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BACKGROUND 
 
TRANSFER AND MUSIC 
 
Researching the effects of music education on neurocognition and behaviour in children seems 

to have been lost in translation over the years (Schellenberg, 2004; Koelsch, 2012; Alluri; 2012; 

van der Meer, 2014). While there are studies claiming that music education does not improve 

overall academic achievement (Ho, Cheung & Chan, 2003; Sala & Gobet, 2017), there is a wealth 

of other studies arguing in favour of the what is known as the far transfer effect (Degé et al., 

2011; Moreno et al., 2011; Dumont et al., 2017). Transfer can be divided into near and far 

transfer (Postman, 1971; Barnett & Ceci, 2002). While near transfer represents a domain-specific 

ability, such as improving one's chess skills by playing chess multiple times a week, far transfer 

translates to non-specific domains, hypothetically improving mathematical or language skills by 

practising chess or a comparable cognitively challenging pastime such as music (Degé, Kubicek & 

Schwarzer, 2011; Holochwost et al., 2017; Kraus & White-Schwoch, 2017). On the one hand, 

near transfer is a rather common phenomenon when practicing chess or music, as the skills 

needed are part of the domain itself (Koutsoupidou & Hargreaves, 2009). On the other hand, 

studies on far transfer show inconclusive results. Barnett and Ceci have argued that the basic 

ingredients of far transfer are as complex as the cognitive skills necessary for encoding, 

representing, retrieving, mapping and applying information to prior learning (Barnett & Ceci, 

2002). Researchers have argued that a complex stimulus such as music has the potential to 

enhance cognitive functions through far transfer (Vaughn, 2000; Hetland & Winner, 2004; 

Pietschnig, Voracek & Formann, 2010). 

 

The cognitive representation of what we call music has been defined and redefined for decades 

(Babbit, 1965; Honing, 2018). Babbit introduced three possible domains, which in their time 

represented music as acoustic or physical, auditory or perceived, or graphemic or notated 

(Babbit, 1965). In the years since, our comprehension of music as a cognitive representation has 

fundamentally changed and has been defined as music and musicality, emphasizing a general 

(human) interest in music. Honing (2018) recently stated that 
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“[m]usicality, in all its complexity, can be defined as a natural, 
spontaneously developing set of traits based on and constrained 
by our cognitive abilities and their underlying biology. In 
contrast, music, in all its variety, can be defined as a social and 
cultural construct based on and constrained by that very 
musicality”. 

-  Honing, 2018: p. 3 
 

Considering this, music/musicality becomes a complex stimulus. This stimulus incorporates 

several entities, such as rhythm, melody, timbre, pitch and beat, and therefore activates more 

than just one brain area in the perception, processing and production/reproduction of music 

(Koch, 2012; Koelsch, 2014; Zatorre, 2011; Schlaug 2005 & Krumhansl, 1995).  

 

MUSIC, TRANSFER AND EXECUTIVE FUNCTIONS 

 

Neural networks (brain areas and their connections) that are involved in the processing of music 

also play a crucial role in higher-order cognitive tasks such as executive functions. Executive 

functions include planning, working memory, attention, inhibition and short-term memory 

decoding (Slevc et al., 2016). These executive functions (EF, or executive control) form a crucial 

element of everyday life in children, adolescents and adults. Brain regions and related networks 

in the prefrontal cortex play a crucial role in executive functions (Diamond, 2013). Playing music 

also appeals to, among other things, these prefrontal networks (Koelsch, 2012). Identifying an 

overlap between executive functions and music education reveals two possible approaches 

when researching far transfer: to group EF and other cognitive abilities such as mathematics, 

visuospatial abilities, episodic memory or language under umbrella terms, or to investigate 

executive sub-functions that may underlie the aforementioned cognitive functions. The latter 

investigates individual areas in the prefrontal cortex traditionally associated with executive 

functions which are activated during music-making; all or part of these same neural systems are 

also involved in e.g. arithmetic tasks. It is likely that analysis of a general skill involving EF may 

show a positive far transfer from music, while researching specific cognitive sub-operations may 

not. As argued by Barnett & Ceci (2002), there are cognitive processing models of far transfer 

which account for differences in domain-specific skills supporting consecutive building blocks of 

a cognitive task such as music or any other academic skill. Incorporating the cognitive transfer 
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processing model of Barnet and Ceci (2002), the sub-division of executive control seems to be a 

prime candidate to account for musical entities such as rhythm or melody as well as cognitive 

processes such as planning, inhibition and working memory to execute a task. 

 

MUSIC EDUCATION IN LIGHT OF FAR TRANSFER 

 

Research into a causal link from music to far transfer has received increasing criticism 

(Swamihandran & Schellenberg, 2016). Results are often inconclusive, posing the question of 

whether there can be a causal link at all between music education and far transfer with the 

methods used thus far (Sala & Gobet, 2017). Implications range from children with a higher IQ 

having increased executive functioning skills, persisting in their music studies, and thus 

benefiting from a possible long-term effect of music on EF (Degé, Kubicek & Schwarzer, 2011) to 

quasi-experimental designs claiming increased cognitive inhibitory levels after only 20 days of 

intervention (Moreno et al., 2011). Schlaug (2015) therefore proposed stepping away from 

cause-and-effect paradigms and moving towards longitudinal designs, hence eliminating any 

possible biases and uncontrollable social influences as may be found in short-term pre-post 

measures. He further argues that by investing time in longitudinal designs, studies using such 

methodology ‘allow stronger interferences […] within a group of individuals’, as would a cross-

sectional study (Schlaug, 2015, p. 6). 

 

Studies investigating far transfer from music education via executive functions mediating 

academic achievement and implementing a randomized control longitudinal trial are still rare. 

From the few that did use a longitudinal randomization design, researchers have concluded that 

an increase in intelligence scores and thus academic skills was mediated by higher performances 

on EF tasks of children receiving music lessons (Degé, Kubicek & Schwarzer, 2011). Their study, 

however, has received a fair amount of criticism, as the relationship between music, intelligence 

and academic skills was not made clear; for example, children were not matched at baseline. Zuk 

and colleagues (2015) investigated the neural correlates of executive functioning in both adult 

and child musicians and non-musicians with functional magnetic resonance imaging (fMRI) and 

neuropsychological testing. The authors conclude that a direct connection between neural 
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correlates of EF and musical skills is highly possible given the extended demand of planning, 

attention, working memory and inhibition of playing or singing. Investigating this relationship, 

Roden et al. (2013, 2014) compared an active music group to a science class group and 

concluded that the music group increased on auditory working memory capacity over a period of 

18 months. The authors did stress that these results should be interpreted with caution, as they 

used a quasi-experimental design without randomization of participants and agreed that 

auditory working memory reflects near transfer effects more than a possible far transfer. Costa-

Giomi (2004) researched the effect of three years of piano lessons on academic achievement 

and self-esteem, with self-esteem improving above academic achievement. Mehr et al. (2013) 

researched possible transfer from music lessons to mathematical abilities. Even though 

participants were assigned randomly to either an intervention or a control group, the authors did 

not find significant differences between the two groups. Contrary to these findings, a recent 

study investigated a possible far transfer from music education to academic achievement in a 

three-year follow-up controlling for intelligence, socioeconomic status and motivation. Dos 

Santos and colleagues (2015) found evidence of a far transfer effect from music education to 

increased Portuguese language skills and marks in natural science. Overall, inconclusive results in 

these longitudinal studies find their origin in the studies being set up as quasi-experimental, 

lacking randomization (Roden et al., 2013), using non-active control groups (Ho, Cheung & 

Chang, 2005) or not describing the music education in detail. Three recent reviews (Benz et al., 

2015; Dumont et al., 2017; Sala & Gobet, 2017) have shown that research into the effects of 

music education on cognitive skills, even though promising, still needs more randomized 

longitudinal studies to support a positive claim with clear descriptions of the intervention used. 

 

Considering the latter, one should distinguish four ways of music participation: 1) passive 

listening; 2) active listening; 3) making music; and 4) improvisation. Although they consecutively 

build upon each other, all four translate differently to a possible far transfer effect and should 

therefore be considered as influential when analysing either near or far transfer. Regarding each 

of these possible forms of music participation, passive listening represents hearing music in the 

background without conscious awareness of it playing, e.g. sitting in a restaurant talking to your 

table partner with music in the background. We might know it is there, but no attention is given 
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to it – until the moment a song that is well-known to us is played. The conversation stops, the 

attention is directed to the song being played, and maybe even the conversation you’ve been 

having moves to a memory associated with the music heard. These two approaches are generally 

used in music education programmes in primary schools, whereby students listen to music 

actively or passively, learning how to read musical notes and about historical backgrounds on 

composers. To explore the full potential of music education, music-making and improvising 

should be included as they recruit neural areas beyond listening (Koelsch, 2012). It is the 

activation of whole networks involved in perception, processing, production and reorganization 

that call upon executive sub-functions like planning, attention, working memory and inhibition in 

order to be able to play an instrument or sing: something the intervention used in this thesis has 

set out to investigate. 
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AIMS OF THE THESIS 
 
This thesis aims at investigating the effects of music education on academic achievement as 

mediated by executive sub-functions, arguing in favour of a far transfer effect.  

 

Embedding the music intervention into the regular school curriculum reaches every student 

regardless of socio-economic status, home support or financial support. A longitudinal 

investigation, rarely seen in music education research, furthermore strives to consolidate the 

benefits of music on neurocognition and behaviour in neurotypical children. 

 

The results presented here aspire to inform beyond the scientific community; they reach out to 

parents, educators, and above all policymakers, who are struggling to acknowledge school-based 

music education programmes as paramount to early childhood development.  
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OUTLINE OF THE THESIS 
 
Chapter 2 of this thesis describes the development of a new quality assessment scale for 

including studies into review articles. While medical and health sciences have used quality 

assessment scales for systematic reviews and meta-analyses, there is no such scale tailored for 

the growing field of music intervention studies and reviews. The absence of such a scale in music 

intervention studies has therefore led to the attunement of the widely used Newcastle-Ottawa 

Scale for assessing the quality of studies in meta-analyses (Well et al., 2009). 

 

Chapter 3 sets the stage for the current study as it determines current developments in music 

education and neurocognitive research. Even though there are multiple studies that have 

analysed a possible transfer effect from music to academic skills such as language and 

mathematics (Ho, Cheung & Chan, 2005; Costa Giomi, 2004; Moreno et al., 2011), underlying 

executive functions – which are the fundamental building blocks to academic skills – have not 

been researched as such underlying functions. Music interventions have not been structurally 

incorporated into the existing school curriculum either, nor have longitudinal study designs 

covered this relationship sufficiently yet (Habibi et al., in press). Chapter 3 therefore sets out to 

investigate the available literature on near and far transfer effects from music to domain-non-

specific abilities such as language and mathematics, with an equal number of studies advocating 

far transfer and rejecting such a possibility.  

 

Equipped with the background of the preceding chapter as well as with a quality assessment 

tool, Chapters 4 to 6 describe the used protocol (Chapter 4) and more specifically, the empirical 

studies that investigate the role music interventions (read: structured music education) play in 

the development of primary schoolchildren. Chapter 5 investigates the predictive value of a 

musically enriched environment outside of school or private music lessons. Researchers have 

argued that students who take up music lessons and therefore improve intelligence, for 

example, have a higher aptitude for music rather than ascribe the effects to the music 

intervention. Chapter 6 investigates the relationship of a music intervention as compared to the 

fine arts and no arts controls. Multiple studies have investigated the relationship of short-term 

music interventions with mixed results. We therefore used a two-and-a-half-year longitudinal 



 

19 
 

design to determine whether primary school children who receive structured music lessons at 

school outperform children who receive either fine arts lessons or no additional arts at school on 

underlying functions in mathematics and language. These underlying functions encompassed 

visuospatial working memory, inhibition, planning and verbal IQ.  

 

To conclude the thesis, a general summary and discussion is presented in Chapter 7. This chapter 

attempts to integrate findings from all chapters. The key to music-related research is not the 

question of whether music makes us smarter or enhances mathematical or language abilities; it 

is the fundamental understanding of what makes music so unique in how it affects the human 

brain. Music is part of our lives as human beings, and comprehending its workings and effects 

reaches beyond music education. 

 

Lastly, a research agenda is presented to guide future research in all its aspects: educational, 

clinical, theoretical, and beyond. 
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CHAPTER 2 
 
 
 
 

CLINICAL MUSIC STUDY QUALITY ASSESSMENT SCALE (MUSIQUAS) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Published as 
 
Jaschke, A.C., Eggermont, L. H. P., Uhlig, S. & Scherder, E. J.A. Clinical music study quality assessment scale 
(MUSIQUAS) 1st Edition, Music and Medicine, online first 
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ABSTRACT 
 

Background. Publications in scientific journals have extensively used assessment scales to 

address methodological quality.  So far there is no scale, which assesses the quality of studies in 

the vast amount of music related sciences.  

Method. The clinical music study quality assessment scale (Musiquas) addresses this issue 

providing a 10-point rating scale. Studies are assessed on four general categories: Selection, 

Control criteria, Exposure and Outcome. Musiquas is based on the Newcastle-Ottawa Scale 

(NOS) for assessing the quality of studies in meta-analyses and was attuned by the authors to fit 

the demand of quality assessment in the wide array of clinical music studies. 

A three round Delphi procedure as well as open online commentaries contributed to the 

creation of the here presented assessment scale. 

Conclusion. Conclusively, this scale will contribute to higher quality methodologies in systematic 

reviews and meta analyses in music sciences and intervention research. 
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INTRODUCTION 

 

“In medicine, systematic reviews and meta-analyses form the 
core of a movement to ensure that medical treatments are 
based on the best available empirical data” 
 
                                   -    Borenstein et al., 2009: p xxiii 

 

Systematic reviews (SR) and meta-analyses (MA) are a central part in the ever-growing field of 

science. Reviews allow to stay ‘up to date’ with the most recent developments across multiple 

studies. Furthermore, they contribute to findings concerning a common research question and 

allow insights into the effectiveness of interventions (Borenstein et al., 2009; Zeng et al., 2014). 

Additionally, systematic reviews and meta-analyses play a role in the design and planning of 

future study protocols and therefore synthesise all available evidence and knowledge of a 

research topic (Chalmers, 2007; Thompson & Pocock, 1991). As argued by Thompson and Pocock 

(1991) as well as Chalmers (2007), there are certain advantages and disadvantages to systematic 

reviews and meta-analyses. On the one hand, SR and MA summarise and identify research 

directions. On the other hand, they can leave behind a wasteland, while potential interventions 

could have blossomed into a successful therapeutic or educational tool (Chalmers, 2007; 

Thompson & Pocock, 1991; Sihvonen et al., 2017). Recently, Sihvonen and colleagues (2017), 

have presented a thorough systematic review on the effectiveness of music-based interventions 

in neurorehabilitation. Even though, the inclusion criteria have been selected carefully, the 

quality of included studies has not been assessed with a standardised tool. Quality control 

therefore, improves the character of the included studies in terms of bias, identification of 

methodological flaws and the sensitivity of controls (Chalmers 2007; Sihvonen et al., 2017; Deeks 

et al., 2007). To ensure the highest standard of empirical data in SR or MA, the Cochrane 

Collaboration has developed a strict inclusion, exclusion and decision-making protocol, which 

includes the quality assessment of studies after inclusion into the final review (Sanderson et al., 

2007; Cochrane Collaboration, 2013). The Cochrane protocol assesses the quality of studies with 

the Newcastle-Ottawa Scale (NOS) for assessing the quality of studies in meta-analyses and 

allows an additional assurance about the soundness of added studies into a review. Even though, 

multiple systematic reviews and meta-analyses have presented elegant findings in music-related 
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intervention studies, the assessment of the final selection of studies has not been cross checked 

beyond initial selection criteria (Sihvonen et al., 2017; Vaughn, 2000; Hetland & Winner, 2004; 

Chanda & Levitin, 2013; Platz & Kopiez, 2012; Sala and Gobet, 2017). In light of this argument, 

using a standardised tool to assess included studies beyond the point of inclusion criteria, 

assures the highest quality of included studies. Only recently (Leubner & Hinterberger, in press; 

Kamioka et al, 2014), quality assessment tools such as the Assessment of Multiple 

SysTemAticReviews, have found their way into reviews. However, these reflect only two studies 

from the extended body of meta-analyses and systematic reviews in music intervention 

research. These studies have used a general, non-specific assessment tool as there is no quality 

assessment tool tailored for music-based intervention studies. The need for quality control has 

led us to attune the Newcastle-Ottawa Scale (NOS) for assessing the quality of studies in meta-

analyses specifically to clinical music studies (Wells et al., 2009). The NOS is used as a checklist, 

based on a ‘star-system’ assessing studies on “the selection of the study group, the 

comparability of the groups and the ascertainment of either the exposure or outcome of interest 

for case control or cohort studies respectively” (Wells et al., 2009, p.2). The motivation to base 

our MUSIQUAS on the NOS, is rooted in four aspects; 1) similarities in experimental and 

observational designs in music as well as health sciences, 2) the importance of methods and 

procedures, 3) it’s face validity and user friendliness and 4) even though it has received a great 

amount of critique (Stang, 2010), it is the most thorough and complete scale available, used in 

the majority of SR and MA in and outside of Cochrane reviews (Higgins & Green, 2013). 

With MUSIQUAS we aim to bridge the gap between quality control assessment and higher 

methodological reliability in music-based intervention research. 

 

METHOD 

 

A multi-method approach was used to create and validate MUSIQUAS including a literature 

review, an extended Delphi-procedure and an online survey. 
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LITERATURE REVIEW 

As suggested by Streiner and Norman (2008), a review of existing literature was conducted to 

assure no quality assessment scale for clinical music studies had been published to avoid  
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double publication of similar scales and to ensure that a new scale is justifiable. The search has 

led to a thorough analysis of existing assessment scales and their use in meta-

analyses/systematic reviews. Figure 1, shows the systematic approach.  

The following search terms and combinations were used to identify possible assessment scales: 

quality assessment AND systematic review AND meta-analysis; quality assessment tool AND 

Music AND Healthcare AND systematic review AND meta-analysis.  

Preliminary search results have not shown a quality assessment scale attuned to music studies. 

Nonetheless, there were five assessment tools found, which had the potential to be used in 

general music-based intervention studies (Table 1). After further assessment on 1) similarity 

between music-based and non music-based intervention designs; 2) method and procedure 

assessment; 3) face validity and usability and 4) impact in existing literature, we have attuned 

The Newcastle-Ottawa Scale to music-based interventions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1: Search results of quality assessment scales found in general health and human research 
sciences.  
 

Tool Output Authors Year Description 
 

OQAQ Journal of Clinical 
Epidemiology 

Oxman & Guyatt  1991 Validation of an index of 
quality of review articles 
 

QUADAS BMC Research 
Methodology 

Whiting, Ruitjes, 
Reisma, Bossuyt & 
Kleijnen 

2003 
 

a tool for the quality 
assessment of studies of 
diagnostic accuracy 
included in systematic 
reviews 
 

AMSTAR BMC Research 
Methodology 

Shea, Grimshaw, Boers, 
Andersson, Hamel, 
Porter, Tugwell, Moher 
& Bouter 

2007 
 

a measurement tool to 
assess the 
methodological quality of 
systematic reviews 

QUOROM BMC Systematic 
Reviews in Health 
Care: Meta-Analysis 
in Context, 2nd 
Edition 

Dubé & Moher  
Edited by: Egger & 
Smith  
 

2008 Assessing quality and 
susceptibility to bias 

NOS Published online 
 

Wells, Shea, O'Connell, 
Peterson, Welch, Losos, 
& Tugwel 

2009 for assessing the quality 
of (non)randomised 
studies in meta-analyses 
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PROCEDURE  

 

A preliminary analysis of included sections in the NOS was conducted and identified four main 

categories; Selection, Control Criteria, Exposure and Outcome. These main groups were assessed 

on importance for the quality of clinical music studies and cross checked against the literature 

and identified assessment tools by the researchers through discussion, a panel of experts and 

consulting a third party (Linstone & Turrof, 1975, 2002). 

Disagreements were resolved through a proactive debate approach among the authors, to 

deliver, generate and analyse the problem and to solve the questions at hand. As both the panel 

of experts and the authors shared a common interest in the assessment of the quality of music-

based intervention studies, the expression of concerns as well as understanding the issues 

involved and their consequences was paramount in the resolution process. Compromises and 

cooperative agreements were discussed openly and with scientific and personal integrity at the 

centre of the debate. 

  

DELPHI PROCEDURE – GENERAL FEATURES 

 

Experts from the fields of music-based interventions as well as related fields were approached by 

the authors. Nine experts agreed to serve as members of the Delphi panel. The Delphi procedure 

is a structured communication technique designed to reach a consensus on one or more 

questions presented to a panel of experts (Linstone & Turrof, 1975, 2002). The Delphi panel 

experts remained anonymous throughout the whole process. Mediators, in this case the authors, 

have provided summaries after each round to the panel members. These summaries were 

evaluated and returned by each panel member individually, indicating which item to include or 

exclude. The panel members did not communicate with each other directly, to minimise bias. It 

is believed that the process of ‘blind’ evaluation by anonymous panel members throughout 

three rounds, with a mediating body amalgamating the information, will narrow down possible 

results. In turn, these results were more reliable when originating from a structured group of 

individuals rather than from an unstructured group. The initial scale included four main 

categories; Selection, Control Criteria, Exposure and Outcome. Included items reflected 
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methodologies used in experimental and observational music-based intervention studies. 

Overall, items showing methodological flaws were excluded by the Delphi panel and the authors, 

whereby disagreement was resolved through discussion. As suggested by Linstone and Turoff 

(1975, 2002), all four authors were not part of the Delphi panel to ensure adequate monitoring, 

structuring of workflow, feedback and to free panel members from possible biases towards their 

selection. The Delphi panel was able to offer suggestions on including items, which were not yet 

represented in the scale. 

Additionally, the authors reported their decision-making processes on the included/excluded 

items back to the panel.  

Panel members were at all stages informed and asked whether the authors decisions were 

supported. 

The inclusion was finalised by the authors based on all information, feedback and input of the 

Delphi panel. The final scale is a result of the whole extended Delphi process as is shown in  

figure 2.  

 

Figure 2: schematic working of the Delphi procedure following the Bolognini (2001) model 
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DELPHI PROCEDURE – 1ST ROUND 

 

Items across the four main categories were sent out to the panel members.  The category 

‘Selection’ describes details on the representation of the group, e.g. selected users, 

representative clinical population, representative community, representative classroom 

community and description of controls, such as classroom, clinical, public and no description. 

