2         - 
      Composite Indices 
       Behavioral Regulation  48.3 - 43.3 - 
       Metacognition 66.1          - 60.7       - 
       Global Executive Composite  114.4        -                104.0          - 
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Table 6, con‘t. 
 
 
  FrSBe (MANOVA)  
      Subscales 
 Apathy 28.4 6.0 25.7 5.7 
             Disinhibition 30.8 6.5 27.9 5.4 
             Executive Dysfunction 34.9 7.5 33.0 6.7 
      Total Score 94.1         16.3 86.5 14.3 
 

  FrSBe (MANCOVA)*     
      Subscales  
             Apathy 27.9 - 26.2 - 
             Disinhibition 30.8 - 27.9 - 
             Executive Dysfunction 34.7 - 33.2 - 
      Total Score 93.3 - 87.3 - 
 

* NAART scores and years of education as covariates; adjusted means
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Table 7 

 
Correlation Analysis:  Age Started Music Training and Years of Training 
 

 
Variable 

 
Tactile IT  
Right-Left 

 

  
Tactile IT 

   Same Left 

  
Tactile IT 

 Same Right 

  
Stroop 

Interference 

 r r2***  r r2  r r2  r r2 
 

Years of 
training 
(n = 39) 

 
 
 0.42** 
 
 
 

 
 

17.6 

  
 

 0.44** 

 
 

19.4 

  
 

  0.29* 

 
 

8.4 

  
 

  0.30* 

 
 

9.0 

Age  
started 
(n = 26) 

 

 
-0.44* 

 
19.4 

  
-0.48** 

 
23.0 

  
-0.28 

 
7.8 

  
-0.27 

 
7.3 

 

    *p  < .05 
  **p  < .01 

*** r2 is the effect size, calculated as: r2 x 100 
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Table 8 
 
Correlation Analysis: Intercorrelations Among Significant Measures 
 

 
 

Variable 
 

 
 

Stroop Word 
 

  
 

Stroop Color 

  
Stroop 

Interference 
 

 r r2***  r r2  r r2 
 

Interhemispheric transfer 
(Right-left hemisphere) 

(n = 39) 

 
 
  0.32* 

 
 

10.2 

  
 

  0.46** 

 
 

21.2 

  
 

0.29* 

 
 

8.4 

 
Interhemispheric transfer 
(Same left hemisphere) 

(n = 39) 

 
 

0.33* 

 
 

10.9 

  
 

0.30 

 
 

9.0 

  
 

0.54** 

 
 

29.2 

 
Interhemispheric transfer 
(Same right hemisphere) 

(n = 39) 

 
 0.10 

 
1.0 

  
0.18 

 
3.2 

  
0.44** 

 
19.4 

 
Corsi Block Tapping Test 

(n = 39) 
 

 
0.03 

 
0.09 

  
0.15 

 
2.3 

  
0.35* 

 
12.3 

    *p  < .05 
  **p  < .01   
*** r2 is the effect size, calculated as: r2 x 100 
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