Items in the ‘Exposure’ category were aimed at the length of the interventions, specification of 

musicality tests (as these give crucial information into possible near transfer and musical 

aptitude), test measures and exposure of test measures. The final group of items describes the 

outcome of a study. Of note, adequacy of pre-test to post-test measures involved different ways 

of measurements such as single measures, two measures or more than two measures, as well as 

inclusion of subjects. 

Panel members were able to assess the importance of included items on a five point Likert scale 

(strongly agree, moderately agree, neutral, moderately disagree, strongly disagree). Individual 

comments on included items were encouraged during this process. 

 

DELPHI PROCEDURE – 2ND ROUND 

 

Expert suggestions from the 1st round scoring 75% or higher (strongly agree) were included and 

kept in the assessment scale. Every item scoring less than 75% of the votes of the Delphi panel 

was excluded from the scale. Panel members were asked to comment on each item so far 

included and their opinion as to why to include or exclude particular items from the scale. 

Additionally, panel members suggested the combination of items under ‘umbrella terms’ e.g. 

representative class room population, representative community population and representative 

clinical population to truly representative of the group. This was encouraged as a long scale may 

have discouraged users to complete it.  
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DELPHI PROCEDURE – 3RD ROUND 

 

All integrated items from the previous rounds scoring 75% or higher by all panel members were 

included in the final scale. Organisation of all items was finalised by the authors. 

 

Table 2 shows the final scoring, which ranges from 1 (very poor) to 10 (outstanding). This 

gradation was chosen above a smaller five point Likert rating as it allows to assess included 

studies on a broader spectrum. 

 

Grade Description 

 

10 

 

Outstanding 

9 Excellent 

8 Very good 

7 Good 

6 Sufficient 

5 Insufficient 

4 Strongly Insufficient 

3 Very Strongly Insufficient 

2 Poor 

1 Very Poor 

 

Table 2: Rating system, reflecting overall points scored. 

 

ADDITIONAL VERIFICATION 

 

Following the Delphi procedure, Musiquas was published online for further content and face 

validity. The scale was uploaded between March 2012 and June 2017 (Jaschke & Eggermont, 

2012).  2548 online comments provided constructive feedback on all items in the four categories 

Selection, Control Criteria, Exposure and Outcome. Researchers could then rate the categories 
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and the included items. The authors decided to add the online extension to the Delphi procedure 

as suggested by Bolognini (2001), in order to test and retest face validity and usability of 

MUSIQUAS. The four categories, with their items, have been published separately by category. 

The online community was able to click on either agree with the selection or disagree with the 

selection within each category. Additionally, anonymous comments could be added by the online 

community. These were only visible to the authors in order to minimise bias, unnecessary spam, 

flagged online commentary and trolling. 

Nonetheless, countless unrelated comments needed to be meticulously removed and excluded 

from the final analysis of this data.  

 

RESULTS 

 

MUSIQUAS 

 

The final scale assesses the quality of clinical music studies on 26 points divided over four main 

categories; Selection, Control Criteria, Exposure and Outcome. These were suggested by the 

authors, re-evaluated and improved by the Delphi panel and the analysis of the online data (see 

Figure 3 for online data). 

 

Figure 3: 2548 online commentaries agreeing/disagreeing on the proposed categories 
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Selection, shows the quality of selected controls and if controls were part of the study at all. The 

described groups in a study are representative of the average within a group. Secondly, the 

source of the control groups is assessed. A maximum of two points can be scored in this section, 

whereby points are given for representativeness and source of the controls (see Figure 4) 

Control criteria, assesses the quality of ‘controlled for’ factors within the studies. A maximum of 

two points can be awarded; one point for a single control variable and another point for any 

additional variable, which have to be specified on the scoring sheet.  

Exposure, judges more specific methodological aspects contributing to the quality of a study. 

 

Points were scored on aspects of scientific measurements; was a musical ability test 

administered prior to the chosen experiment (items 11 and 12), were pre-test and post-test 

scores compared and evaluated (items 13 and 14) and were the same test measures used for 

both the intervention and control group (items 15 and 16). 

Outcome measures the effect in the described study. It addresses, if the length of music 

instruction or intervention was long enough to show an effect (length can be individually 

specified to meet methodological needs). However, recent research suggest that interventions 

should generally last at least one-and-a-half years for educational interventions (Kraus & White-

Schwoch, 2017) and a minimum of 6 months in music therapy related research (Geretsegger et 

al., 2014; Kühlmann et al., 2016). Another point can be scored in this category for independent 

blind assessment, in contrast to self-reporting or the lack of a description whatsoever.  

Finally, a point is scored for the adequacy of pre-test to post-test measures; were all participants 

accounted for, was a small or high number lost, or is there no statement of this event within the 

study (Figure 4). 

 

ONLINE DATA 

 

Online data was assessed on agree/disagree and was used to confirm the decisions made by the 

Delphi panel and the authors. The international (76 Countries) online community has agreed on 

more than 60% of the included items. Questions from the community were; why is item […] 

included, examples and difficulties from clinical and practical experiences with an item (e.g. what 
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if a control cannot be selected because of the heterogeneity of the population as for example 

ASD?) or overall face validity and use of the scale. The section Exposure however, has shown the 

greatest variety in comments. This may be as items included in this section still vary across 

music-intervention based studies.  

 

Musiquas was piloted in two systematic reviews (Jaschke et al., 2013; Uhlig, Jaschke & Scherder, 

2013). Jaschke et al., have analysed the influence of music education on academic achievement 

with executive functions as sub -functions for language and mathematics in primary school 

children. They have included eleven studies into their systematic literature review with mixed 

results. However, by analysing the quality of the included studies next to the thorough inclusion 

and exclusion criteria, they have presented a wider overview on the reliability of the results in 

their review. By assigning a score to included studies, the authors allowed the interpretation of 

the strengths and weaknesses of their analysis beyond the point of inclusion criteria. 

 
Table 3: excerpt from included studies in Jaschke et al. (2013) review, with Musiquas rating 
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Clinical music study quality assessment scale (Musiquas)   1st Edition 
Form of intervention _____________________(classroom, group or one-to-one) 
Selection  
Intervention group (max. one ♪) 

1. truly representative of the average __________________________ within the community ♪ 
2. somewhat representative of the average ________________________within the  

community   ♪ 
3. selected users (potential bias towards groups)  
4. no description 

 
Selection of Controls (max. one ♪) 

5. classroom controls   ♪ 
6. community controls  ♪ 
7. no description 

 
Control criteria 
Cases and controls (up to two ♪) 

8. study controls for ________________________________  ♪ 
9. study controls for additional factors_________________________________  ♪ 
10. no description 

 
Exposure 
Administration of musical ability test (e.g. Gordon’s PMMA, AMMA, IMMA or equivalent) 
 

11. Yes   ♪ 
12. No 

 
Pre-test scores and post test score are presented and compared 
 

13. Yes  ____________________________________[please specify test(s)] ♪ 
14. No 

Same test measures used for intervention and control group  
 

15. Yes   ♪ 
16. No 

 
Outcome 
 
Was length of instruction/intervention long enough to show effect  
 

17. Yes   ♪ 
18. No 
19. No description 

 
Assessment of outcome (max. one ♪) 

20. Independent blind assessment   ♪ 
21. Self report 
22. No description 

 
Adequacy of pre-test to post-test measures (max. one ♪) 
 

23. all subjects accounted for   ♪ 
24. small number lost (select an adequate %)   ♪ 
25. high number lost (select an adequate %) 
26. no statement 

 
Figure 4: Full MUSIQUAS scale 
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DISCUSSION 

 

Quality assessment of research studies is an integral part of every meta-analysis or systematic 

review (Sanderson, Tatt & Higgins, 2007). Medical and health science reviews have made 

extensive use of such assessment tools. Even though there are several similarities in 

experimental and observational designs, studies describing music-based interventions have 

made only limited use of such tools Chalmers, 2007; Deeks et al., 2003; Sanderson & Higgins, 

2007). This can be attributed to the absence of a scale focusing on clinical music studies. We 

have therefore created the clinical music study quality assessment scale out of the need to 

assess the quality of studies in meta-analyses and reviews in music-based intervention research. 

Even though a quality assessment scale is desperately needed in music intervention reviews and 

meta-analyses, there are possible limitations to MUSIQUAS. Our scale approaches music-based 

interventions from a broader perspective. It combines clinical, class-room and community music 

interventions in one assessment scale. Arguably, this could be seen as counterproductive in the 

creation of a specialised scale. However, MUSIQUAS focuses on the music in music-based 

interventions, combining the different approaches of such interventions under the umbrella of 

quality assessment in music studies. Furthermore, it is uncertain if MUSIQUAS will be used at all. 

This, however, is difficult to argue as there is no music-based quality assessment tool as of yet. 

Against this backdrop, a recent systematic review on the analysis of assessment tools in MA and 

SR has concluded that, even though there are different general tools, there is a current lack of 

specialised assessment tools for different types of studies, e.g. clinical or educational music 

interventions and designs (Zeng et al., 2014). Therefore, we see MUSIQUAS as the first step in 

bridging this gap.  

As MUSIQUAS is in no means complete, further peer assessment will contribute to the 

development of this scale. Additionally, researchers in music-based intervention research have 

to be stimulated to use quality control tools and be aware of the benefits of quality assessment 

in SR or MA (Higgins & Green, 2013). Therefore, MUSIQUAS will contribute towards a 

standardisation of experimental and observational designs in music-based intervention research. 

It will support such research to withstand the harsh critique of policy makers, government 
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funded research or insurance companies and to unify diverse methodological questions, leading 

to higher quality and well-founded results.  
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CHAPTER 3 
 
 
 
 

MUSIC EDUCATION AND ITS EFFECT ON INTELLECTUAL ABILITIES IN 
CHILDREN: A SYSTEMATIC REVIEW 
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ABSTRACT 
 
Far transfer between music education and other cognitive skills such as academic achievement 

has been widely examined. However, the results of studies within similar cognitive domains are 

found to be inconclusive or contradictory. These differences can be traced back to the analytical 

methods used, differences in the forms of music education studied and differences in neural 

activation during the processing of these tasks. In order to gain a better picture of the 

relationships involved, a literature survey was performed in leading databases such as 

PubMed/MedLine, psychINFO, ScienceDirect, Embase, ERIC, ASSIA and Jstor from January 2001 

to January 2013. All studies included, concerned to the far transfer from music education to 

other cognitive skills in children aged 4-13 as compared with controls. These studies were 

independently selected and their quality was assessed by two authors. This systematic review 

shows the need to address methodological and analytical questions in greater detail. There is a 

general need to unify methods used in music education research. Furthermore, the hypothesis 

that intellectual skills such as mathematics, reading, writing and intelligence can be divided into 

sub-functions needs to be examined as one approach to the problems considered here. When 

this has been done, detailed analysis of cognitive transfer from music education to other 

disciplines should become possible. 
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INTRODUCTION 
 
Academic understanding of the various facets of music as a scientific discipline is increasing and 

their relationships with other cognitive skills is becoming clearer (Flohr, 1981; Hurwitz et al., 

1975). In this context, transfer from music to other fields such as cognition is a hot topic of 

debate (Postman, 1971; Hurwitz et al., 1975; Flohr, 1981; Detterman 1993, Halpern, 1998, Bruer, 

1999; Barnett & Ceci, 2002). 

Transfer may be basically divided into near transfer and far transfer (Postman, 1971; Barnett & 

Ceci, 2002). Near transfer in the domain of music and musicianship relates to fine motor control, 

the perception of pitch, rhythm, timbre, melody, sound differentiation and creativity. Near 

transfer is a fairly common phenomenon when students are learning to sing or play an 

instrument, since all the above-mentioned skills are part of musicality in general (Ho, Cheung & 

Chan, 2003; Koutsoupidou & Hargreaves, 2009). In contrast, far transfer effects include the 

effect of music education on academic achievement in such fields as mathematics (Barnett & 

Ceci, 2002). Investigation of, far transfer has so far left researchers with more questions than 

answers. Studies over roughly the past 110 years have sometimes confirmed the existence of far 

transfer and sometimes claimed to disprove it (Judd, 1908; Thorndike & Woodworth, 1901a, 

1901b, 1901c; Halpern, 1998; Detterman, 1993). Barnett & Ceci (2002) therefore listed what 

they saw as the basic ingredients of far transfer, which they claimed were essential for a proper 

understanding of such a complex phenomenon. They went to state that far transfer constitutes 

the ability to use an ability learned in one domain and apply it in another unrelated domain, 

relying on the “[...] domain in question [... and the] underlying cognitive skill involved in 

encoding, representing, retrieving, mapping, and transferring prior learning” (ibid., 2002: p.633). 

In line with this, several researchers have argued that singing or playing music has the potential 

to enhance cognitive functions, such as intelligence (Degé & Kubicek, 2011a), mathematical skills 

(Vaughn, 2000; Hodges & O’Connell 2009), spatial reasoning (Bilhartz, Bruhn & Olson, 2000; 

Hetland & Winner, 2004), writing (Anvari, 2002), reading (Standley, 2008) and memory (Ho, 

Cheung & Chan, 2003). However, the results obtained by different authors are inconsistent. It 

has been suggested that these inconsistencies might be cleared up, if studies use the same or 

closely similar methods (Pietschnig, Voracek & Formann, 2010). It has further been hypothesized 

that poor understanding of the neural functions associated  
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with far transfer, together with the complexity of far transfer as such, might also help to explain 

these inconsistencies (Barnett & Ceci, 2002). This approach has however not yet been applied 

consistently (Moreno et al., 2011a, Moreno, Friesen & Bialystock, 2011b; Forgeard et al., 2008; 

Gromko, 2005; Norton, 2005).  Furthermore, it is not enough to consider far transfer from art or 

music in general (Gromko, 2005; Southgate & Roscigno, 2009; Moreno et al., 2011a): a 

distinction should be drawn between active and passive perception of music (Hodges & 

O’Connell, 2009; Kraus & Chandrasekaran, 2010) or between listening (Rauscher & Shaw, 1998), 

playing or singing (Vaughn, 2000). Moreover, cognitive functions are often measured with a 

focus on different skills within a test battery, such as spatial reasoning and verbal abilities, which 

are addressed by different sub-tests in the overall measurement of an intelligence quotient. 

Even though we know today that just listening to music will not make us more intelligent 

(Črnčec, Wilson & Prior, 2006b; Pietschnig, Voracek & Formann, 2010) by what has come to be 

known as the Mozart effect proposed by Rauscher and Shaw (1998), Hetland & Winner (2004) 

found spatial reasoning and verbal abilities to be improved. On the other hand, Pietschnig, 

Voracek & Formann (2010) showed by means of a thorough meta-analysis that no convincing 

evidence could be found for far transfer from music to spatial reasoning, or for the Mozart effect 

in general. The contradiction between these elegant findings shows the importance of unified 

methods and a firm grasp of the concept of far transfer in general in understanding the effects of 

music education on other cognitive and intellectual abilities. 

The present review therefore aims to reflect the variation in published results in the field of 

music education and the far transfer effect and to show how difficult it is to interpret these 

results when different methods are used to measure them and their discussion is hampered by 

the absence of a proper classification of far transfer and the lack of a structured understanding 

of music and musicality. 
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METHOD 

 

SYSTEMATIC REVIEW 

 

True meta-analysis of far transfer from music education to other cognitive domains is impossible 

due to the lack of an adequate structured classification of music and musicality and a lack of 

understanding of the neuropsychological effects underlying far transfer. We did nevertheless 

carry out a systematic review of the literature; overviews of our findings are given in Figure 1 to 

5.  

 

STUDIES INCLUDED AND QUALITY ASSESSMENT  

The studies included are shown in Table 1. Their quality was assessed with the aid of a newly 

developed assessment scale, based on the Newcastle-Ottawa Assessment scale for Meta 

Analyses, used in Cochrane reviews (Wells et al., 2011) by two individual researchers (A.C.J. and 

L.H.P.E.). The clinical music study assessment scale (Musiquas) was developed by the authors, as 

no assessment scale focusing on music-related studies was already available. This scale assesses 

the quality of studies to be included in meta-analyses with regard to 27 aspects divided over 4 

main groups: selection, control criteria, exposure and outcome. Musiquas was fine-tuned to 

permit assessment of the strength of the music studies included in meta-analyses and systematic 

reviews to detect possible methodological flaws. Full details of Musiquas are given elsewhere 

(http://www.academia.edu/2521568/Clinical_music_study_quality_assessment_scale_MUSIQUA

S_1st_Edition_).  

TIME FRAME 

 

For the purpose of this review we limited our search to studies published between January 2001 

and January 2013. Two authors (A.C.J and L.H.P.E.) independently inspected titles and abstracts 

for compliance with the defined inclusion criteria. Studies before 2001 had been covered by 
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meta-analyses by Hetland (2004) and Pietschnig, Voracek & Formann (2004) and were therefore 

excluded from our review to avoid publication bias.  

Any disagreement was resolved through discussion and/or consultation with another 

independent researcher. 

 

CLASSIFICATION 

 

Our search for studies to be included in the systematic review revealed five main categories of 

transfer outcomes from music: reading, spatial reasoning, writing, mathematics and intelligence. 

We computed individual statistical values for each category. Where certain studies introduced 

sub-divisions of skills within a given cognitive function such as mathematics, we incorporated 

these sub-divisions in our analysis and calculated individual effect sizes rather than one overall 

effect. For example, reading was divided into phonological awareness, phonemic awareness, 

vocabulary, word decoding and identification and verbal sequencing. This enabled us to draw a 

more precise picture of the influence of music on transfer outcomes. Although we divided 

transfer outcomes into the above-mentioned five main groups, we observed an overlap in the 

investigation of outcomes within the studies included; some studies investigated more than one 

direct outcome, for example mathematics and intelligence, while others analysed a whole range 

of outcomes from mathematics to reading within the same experimental set-up. 

As we are mainly interested in far transfer, we did not differentiate between different forms of 

music education or participation. Although we are aware that there are various forms of music 

education and that the different forms may have different effects on transfer outcomes, this 
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sub-division would have exceeded the scope of the present review; it may be considered in 

future research as mentioned in the discussion. 

 

AGE OF PUPILS AND FORM OF MUSIC PARTICIPATION 

 

We focused our analysis on studies, which used randomised controlled trials (RCTs). As there are 

not many RCT studies, we also included studies that made use of a control group and 

longitudinal studies – which we define as studies having more than 3 (T0-T2) test moments 

and/or a length of more than 12 months. To merit inclusion into our analysis, studies had to 

consider pupils who were between 4 and 13 years of age who played a musical instrument 

and/or sang and who were usually exposed to music in general, listening to it and learning music 

theory to help them play an instrument. We have not based our inclusion criteria on length of 

music education, as again there is a lack of a consensus among researchers on this point. 

 

EXCLUSION CRITERIA 

 

Studies were excluded when effects were measured on the basis of study sizes rather than 

sample sizes, when there was no control group, when we were aware that studies based on the 

same experimental population were published in more than one journal or at different times 

(leading to the exclusion of spatial reasoning studies), when they analysed near transfer, when 

they were meta-analyses or longitudinal studies lasting less than 12 months. 

 

DATABASES AND JOURNALS 

 

The online databases PubMed/MedLine, psychINFO, ScienceDirect, Embase, ERIC, ASSIA and 

Jstor were searched in five main rounds, covering: 1) music, transfer, education 2) music 

education, transfer effect 3) effects of music on education, on transfer, on mathematics, on 

reading, on writing, on IQ, on memory 4) music, near transfer, far transfer 5) music, academic 

achievement. These main search activities were repeated, adding longitudinal and longitudinal 

study design to the above-mentioned search terms. Where necessary, the search terms were 



 

48 
 

attuned to the requirements of the databases searched. We further consolidated and expanded 

our investigation by using the following MeSH terms: music, transfer and education. In addition 

to the above databases, online editions of Music Psychology, the British Journal of Music 

Education and the Journal of Experimental Child Psychology were manually examined using the 

above search and MeSH terms. 

 

Finally, an extensive manual search of printed editions of the Journal of Music Education, Music 

Perception, Musicae Scientiae and the Journal of Research in Music Education was conducted. 

Authors were contacted personally where necessary, to obtain missing information needed to 

complete the statistical analysis. 

 

DATA ANALYSES 

 

Values of the mean (M) and standard deviation (SD) of the study effects in conjunction with 

sample sizes of the experimental and control groups were used to gain an insight into the effects 

described. We also used odds ratios (OR) to estimate the likelihood of the occurrence of a given 

effect of music on the individual outcomes. Here too, we did not pool the results into one overall 

effect size, in order to avoid sample size bias and generalisation. Nevertheless, we did use 

standardised mean differences (SMDs), to combine different test results concerning the same 

outcome.  

 

RESULTS 

 

The search yielded 217 articles, of which 61 were considered as possibly relevant. Twelve studies 

met all inclusion criteria (see Figure 6, for study flow diagram). Although one review and two 

meta-analysis have been published in our inclusion timeframe (Hetland & Winner, 2004; 

Standley, 2008; Pietschnig, Voracek & Formann, 2010) only the review by Hetland & Winner 

(2004) gave an overall insight into music education and the near and far transfer effect, while 

Pietschnig, Voracek & Forman (2010) focused on the Mozart effect, therefore analysing the 

effect sizes based on such categories as ‘overall’ mathematics or ‘overall’ reading abilities, not 
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considering the complexity of far transfer as here hypothesised. Our inclusion of longitudinal 

studies yielded five additional studies that were considered relevant at first sight. On closer 

investigation, however, four of these studies had to be excluded as 1) they only considered the 

effect of music on brain development without taking academic achievement into account or did 

not measure the effect of music on academic achievement directly (Hyde et al., 2009; Scales et 

al., 2006), 2) the age group was outside our inclusion frame (Gruhn, 2002) and 3) the 

longitudinal study lasted less than 12 months (Chobert et al., 2012). Hence, only one longitudinal 

study (Costa-Giomi, 2004) met our inclusion criteria and was included with the other twelve for 

further analysis. 
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READING 

 

Figure 1 shows the odds ratios (OR) for studies that mentioned the effect of music education on 

reading. Odds ratios were chosen to indicate the likelihood of a positive or negative outcome. 

The forest plot shows that most of the studies favour the music intervention groups (‘+’). Studies 

by Tsang & Conrad, (2011), Piro & Ortiz, (2009), Jentschke, Koelsch & Friderici (2005) and 

Rickard, Bambrick & Gill (2012) represent the effects on vocabulary in reading. The positive 

likelihood is close to 0 with p<.05, while the negative likelihood of the effect of music on 

vocabulary in reading is represented by an OR of 0.532 with a probability of p=.279. A 

comparable observation can be made concerning measures of phonological awareness (Register, 

2001; Tsang & Conrad, 2011; Degé & Schwarzer, 2011b). The results range from .261, p<.005 to 

10.052, p<.001 yielding both a negative and a positive effect.  

 

WRITING 

 

Studies analysing writing skills yielded contradictory findings. Rickard, Bambrick & Gill (2012) 

have shown a clear negative effect of music on writing, with an OR of .378, p=0.03 favouring the 

non-music intervention group (see Figure 2). Register’s (2001) data, on the other hand, 

demonstrated a markedly positive effect with a confidence interval of p<.01. The logo 
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identification sub-group was included in both studies, but was more thoroughly analysed by 

Rickard, Bambrick & Gill (2012). 

 

LANGUAGE NOS (NOT OTHERWISE SPECIFIED)  

 

Costa-Giomi’s (2004) findings yielded a negative effect on language expression with p<.001. 

However, there is no comparable study and the language domain is not further specified.  
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MATHEMATICS 

 

The analysis of the transfer from music to mathematical skills appears to be the most 

controversial of all the fields considered here.  

The difficulty of analysing transfer from music to mathematics is similar to that where reading is 

involved, as both target domains have to be divided into sub-groupings (Figure 4). Only three 

studies met our inclusion criteria. While Rickard, Bambrick & Gill (2012) and Corey et al. (2012) 

show a significant positive effect of music on mathematical skills (with p=.076), Costa-Giomi 

(2004) showed a negative effect on mathematical computation skills (p<.001). These differences 

in results can possibly be attributed to the use of different study designs as well as differences in 

the tests administered. Furthermore, each study analyses a different sub division of 

mathematics, which may be another reason for the differences observed. 

 

IQ 

 

The positive effect of music on IQ has been shown in a vast number of publications. Even though 

different test batteries were administered, the results still tend to produce positive effects. Of 

the four studies meeting our selection criteria, only one (Ho, Cheung & Chan, 2003) failed to 

show a positive effect. The negative effects reported in this publication may be due to the type 

of music intervention involved (general arts involvement, listening, playing and/or singing); see 

Figure 5. The study by Schellenberg (2004) on the other hand showed a positive effect of music 

on IQ with p=.005 according to the meta-analysis. Furthermore, this investigation revealed no 
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significant difference between results obtained using general IQ measurements and for example 

Raven’s standard matrices, general non-specific IQ measurements or the Wechsler Intelligence 

Scale for Children 3rd edition (WISC III). 

 

DISCUSSION 

 

MUSIC AND FAR TRANSFER 

 

“Estimation of a single effect size for far transfer is misguided in view of this 
complexity” (Barnett & Ceci, 2002: p. 612). 
 

Music education requires growing justification amongst policy makers (Branscome, 2012). 

Adding to this pressure, the far transfer effect remains an unresolved mystery in the realm of 

music education. Our review, however, sheds light on the possible cause of this mystery by 

investigating the need to use more unified methods when analysing music and far transfer, to 

move away from the use of umbrella terms and further investigate the neural correlates 

underlying such transfer effects. In fact, there are many studies analysing far transfer from music 

to intelligence. Most of these studies did not meet our inclusion criteria, however. Of the ones 

that do, that by Ho, Cheung & Chan (2003) failed to show a positive transfer effect while that by 

Schellenberg (2004) did show a positive transfer effect with two different measures of 

intelligence: Raven’s standard matrices and general (non-specific) intelligence. Here the two 

different results can be attributed to a lack of uniformity in the test methods used. While both 
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studies analyse intelligence, Schellenberg (2004) uses a non-specific measure of intelligence, 

which may have a stronger effect sensitivity in this case and is thus more liable to yield a positive 

effect. However, Schellenberg’s study is known to be problematic because the non-music drama 

intervention group was merged with the no-intervention control group before comparison with 

the music groups. A direct comparison of the drama group with the music group would very 

likely not have resulted in any significant difference in intelligence. The studies dealing with 

mathematics, writing and reading yielded surprising results. Rickard, Banbrick & Gill (2012) and 

Courey et al. (2012) analysed mathematical skills in general and the calculation of fractions in 

particular and found a positive transfer effect, while Costa-Giomi (2004) found a negative effect. 

Studies researching reading and writing have shown both negative and positive far transfer 

outcomes. The longitudinal study on (NOS) language expression, has yielded a negative result. 

Since however, there was no other study to compare it with, this only adds to the mystery 

surrounding far transfer effects. 

These results show that subdivision of a cognitive function can strongly influence the likelihood 

of finding transfer to one function from an activity such as music education. 

 

MUSIC EDUCATION, FAR TRANSFER AND NEUROCOGNITIVE FUNCTION 

 

“The mind is so specialized into a multitude of independent capacities that we alter 
human nature only in small spots, and any special school training has a much narrower 
influence upon the mind [...] than has commonly been supposed” (Thorndike, 1906, 
pp. 246-247). 

 

Music-making (singing or playing an instrument), activates a vast number of different cerebral 

regions (Kraus & Chandrasekaran, 2010; Kraus, Strait & Parberry-Clark, 2012; Schlaug et al., 

1995b, 2005; Strait & Kraus, 2011b). The overlap in the cerebral areas involved in the execution 

of musical and non-musical tasks means that it is tempting to group them under certain umbrella 

terms; but as shown in the present review that might be the wrong approach. Intellectual 

abilities such as intelligence, mathematics, writing and reading should all be further subdivided. 

For example, mathematics may be divided as mentioned above into general skills, basic 

concepts, operations and applications, where each of these functions activates 

additional/different cerebral areas. These areas are not necessarily active during the execution 
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of the other skills even though they also fall under the term mathematics (Campbell, 1992). It is 

then likely that an analysis of general skills will show a positive transfer from music, while a study 

of specific operations or application may not. The key question here is to what extent far transfer 

can be confirmed or denied on the basis of a study of overall skills. As argued by Barnett & Ceci 

(2002), processing models of far transfer account for differences in the individual processes of 

domain-related cognitive skills; this supports the idea of dividing academic skills into their 

consecutive building blocks, such as application, operation and execution in mathematics. The 

present review has hypothesised, that far transfer can only be reliably demonstrated when these 

sub-divisions, both in the execution of cognitive skills and in the analysis of the sub domain of far 

transfer as proposed by Barnett & Ceci (2002), are considered and analysed individually.  

In addition to this sub-division of the skills domains studied and the use of uniform methods to 

study them, the form of educational music intervention – 1) general music education versus a 

more specific approach, 2) individual tuition versus group or classroom tuition – together with 3) 

the sub-groupings we propose is thus important in generating homogeneous test results. The 

length of intervention should also be taken into consideration, as this may be a strong indicator 

of an effect or the lack thereof. As most studies have only involved music educational 

interventions lasting less than a year, we have not included the length of the intervention as a 

parameter in this review (Bilhartz, Bruhn & Olson, 2000; Anvari, 2002; Ho, Cheung & Chan, 2003; 

Hetland & Winner, 2004; Standley, 2008; Hodges & O’Connell, 2009; Degé & Kubicek, 2011a. 

However, we suggest that the intervention should last at least a year to be able to show clear 

results. Although the articles we reviewed made a first attempt to analyse these relationships, 

they lack more detailed consideration of sub-groupings in the non-music skills acquired and fail 

to study the effect of a variety of music education approaches using uniform methods and 

interventions of varying duration. The line of attack we propose can lead to a deeper insight into 

the nature of music and far transfer and should therefore be considered in future research.  

 

THE FUTURE DIRECTIONS, OF THE STUDY OF FAR TRANSFER FROM MUSIC EDUCATION  

 

Consistent, thorough investigative methods are key in achieving better support for future studies 

in experimental-psychology. This review has shown that a lack of uniform research methods in 
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the study of far transfer from music education makes it difficult to achieve consistent results that 

can be reliably incorporated into the growing body of knowledge. Research should aim in future 

at more longitudinal studies producing more reliable results, through a thorough testing regime, 

a consistent research protocol and the long-term research design itself. Direct interaction 

between practice (music education in this case) and research will enable researchers to achieve 

this goal. More specifically, use of longitudinal RCTs extending over at least 3 school years with a 

significant number of test moments from baseline measurement, paired with a multidisciplinary 

understanding, will set the tune for the development of a stronger and more unified research 

method for music education, far transfer and music cognition studies. We therefore argue that 

the studies considered here yield heterogeneous results, mainly due to the use of umbrella 

terms. As explained above, we believe that this issue can be resolved through analysis of sub-

groups in the realm of cognitive execution of the tasks proposed as well as a detailed subdivision 

of far transfer as such. In addition, there is the need for a uniform methodological approach to 

the analysis of transfer from music to other non-musical abilities.  

We are confident that this alternative perspective will provide a basis for more powerful, reliable 

and accurate study of far transfer from music to a variety of cognitive skills. 
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CHAPTER 4 
 
 
 
 

MUSIC EDUCATION AND EXECUTIVE FUNCTIONS IN PRIMARY SCHOOL 
CHILDREN: PROTOCOL OF A LONGITUDINAL BLOCK-RANDOMISATION 

TRIAL 
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ABSTRACT 
 
Background. The effects of music education on academic achievement have received a lot of 

attention over the years, with inconsistent results. These inconsistencies can be accredited to 

the use of umbrella terms such as mathematical skill or language skills, with limited focus on the 

cognitive functions underlying these abilities. 

This protocol suggests a longitudinal block randomisation trial, to shed light on the possible 

transfer effects of music education on academic, as well as cognitive. skills in primary school 

children. 

Methods. Tests to measure executive functions as well as IQ scores will be administered to four 

groups; 1) MUSIC group; 2) MUSIC + group; 3) VISUAL ARTS group; 4) NO ARTS control group. 

Additionally, an extensive intake questionnaire will assess possible strengths and weaknesses of 

all participants as well as socio-economic background. 

Discussion. This study offers one of the first longitudinal studies which puts its focus on cognitive 

skills underlying a mathematical or language task, by analysing executive functioning such as 

planning, working memory, attention, set-shifting and mental flexibility. 

Trial Registration. CCMO NL45953.029.13, Date of Registration: 28 November 2013 
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INTRODUCTION  

 

There are different stages of brain maturation in the development from childhood to adulthood 

(Adelman & Smith, 1999; Cabeza & Kingstone, 2006). For example, the ‘youngest’ in the 

cerebral development is the prefrontal cortex, where development is not fully completed until 

the age of 25 to 30 years Trepel, 2008; Alvarez & Emory, 2006). In contrast, the parietal lobe 

matures during adolescence Riva et al., 2016). Both lobes (frontoparietal circuit) play an 

important role in executive functions (Alvarez & Emory, 2006; Clyes, 1982). In particular working 

memory (Tschentscher & Hauk, 2016), visuospatial information processing (Watson & 

Chatterjee, 2012), and empathy (Xin & Lei, 2015), are among others crucial in the perception, 

processing and execution of music (Lahav, Satzman & Schlaug, 2007). 

The activity in the frontoparietal circuit increases while listening to music and more so when 

playing an instrument or singing (Lahav, Satzman & Schlaug, 2007). More specifically, music 

affects - among other brain structures and networks - the above-mentioned parietal and 

prefrontal structures (Hudziak et al., 2014). In line of this argument, the influence of music has 

been analysed in terms of the transfer effect on general intelligence and IQ, memory, reading, 

writing, mathematics and spatial awareness (Register, 2001; Schellenberg, 2004, 2005; Moreno 

et al., 2011 a, 2011b). There are two forms of transfer; near and far transfer. Near transfer 

encompasses transfer from a domain specific ability to the same domain, e.g. improving 

rhythmic and melodic skills when practising a musical instrument (Portowitz et al., 2009), while 

far transfer affects non-domain specific abilities, e.g. practising music improves reading 

Forgeard et al., 2008) or mathematical skills (Courey et al., 2012).  Even though research has 

addressed possible effects of music education on academic achievement, recent systematic 

reviews (Jaschke et al., 2013; Sala & Gobet, 2017) have shown that studies analysing the here 

argued far transfer, use umbrella terms such as mathematics or language not focusing on the 

underlying cognitive functions needed to execute these tasks and therefore yield inconsistent 

results.  

The effects of music on these executive functions as underlying mechanisms for a possible far 

transfer from music to language or mathematics, have received only a limited amount of 

attention in a longitudinal design framework. For example, mathematics, as well as language 
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skills, consist of a number of executive functions such as visuospatial memory, working memory, 

inhibition and planning which make mathematical or language abilities possible (Koutsoupidou 

& Hargreaves, 2009; Tsang & Conrad, 2011; Courey et al., 2012). Executive functions therefore, 

can serve as a marker for cognitive development as they are shared in both music related and 

music unrelated abilities such as the described academic skills (Schellenberg, 2011). 

In summary, understanding the sub functions underlying mathematical and language abilities, 

which have their origin in executive functioning domains such as planning, inhibition, set-

shifting, working memory, attention and even empathy, will allow a thorough analysis of a 

possible far transfer effect of music on these academic abilities. 

We therefore hypothesise that music participation has a strong influence on the development 

of executive functions interlinked to academic achievement, while eliminating possible 

uncontrollable social influences through a longitudinal design.  

To support this claim, a block-randomisation controlled trial is set up – a trial, which is virtually 

non-existent in general music research (Howlin, 2004). 

During these trials, the relationship between music participation and executive functioning is 

examined and the link with academic achievement as measured by a centralised student 

monitor will be made. 

 

METHOD 

 

The report of the here presented study protocol follows the CONSORT criteria for reporting 

randomised trials as close as possible with exception of the results and discussion as this is a 

study protocol paper (Schulz, Altman & Moher, 2010). 

 

DESIGN 

 

An independent third party (MOCCA expert centre for cultural education) will select participants 

from primary schools in the Netherlands and randomise these for inclusion. Informed consent 

will be obtained prior to the research from the child’s parent or legal representatives. Post hoc 

analysis of the intake questionnaire will further filter participants who have prior extracurricular 
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music knowledge and/or participation next to the intervention (MUSIC + group). This however 

shall not influence the preliminary group choice and distribution, resulting in four groups: 

MUSIC, MUSIC +, VISUAL ARTS, NO ARTS control) These selections will be done independently in 

both the experimental and control group, and the researcher will be blind to the selection. This 

research will therefore use a single blinded block randomization design (Figure 1). 
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PARTICIPANTS 

 

Participants in both (experimental and control) groups will range from 6-8 years of age, the 

equivalent of ‘group 3’ and ‘group 4’ (Dutch school year system) and will be followed for 2.5 

years with five trials every 6 months. 

Exclusion Criteria 

 

The following exclusion criteria will be adhered to: inability to perform neuro-psychological 

testing due to dyslexia, dyscalculia, severe deafness and blindness or insufficient motor 

command of both arms.  

 

ETHICAL CONSIDERATIONS 

 

This research has been approved by the Medical Ethical Commission of the VU University 

Medical Centre Amsterdam as well as the Research and Ethics committee of the VU University 

Amsterdam. 

 

STUDY PROCEDURE AND SETTING  

 

Total testing time is aimed at 1.5 hours and should therefore minimize disturbance during 

school hours. Testing will take place in a quiet room in the school building. 

The whole test protocol (neuropsychological test battery and verbal IQ) will be administered in 

one session with short breaks, where necessary, to motivate and allow the participants to 

regain their focus on the tasks (Table 1). All tasks will be presented in a child-friendly manner 

and will aim at creating a ‘computer-game’ environment, an environment which children these 

days are generally familiar with. The protocol will be administered to both the experimental as 

well as the control group in five stages: pre-intervention measurement (baseline measures); 1st 

follow up; 2nd follow up; 3rd follow up and final follow up (Figure 2). 
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Through this approach, the research will closely monitor the effect on the above-mentioned 

abilities from additional music education over a period of 2.5 years and can therefore be seen as 

the first longitudinal study in this field and on such a scale. 
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MATERIALS 

 

SURVEYS AND INTAKE QUESTIONNAIRE  

 

An intake survey, composed in Qualtrics© survey software, will be sent to participants prior to 

the baseline measurement and at the end of T4 to ensure no major socio-economic or medical 

changes and will be completed by the parents or legal representatives. Besides ensuring that 

participating children meet all the inclusion criteria, this intake questionnaire gives insight into 

the parents’ socio-economical background, use of medication by participants as well as any 

extracurricular exposure to music. Furthermore, identification of strength and weaknesses 

(strengths and difficulties questionnaire SDQ-Dut (Goodman, 1997, 2001), Reward and 

punishment sensitivity in children with ADHD SPSRQ-C (Luman, Oosterlan & Sergeant, 2008) 

possible traits of high-functioning autism (Autism Quotient for children (Auyeung, 2008) and 

ADHD (Strengths and weakness of ADHD-symptoms and normal behaviour SWAN) (Lakatos. 

2013) form part of this intake questionnaire. The latter two will be added to ensure the results 

of the research are not skewed by possible pathologies. However, these two questionnaires will 

also provide information about the possible effects cultural and arts education can have on 

these pathologies (if present) and will therefore be added to our overall analysis.  

 

STRENGTHS AND DIFFICULTIES QUESTIONNAIRE (SDQ-DUT) 

 

The SDQ (Goodman, 1997) is a 25-item questionnaire containing five scales: emotional 

symptoms, conduct problems, hyperactivity/inattention, peer relationship problems and 

prosocial behaviour. The SDQ is part of a standard procedure for Dutch infant welfare centres 

and has been shown to have adequate psychometric properties (Goodman, 2001).  

 

REWARD AND PUNISHMENT SENSITIVITY IN CHILDREN WITH ADHD (SPSRQ-C) 

 

The SPSRQ-C (Colder & O’Conner, 2004) is a 33-item sensitivity measure to punishment and 

reward and is sub-divided into punishment sensitivity, reward sensitivity, reward responsivity, 
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impulsivity/fun-seeking and drive. Here the Dutch translation will be administered. This scale 

has shown high validity and sensitivity (Swanson et al., 2006; Luman, Oosterlaan & Sergeant, 

2008) 

 

AUTISM QUOTIENT (AQ) 

 

The Dutch version of the AQ (Auyeung et al., 2008) is a 50-item scale to determine traits of high 

functioning autism and Asperger’s syndrome. The scale addresses theory of mind as well as 

weak central coherence in children and adults (Firth, 1989). In this study, the scale is to be 

administered as a questionnaire to be completed by the parents of the participating child. The 

scale performs with strong validity (Shallice, 1982). A Dutch version of the scale will be 

administered. 

 

STRENGTHS AND WEAKNESSES OF ADHD-SYMPTOMS AND NORMAL BEHAVIOUR (SWAN) 

 

The Dutch version of the SWAN (Swanson et al., 2006) is a 30-item measure of strengths and 

weakness in attentiveness and activity used to make a distinction between the three subtypes 

of ADHD: the inattentive type (ADHD-I), the hyperactive/impulsive type (ADHD-H) and the 

combined type (ADHD-C). The SWAN is the only scale of ADHD-related symptoms that treats 

these symptoms as extreme forms of normal population traits, consequently allowing children 

to perform above the average as well as below (Swanson et al., 2006). This makes the SWAN a 

sensitive tool for measuring differences in attention and activity between clinical and control 

groups. The SWAN provides a total score and three scales for the ADHD subtypes and has been 

shown to have excellent distinctive properties (Swanson et al., 2006). 

 

PRIMARY OUTCOME MEASURES 

NEUROPSYCHOLOGICAL EVALUATION 

 

The analysis of executive functions will cover a wide range of functions, all of which can be 

directly linked to the execution of mathematical and language related skills. Therefore, this 
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research will focus on planning, inhibition, short term memory and working memory. All of 

these tests are administered by using an iPad 2 running iOS 7 or higher (screen size 9.7 inch, 

1024 x 768, 132 ppi, multi-touch) and therefore minimize the influence of a researcher bias. 

 

TOWER OF LONDON (TOL) 

 

The ToL (Shallice, 1982) is the most valid measure of higher order problem solving. Participants 

have to perform a number of tasks by sorting coloured balls to match the provided final 

constellation of the balls in as little moves as possible. The balls have to be shifted on three rods 

and can only be moved from rod to rod one at a time. This test has received quite a few 

amendments to the original version, whereby the tasks become more difficult, even adding 

additional colours. Nonetheless, the basic measure of higher order problem solving stays the 

same. Time to complete the task, as well as number of moves to achieve the goal, are 

measured. Test-retest reliability of the ToL is adequate at r =.739 and .734 (Schumacher et al., 

2015). 

 

KLINGBERG SHORT TERM AND WORKING MEMORY TASK 

 

Visuospatial working memory is measured using a dot matrix, whereby participants have to 

select dots which appear in a four by four grid in forward and reverse order (Alloway, 2007). The 

task involves remembering the location of the dots and increases consecutively in difficulty. 

Test- retest reliability is highly correlated at r = .79 (Sung, 2011; Water & Caplan, 2003). 

 

GO/NO-GO TASK 

 

The go /no go task (Nosek & Banaji, 2001) measures the ability to inhibit a motor response to a 

presented visual stimulus. In one outcome, the participant is required to perform a response (go 

condition) and withhold a motor response when the object is crossed out or another similar 

object appears (no go condition). Accuracy and reaction time are measured to give an indication 

on the participants’ inhibitive qualities. 



 

69 
 

The version used here was created with child friendliness in mind and depicts a plane, which 

either flies left, or right. If the plane is crossed through the respondent should not press the left 

or right button on the screen. The better the participant reacts to the no go (cross) stimulus, a 

latency time of 10ms is added to the cross. Equally, the latency time diminishes where the 

participant performs worse on the stop-stimulus. Test-retest is satisfactory for Mean probability 

of inhibition r = .72, Mean reaction time r = .66, total errors r = .49, slope of inhibition function r 

= .32 and standardized reaction time r = .21 (Nosek & Banaji, 2001). 

 

SECONDARY OUTCOME MEASURES 

MATH AND LANGUAGE PARADIGM CITO 

 

To be able to determine the academic abilities described here, mathematics and language, this 

project uses combined sources: 1) Centraal Instituut voor Toetsenontwikkeling (CITO) scores, 2) 

Wechsler Intelligence Scale for Children 3rd edition (Wechsler, 1991); subtest on mathematics 

and language 

 

NATIONAL PUPIL MONITORING SYSTEM (CITO) 

 

Academic performance is assessed using pupil’s performance on tests from the Dutch National 

Pupil Monitoring System (van Delden, 1994). This system is used throughout 80% of all Dutch 

primary schools in order to keep track of the pupil’s self- and peer-referenced academic 

development throughout their education (Vlug, 1997). Tests from the Dutch National Pupil 

Monitoring System are administered during three testing periods throughout each academic 

year.  

The Dutch National Pupil Monitoring System comprises tests measuring abilities such as general 

language skills, listening, spelling, writing skills, vocabulary, decoding, reading comprehension 

and arithmetic according to the item-response model (Vlug, 1997). The following tests will be 

selected in order to evaluate the children’s academic performance: (1) The Arithmetic Test 

measuring arithmetic skills comprising addition, subtraction, multiplication and division (Janssen 

& Kraemer, 2002), (2) The Reading Comprehension Test measuring the ability to extract 
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meaning from written text (Staphorsius & Krom, 1998), (3) The Spelling Test measuring the 

ability to spell words of increasing difficulty correctly (Staphorsius & Krom, 1998) and (4) The 

Listening Test measuring the ability to extract meaning from auditory information (Janssen & 

Kraemer, 2002; Staphorsius & Krom, 1998). These tests have been evaluated by the Dutch 

Committee on Tests and Test Affairs (COTAN) and are considered to have adequate test validity, 

reliability and norms (COTAN, 1998, 2002, 2010).  The norm scores (A-E) will be used to 

determine academic achievement. 

 

IQ INDICATION 

 

The Wechsler Intelligence Scale for Children 3rd Edition (Wechsler, 1991) sub-tests will give an 

indication of the child’s IQ as well as give a measurement for mathematical and language 

abilities. Sub-tests I (Information), III (Similarities), V (Verbal Comprehension) and VII 

(Arithmetic) are administered. This shortened version of the WISC-III has shown strong 

reliability and can be correlated with the collected data in this study. The WISC-III has a high 

validity and reliability score in both clinical and non-clinical settings.  

The selection of the short-form of the WISC-III-NL is based on acceptable reliability and validity. 

The subtest vocabulary (α = .96, r = .85), similarities (α = .93, r = .81), arithmetic (α = .93, r = .74) 

and information (α = .95, r = .82) showed the highest internal consistency according to the split-

half method and highest correlations with the total verbal IQ scale in comparison with the other 

subtests of the WISC-III-NL. With this shortened form, an indication of IQ can be made, based 

on constants for converting Wechsler composite scores into deviation quotients (Wechsler, 

1991). The sum of the correlations between the subtests (Σrjk = 3.41) gives the constants a = 1.5 

and b = 40. The formula for obtaining the deviation quotient is as follows: 

 

Deviation quotient = (composite score x a) + b 

 

where ‘composite score’ is the sum of subtests scaled scores in the short form. 
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WISC III SUBTEST I INFORMATION 

 

This subtest consists of general knowledge questions. It augments on events the participant is 

surrounded with. The aim of tins subtest is to gain insight into the general development of the 

participant. 

 

WISC III SUBTEST III SIMILARITIES 

 

The participant hears a number of word pairs and has to aurally identify the similarities between 

these two words or objects. The whole test has to be completed without the help of pen and 

paper. This gives insight into logical reasoning. 

 

WISC III SUBTEST V VERBAL COMPREHENSION 

 

In this subtest, the participant receives a number of words and has to describe their meaning in 

his/her own words. This test measures the verbal comprehension ability of the participant and 

gives an indication of the verbal IQ. 

 

WISC III SUBTEST VII ARITHMETIC 

 

Here the participant has to solve arithmetic problems without the aid of pen and paper. In the 

first stage, the participant has to count aloud a number of objects. The second round is 

comprised of simple mathematical ‘puzzles’, which have to be solved without the aid of pen and 

paper or any other physical means. This subtest measures arithmetic qualities such as logic, 

reasoning, working memory, short-term memory as well as calculation skill and can be thus 

compared to both the cognitive tasks and the National Pupil Monitoring System. 
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INTERVENTIONS 

 

Both, music as well as visual arts interventions are thought by a fully trained music/visual arts 

teacher for primary schools. 

MUSIC INTERVENTION 

 

The additional music curriculum is designed to prepare children to choose and play an 

instrument. Early lessons introduce melody, meter and rhythm as well as the different 

instruments in both classical and popular music settings.   

The children are encouraged to sing, clap and try out different instruments before the pupil 

makes a choice. Music lessons last 1.5 hours each week with an additional of 2.5 hours 

homework related music practice. 

 

VISUAL ARTS CONTROL 

 

The Visual Arts group received general lessons in painting, sculpting and arts history. The focus 

lies on the practical application of skills contributing to the creation of visual art. The lessons last 

1.5 hours per week. 

 

CONTROL 

 

The control group will not receive any arts lessons in addition to the usual curriculum. However, 

participants in the control group will most likely paint and sing songs, but not as part of the 

curriculum, more so as a general activity within a primary school setting. 

 

All children participating in the present study will complete the above-mentioned tests and 

subtest. 
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MEASUREMENT OCCASIONS 

 

Prior to the beginning of the intervention a baseline measurement was taken T0. The same 

measurements take place every six months (T1 – T4). See Figure 2 for an overview of the 

complete study period.  

 

STATISTICAL ANALYSIS 

Multiple-Sample Repeated Measures Analysis of Covariance (split-plot ANCOVA) will be used to 

show the interaction between music participation, executive function development and 

development of academic achievement as main variables. Co-variables will encompass socio 

economic as well as demographic data, possible pathologies (ASD or ADHD) and the indicative 

intelligence quotient and musicality scores. 

As we expect a mediator effect between executive functions and music participation we will 

conduct a mediator analysis to further consolidate our findings. 

POWER CALCULATION 

Repeated measurement analysis with four groups and 5 different measurement occasions is 

being used to examine the treatment effect. A significant interaction between group (4 levels) 

and time (5 occasions) is indicative of a treatment effect. A conservative small to moderate 

effect size (f=.14) is being used to calculate the required sample size using G*power version 

3.1.2 (Faul et al., 2007). With an alpha (a) of .05 and power of .80 a total of 90 children is 

necessary divided over four groups. With an expected attrition rate of 30% this means that the 

aim is to examine a minimum of 117 children in total: 30 participants per group. 

DISCUSSION 

This paper presents a longitudinal study, using a block-randomisation design, aiming to identify 

the positive effects of extracurricular music education on executive sub-functions in children as 

well as measuring far transfer effects to mathematics and language abilities. 
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The strength of this study lies in the single blinded block randomisation controlled longitudinal 

approach. Furthermore, the combination of neuropsychological tests, as well as school 

performance scores, will enable a more in-depth analysis of the data. Additionally, the music 

intervention will be performed by trained teachers and therefore applied optimally. Finally, 

following four groups (MUSIC, MUSIC +, VISUAL ARTS and NO ARTS control) with a high number 

of repeated measures and a baseline measure, will give clear insights into the effects additional 

music lessons can have on the cognitive development of primary school children.  

Possible limitations encompass children to dropout due to a move and/or change of school. 

Additionally, the aimed at length of the administered tests should be considered as demanding. 

Therefore, test administrators are instructed to be aware of possible fatigue in participants as 

well as distractions and either initiate short breaks where appropriate or even postpone part of 

the test administration. Finally, as the tests are administered in school during school hours, 

possible distractions may influence the test results. Here again, test administrators as well as 

teachers and school directors are instructed to test in and provide quite rooms in the building 

where participants can be tested individually. These rooms however, have to be fitted with 

windows, according to the UN Convention on the Rights of the Child as well as the European 

Protection Act for Children (1990) 

In conclusion, this paper presents a most effective way to answer the proposed research 

questions. Given the importance of music in everyday life – music surrounds us everywhere 

nowadays - it is highly relevant to examine the effect of music education on the cognitive 

development of children during maturation. 
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CHAPTER 5 
 
 
 
 

EXPERIENCE OF A MUSICALLY ENRICHED ENVIRONMENT AND 
COGNITIVE FUNCTIONS IN PRIMARY SCHOOL CHILDREN 
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ABSTRACT 

 

Background Previous literature has shown a putative relationship between playing a musical 

instrument and a benefit in various cognitive domains. However, to date it still remains unknown 

whether the exposure to a musically-enriched environment instead of playing an instrument 

yourself might also increase cognitive domains such as language, mathematics or executive sub-

functions such as for example planning or working memory in primary school children.  

Design Cross-sectional 

Method Exposure to a musically-enriched environment like listening to music at home, during 

play or when attending concerts was assessed using a comprehensive intake questionnaire 

administered to a sample of 176 primary school children. Furthermore, participants completed 

the verbal intelligence section of the Wechsler Intelligence Scale (WISC III), performed executive 

sub-function tasks such as planning (Tower of London), working memory (Klingberg Matrix 

backward span) and inhibition (Go/no-Go task), and a short-term memory task (Klingberg Matrix 

forward span). 

Results Linear and multiple regression analyses showed no significant relationship between 

exposure to a musically-enriched environment, executive sub-functions (planning, inhibition and 

working memory), and short-term memory. The relationship between an enriched musical 

environment and verbal IQ has revealed trends. 

Discussion Experiencing a musically enriched environment does not serve as predictor for higher 

performance on executive sub-functions, however, can influence verbal IQ. 
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INTRODUCTION 

 

Scientific interest into the possible effects of music on cognitive functions has increased 

considerably over the last decades (Schellenberg, 2004; 2005, 2006; Swaminathan & 

Schellenberg, 2016; Gromko, 2005; Southgate & Roscigno, 2009; Hallam, 2010). More 

specifically, the applications of music interventions such as instrumental or vocal lessons have 

been examined in relation to cognitive functions such as intelligence (Schellenberg, 2004; 2005), 

mathematics and language (Moreno, Friesen & Bialystok, 2011; Costa-Giomi, 2004). These 

results, however, remain equivocal.  

Regarding the effects of music lessons on mathematical abilities, Rickard, Bambrick and Gill 

(2012) have shown a positive effect, while Costa-Giomi (2015) could not support a positive effect 

of music education on mathematical abilities. Similar split results were found in studies analysing 

language skills, i.e. negative effects on writing (Register, 2001) and positive relationships to 

reading (Tsang & Conrad, 2011; Degé & Schwarzer, 2011). These findings thus indicate that a ‘far 

transfer’ effect of music on a variety of cognitive functions is not consistent. The question arises 

as to how to explain these equivocal results in light of overall skills such as mathematics or 

reading.  

As argued by Barnett and Ceci (2002), processing models of far transfer account for differences 

in the individual processes of domain-related cognitive skills. This supports the idea of dividing 

academic skills into building blocks, such as application, operation and execution in, for example, 

mathematics. Far transfer, therefore, can only be reliably demonstrated when these 

subdivisions, both in the execution of cognitive skills and in the analysis of the sub domain of far 

transfer as proposed by Barnett and Ceci (2002), are considered and analysed individually.  

Furthermore, a recent meta-analysis has stressed the difficulty of finding a transfer effect from 

music education to cognitive and academic skills in children completely (Sala & Gobet, 2017). 

The authors state that most studies have neither used randomisation of participants, nor 

described the intervention and methods thoroughly enough to be able to draw clear conclusions. 

They argue furthermore that the use of active control groups often lacks in studies investigating 

a possible far transfer effect from music to cognitive skills. Schlaug (2015) and Swaminathan, 

Schellenberg and Khalil (2017) have argued similarly, urging future research into the relationship 
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of music and cognitive skills to use thorough participant randomisation and longitudinal analysis, 

to eliminate factors such as home support, socio-economic differences or musical aptitude.  

We argue that the focus of existing studies on cognitive functions such as language and 

mathematics is one step too far. Perhaps, one should examine whether music has a more 

profound effect on functions underlying language and mathematics, such as executive sub-

functions (EsF) (Degé, Kubicek & Schwarzer, 2011; Zuk et al., 2014). EsF include planning, set-

shifting, working memory, attention and impulse control (Slevc, 2016). Indeed, executing a 

verbal mathematical task requires functions such as working memory, attention, inhibition, and 

planning Dehaene, Bossini & Giraux, 1993; Träff, 2013), i.e. functions that overlap when 

perceiving and processing music (Jaschke, Honing & Scherder, 2018).  

Against this backdrop, the study of influence of music interventions on general cognitive abilities 

such as EsF and academic achievement depends on the definition of music intervention itself. 

Music interventions encompass active music making Hallam & Creech, 2016), active listening to 

music (Chanda & Levitin, 2013) or exposure to music, as in passive music listening. 

Unfortunately, not all children play a musical instrument, but they may be exposed to a 

musically-enriched environment (MEE) to varying extents. Being exposed to a MEE can be 

defined as an environment where more than just standard music lessons are provided to the 

child. It includes attending concerts outside of the school curriculum, listening to music at home 

during the execution of certain tasks, and singing while playing or interacting with peers.  

All these contribute to an enriched environment with the child participating actively, without 

effort, thus enjoying these activities (Kraus et al., 2014; Koseki et al., 2011; Putkinen, Tervaniemi 

& Huotilainen, 2013). Our interest is in whether ‘just’ being exposed to a musical environment in 

a home and peer-to-peer setting might be sufficient to find a relationship with higher cognitive 

functions such as EsF, short-term memory, and verbal intelligence. Therefore, the goal of the 

present study is to examine if exposure to a MEE (i.e. listening, attending concerts, interacting 

with music outside of school) is related to specific cognitive functions, including EsF, short-term 

memory, and verbal IQ, in primary school children.  
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METHOD 

 

PARTICIPANTS  

 

The sample comprised 176 third and fourth grade children recruited from five different primary 

schools in the Netherlands, consisting of 74 (39%) boys and 102 (61%) girls who were matched 

for handedness. Ages ranged from 5 years and 10 months to 8 years and 10 months, with a 

mean age of 6 years and 10 months (SD = 7 months) Table 1 shows all participant characteristics.  

 

Table 1 Participant characteristics 
 
 Total 

(n = 176)     
Test statistics 

      

 
Demographics 
 

 
mean 

 
SD 

 
t 

 
p < 

MME (0 – 25) 13.5 5.9 - 5.32 0.01 
Age (years. months) 6. 10 0.7 1.61a 0.784 
Gender (% girls) 61  2.01a 0.14 
 
Parents education level 
 

    

Mother 4.31b  0.22 0.91 
Father 3.96b  0.13 0.78 
 
Executive sub-function scores 
 

    

ToL 26.7 2.367 1.33b 0.42 
Go/noGO .468 0.264 0.15b 0.62 
Klingberg WM  5.48 3.105 0.67b 0.25 
 
Other cognitive functions 
 

    

Klingberg StM 7.33 3.167 0.75b 0.73 
WISC-III 
 

111.4 2.764 0.34b 0.02 

Notes: MME = Musicaly Enriched Environment; ToL = Tower of London Baselinescores, Go/noGo = inhibition 
baseline scores; WM = working memory baseline scores; StM = short term memory baseline scores; WISC-III = 
Wechseler Inteligence Scale for Children 3rd Edition total baseline sub-tests scores (test statistics represent 
comparison between included and excluded participants into final analysis). 
a = χ2 test 
b scores represent educational levels above basic secondary school 
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DESIGN 

 

The present cross-sectional study includes baseline data from a longitudinal block 

randomisation-controlled trial examining the effect of music education on EsF, short-term 

memory, and verbal IQ in primary school children (for details see Jaschke, Honing & Scherder, 

2018). Baseline data included in the present study, represent the first measure of all cognitive 

tests before administering the music intervention in our longitudinal follow-up measure. 

 

PROCEDURE 

 

Trained research assistants administered each test, whereby each participant was tested 

individually in a quiet environment during school hours. Total testing time was 1.5 hours per 

participant, thereby minimising disturbance during school hours as much as possible. 

The whole test protocol was administered in one session with short breaks where necessary to 

motivate and allow the participants to regain their focus on the tasks. All tasks were presented in 

a child-friendly manner and aimed at creating a ‘computer-game’ environment.  

 

EXCLUSION CRITERIA 

 

We have used the following exclusion criteria: inability to perform neuro-psychological testing 

due to dyslexia, dyscalculia, severe deafness and blindness or insufficient motor command of 

both arms.  

 

MEDICATION 

 

Nine participants use medication. However, the medication was not associated with a possible 

decrease in cognitive performance (Zomacton, Movicolon, Ventolin, Zyrtec, Aerius, D-Amo-X.Z., 

Broxil and Flixotide). 
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INFORMED CONSENT 

 

Informed consent was obtained prior to the research from the child’s parents or legal 

representatives. The Medical Ethical Committee of the VU University Medical Centre Amsterdam 

as well as the Research and Ethics committee of the VU University Amsterdam have approved 

this study. 

 

MATERIALS  

 

INTAKE QUESTIONNAIRE  

 

Parents were asked to complete a self-created intake questionnaire which included questions 

about socio-economic background as measured by level of education, health issues of their child 

and the general home situation e.g. interaction with siblings, behaviour at home such as calm, 

angry at times or violent, within general domestic challenges. Socio-economic status was 

estimated by each parents’ education levels individually. Education levels were distributed 

equally across the groups with no parent scoring lower than basic secondary school education. 

An important part of this intake questionnaire investigated general exposure to music, reflected 

in, for example, concert attendance, musical engagement at home as well as music lessons and 

their duration and frequency outside of school. Moreover, parents’ values of a musical 

environment at home was analysed by asking questions as to what music is played, how often 

and in which context (leisure, learning or other). Furthermore, a full-scale analysis of exposure, 

frequency and parents’ musical aptitudes was conducted through the intake questionnaire 

yielding a score for a MEE (Table 2). 
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Table 2: MEE, excerpt from the self-created intake questionnaire  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Excerpt of intake questionnaire on quantification of a musically enriched environment. D = Descriptive: information 
was filled into the questionnaire by the parent or legal representative, Q = Quantitative:  groupings were made e.g. 
time practised or time exposure to music for quantification, being scored with 0 = No and 1 = Yes.  Additionally, 
exposing the child to music was assessed with a Likert scale (0-5); 0 little to no exposure, 5 a lot of exposure, 
amounting to a total of 25 points. 
 

Survey Theme Question summaries Scoring 

Music lessons Does the child receive music lessons Q [0,1] 

 private 

at school 

both 

 

 Type of music lessons 

Individual  

group 

Q [0,1] 

 Length 

15 – 30 min 

30 – 45 min 

45 – 60 min 

60 + min (please specify) 

Q [0,1] 

 Which instrument does your child play (please specify) D 

Music preferences Which genre/sort of music (please specify) D 

Music exposure When does the child listen/sing 

at home 

social 

with peers 

during homework  

during play 

Q 

[0,1] 

[0,1] 

[0,1] 

[0,1] 

[0,1] 

 Average length of exposure per ‘session’ (please specify) D 

Music activity Child puts on music him/herself Q [0,1] 

 Length of listening D 

Parents use of music Exposing the child to music: 

at home 

concerts 

during tasks / homework / play 

 

Q 

[0-5] 

[0-5] 

[0-5] 

 Mother / Father is 

musician 

active amateur musician 

none 

Q [0,1] 
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QUANTIFICATION OF THE MEE AS PART OF THE INTAKE QUESTIONNAIRE 
 

To quantify the MEE we used information gathered from the intake questionnaire showing 

insight into the participants’ exposure to an enriched environment. The decision to use the 

findings of the intake questionnaire was based on the absence of an inventory that gathers data 

focusing specifically on a MEE for young children between the ages of 5-10. 

The subsection on a MEE has been divided into five main sections, i.e. music lesson, preferences, 

exposure, activity and parents’ use of music. Each section consists of several questions and is 

quantified by yes (=1) and no (=0) answers and a 5-point Likert scale (see S1 Table 1). Numerical 

representations of the answers were added together to yield a total score between 0 and 25; i.e. 

section 1 on music lessons: total score 3; section 2 on music exposure: score 5; section 4 on 

music activity: score 1; and section 5 on parents’ use of music: score 16. Overall, they yield a 

maximum score of 25 points. Additionally, descriptive information was used to determine the 

genre of music and the type of musical instrument, this data was not represented numerically 

and serves as additional information.  To be able to determine whether a child was exposed to an 

enriched environment a threshold was set at the halfway mark, i.e. 12.5 points, according to 

standardised statistics literature in clinimetrics (Tomba & Bech, 2012). Scores below this 

threshold describe exposure to a MEE to a lesser extent, and scores above 12.5 describe 

exposure to a greater extent (Figure 1). 

As the items were designed to give insight into the exposure of a MEE and formed part of a 

larger intake questionnaire (Cronbach alpha 0.79), we investigated the mean inter-item 

correlation, yielding 0.31, therefore operating in the recommended optimal range of 0.2 to 0.4. 

 

NEUROPSYCHOLOGICAL TEST BATTERY 

 

The following EsF were tested: planning (Tower of London), working memory (Klingberg task), 

and inhibition (Go/no-Go task). Additionally, verbal IQ was assessed with four sub-tests (I, III, V, 

VII) of the WISC-III as well as short term memory using the Klingberg matrix. These tests were 

administered using an iPad 2 running iOS 7 or higher (screen size 9.7 inch, 1024 x 768, 132 ppi, 

multi-touch). This minimises interaction and influence of the researcher as s/he stands behind 

the participant during testing instead of in front of the participant actually reading or showing 
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the test trials, as may be the case in traditional ‘pen and paper’ tests. All cognitive tests used 

were amended from the common ‘pen and paper’ tests and were coded in Apple script and 

Apple Developer Xcode 6 software by professional programmers together with the authors. 

 

PLANNING: TOWER OF LONDON (TOL) 

 

Planning was tested with the Tower of London test (ToL) (Shallice, 1982), which was shown to be 

a valid measure of higher-order problem solving. Participants perform several trials by sorting 

coloured balls to match the provided final constellation of the balls in as few moves as possible. 

The balls must be shifted on three rods and can only be moved from rod to rod one at a time. 

Time to complete the task as well as number of moves to achieve the goal are measured. Test-

retest reliability of the ToL is adequate at r = 0.739 and 0.734 Schumacher et al., 2015). As there 

is no suitable scoring method for the ToL in the literature, which allowed more subtle differences 

in scoring rather than simply correct or incorrect, the authors composed a refined scoring 

methodology Jaschke, Honing & Scherder, 2018). The score is based on the maximum points to 

be obtained per trial, respectively one point for the three-ball problem, two points for the four-

ball problem and three points for the five and six ball problem.  Each excess move (moves which 

are more than the minimum moves necessary to solve the trial), are subtracted from one 

another and multiplied by ten to yield an excess error percentage. This   percentage   is   

subtracted   from   the   maximum   amount   of   points   to   be   obtained   per trial, yielding the 

overall amount of points, between 0.0 and depending on the trial 1.0, 2.0 or 3.0. 

The sum of all trials yields the final score, which can reach a maximum of forty points. Points can 

be achieved on equal distances from 0.0 to 40.0, with stepwise .1 increase or decrease, yielding 

a much more precise scoring (Jaschke, Honing & Scherder, 2018). 

 

KLINGBERG SHORT-TERM AND WORKING MEMORY TASK 

 

Visuo-spatial short-term and working memory is measured using a dot matrix, whereby 

participants must select dots which appear in a four by four grid in forward (short-term memory) 

and reverse order (working memory) (Alloway, 2007; Dumontheil & klingberg, 2012). The task 
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involves remembering the location of the dots and increases consecutively in difficulty (more 

dots must be remembered). Test-retest validity and reliability correlates with the components 

span forward and span backward of the test, r = 0.79 (Sung, 2011; Waters & Caplan, 2003). Each 

level represents four trials with an increasing number of dots (Level 1 = 4 x 2, Level 2 = 4 x 3, 

Level 3 = 4 x 4, Level 5 = 4 x 5 and Level 6 = 4 x 6). By multiplying the correct trial times by the 

level was included into the algorithm, as our version divided the total amount of trials with the 

overall reaction time. This number, however, did not represent a correct value and had to be 

multiplied by the number of levels to correct for the total reaction time resulting in a corrected 

final value for each participant. 

 

INHIBITION: GO/NO-GO TASK 

 

Inhibition was assessed using a Go/no-Go task (Nosek & Banaji, 2001) which measures the ability 

to inhibit a motor response to a presented visual stimulus. In one outcome, the participant is 

required to perform a response (go condition) and withhold a motor response when the object is 

crossed through (no-go condition). Accuracy and reaction time are measured to indicate the 

participants’ inhibitive qualities. 

The version used here was created specifically for children and depicts an aeroplane which flies 

either left or right (go condition, pressing either the left or right button respectively). If the plane 

is crossed through the respondent should not press the left or right button on the screen. A 

latency time of 10ms is added to the cross (the cross appears later than the plane) when the 

participant performs better on the no-go stimulus adding difficulty to each trial. Equally, 10ms is 

subtracted when the participant performs worse on the no-Go-stimulus to decrease difficulty, 

motivating the participant to continue and finish the task. Test-retest coefficients are satisfactory 

for the action inhibition condition (no-Go) Mean probability of inhibition r = 0.72, Mean reaction 

time (MRT) r = 0.66, Total Errors r = 0.49, Slope of inhibition function r = 0.32 and Standardised 

Reaction Time SSRT r = 0.21. To determine the final stop signal reaction time, the total amount of 

stop signal delay time (SSDT) (as delay times vary per trial, the amount of delay was different per 

participant amounting to an average stop signal delay time) was subtracted from the mean 

reaction time (MRT) and divided by the percentage of errors. SSDT subtracted from MRT resulted 
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in a raw score, which was corrected for errors, resulting in a standardised Stop Signal Reaction 

Time. The level of inhibition was determined through an error percentage corrected for 

standardised SSRT, whereby a lower SSRT indicated a better ability to inhibit during the stop 

stimulus. This approach was chosen as a more conservative scoring that may have produced high 

accuracy scores. However, low processing speed may have resulted in low efficiency scores 

(Votruba & Langenecker, 2013; Logan & Cowan, 1984). 

 

VERBAL INTELLIGENCE  

 

Sub-tests of the Wechsler Intelligence Scale (WISC) for Children 3rd Edition (WISC-III) (Wechsler, 

1991) were used to measure verbal intelligence. Sub-tests I (Information), III (Similarities), V 

(Verbal Comprehension) and VII (Arithmetic) were administered.  

The selection of the short-form of the WISC-III-NL is based on acceptable reliability and validity 

as divided into the subtest vocabulary (α = 0.96, r = 0.85), similarities (α = 0.93, r = 0.81), 

mathematical skills (α = 0.93, r = 0.74) and information (α = 0.95, r = 0.82) showing highest 

correlations with the total verbal intelligence scale compared with other subtests of the WISC-III-

NL (Wechsler, 1991). The sum of the correlations between the subtests (Σrjk = 3.41) gives the 

constants a = 1.5 and b = 40. As described in the WISC-III manual, mathematical skills are 

presented as verbal problems in this sub-test of the WISC-III and therefore, are part of verbal 

intelligence measures (Wechsler, 1991).  

Verbal intelligence was chosen over a whole scale or a performative intelligence as education 

methods in Dutch primary schools are based on verbal problem-solving in both language and 

mathematical skills. The WISC-III was chosen above the WISC-IV as validity scores are more 

reliable for the subtests as used in this study. 

 

DATA ANALYSIS 

 

We tested whether mean scores on the MEE would show a significant relationship between EsF 

(planning, working memory, and inhibition), short-term memory and verbal intelligence. Scores 

on EsFs, short-term memory and sub-tests of the WISC-III were converted into z-scores and, 
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according to factor analysis, summed up to define specific domains. Although the research 

question concerned a relationship between MEE and overall cognitive functions, which include 

executive sub-functions (planning, working memory, and inhibition), short-term memory and the 

WISC-III sub-tests, we investigated whether we could combine variables into domains before 

entering them into the regression model. In order to do so, we have included executive sub-

functions (planning, working memory, inhibition), short-term memory (Klingberg forward 

condition), and verbal intelligence into one overall domain. The inter-item reliability analysis 

yielded a Cronbach’s alpha that was, however, too low: 0.58 to use all variables at once for 

regression. In the second step, we have attempted to construct the domain ‘executive sub-

functions’ (planning, working memory, and inhibition) to control for multiple tests. The inter-item 

reliability Cronbach’s alpha was, however, too low: 0.61. Therefore, we have discarded both 

domains and entered each test step-by-step into our regression model. We tested the 

hypothesis whether an exposure to a MEE is a significant predictor to EsFs, short-term memory 

or verbal intelligence (step 2) after controlling for age and parents’ education (step 1). 

To perform the above-mentioned analyses, SPSS Statistics and R statistical software were used 

(SPSS 24, IBM and R Language 3.3.2.). As we could not construct an ‘executive functions’ domain 

nor a ‘cognitive function’ domain, we used steps 1 and 2 for each EsF, short-term memory and 

the short version of the WISC-III. The level of significance was adjusted using a Bonferroni 

correction. Levels of significance therefore were adjusted from p ≤ .05 to p ≤ .01, to control for 

multiple tests used in our statistical model. 

 

RESULTS  

 

176 children completed the measurements. Preliminary analyses were conducted to ensure no 

violation of the assumption of normality, linearity, multicollinearity and homoscedasticity. 

The ages within the sample represented the usual age distribution in Dutch primary schools for 

grades 3 and 4 at baseline. A chi-square analysis has shown no statistically significant difference 

between age at the time of measurement χ2 (1) = 1.61, p = 0.784. 

The socio-economic background and age of the participants were used as additional factors in 

the regression model, not influencing the predictor as set at experiencing a MEE (Table 2 for 
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details). The MEE score was computed based on the music related intake question (Table 2) 

within the Regression model analysis. 

After the entry of WISC-III (Verbal Intelligence: VI), ToL (planning), Klingberg Forward (short-term 

memory), Klingberg Visuo-spatial Backward Span (Working Memory), and Go/no-Go (Inhibition) 

at step 2 respectively, the total variance explained the model on intelligence with 32.6 %. It did 

not account significantly on measures of each of the EsFs and short-term memory (Table 3).  

However, when computing the model with experience of a MEE and intelligence (controlled for 

age and parents education level), a positive trend between an enriched environment and verbal 

intelligence scores, β = 0.285 (p = 0.02, Table 3) (Figure 1), was revealed. 

 
Figure 1: Distribution of individual WISC-III scores in relation to a MEE 

 

 

 
Figure 1 shows the distribution of intelligence scores compared to participants across different gradations of 
experiencing a MEE as computed by the regression model. Vertical lines represent distribution across participants. 
The diagonal line depicts the differences in predicted values between the MEE intake questionnaire score and verbal 
intelligence as measured by the WISC III.  
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Table 3: Predictions of executive functions: results of linear regression analysis. 
 
Dependent variable 
 

Predictor β sig R2 

Planning (ToL) 
 

    

step 1 age .142 .10  
 education mother .045 .64  
 education father 

 
.042 .64  

Step 2 MEE .035 .06 .468 a 

     
Inhibition (Go/noGo) 
 

    

step 1 age .092 .08  
 education mother .051 .39  
 education father 

 
.052 .32  

Step 2 MEE .132 .06 .366 b 

     
Working Memory (KL-Matrix) 
 

    

step 1 age .184 .03  
 education mother .150 .12  
 education father 

 
.201 .04  

Step 2 MEE .131 .08 .312 c 

     
Short-term Memory (KL-Matrix) 
 

    

step 1 age .189 .02  
 education mother .060 .53  
 education father 

 
.069 .48  

Step 2 MEE .08 .09 .323 d 

     
Verbal IQ (WISC-III) 
 

    

step 1 age    
 education mother .009 .49  
 education father 

 
.009 .48  

Step 2 MEE .285 .02 .326*, e 

 
* < .01 
 

a F (4, 172) = 18.933 
b F (4, 172) = 19.31 

c F (4, 172) = 23.21 

d F (4, 172) = 23.21 
e F (4, 172) = 36.23 
 
 

   

 
Edu = educational level, β = standard coefficient Beta value, sig. = statistical significance, R2 = model variance 
Predictions. 
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DISCUSSION 

 

The primary goal of the present study was to examine whether a relationship exists between a 

MEE and executive sub-functions (planning, working memory, inhibition), short-term memory, 

and verbal intelligence. The results show only a trend (p = 0.02) concerning the relationship 

between MEE and verbal intelligence. No significant effects were observed between MEE, EsFs, 

and short-term memory.   

 We first address the negative findings. The lack of a relationship between MEE and 

specific EsFs (planning, working memory, inhibition) has been observed before (Slevc et al., 

2016). In that study, there was no relationship between musical sophistication (formal music 

lessons) and cognitive flexibility, measured by a switching task. Participants’ musical experience 

consisted of formal musical training (in fact a more intense musical training compared with our 

more informal MEE). In contrast, Slevc and colleagues (2016) found a positive relationship 

between MEE and working memory. They argue that it is the formal musical training itself that 

requires working memory, which is why they found a relationship between musical experience 

and scores on the working memory task. In other words, our MEE, consisting of attending 

concerts, listening to music or music theory lessons at school, for example, may not have been 

specific enough, meaning that the aspects of our MEE did not ‘train’ specific EsFs such as 

planning, working memory, and inhibition. The same line of reasoning may hold for the lack of 

relationship between MEE and short-term memory. Indeed, in one of our own recent studies, 

children showed an improvement in planning and inhibition, in addition to verbal intelligence. In 

that longitudinal study, children participated in a more intense music programme, including 

playing instruments, listening and music theory, across a period of 2.5 years (for more details see 

Jaschke, Honing & Scherder, 2018). Furthermore, it has been observed that playing an 

instrument may have a beneficial effect on both planning and inhibition (impulse regulation) 

(Hudziak et al., 2014). 

 Interestingly, exposure to our MEE revealed a positive relationship with verbal 

intelligence. As this relationship showed a trend (p = 0.02), one should consider this finding with 

caution. The relationship between music and language has been investigated for decades as 

reflected, among others, in the elegant work of Patel (2017) or Peretz (2017). Various studies 
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have confirmed a relationship between music listening and language as they share similar 

capacities in terms of perception and processing as well as neuroanatomical markers in language 

aptitude and musicality (Hudziak et al., 2014; Patel, 2017; Mongeli et al., 2017; Turker et al., 

2017; Trehub & Trainor, 1993; Levitin & Menon, 2003; Brown, Martinez & Parsons, 2006; Mooij 

et al., 2016). For example, listening to either music or language recruits similar brain structures, 

e.g. the arcuate fasciculus (Trehub & Trainor, 1993; Levitin & Menon, 2003; Brown, Martinez & 

Parsons, 2006) or the Heschel’s Gyrus and Broca’s area (Turker et al., 2017; Mooij et al., 2016) 

and therefore supports a possible enhancement of verbal intelligence scores when experiencing 

music (Turker et al., 2017; Trehub & Trainor, 1993; Levitin & Menon, 2003; Brown, Martinez & 

Parsons, 2006; Mooij et al., 2016). Additionally, multiple studies on the influence of music on 

sub-components of language e.g. semantics, spelling, syntax and vocabulary have supported the 

relationship between music listening and language (Register, 2001; Tsang & Conrad, 2011; Degé 

& Schwarzer, 2011; Turker et al., 2017; Trehub & Trainor, 1993; Levitin & Menon, 2003; Brown, 

Martinez & Parsons, 2006; Mooij et al., 2016; Du & Zatorre, 2017). These studies argue that 

music and language share capacities such as rhythm and melody and therefore overlap with 

associated neural networks, supporting a possible transfer (Jaschke, Honing & Scherder, 2018; 

Turker et al., 2017; Trehub & Trainor, 1993; Levitin & Menon, 2003; Brown, Martinez & Parsons, 

2006; Mooij et al., 2016; Du & Zatorre, 2017; Sachs et al., 2016). Further support for this mutual 

influence emerges from the available literature (Piro & Ortiz, 2009; Jentschke, Koelsch & 

Friederici, 2005; Sallat & Jentschke, 2015; Yang et al., 2014). Yang et al. (2014) found a positive 

effect of music on second language acquisition. In that study, testing second language only 

appealed to listening comprehension, knowledge of phonology, and word meaning whereas 

testing first language appealed to a wider range of language functions. They argue that the fewer 

components of language one assesses, the higher the chance that one will find a beneficial effect 

of music on those components. Dawson et al. (2017) found a positive relationship between pitch 

discrimination and musical experience. These results suggest that informal music exposure may 

indeed enhance music-related sound features in first language understanding and modulation. 

Even in very young children, ‘informal musical experience’, e.g. singing and playing a rhythm to 

music, made them more sensitive to detecting a deviant tone in a series of standard tones 

(Putkinen, Tervaniemi & Huotilainen, 2013). In other words, informal musical experience 
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improved the quality of auditory processing (Putkinen, Tervaniemi & Huotilainen, 2013; Dawson 

et al., 2017). 

 

LIMITATIONS 

 

A first limitation is that the items included in our MEE have not been validated. We could have 

used the scale for musical sophistication, developed by Müllensiefen and colleagues 

(Müllensiefen et al., 2014). This scale is a comprehensive questionnaire that focuses on the 

general adult population through self-report. The questionnaire requires that the participants 

read and write about music, activities that are usually not performed by children ranging 

between the ages of 5 and 10 years. The latter group of children participated in the present 

study, and therefore Müllensiefen et al’s (2014) GOLD-MSI approach was inappropriate. 

 A second limitation might be that the present study is a cross-sectional study, implying 

that one can only report relations instead of causal relationships. Although we found non-

significant relations (we adjusted the level of significance to control for multiple tests), we 

reported that the relationship between MEE and verbal intelligence showed a trend (p = 0.02), 

which can be explained by the strong explorative character of the present study. Nonetheless, as 

this study has investigated a cohort and neither used a pre- post measure nor a control group, 

we do not state any effect from MEE to cognitive performance. Yet, being exposed to a musically 

enriched environment, performs on the edge between active listening, active engagement and 

passive listening (Fung & Gromko, 2001). Visiting a concert, invites the listener to engage with 

the music, listening with focused attention. Passive listening, such as in background music when 

studying or playing with peers, spontaneously engages related language networks in the brain, 

allowing for a possible association between a MEE and verbal intelligence scores (Brown, 

Martinez & Parsons, 2006). 

However, to further consolidate such a trend, validation as well as expansion of the questions of 

the MEE should be taken into consideration. Giving the need to be able to measure the exposure 

of a MEE in young children, would therefore increase our knowledge of the benefits of either 

learning to play an instrument (Jaschke, Honing & Scherder, 2018) or the exposure to an 
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enriched environment significantly (Putkinen, Tervaniemi & Huotilainen, 2013; Dawson et al., 

2017). 

 

CONCLUSION 

 

In conclusion, the present results suggest, that a MEE does not predict increased scores on 

executive sub-functions, but may have a positive relationship with verbal intelligence. As there 

are no comparable cross-sectional studies examining children in their first years of development, 

further investigations have to tackle the question whether a MEE can predict higher cognitive 

functions besides verbal intelligence.  
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ABSTRACT  
 
Background Research on the effects of music education on cognitive abilities has generated 

increasing interest across the scientific community. Nonetheless, longitudinal studies 

investigating the effects of structured music education on cognitive sub-functions are still rare. 

Prime candidates for investigating a relationship between academic achievement and music 

education appear to be executive functions such as planning, working memory, and inhibition. 

Methods One hundred and forty-seven primary school children, Mage= 6.4 years, SD = 0.65 were 

followed for 2.5 years. Participants were randomized into four groups: two music intervention 

groups, one active visual arts group, and a no arts control group. Neuropsychological tests 

assessed verbal intelligence and executive functions. Additionally, a national pupil monitor 

provided data on academic performance. 

Results Children in the visual arts group perform better on visuospatial memory tasks as 

compared to the three other conditions. However, the test scores on inhibition, planning and 

verbal intelligence increased significantly in the two music groups over time as compared to the 

visual art and no arts controls. Mediation analysis with executive functions and verbal IQ as 

mediator for academic performance have shown a possible far transfer effect from executive 

sub-function to academic performance scores. 

Discussion: The present results indicate a positive influence of long-term music education on 

cognitive abilities such as inhibition and planning. Of note, following a two-and-a-half year long 

visual arts program significantly improves scores on a visuospatial memory task. All results 

combined, this study supports a far transfer effect from music education to academic 

achievement mediated by executive sub-functions. 
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INTRODUCTION 

 

Arguing in favour of far transfer from music lessons to academic achievement remains difficult 

(Ho et al., 2003; Costa-Giomi, 2004; Schellenberg, 2006; Degé et al., 2011; Moreno et al., 

2011; Tsang and Conrad, 2011; Rodrigues et al., 2013; Roden et al., 2014; Dumont et al., 

2017; Holochwost et al., 2017). Researchers comparing musical with non-musical groups have 

concluded that personality traits, as well as economic status, can contribute to the reason 

participants take up music training, implying possible advantages in cognitive functions and 

therefore motivation to follow music lessons (Corrigall et al., 2013). Analysing far transfer in 

randomized controlled longitudinal studies however, has minimized factors like home support, 

socioeconomic status, available resources, peer-to-peer interaction, or musical aptitude (Roden 

et al., 2013). Yet proving a possible far transfer effect from music education to academic 

achievement remains a difficult task. There seems to be little evidence that musical skills transfer 

directly to, for example, mathematics or language (Mehr et al., 2013; Dumont et al., 2017; Kraus 

and White-Schwoch, 2017; Sala and Gobet, 2017). The prime candidate when analysing a 

possible far transfer effect from music skills to cognitive functioning and academic achievement 

appears to be executive functions. The sub-division of executive functions (EF also known 

as cognitive control or executive control) such as initiation, planning, attention, inhibition and 

working memory (Corrigall et al., 2013; Mehr et al., 2013; Roden et al., 2013; Sala and Gobet, 

2017) play a crucial role in general cognitive processes (Engle, 2002; Slevc et al., 2016). 

Researchers have concluded that an increase in intelligence scores and thus academic skills was 

mediated by higher performances on EF tasks in children receiving music lessons (Degé et al., 

2011). These studies, however, have received a fair amount of criticism as the relationship 

between music, intelligence, and academic skills was not made clear. Reasons for this were 

found in children being neither matched at baseline nor randomized. This could imply that 

children with a higher IQ may also have increased executive functioning skills, which might 

enable them to persist in their music studies thereby benefiting from a possible long-term effect 

of music on EF. Additionally, umbrella terms were used to describe executive functioning. These 

did not allow for a structured analysis of related sub-functions such as inhibition, planning or 

working memory. 
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Zuk et al. (2015), have investigated the neural correlates of executive functioning in both adult 

and child musicians and non-musicians with functional magnetic resonance imaging (fMRI) and 

neuropsychological testing. Their results have shown increased activation in the areas of the 

brain traditionally associated with EF regions, like the ventro-lateral and the medial prefrontal 

cortex in child musicians. The authors conclude that a direct connection between neural 

correlates of EF and musical skills is highly possible given the extended demand of planning, 

attention, working memory, and inhibition when playing or singing. While investigating this 

relationship, Roden et al. (2013, 2014) have compared an active music group to a science class 

group and concluded that the music group increased on auditory working memory capacity over 

a period of 18 months. The authors stressed however, that these results have to be interpreted 

with caution as they have used a quasi-experimental design without randomization of 

participants. Furthermore, they suggest that children receiving music lessons only improve in 

music related cognitive domains such as auditory working memory, supporting a near but not a 

far transfer effect. Costa-Giomi (2004) has researched the effect of 3 years of piano lessons on 

academic achievement and self-esteem in 117 fourth grade children. Even though self-esteem 

has significantly improved there was no transfer effect to academic achievement in this group. 

Further, researchers have investigated a possible far transfer effect from music lessons to 

mathematical abilities in 5-year-old children (Mehr et al., 2013). Children were randomly 

assigned to either a music program where they sang songs, danced, and played with shakers 

and/or sticks or to a visual arts group. The authors found no significant difference between both 

groups on tests associated with mathematical skills, thus no far transfer from music to 

mathematics (Mehr et al., 2013). Contrary to these findings, a recent study has investigated a 

possible transfer from music education to academic achievement in a 3-year follow-up in 11 and 

14-year-old children (dos Santos-Luiz et al., 2015). Controlling for intelligence, socioeconomic 

status, and motivation, the authors have found evidence of a far transfer effect from music 

education to increased Portuguese language skills and marks in natural science. The same study 

however, has found a weaker transfer relationship with history and geography and transfer was 

least pronounced to mathematics and English language skills. 

In sum, inconclusive results (Detterman, 1993; Halpern, 1998; Barnett and Ceci, 2002;     

Engle, 2002; Ho et al., 2003; Costa-Giomi, 2004; Schellenberg, 2006; Degé and Schwarzer, 
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2011; Degé et al., 2011; Moreno et al., 2011; Tsang and Conrad, 2011; Rickard et al., 

2012; Corrigall et al., 2013; Mehr et al., 2013; Roden et al., 2013, 2014; Rodrigues et al., 

2013; Benz et al., 2015;  dos Santos-Luiz et al., 2015; Flaugnacco et al., 2015; Zuk et al., 

2015; Slevc et al., 2016; Swaminathan and Schellenberg, 2016; Dumont et al., 2017; Holochwost 

et al., 2017; Kraus and White-Schwoch, 2017; Sala and Gobet, 2017) often find their origin in 

being set up as correlational. Investigations using a longitudinal design are often quasi-

experimental designs lacking randomization (Roden et al., 2014) or use non-active control 

groups (Engle, 2002; Ho et al., 2003; Costa-Giomi, 2004; Schellenberg, 2006; Degé et al., 

2011; Moreno et al., 2011; Tsang and Conrad, 2011; Rodrigues et al., 2013; Roden et al., 

2014; Slevc et al., 2016; Dumont et al., 2017; Holochwost et al., 2017). In light of these 

ambiguous findings, three recent reviews (Benz et al., 2015; Dumont et al., 2017; Sala and 

Gobet, 2017) have shown that research into the effects of music interventions on cognitive skills, 

even though promising, still need more randomized longitudinal studies to support a positive 

claim. To address this issue, we investigated the influence of a structured music education 

program in primary school children with a block randomization longitudinal design. Arts 

programs were introduced into the school curriculum to reach every student in the participating 

groups. The music group was compared to an active visual arts control as well as a no arts 

control group. It is hypothesized therefore that music education will improve EF sub-functions 

i.e., inhibition, planning, and working memory, thus supporting a far transfer effect to academic 

achievement. We have chosen these executive sub-functions as they are needed for both 

academic tasks and learning how to play music or sing (Detterman, 1993; Halpern, 1998; Barnett 

and Ceci, 2002; Roden et al., 2013; Swaminathan and Schellenberg, 2016; Dumont et al., 

2017; Sala and Gobet, 2017). 

 

METHODS 

 

DESIGN 

 

The design of the present longitudinal study was a block randomization-controlled trial with 

repeated measures across three groups: MUSIC, VISUAL ARTS, and NO ARTS. A fourth group, 
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MUSIC + was added post-hoc to our data collection for inclusion into statistical analysis and was 

therefore not an option in the randomization procedure as described here. 

MOCCA, an expert centre for creating and applying arts-based and general educational programs 

selected primary schools across the Netherlands from an extensive database of Dutch primary 

schools. All 153 schools from this database were assigned identification numbers. These 

numbers were forwarded to an independent administration worker. S/he has randomly selected 

six1 identification numbers, i.e., schools, to be included into our study using the RAND function in 

Microsoft® Excel. Finally, MOCCA assigned two schools (blocks) to one of the three conditions: 

two schools to the music intervention, two schools to the visual arts intervention and two 

schools to the no arts control. Participants followed the regular Dutch school curriculum for 

primary schools and have received the music or visual arts intervention as supplementary to the 

regular curriculum2. The researchers were blind to the selection procedure. 

 

PARTICIPANTS 

 

Initially N = 230 participants across six primary schools were approached to participate, N = 176 

were tested at baseline (52.4% girls) with a mean age of Mage = 6.4 years, SD = 0.65. According to 

Menard (ed.) et al. (Menard, 2007), a 15% drop-out rate for longitudinal designs could be 

expected due to personal or geographical reasons. Missing values i.e., incomplete test results, 

sickness of the participants at any testing moment or unexpected termination of the test were 

excluded from the final data analysis. Throughout all testing moments outliers were identified as 

any score on any test which could be classified as outside the outer fences of the test as cross 

checked within the used statistical software3. 

The baseline sample was divided into four groups and, after accounting for missing values, 

outliers and drop outs (Figure 2), the final analysis was performed over N = 147 participants: 

(1) MUSIC + (N = 38; Mage = 6.3, SD = 0.52) music intervention with prior music knowledge 

(private instrumental lessons outside of the regular school curriculum M = 3.5 months, SD = 0.89 

and continued these in parallel with our music intervention); (2) Music intervention no prior 

Music knowledge MUSIC (N = 42; Mage = 6.4, SD = 0.44), (3) VISUAL ARTS (N = 29; Mage = 6.6, SD = 

0.48), and (4) NO ARTS control (N = 37; Mage = 6.2, SD = 0.73). 
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Exclusion criteria were set at the inability to perform neuropsychological testing due to dyslexia, 

dyscalculia, severe deafness, and blindness or insufficient motor command of both arms as well 

as children in either control condition (VISUAL or NO ARTS) who received private music lessons. 

Informed consent was obtained from parents or legal representatives prior to the study. 

This research has been approved by the Medical Ethical Commission of the VU University 

Medical Centre Amsterdam as well as the VU University Science and Ethics board. 

 

MEDICATION 

 

Nine participants use medication (Zomacton, Movicolon, Ventolin, Zyrtec, Aerius, D-Amo-X.Z., 

Broxil, and Flixotide), however these were not excluded from testing (medication had to the 

authors' knowledge no influence on the administered tests). 

 

MATERIALS 

 

Participants were matched for inclusion into statistical analysis using variables from our intake-

questionnaire. Matching criteria obtained from the questionnaires were parents' socio-economic 

status, medication, and prior medical issues as well as exposure to a musically enriched 

environment. Additionally, identification of strengths and weaknesses of participants (strengths 

and difficulties questionnaire SDQ-Dut; Goodman, 2001), reward and punishment sensitivity in 

children with ADHD SPSRQ-C (Goodman, 2001), possible traits of high-functioning autism 

(Autism Quotient for children; Auyeung et al., 2008), and ADHD (Strengths and weakness of 

ADHD-symptoms and normal behaviour, SWAN; Luman et al., 2008), formed part of this intake 

questionnaire. These were added to ensure the results were not skewed by possible pathologies. 

Furthermore, the socio-economic background of participants was assessed by the highest 

education level of both parents, whereby all parents have scored above secondary school level. 

Participants were followed over a period of 2.5 years and identical neuropsychological tests were 

administered every 6 months (T0 – T4). To minimize a possible learning effect, the tests 

increased progressively in difficulty e.g., increase in items to be remembered or moved (see 

details under specific test). 
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NEUROPSYCHOLOGICAL TEST BATTERY 

 

The analysis of executive functions covers a wide range of such functions. Our focus was on 

planning, inhibition, short term memory, and working memory. All of these tests were 

administered by using an iPad 2 or 3 running iOS 7 or higher (screen size 9.7 inch, 1,024 × 768, 

132 ppi, multitouch) minimizing researcher bias. These tests represent the traditional “pen and 

paper” and “manual tests” and were coded by programming specialists and the researchers in 

Apple script with Apple Developer Xcode 6 software. 

All tests, with exception of the Tower of London (see sub-section ToL), were scored according to 

the validation and scoring criteria as stated in each testing manual or handbook. These criteria 

were translated into the computerized versions used here. All output data use customized 

algorithms to present results in final scores per test, test trial, and participant. 

 

PLANNING: TOWER OF LONDON (TOL) 

 

Planning was tested with the Tower of London test (ToL) (Shallice, 1982), which was shown to be 

a valid measure of higher order problem solving. Participants performed several tasks by sorting 

coloured balls to match the provided final constellation of the balls in as few moves as possible. 

Balls were shifted on three rods and could only be moved from rod to rod one at a time. Time to 

complete the task, as well as number of moves to achieve the goal, were measured. Test-retest 

reliability of the ToL was adequate at r = 0.739 and 0.734 (Schumacher et al., 2015). As there is 

no suitable scoring method for the Tower of London in the literature, which allowed more subtle 

differences in scoring—rather than simply correct or incorrect—the authors comprised a refined 

scoring methodology (see Appendix I in Supplementary Material). 

 

VISUOSPATIAL SHORT TERM AND WORKING MEMORY: KLINGBERG SHORT TERM AND WORKING 

MEMORY TASK 

 

Visuospatial working memory and short-term memory was measured using a dot matrix, 

whereby participants were required to select dots appearing in a four by four grid in forward and 
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reverse order (Alloway, 2007; Dumontheil and Klingberg, 2012). The task involved remembering 

the location of the dots. Difficulty increased through adding additional dots up to a maximum of 

seven as well as changes in location of the dots. Test-retest validity and reliability was highly 

correlated with the components span forward and span backward of the test, r = 0.79 (Waters 

and Caplan, 2003; Sung, 2011). Each level represented four trials with increasing number of dots 

(Level 1 = 4 × 2, Level 2 = 4 × 3, Level 3 = 4 × 4, Level 5 = 4 × 5, and Level 6 = 4 × 6). Multiplying 

the correct trials times the level reached was included into the algorithm, as our version divided 

the total amount of trials with the overall reaction time. This number however, did not represent 

a correct value and had to be multiplied with the amount of levels to correct for the total 

reaction time resulting in a corrected final value for each participant. 

 

INHIBITION: GO/NO-GO TASK 

 

Inhibition was assessed with a go /no go paradigm (Nosek and Banaji, 2001; Lakatos et al., 2013), 

which measured the ability to inhibit a motor response to a presented visual stimulus. In one 

outcome, the participant was required to perform a response (go condition) and withhold a 

motor response when the object was crossed through (no go condition). Accuracy and reaction 

time were measured to give an indication of the participants' inhibitive qualities. The version 

used here was created specifically for children and depicts a plane, which either flies left or right. 

If the plane is crossed through, the respondent should not press the left or right button on the 

screen. Difficulty was increased progressively adding a latency time of 10 ms (cross appears later 

than the plane). The better the child performs, the later the cross appears. Equally, if the 

participant presses before the cross appears (performing worse on the no-go stimulus) the 

latency time diminished and the cross was added earlier after the plane appears. Test-retest 

coefficients were satisfactory for the stop task Mean probability of inhibition r = 0.72, Mean 

reaction time MRT r = 0.66, Total Errors r = 0.49, Slope of inhibition function r = 0.32 and 

standardized Stop Signal Reaction Time SSRT r = 0.21. To determine the final stop signal reaction 

time, the total amount of stop signal delay time (as delay times vary per trial, the amount of 

delay was different per participant amounting to an average stop signal delay time) was 

subtracted from the mean reaction time (MRT) divided by the percentage of errors. SSDT 
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subtracted from MRT resulted in a raw value which could be corrected for amount of errors 

made, resulting in a standardized Stop Signal Reaction Time. The level of inhibition was 

determined through an error percentage corrected for standardized Stop Signal Reaction 

Time (SSRT), whereby a lower SSRT indicated a better ability to inhibit during the stop stimulus. 

We opted for this approach as a more conservative scoring may have reflected high accuracy 

scores, however low processing speed resulted in low efficiency scores(Logan and Cowan, 

1984; Votruba and Langenecker, 2013). 

 

VERBAL IQ 

 

The Wechsler Intelligence Scale for Children 3rd Edition subtests indicate the child's IQ;  

Sub-tests I (Information), III (Similarities), V (Verbal Comprehension), and VII (Arithmetic) were 

administered (Wechsler, 1991). 

WISC-III-NL shortened version is based on acceptable reliability and validity on subtests 

vocabulary (α = 0.96, r = 0.85), similarities (α = 0.93, r = 0.81), arithmetic (α = 0.93, r = 0.74), and 

information (α = 0.95, r = 0.82). The combination of these subtests showed highest internal 

consistency according to the split-half method and highest correlations with the total verbal IQ 

scale in comparison with the other subtests of the WISC-III-NL (Wechsler, 1991). 

Verbal IQ was chosen over a whole scale or a performative IQ as education methods in Dutch 

primary schools are based on verbal problem solving in both language and arithmetic. 

 

NATIONAL PUPIL MONITORING SYSTEM (CITO) 

 

Academic performance was assessed using the pupil's performance on tests from the Dutch 

National Pupil Monitoring System (van Delden, 1994). This system has been used throughout 

80% of all Dutch primary schools in order to keep track of the pupil's self- and peer-referenced 

academic development throughout their education (Vlug, 1997). Tests from the Dutch National 

Pupil Monitoring System are administered during three testing periods throughout each 

academic year. CITO tests measure abilities such as different language skills, listening, spelling 

(A), writing, vocabulary (B), decoding (C), reading comprehension (D), and arithmetic (E) 
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according to the item-response model (van Delden, 1994; Vlug, 1997). These tests have been 

evaluated by the Dutch Committee on Tests and Test Affairs (COTAN) and are considered to have 

adequate test validity, reliability and norms (COTAN Arnhem The Netherlands, 

1996, 1998, 2002, 2010). The norm scores (A–E) were used to determine academic achievement. 

 

MUSIC INTERVENTION 

 

Our music intervention has been developed in collaboration with the Ministry of Research and 

Education in the Netherlands and an expert centre for arts-based education (MOCCA). This 

intervention was designed for all primary schools in the Netherlands. Of note, not all primary 

schools receive this curriculum yet, it is however the aim to provide all Dutch primary schools 

with this intervention by the year 2020. 

Early lessons introduced melody, meter and rhythm as well as the different instruments in both 

classical and popular music settings. Lessons were additionally designed around the knowledge 

of the basic fundamentals of music and were part of a structured curriculum designed by expert 

centres in education. Children were encouraged to choose and play instruments. Theoretical 

lessons were given by trained music teachers for primary schools. Active instrumental lessons 

were supervised by trained music teachers and performed in class. Children in the Music group 

did not take the instruments home. Participants in the music group followed this program in a 

structured manner, receiving 1–2 h lessons weekly during regular school hours. A regular lesson 

starts with a welcoming song, followed by music theoretical and historical information in the 

context of the song and ends with collective music making, singing and improvising. Children 

therefore learn to listen, play, and improvise. 

 

VISUAL ARTS 

 

This intervention was developed by the consortium of fine arts educators in the Netherlands. 

The Visual Arts group received general lessons in painting, sculpting and arts history. This 

intervention, equally as the music intervention is supposed to be applied throughout all Dutch 

primary schools by the year 2020. The focus was on the practical application of skills contributing 
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to the creation of visual art. Fully trained arts teachers gave both theoretical and practical 

classes. Children in the visual arts group were painting, sculpting and using different materials to 

create artworks as well as learning about art history. 

 

CONTROL 

 

The control group did not receive any arts lessons in addition to the usual curriculum. However, 

participants in the control group were likely to be painting and singing songs as it is a primary 

school setting, but not as part of the curriculum or a structured educational program. 

 

PROCEDURE 

 

Trained research assistants administered each test. Participants were tested individually in a 

quiet environment during school hours. Total testing time was 1.5 h per participant minimizing 

disturbance during school hours as much as possible. 

The whole test protocol was administered in one session with short breaks, where necessary, to 

motivate and allow the participants to regain their focus on the tasks. All tasks were presented in 

a child-friendly manner and aimed at creating a “computer-game” environment. The protocol 

was administered to both the experimental as well as the control groups in five stages: pre-

intervention measurement (baseline measures); 1st follow up; 2nd follow up; 3rd follow up and 

final follow up. Participants were followed for two-and-a-half years, with each testing moment 

(T0 – T4) 6 months apart (Figure 1). 

 

 

 

	
		
	
	
	
	

	
	
	

	
	

	
	
	

	
	
	
	
	
Figure	1:	Schematic	representation	of	testing	moments	(T)		
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STATISTICAL ANALYSIS 

 

As we expected a significant effect over time and recorded a low amount of missing values, a 

Multiple Mixed-Sample Repeated Measures Analysis of Covariance (split-plots ANCOVA) was 

used to identify effects of music education on cognitive development per condition over time 

with age as covariate. Additionally, contrast analyses computed comparisons of groups per test 

per testing moment. As is suggested by Howell (2010), a split-plot or mixed design analysis of 

(co)variance analyses was chosen as we have block-randomized our participants. A split-plot 

design, therefore, applies experimental factors across a block randomized form, allowing 

calculation of sub-unit effects (EF) within the application (here music intervention). 

Data from the baseline measurement (T0) and four follow-ups (T1, T2, T3, and T4) were included 

in the analyses. Descriptive statistics were computed for the overall scores of the tests, including 

intercorrelations. Normality and homogeneity were analysed using the Levene's test.  

Pair-wise post-hoc analysis compared groups per measurement per moment in time to indicate 

differences between conditions using the Bonferroni confidence interval adjustment. 

The split-plots ANCOVA was set up as 4 (condition) × 5 (time), whereby condition represents 

either group (MUSIC, MUSIC+, VISUAL ARTS, and NO ARTS EDUCATION) and time represents the 

measurement (T0 – T4). 

 

MEDIATION ANALYSIS 

 

The Sobel test was calculated for each possible condition × time to analyse results from 

neuropsychological test scores to scores on the national pupil monitor (CITO) (Preacher and 

Hayes, 2004, 2008). 

Participants with missing values have been excluded from the analysis (Figure 2). 

To perform the above-mentioned analysis, SPSS Statistics and R statistical software were used 

(SPSS 24, IBM and R Language 3.3.2.). Level of significance was set at p < 0.05. 
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RESULTS 

 

GENERAL 

 

An initial chi-square analysis revealed no significant differences between the four groups in 

gender distribution, χ2(2)χ(2)2 = 0.47, p = 0.79. 

Ages were grouped per grade (grade 3–4 at T0 and T1; age 6–8, grade 5–6 at T2 and T3; age 7–9 

and grade 7–8 at T4; age 8–10) and a chi-square analysis has shown no significant difference 

between the age groups across time χ2(5)χ(5)2 = 1.57, p = 0.844. 
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Levene's test indicated that the variances were equal for the four groups at baseline, F(2, 147) = 

0.87, p = 0.42, first follow-up, F(2, 147) = 0.85, p = 0.43, second follow-up, F(2, 147) = 2.83, p = 0.06, 

third follow-up, F(2, 147) = 0.44, p = 0.64, and forth follow-up F(2, 147) = 1.75, p = 0.42, meaning 

equal distribution of the sample per testing moment. 

Additionally, the participants socio-economic background, as measured by the mean of highest 

parental educational level, revealed equal distribution across the four groups χ2(4)χ(4)2 = 

0.39, p = 0.75; MUSIC Mmother = 6.08, SD = 1.01, Mfather= 6.01, SD = 0.98; MUSIC + Mmother = 

5.99, SD = 1.02, Mfather = 6.05, SD = 0.98; VISUAL ARTS Mmother = 6.07, SD = 0.99, Mfather = 

5.98, SD = 0.95; and NO ARTS CONTROL Mmother = 6.00, SD = 1.24, Mfather = 6.03, SD = 0.96. 

Table 1 summarizes descriptive statistics of each test per group. A split-plot ANCOVA with 

additional contrast analysis was computed for each group showing an overall effect of group 

(both music groups vs. both controls) and Group × Time (individual groups × overall T) as well as 

a comparison of groups per test per testing moment. Assumptions for a split-plot approach and 

ANCOVA were met. 
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VISUOSPATIAL WORKING MEMORY 

 

A significant Group × Time interaction was found on the visuospatial sketchpad4 for the VISUAL 

ARTS group, WMForward FF(2, 147) = 4.061, p < 0.01 and the central executive WMBackward FB(2, 147) = 

4.455, p < 0.05. Overall effect of Group was significant at F(2, 146) = 5.165, p < 0.05. Even though 

all four groups show an increase in mean scores (Table 1), contrast analysis has shown the 

VISUAL ARTS group increased significantly on the central executive at T4 as compared to the no 

arts control F(2, 146) = 2.353, p = 0.03 and both music groups MUSIC F(2, 145) = 3.546, p < 0.05 and 

MUSIC + F(2, 145) = 4.854, p < 0.05 (Figure 3). 

 

 

 

VERBAL INTELLIGENCE 

 

All four groups have increased mean values on the verbal intelligence measure (Table 1). More 

so, the verbal intelligence test revealed a Group x Time interaction for both MUSIC F(2, 145) = 

3.465, p = 0.041 and MUSIC + F(2, 146) = 2.952, p < 0.05 and VISUAL ARTS F(2, 146) = 2.743, p = 0.05 

as well as an overall effect of Group F(2, 147) = 4.48, p < 0.01. Contrast analyses revealed an overall 

significant increase of verbal IQ from baseline to T4 in both MUSIC F(2, 146) = 5.11, p < 0.05 and 

MUSIC + F(2, 146) = 4.984, p < 0.05 as compared to both controls (Figure 4). 
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PLANNING 

 

The ability to plan and execute a task mentally and practically yielded a Group × Time interaction 

MUSIC F(2, 145) = 3.189, p = 0.05 and MUSIC + F(2, 145) = 3.485, p < 0.05. 

Overall effect of Group was significant at F(2, 147) = 4.177, p = 0.05. Both MUSIC groups have 

increased significantly on planning ability from T2 to T3 and T3 to T4 as compared to the no arts 

control through contrast analysis FT2−3(2, 147) = 2.353, p = 0.03 and FT3−4(2, 146) = 2.112, p = 0.05 or 

the VISUAL ARTS group FT2−3(2, 145) = 2.845, p < 0.05 and FT3−4(2, 146) = 2.165, p < 0.05 (Figure 5). 
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INHIBITION 

 

A significant Group × Time interaction was found on the standardized stop signal reaction time 

value for MUSIC F(2, 147) = 2.114, p < 0.05, and MUSIC + F(2, 147) = 2.955, p < 0.05 as well as an 

overall effect of Group F(2, 146) = 3.678, p= 0.05. Contrast analysis has shown significant decrease 

of SSRT scores from T2 to T3 to T4 for both MUSIC FT2−3(2, 145) = 4.455, p < 0.05, FT3−4(2, 145) = 

3.497, p = 0.05 and MUSIC + FT2−3(2, 145) = 4.144, p < 0.05, FT3−4(2, 145) = 4.014, p < 0.05 (Figure 6). 

 

 

 

VERBAL IQ, PLANNING, AND INHIBITION SCORES AS MEDIATOR 

 

Sobel mediation analyses were conducted to examine whether the increase of verbal IQ, 

planning and inhibition scores could explain an increase in overall CITO scores for the music 

groups, thus implying a possible far transfer effect. The analysis revealed that children in either 

music condition and in the visual arts condition did significantly differ in average performances 

on CITO scores at T4 as compared to the NO ARTS control, through contrast analysis MUSIC F(2, 

147) = 3.658, p < 0.05, MUSIC + F(2, 147) = 3.145, p < 0.05, VISUAL ARTS F(2, 147) = 3.712, p = 0.05 as 
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well as Group × Time MUSIC F(2, 146) = 2.735, p < 0.05, MUSIC + F(2, 146) = 2.984, p = 0.05, VISUAL 

ARTS F(2, 146) = 2.577, p = 0.05. Subsequent comparison of means did not indicate a significant 

difference between groups at baseline. Overall Group effect yielded F(2, 145) = 5.973, p < 0.05. 

Furthermore, using verbal IQ, planning and inhibition as mediators in revealing a possible effect 

from music education to the national pupil monitoring scores, the investigated executive sub-

functions have shown a positive Sobel test mediation effect for MUSIC tIQ = 13.54, p = 0.05; tINH = 

11.35, p = 0.05; tPLA = 12.75, p = 0.04 and MUSIC + tIQ = 12.94, p < 0.05; tINH= 11.78, p < 

0.05; tPLA = 13.01, p = 0.05 suggesting far transfer from music education to academic 

achievement as measured by a centralized monitor. 

 

DISCUSSION 

 

The goal of the present study was to examine whether structured music lessons can affect 

executive sub-functions that may underlie academic achievement. The results show that children 

following structured music lessons perform better on tasks measuring verbal IQ, planning and 

inhibition when compared to controls during four follow ups. 

Participants have been matched on parents' socio-economic status, medication and prior 

medical issues as well as exposure to a musically enriched environment and private music 

lessons. Overall effect of Group, as well as Group × Time effects, were significant for the MUSIC 

and MUSIC + group when compared to the VISUAL ARTS group and NO ARTS control on verbal 

intelligence, planning and inhibition. Additionally, the VISUAL ARTS group improved significantly 

on visuospatial memory. Ho et al. (2003), have previously argued similar results, by concluding 

that musical training did not improve visual memory. The authors however did not compare the 

music group to a visual arts group. Practicing visual arts engages neural networks, which overlap 

the representation of imagery and working memory in a three-dimensional space (Winner and 

Drake, 2013). Our VISUAL ARTS group followed a structured two-and-a-half-year long program in 

visual arts, which therefore, can promote neuroplasticity in the domain of visuospatial working 

memory as compared to a non-arts or sole music intervention (Dulamea and Dulamea, 2011). 

Arguing executive sub-functions as paramount for the perception, processing, and execution of 

music, our study has found significant increases on inhibition and planning as well as verbal IQ 
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after two-and-a-half years of music intervention. Against this backdrop, computerized music 

programs, lasting only 20 days, have also shown increased performance on inhibition in school-

aged children (Moreno et al., 2011). Our music program has used a more traditional approach; 

teaching children to play an instrument, sing actively and listen to music in class, which is in 

contrast with mainly listening in the computerized interventions. Even though we found a 

positive effect of long-term music lessons to inhibition, Moreno et al.'s (2011) event-related 

potential recordings might be much more sensitive to short-term changes in inhibitory control. 

Nevertheless, our neuropsychological test battery has shown significant improvement of 

inhibition levels in both music groups. Improvement in executive sub-functions can be explained 

through research promoting neural plasticity via long-term interventions (Schlaug et al., 

2009; Dulamea and Dulamea, 2011; Winner and Drake, 2013; Schlaug, 2015). Researchers have 

shown that practicing music for a longer period of time increases connectivity of the corpus 

callosum thus strengthening communication between both hemispheres and, more so, 

appealing to connectivity in the ventro-lateral (VL-PFC) and medial prefrontal cortex (M-PFC) 

(Zuk et al., 2015). As a by-product, overlapping prefrontal cortex structures associated with 

inhibition and planning in those networks also improve (Zuk et al., 2015). Executive sub-functions 

such as planning, inhibition and working memory are thus equally recruited while playing music 

as when solving an arithmetic problem (Zuk et al., 2015). It is this delicate balance between 

music training and executive sub-functions which serve as mediator to academic achievement. 

Even though we have not used brain imaging in our study, the used neuropsychological test 

battery has indicated an increase in inhibition, planning and working memory, all three of which 

are associated with ventro-lateral and medial prefrontal cortex activity (Zuk et al., 2015). 

Contradictory to these results, Zuk et al. (2015), did not observe a difference in inhibition levels 

in their sample of 27 children. The authors argue that more careful subject selection, matching 

and the sample size may explain differences in inhibitory performance between the music and 

non-music group. Furthermore, it is difficult to interpret their results as the music group had 

different levels of musical training and musical aptitude could not be excluded (Zuk et al., 2015). 

In contrast, our study has offered a structured and standardized music curriculum to the music 

groups as part of the regular school curriculum reaching every participating pupil, therefore 

minimizing possible motivational factors. A structured music curriculum, meaning increasing in 
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difficulty as the children improve on the musical tasks, approaches music education from a more 

pedagogical angle. While studies have generally used basic music programs, such as singing 

together or clapping (Mehr et al., 2013), developing a standardized music curriculum for primary 

schools together with the expertise of the ministry of education and an expert centre for arts-

based education, amalgamates knowledge from education, application and general skill 

development of young children (Hetland and Winner, 2004; Winner, 2011). Structured and 

standardized programmes clearly define student input and learning outcomes, which are central 

to regular education, and need to be equally applied to music education. This stands in 

juxtaposition to the commonly developed and used musical interventions for the sole purpose of 

researching their effects on cognition or academic skills, seldom continuing these interventions 

once the investigation is finalized. A structured music curriculum therefore, places the student at 

the centre of music education, investing in the development of musical skills across the pupil 

span. 

All factors combined, such long-term investments into education together with our results 

support the claim that long-term music interventions improve academic achievement and 

executive sub-functions, such as inhibition and planning, as measured with neuropsychological 

tests. Even though more studies investigating executive sub-functions, on the relation between 

music education and academic achievement are necessary, our study has attempted to close this 

gap. 

 

LIMITATIONS 

 

One limitation in this study is the generalized student monitor system. Even though it scores 

students on individual tasks such as critical listening or writing, we did not compare the scores of 

the CITO to other tests that, for example, measure phonological awareness in the context of 

writing or critical listening. Comparing the CITO scores, which are a generalized special model for 

Dutch children, with more internationally standardized language functioning tests (e.g., 

Phonological assessment battery; Gallagher and Frederickson, 1995), may yield a more in-depth 

view of phonological skills, writing, or reading. However, this approach would increase testing 

time to more than 3 h, taking all academic skills with all their sub-components into consideration 
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(e.g., phonological awareness, semantics and lexemes in language and logic, abstract thinking, 

and computation in mathematics). Moreover, longer testing times can influence overall 

disturbance and concentration of participants. Additionally, this study has focussed on verbal IQ 

alone, not administering a full IQ scale, which might possibly show a different result on 

intelligence measures (Schellenberg, 2006; Dumont et al., 2017). 

 

CONCLUSION 

 

Executive functions are usually researched as lump sum cognitive functions and structured 

investigation of sub-functions in longitudinal designs are still rare. The here presented results 

show a possible far transfer effect from a structured music education program to academic 

achievement, mediated through executive sub-functions. Nevertheless, analysing the 

longitudinal effects of music education embedded into the regular school curriculum, 

throughout different cultural settings, will further strengthen our understanding of the effects 

music can have on the developing brain. 

In the end, it is not the justification of music or arts education in light of far transfer to academic 

achievement that is the objective. It is the necessity of combining music, visual and general arts 

toward a mixed-art education model. This will emphasize the importance of the arts in human 

culture, and enduringly support the positive influence of the arts on cognitive development. 
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SUPPLEMANTARY MATERIAL 
 
TOWER OF LONDON SCORING 
 
This score is based on the maximum points to be obtained per trial, respectively one point for 

the three-ball problem, two points for the four-ball problem and three points for the five and six 

ball problem.  

Minimum moves Max points21 

(Problem 1 = 4 x 3) 3 1 

(Problem 2 = 5 x 4) 4 2 

(Problem 3 = 5 x 5) 5 3 

(Problem 4 = 5 x 6) 6 3 

Minimum moves for all trials:                      87 Maximum points for all trials:                      44 

 

Each excess move (XS moves which are more than the minimum moves necessary to solve the 

problem), are subtracted from one another and multiplied by ten to yield an excess error 

percentage.  

XSmoves - MINmoves = XSscore 

è       XSscore x 10                      
                                  =          % XSscore 

 

This percentage is subtracted from the maximum amount of points to be obtained per problem, 

yielding the overall amount of points, between 0.0 and depending on the trial 1.0/2.0/3.0.  

       MAXpoints - % XSscore 
            =          ToLscore/trial 

 

The sum of all trials yields the final score, which can reach a maximum of forty-four points. 

 
       å ToLscore/trial 

                                                =          ToLpoints  

 

Points can reach on equal distances from 0.0 to 40.0, with stepwise .1 increase or decrease. 
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SUMMARY AND GENERAL DISCUSSION 

 

The goal of this thesis was to examine whether music education improves academic skills such as 

mathematics or language, mediated by executive sub-functions. The current section summarizes 

the main findings of the thesis. The findings are subsequently discussed in the broad context of 

existing literature and their implication for theory-building beyond education as well as 

policymaking. 

 

OVERVIEW OF MAIN FINDINGS 

 

Chapter 2 presented the need for unified quality control measures in music-based intervention 

studies. To this end we developed a new quality assessment scale for music-based intervention 

studies across both educational and clinical settings. A multi-method approach utilizing a 

systematic review of existing assessment scales, online verification and commentary and an 

extended Delphi method resulted in the final clinical music study quality assessment scale 

(MUSIQUAS). Quality assessment of studies is an integral part of meta-analyses and systematic 

reviews in the wide array of clinical studies, yet studies in music related-sciences have only made 

limited use of quality assessment tools so far. 

 

Chapter 3 aimed at current developments in music education and neurocognitive research. 

General neurocognitive functioning was operationalized as intelligence (IQ) as measured by the 

Wechsler Intelligence Scale for Children III (Wechsler, 2005) and as executive sub-functions (EsF) 

as measured with an extensive neuropsychological test battery. Here a systematic search of the 

literature was used to address the relationship of music education with executive functions and 

in turn academic achievement. Even though most of the studies did not meet our inclusion 

criteria, the ones that did have shown inconsistent results. These ambiguous results can be 

ascribed to a lack of uniform research methods in the study of far transfer from music education. 

More specifically, studies were set up as quasi-experimental designs, lacking active control 

groups or randomization. Some studies did not describe the musical intervention in enough 
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detail for effects (or the lack thereof) to be derived from or ascribed to the musical intervention 

itself.  

 

Chapters 4 to 6 of this thesis explicated the role of music education in academic achievement as 

mediated by executive sub-functions. They present the systematic approach and the protocol 

used, as well as baseline measurements of a musically enriched environment of participants’ EsF 

and IQ. The results of a two-and-a-half-year longitudinal block-randomization study were 

presented. Chapter 4 introduced the study protocol, as was used in Chapters 5 and 6. 

 

The study in Chapter 5 focused on a musically enriched environment as predictor for cognitive 

performance such as intelligence, and executive sub-functions such as planning and attention 

(Shallice, 1982; Schumacher et al., 2015), working memory (Alloway, 2007; Dumontheil & 

Klingberg, 2012; Waters & Caplan, 2003) and inhibition (Nosek & Banaji, 2001). Although 

experiencing such an environment did not predict better performances on executive sub-

function tests, it has identified a trend on verbal intelligence scores β = 0.285 (sig .004 < .05). 

 

Chapter 6 described the interrelation between long-term music education imbedded into the 

regular primary school curriculum and academic performance. The results indicate a positive far 

transfer effect from long-term music education to academic scores, mediated by executive sub-

functions.  

 
GENERAL DISCUSSION 

 
MUSIC EDUCATION, FAR TRANSFER AND NEUROCOGNITION 

Music education has been decimated in schools around the globe, due to competition with 

academic subjects and an increasing lack of funding (Arostegui, 2017; Fautley, 2017). These days, 

the opportunity to learn to play an instrument is more of a luxury than a necessary part of 

education. 

 

Against this backdrop, only recently the Dutch government presented the new cultural agenda 

for the coming years (Cultural agenda, 2018). This national document stresses the importance of 
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arts education and especially music education in the regular school curriculum. Within this 

context, our study has presented a scientific foundation for the importance of structured music 

education complementing the vision of the Ministry of Education, Culture and Science. 

 

Structured music lessons significantly enhanced participants’ cognitive abilities, including 

language-based reasoning, short-term memory, planning and inhibition. This suggests that 

cognitive skills developed during music lessons can influence children’s cognitive abilities in 

unrelated academic subjects, leading to improved overall academic skills. With this in mind, we 

have shown that subdivision of executive functions can strongly influence the likelihood of 

finding far transfer to academic tasks from an activity such as music education (Dumont et al., 

2017; Sala & Gobet, 2017; Benz et al., 2015; Zuk et al., 2014). Mathematics, for example, are 

composed of different skills such as logic, visuospatial memory, working memory and flexibility, 

each needing a specific set of cognitive functions such as planning, inhibition or working memory 

(Stang, 2011). These cognitive functions are represented in the prefrontal cortex and amount to 

what is understood as executive functioning (Stang, 2011; Schmitt et al., 2017). These EF 

therefore recruit specific neural networks to solve something like a mathematical task, with all 

its sub-components as described above. Music education recruits and therefore overlaps with 

the same networks necessary to solve mathematical tasks. To illustrate: increasing the 

complexity of melodic structures in a song recruits networks connecting the temporal fields and 

dorsolateral prefrontal cortices [DLPFC] (Limb & Braun, 2007), two networks that are active 

when using executive control to solve a task that requires logic (Slevc et al., 2016). Conversely, a 

song’s decreasing melodic complexity and increasing rhythmic modulation will recruit and 

overlap with networks that include motor areas and the orbital frontal prefrontal cortices, which 

play an equal part in the comprehension and production of speech (Deheane et al., 2011). 

 

Music education encompasses music listening, music-making and singing, both in groups and 

individually. Executive sub-functions such as inhibition, planning, working memory, set-shifting 

and initiation – which underlie not only everyday actions and behaviour, but more so the 

perception, processing and playing of music – appear to be prime candidates for researching the 
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relationship between music education and neurocognitive processes. This in turn will inform 

future research, suggesting that: 

 

“music education as intervention itself as a multimodal activity with 
the unique involvement of the whole child – physically, socially, 
intellectually and emotionally.” 
      - Bunt, 2003; p. 191 

 

Suffice it to say that this is the underlying intention behind the musical activity that forges the 

musical experience for children.  

 

STRENGTHS AND LIMITATIONS 

 

To unify methods, their quality should be assessed when meeting inclusion criteria for meta-

analyses or systematic reviews, as proposed in Chapter 2. There is a common saying about meta-

analyses and systematic reviews, as stated by Ionnidias and Lau (1998): ‘garbage in, garbage out’ 

(p. 590). What use is an overall effect size in a meta-analysis when the included studies were not 

checked for quality and therefore hold the potential to draw a distorted picture of the results? 

The authors stress the importance of quality control of studies in reviews. To tackle this, 

MUSIQUAS reaches out to raising awareness of quality control in the music sciences as well as 

being a tool for methodological quality assessment. However, as this scale specializes in music 

studies, a major critique is whether a specialized assessment scale is necessary at all. There are 

numerous guidelines for music-based interventions, after all, and the use of an additional scale 

may be regarded as being over the top (Robb, Burns & Carpenter, 2011). Against this argument 

there is a detailed description and cross-checking of interventions, which is desperately needed 

in music-based education and interventions to ensure quality of studies included in meta-

analyses and systematic reviews (Robb, Burns & Carpenter, 2011). 

 

Chapter 3 used the aforementioned assessment scale, investigating to what extent far transfer 

can be confirmed or rejected based on a study of overall skills. Results from Chapter 3 indicated 

that subdivisions of cognitive skills underlying e.g. mathematics or language may help identify 
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these building blocks considered as possible far transfers from domain-unrelated tasks (Barnett 

& Ceci, 2002). It has therefore been suggested that far transfer might be reliably demonstrated 

when these subdivisions of executive control are considered and analysed individually. 

 

Chapter 5 investigated a possible relationship between a musically enriched environment and 

executive sub-functions and IQ. Even though the study predicted increased verbal IQ scores, 

there was no such effect on executive functions. We argue that a ‘musically enriched 

environment’, i.e. attending concerts or using music during activities, may not have the same 

impact on executive sub-functions as a full-fledged music education curriculum involving singing 

or playing an instrument (Slevc et al., 2016). Limitations to our findings in this section are the 

questions used to determine a musically enriched environment. As these questions were part of 

a general intake questionnaire, they have not been validated yet. This implies that the results 

must be interpreted with care, showing only a trend effect of a musically enriched environment 

on cognitive skills. Further, as this is more of an ecological study rather than a lab-based 

investigation, the rationale behind scoring certain items 1–5 while others are scored with yes/no 

gives only an indication of the observed trend and should not be interpreted as a relationship of 

any kind. Still, prior to our study there was no scale available to observe whether a child is 

exposed to a musically enriched environment. 

 

Elaborating on the relationship between music education, academic achievement and executive 

control, Chapter 6 argued in favour of far transfer. Although our study found positive results for 

transfer from music education to academic achievement, we did not compare CITO scores (a 

generalized special model for assessing academic skills in Dutch children) with more 

internationally standardized language proficiency or arithmetic tests. Comparing CITO scores 

with e.g. the phonological assessment battery may yield a more in-depth view of phonological 

skills in writing or reading and may therefore show different results. Nonetheless, CITO scores 

are the best representation of structured pupil monitoring and assessment available within the 

Dutch school system, yielding a wealth of data (van Delden, 1994; Vlug, 1997; COTAN, 1996, 

1998, 2002, 2010). Moreover, adding tests like phonological assessment or extensive arithmetic 

tasks to the already widespread test battery used in our study would increase testing time to 
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more than 3 hours. This would result in longer testing sessions and therefore influence overall 

disturbance and concentration of participants, possibly influencing the results. Additionally, this 

study has focussed on verbal IQ alone, rather than a full IQ scale, as language and arithmetic 

tasks in Dutch primary schools are based on verbal problem-solving.  

 

Another limitation is the used test battery. While participants performed the same tests on 

inhibition, planning and working memory, improvement in results for these neuropsychological 

tasks could be expected due to practice effects (Beglinger et al., 2005). However, this has been 

minimized by investigating four different groups over two and a half years. We also identified the 

randomization process as an additional and possible limitation. While randomized controlled 

trials still form the gold standard in intervention research, we conducted a group randomization, 

assigning schools rather than individual students to either condition. Even though this was done 

by an external third party and we controlled for socio-economic status as well as strengths and 

weaknesses of individual students, individually assigned participants would have created a much 

higher randomization factor and therefore clearer results. 

 

METHOD 

 

Another factor that could be considered as a limitation is the methods used to measure 

inhibition and working memory. Inhibition is a broad neuropsychological construct that can be 

divided into several elements, such as response inhibition, deferred gratification and reversal 

learning. One can imagine that withholding from playing a note in a musical setting or knowing 

when to play a note in the correct context of the performed music are only two examples of 

different outcomes of e.g. response inhibition. However, would have to be studied in the 

moment of the musical performance, something this study has not done when considering 

executive sub-functions as mediator for a possible far transfer effect. The same argument 

accounts for working memory. We investigated visuospatial working memory rather than 

auditory working memory, arguing within the scope of the far transfer hypothesis. Researching 

visuospatial versus auditory working memory could have shown a different outcome in overall 

working memory capacities in the investigated music and visual arts groups. 
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NEUROPSYCHOLOGICAL ASSESSMENT: ANALOG vs DIGITAL  

 

The Neuropsychological test battery as well as the verbal intelligence measure had sufficient 

test-retest validity and reliability (see Chapters 4 and 6) and were directly translated into digital 

versions (Shallice, 1982; Logan & Cowan, 1984; Wechsler, 1991; Nosek & Banaji, 2001; Waters & 

Caplan, 2003; Alloway, 2007; Stung, 2011; Dumontheil & Klingberg, 2012; Lakatos et al., 2013; 

Votruba & Langenecker, 2013; Schumacher et al., 2015). Translating ‘traditional pen-and-paper’ 

tests to digital versions does raise new questions, which should be considered in future research: 

will digitalization of common testing materials support findings in neurocognitive research, or 

will it only add complexity to an already complex measure (Wollscheid et al., 2016; Ruggeri et al., 

2016)? Most participants nowadays are used to video screens, iPads and other marvels of the 

digital age. Even though this thesis used computerized versions of EsF tests, traditional pen-and-

paper versions of executive control measures may appeal more to our understanding of these 

functions (Wollscheid et al., 2016). On the one hand, straightforward translation of pen-and-

paper tests to computerized versions may overlook principal changes in the way we experience 

and interact with these tests, such as placing different coloured balls on rods, which may be 

fundamentally different when using both hands touching and lifting the balls (traditionally) as 

compared to using one finger only (computerized). On the other hand, the materials used in this 

thesis might be a step towards more reliable results, as they interact with the participant on a 

multimedia platform, something which is more common today than traditionally administered 

pen-and-paper tests. In sum, these differences may explain the inconsistent findings as 

presented in chapter 3 of this thesis. 

 

POWER 

 

Repeated measurement analysis with four groups and five different measurement occasions was 

used to examine the treatment effect. A significant interaction between group (four levels) and 

time (five occasions) was indicative of a treatment effect. A conservative small-to-moderate 

effect size (f = .14) was used to calculate the required sample size using G*power version 3.1.2 

(Erdfelder, Lang & Buchner, 2007). With an alpha (a) of .05 and power of .80 a total of 90 
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children was needed, divided over four groups. With an expected attrition rate of 30% this 

means a minimum total of 117 children: 30 participants per group. The current study 

represented N=230 pupils in total with N=230 recruited, N=176 tested at baseline and N=147 

across four groups included into final analysis at the end of the longitudinal assessment, fulfilling 

the calculated Power minimum for statistical effectiveness. 

 

IMPLICATIONS AND RECOMMENDATIONS FOR MUSIC EDUCATION, INTERVENTION 
AND POLICY 
 

STRUCTURED INTERVENTION 

 

In 2010, the Dutch Ministry of Education, Culture and Science set out to introduce the general 

art and culture method to be piloted in primary schools across the Netherlands. The educational 

packages contained fine art, music, drama or dance modules as well as general cultural 

education to be individually and structurally implemented in classroom settings – meaning one 

module only at a time. The music lessons used for this study introduced melody, metre and 

rhythm as well as different instruments in both classical and popular music settings. Lessons 

were designed around the knowledge of the fundamentals of music and were part of a 

structured curriculum designed by expert centres in education. Children were encouraged to 

choose and play instruments. Active instrumental lessons were supervised by trained music 

teachers and given in class. Children in the Music group did not take the instruments home. 

Participants in the music group followed a structured programme, receiving 90-minute weekly 

lessons during regular school hours. The Visual Arts group received general lessons in painting, 

sculpting and arts history. The focus was on the practical application of skills contributing to the 

creation of visual art. Fully trained arts teachers gave both theoretical and practical classes. 

 

“NEURONS THAT WIRE, ARE NEURONS THAT FIRE” (D. Hebb, 1949) 

 

The used structured music module can only be the first step in re-implementing music education 

back into the curriculum of primary schools. Regarding our results, the implication of combining 

structured music education with academic subjects could further enhance academic tasks. For 
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example, combining language classes with singing could ease the way children learn words and 

language in general, as the neural networks overlapping in either music or language are 

simultaneously activated (Fisher, 2001). As stated by Paquette & Rieg (2008), integrating 

experiences with music in the early childhood classroom supports language learners’ literacy 

development. Combining classroom teaching with music activities can improve reading and 

writing, as well as general language skills, transforming the classroom into a positive learning 

environment where mutual trust and sharing of creativity is the foundation for growth and 

development of the early learner. 

 

Moreover, the use of music for arithmetic forms a most common relationship (Rickard, Bambrick 

& Gill, 2012). Music uses fractions such as 3/4, 7/8 or 13/8 to indicate rhythmical meter. 

Fractions are one of the most difficult mathematical concepts to master in the elementary 

curriculum (Behr, Wachsmuth, Post & Lesh, 1984; Cramer, Post & delMas, 2002). For many, 

the struggle continues through early life, delaying development of mathematical reasoning 

(Courey, 2012; Graziano, Peterson & Shaw, 2016). The heart of mathematical development is a 

symbolic representation of an actual amount. This symbolic representation consists of signs 

and rules that bear intentional characteristics and goals. However, novice learners may not 

readily perceive the meanings behind symbolic representation. Hence from an educational 

stance, the process behind how young children construct symbolic meanings becomes an 

important question. Similar symbolic representation is used in music, especially when using 

fractions. Creating a different association with fractions in a more playful and creative manner, 

as can be done through music-making, supports learning of these fractions in a new context. 

Here again, neural networks activated during music playing and solving mathematical tasks 

overlap in the wide array of executive sub-functions such as planning, working memory and 

attention.  

 

While this thesis has focused on far transfer, the benefits of music education on auditory skills 

should not be overlooked, as they form a fundamental part of the cognitive development of 

the child and in turn have the potential to shape verbal skills (Kraus & Chandrasekaran, 2010). 
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The role of music education as intervention, shaping individual development, will therefore 

have to remain at the centre of future research. 

 

Taking the above recommendations together – a structured music education programme, 

teaching language with and through music, and musical fractions – one should introduce the 

next interventional step in music education: improvisation. General curricula do not focus on 

improvisation, as it is difficult to structure and assess improvisation in a school setting (Fautley, 

2017). And yet improvisation recruits frontal and temporoparietal neural networks as well as 

deeper brain structures like no other form of musical participation, making improvisation a 

global cerebral process (Limb & Braun, 2007). Especially activating regions in the prefrontal 

cortex traditionally associated with executive sub-functions, musical improvisation requires EsF 

such as planning, working memory, inhibition, attention and set-shifting (Limb & Braun, 2007), 

and requires creating music in the moment, stimulating creativity (Fautley, 2017). 

 

To make music education as intervention fit for the 21st century, inclusion of modern music 

technologies should be considered as a follow-up step in offering music in educational 

intervention settings. In our study, students learned to listen to and play traditional instruments 

such as guitar and piano as well as sing. Although this is important for the fundamentals of 

learning music, it needs to be expanded to new media, such as music technology and digital 

smartphone applications. Children today are most versatile in using new technologies, and this 

would introduce music education in a way that builds on skills children grow up with.  

 

* 

 

Music education as intervention is already beginning to move in the right direction. Given the 

cultural agenda (2018) of the Dutch Ministry of Education, Culture and Science, there is a need 

to re-implement cultural education back into the school curriculum. Considering the 

recommendations as well as our findings, this is not only about the improvement of cognitive 

skills in children or plain language or mathematical skills, but also about the combination of arts 

education with academic subjects. A combination of arts education should further be 
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considered, to cover a wide range of cognitive improvement. As our study suggests, visual arts 

have improved visuospatial working memory in children more statistically significantly than 

music. This implies that future policy for arts education should examine mixed models 

incorporating music and visual arts as well as modern technologies and improvisation.  

 

In conclusion, regular education administrators (principals, special education administrators) and 

other policymakers (superintendents, ministries of education, state agencies) should carefully 

acknowledge ways to better support music education for students with and without 

exceptionalities. Our analysis has shown that music education as intervention benefits children 

beyond cognitive development, mediating academic achievement, and thus deserves a place in 

the regular curriculum. 

 

RECOMMENDATIONS FOR FUTURE RESEARCH 

 

Even though the findings of this thesis all point in the same direction, further research is 

required to consolidate the main hypothesis and to clarify possible mechanisms underlying the 

results presented here. Replication of both baseline and longitudinal studies is recommended. As 

there are only few longitudinal studies available, it is of interest whether our music programme 

can be translated and applied internationally. As stated in Chapter 3, different forms of music 

education are used, which makes generalization of results extremely difficult. It would be of even 

greater interest if individual randomization had a statistically more significant effect than our 

group randomization. It would also be of interest to follow up on the participants to see whether 

the music programme is still being implemented. This would give insight into the longevity of the 

measured effects. 

 

Against this backdrop, future research should investigate the development of the music 

education modules used here from primary to secondary school settings. Such music education 

would demand a more creative and active approach, building especially on popular music and 

the use of modern music technologies such as DJ equipment, music production software and 

digital media. 
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DIGITAL vs TRADITIONAL MUSIC EDUCATION  

 
Hetland and Winner (2001) studied the importance of arts education in recent decades and 

concluded that there is a general need to keep the arts in, or integrate the arts into, regular 

school curricula. This thesis further stresses the need for re-implementation. 

 

Of interest are questions considering 1) the applicability of digital vs traditional music methods, 

2) their direct effect on children’s interactions with the teacher, and 3) the effects of these 

methods on the cognitive development of children. Developing and implementing a digital 

method instead of a more traditional teacher-student approach may highlight and accommodate 

the nearly-natural exposure of children to and interaction with new digital media. There has not 

yet been a direct comparison between digital and traditional music methods though (Arden, 

Chavez, Grazioplene & Jung, 2017).  

 

Future research into the effectiveness of music education and a possible far transfer effect to 

unrelated cognitive domains therefore need to focus on comparing digital music methods to 

more traditional music education approaches. This may shed new insights into the working of 

music education on cognitive functioning and the direct implication of music interventions in a 

digital society. It will also allow investigating music education as intervention in clinical 

populations, by introducing new intervention and testing paradigms. 

 

In this context, research into the efficacy of modern technologies in clinical settings remains 

scarce. Drawing on the profoundly integrative processes of auditory perception, hearing 

relationships and finding clues to hidden orders and unsuspected patterns, there is the need to 

involve innovative technologies not only to research these relationships but more so to inform 

clinical practice. With careful, active imaginative listening we can learn to distinguish the 

features of complexity and parse subtle relationships among differentiable, complex auditory 

entities. Analysing these newly perceived patterns will propel the investigation of music 

technologies and clinical practice alike, from the standpoint of music education as intervention. 
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Using neuroimaging, neuropsychological testing and large longitudinal cohort studies will further 

our understanding of the neurotypical/neuropathological relationship and thus bridge the gap 

between music education as intervention, executive control and neural development (Sachs et 

al., 2016; Damasio, 2018). 

 

FINAL STATEMENT 

 

In supporting the current trend of the cultural agenda as proposed by Ministry of Education, 

Culture and Science as well as the results presented here, there is a general need to reinstate 

music and general arts education back into the school curriculum (Cultural agenda, 2018). It is 

not only about the importance of the arts in society and the shared responsibility to safeguard 

our cultural heritage, but also about the need to educate and consolidate knowledge involving 

the arts and especially music education. 

Both music and arts classes are supposed to be applied throughout all Dutch primary schools by 

the year 2021. But considering our results, we hope that this study will support political 

developments to reintegrate music and arts education into schools around the world. 

 

In the end, a song by Beyoncé played on an iPad app can be regarded as equally beautiful and 

enchanting as Gustav Mahler’s Adagietto played on a set of Stradivari. It is the delicate balance 

between modernity and tradition of a non-disciplinary singleton, who does not know cultural, 

economic, social or ethical differences but recruits multisensory neural networks beyond music 

education. 
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NEDERLANDSE SAMENVATING 

 

Onderzoek naar de effecten van muziekonderwijs op cognitieve functies en academische 

vaardigheden heeft in de afgelopen jaren veel aandacht gekregen (Dumont et al., 2017). De 

vraag of muziekonderwijs nu daadwerkelijk bij kan dragen naar betere cijfers in taal en rekenen, 

blijft echter een onopgelost vraagstuk. 

Dit proefschrift heeft als doel, om de vraag naar de effecten van muziek op cognitieve 

hersenfuncties, zoals, plannen, werk geheugen en aandacht (zo genoemde executieve oftewel 

uitvoerende functies) en academische vaardigheden zoals taal en rekenen te beantwoorden.  

Het eerste gedeelte van dit proefschrift, introduceert een nieuwe schaal die de kwaliteit van 

studies op vier hoofdcriteria bepaalt: selectie, populatie, uitkomst en controle 

In deel twee, hebben wij een systematic review uitgevoerd, om de meest recente literatuur bij 

elkaar te brengen. Dit review heeft laten zien dat onderzoeksresultaten ambivalent zijn, met 

zowel positieve als negatieve resultaten van muziek op cognitie. Deze - toch grote - verschillen 

kunnen verklaard worden door de verscheidene vormen van muziekonderwijs die toegepast 

werden, de verschillende duur van het onderwijs en de meetinstrumenten in de beschreven 

onderzoeken. Om meer duidelijkheid te creëren, hebben wij besloten om de boven genoemde 

uitvoerende functies als sub-functies van executive functies te beschouwen, omdat academische 

vaardigheden zoals taal en rekenen, uit meerdere componenten bestaan. Zo heeft men bij 

voorbeeld bij rekenen, functies zoals logisch denkvermogen, werkgeheugen en planning nodig, 

om een rekentaak op te lossen (Zuk et al., 2014). Deze functies overlappen met uitvoerende 

functies, en verder worden deze functies geactiveerd bij het luisteren en vooral spelen van 

muziek.  

Hoofdstuk 6 heeft deze vraagstelling verder uitgebreid. Zo is er een langdurige muziekonderwijs 

interventie toegepast bij kinderen op verschillende basisscholen. De kinderen werden verdeeld 

in vier groepen: muziek, muziek op school en privé, tekenen en geen extra kunst interventie. Uit 

het onderzoek blijkt dat kinderen in de muziek interventies statistisch significante verbeteringen 

hebben ondervonden op executieve functies zoals plannen, werkgeheugen, remming en 

aandacht, en ook op verbale intelligentie schalen. Deze resultaten zijn vertaald naar de CITO-

scores en heeft laten zien, dat de kinderen uit de muziek groepen beter presteerden op de CITO 
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toets. Dit geeft een positief effect weer van gestructureerd en langdurig muziekonderwijs op 

uitvoerende functies en daardoor ook een positieve invloed op taal en rekenen als berekend met 

de CITO.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

144 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BIBLIOGRAPHY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

145 
 

REFERENCES 
 
Adelman, G, & Smith, B. H. eds. (1999), Encyclopaedia of Neuroscience Volume I & II, Amsterdam, Lausanne, New York,  

Oxford, Shannon, Singapore and Tokyo: Elsevier  
 
Ageranioti-Belanger, S., Brunet, S., D’Anjou, G., Tellier, G., Boivin, J. & Gauthier, M., (2012), Behaviour disorders in 

children with an intellectual disability, Paediatrics and Child Health; 17(2): 84-88 
 
Alluri, V., Toiviainen, P., Jääskeläinen, I. P., Glerean, E., Sams, M. & Brattico, E. (2012). Large-scale brain  

networks emerge from dynamic processing of musical timbre, key and rhythm, NeuroImage 59, pp 3677-
3689 

 
Alloway, T.P. (2007). Working Memory, Reading and Mathematical Skills in Children with Developmental  
                 Coordination Disorder. Journal of Experimental Child Psychology, 96, 20-36. 
 
Altenmüller, E. & Schlaug, G. (2012), Music, Brain and Health: Exploring Biological Foundations of  

Music’s health Effects, in MacDonald, Kreutz & Mitchell eds., Music Health and Wellbeing,  
Oxford and New York: Oxford University Press 

 
Althusler, I. M., (1944), Four years of experience with music as a therapeutic agent at Eloise Hospital, 
 American Journal of Psychiatry, May, 1944, 792 - 794 
 
Alvarez, J. A. & Emory, E. (2006), Executive Function and the frontal lobes: A meta-analytic review, Neuropsychology  

Review 16(1), pp 17-42 
 
Andrade P E., Vanzella, P., Andrade O. V. C. A, Schellenberg E.G. (2016), 

Associating emotions with Wagner’s music: A developmental perspective, Psychology of Music 1-9 
 
Anvari, S. H., Trainor, L. J., Woodside, J. & Levy, B. A. (2002). Relations among Musical Skills, 

Phonological Processing, and early reading ability in preschool children, Journal of Experimental Child 
Psychology, 83(2), pp 111-130 
 

Arostegui, J. L., (2016), Exploring the global decline of Musci education, Art Education Policy Review, 177 (2).  
 
Auyeung, B., Baron-Cohen, S., Wheelwright, S., & Allison, C. (2008). The Autism Spectrum Quotient: Children’s  
                version (AQ-Child). Journal of Autism and Developmental Disorders, 38, 1230–1240 
 
Babbitt, M. (1965), the use of computers in musicological research, Perspectives of New Music 3(2): pp  
               74-83  

Barwick, J., Valentine, E., West, R. & Wilding, J. (1989). Relations between reading and musical abilities, British  
Journal of Edu Psychol, 59, pp 253-257 

 
Bangerter, A. & Heath, C. (2004). The Mozart effect: Tracking the evolution of a scientific legend, Br J Soc  

Psychol 43: pp 605-623 
 
Barnett, S.M.& Ceci S.J. (2002). When and where do we apply what we learn? A taxonomy for far  

transfer, Psychol Bull 128: pp 612-637 
 
Besson, M., Chobert, J. & Marie, C. (2011). Transfer of training between music and speech: common  

processing, attention, and memory, Frontiers in psychology, Review Article published online 12 May 2011, 
DOI: 10.3389/fpsyg.2011.00094 

 
Benz, S., Sellaro, R., Hommel, B. & Colzato, L. S. (2015) Music Makes the World Go Round: The Impact  



 

146 
 

of Musical Training on Non-musical Cognitive Functions – A Review, Frontiers in Psychology, 6: 2023  
 
Bilhartz, T., D., Bruhn, R., A. & Olson, J. E. (2000). The Effect of Early Music training on child cognitive  

development, Journal of applied developmental psychology, 20(4), pp 615-636 
 
Branscome, E. E. (2012). The impact of Education Reform on Music Education: Paradigm Shifts in Music  

education curriculum, advocacy and philosophy from Sputnik to Race to the top, Arts Education Policy 
Review, 113(3), pp 112-118 

 
Bruer, J. (1999). The myth of the first three years, New York: Free Press 
 
Brown, J. C. (1992), Musical fundamental frequency tracking using a pattern recognition method,  

Journal of the acoustical society of America, 92 (1394). 
 
Bruscia, K.E., (1987), Improvisational Models of Music Therapy, Charles C Thomas, Springfield, IL 
 
Blood, A. J. & Zatorre, R. J. (2001), Intensely pleasurable responses to Music correlate with activity in  

brain regions implicated in reward and emotions, Proc. Natl. Acad. Sci. USA 98, 11818- 
11823 

 
Blumenfeld, H., (2010) Neuroanatomy through Clinical Cases, 2nd Edition, Sinauer Associates  

Publishers, Sunderland, Massachusetts. 
 
Borenstein, M., Hedges, L. V., Higgins, J. P. T. & Rothstein, H. R. (2009), Introduction to Meta-Analysis, Wiley  

and sons publications: Chichester 
 
Bostrom, N., (2014), Superintelligence; Paths, Dangers, Strategies; Oxford University Press: London 
 
Bunt L. (1978) The Hammersmith Project. A report of a project funded by the National Medical Research Fund, 

Department of Paediatrics, Charing Cross Hospital Medical School, London. 
 
Cabeza, R & Kingstone, A. (2006), Handbook of Functional Neuroimaging of Cognition, 2nd Edition, Cambridge,  

Massachusetts and London: MIT Press  
 
Campbell, J. I. D. eds. (1992). The Nature and origins of Mathematical Skills, Amsterdam: Elsevier Science  

Publishers B.V.  
 
Chalmers, I., (2007), The lethal consequences of failing to make use of all relevant evidence about the effects  

of medical treatments: the need for systematic reviews. In P. Rothwell (ed.), Treating Individuals. Ed. 
London: Lancet: 37 – 58 

 
Chan, A. S., Ho, Y., & Cheung, M. (1998). Music training improves verbal memory, Nature, 396, p 128 
 
Chanda, M.L. and Levitin, D. J., (2013), Feature Review; The Neurochemistry of Music, Trends in Cognitive  

Sciences, 17(4), 179 – 193 
 
Chobert, J., François, C, Velay, J.-L. & Besson, M. (2012), Twelve Months of Active Musical Training in 8- to 10- 

Year-Old Children Enhances the Preattentive Processing of Syllabic Duration and Voice Onset Time, 
Cerebral Cortex, online first 12th December 2012 

 
Clynes, M. (1982), Music Mind and Brain, The Neuropsychology of Music, New York and London: Prenum Press 
 
Cochrane Collaboration (2013), Cochrane Library and tools, re3trieved from the world wide web on 27th  

September 2017: www.cochranelibrary.com. 



 

147 
 

 
Cohen-Mansfield, J., Marx, M. S., & Rosenthal, A. S. (1989). A description of  

agitation in a nursing home. Journal of Gerontology: Medical Sciences, 44(3), M77-M84. 
 
Concato, J., Shah, N. & Horowitz, R. (2000), Randomized, Controlled Trials, Observational Studies, and the   
                Hierarchy of Research Designs, The New England Journal of Medicine; 342, 1887 – 1892 
 
Corrigall K. A. & Trainor, L. J. (2011). Associations between length of music training and reading skills in  

children, Music Perception, 29(2), pp 147-155 
 
Costa-Giomi, E. (2004), Effects of three years piano instruction on children’s academic achievement, school  

performance and self-esteem, Psychology of Music, 32(4), pp 139-152 
 
COTAN, Arnhem, The Netherlands. (1996). Luisteren 1, 2, 3, 1992-1996. Retrieved June 8, 2011, from  
                http://www.cotandocumentatie.nl/test_details.php?id=243  
 
COTAN, Arnhem, The Netherlands. (1998). Toetsen begrijpend lezen, 1995 – 1998. Retrieved June 8, 2011, from  
                http://www.cotandocumentatie.nl/test_details.php?id=250  
 
COTAN, Arnhem, The Netherlands. (2002). Rekenen-wiskunde. Retrieved June 8, 2011, from  
                  http://www.cotandocumentatie.nl/test_details.php?id=249  
 
COTAN, Arnhem, The Netherlands. (2010). Spelling groep 3 t/m 8 lovs. Retrieved June 8, 2011, from  
                 http://www.cotandocumentatie.nl/test_details.php?id=730  
 
Courey, S. J., Balogh, E. Siker, J. R. & Paik, J. (2012).  Academic Music: music instruction to engage third-grade  

students in learning basic fraction concepts, Educational Studies in Mathematics, published online/pre print 
publication 23rd March 2012, pp 1-28 

 
Colder CR, O'Connor RM. Gray’s reinforcement sensitivity model and child psychopathology: laboratory and  
                questionnaire assessment of the BAS and BIS.Journal of Abnormal Child Psychology. 2004;32:435–451. 

Convention on the Rights of the Child Adopted and opened for signature, ratification and accession by General  
                Assembly resolution 44/25 of 20 November 1989 entry into force 2 September 1990, in accordance  
                with article 49 

Črnčec, R., Wilson, S. & Prior, M. (2006a). The cognitive and academic benefits of music to children: facts and  
fiction, Educational Psychol, 26, pp 579-594 

 
Črnčec, R., Wilson, S. & Prior, M. (2006b).  No evidence for the Mozart effect in children, Music Perception, 23,  

pp 305-318 
 
Cronin, M., (2018), Remixing the Classroom: Towards an open Philosophy of music education, British Journal of  

Music Education, Indiana University Press: Indiana 
 
Dawson, C., Aalto, D., Simko, J., Vainio, M. & Tervaniemi, (2017), Muscial Sophistication and the Effect of Complexity 
on Auditory Discrimination in Finnish Speakers, Frontiers in Neuroscience, pp 1 -11. 
 
Damasio, A (Preprint / 2018); The Strange OIrder of Things: the Biological roots of culture, preprint, Knopf  

Doubleday Publishing Group: London 
 
Deeks, J.J., Dinnes, J., D’Amico, R., Sowden, A.J., Sakarovitch, C., Song, F., et al. (2003), Evaluating non- 

randomised intervention studies, Health Technological Assessment, 7(27), iii-x, 1-173 
 



 

148 
 

Dehaene, S. Bossini, S., Giraux, P. (1993), The mental representation of parity and number magnitude, Journal  
                of Experimental Psychology: General, Vol 122(3), 371-396. 
 
Degé, F. & Kubicek, C. & Schwarzer, G. (2011a). Music lessons and intelligence: a relation mediated by  

executive functions, Music Perception 29(2), pp 195-201 
 
Degé, F & Schwarzer, G (2011b). The effect of a music program on phonological awareness in preschoolers,  

Frontiers in Psychology 2(124), pp 1-7 
 
Delden van, M. (1994). Together on the way with the student monitoring system. Arnhem, The Netherlands: CITO 
 
Detterman, D.K. (1993). The case for the prosecution: Transfer as an epiphenomenon, in: Detterman and  

Sternberg eds., Transfer on trial: Intelligence, cognition and instruction. Norwood, New Jersey: Ablex.  
 
Diamond, A, (2013), Executive Functions, Annual Review of Psychology, 2013 (1) 
 
Dreu, M.J., van der Wilk, A.S.D., Poppe, E., Kwakkel, G. & van Wegen E.E.H., (2012), Rehabilitation, exercise   
                therapy and music in patients with Parkinson’s disease: a meta-analysis of the effects of music-based  
                movement therapy on walking ability, balance and quality of life, Parkinsonism & Related Disorders,  
               18(1), pp 114-119 

Dulamea, A. & Dulamea, M. (2011) The Neurobiology of visual arts: implications in the  

neuroplasticity process. Romanian Journal of Neurology, Vol. 10 (3,) 120 - 125 
 
Dumont E., Syurina, E. V., Feron, F. J. M., van Hooren, S., (2017) Music Interventions and Child  

Development: A Critical Review and further Directions, Frontiers in Psychology, 8, 1694 
 
Dumontheil, I. & Klingberg, T., (2012), Brain acivity during a visuospatial working memory task predicts  
              arithmetical performance 2 years later, Cereb Cortex, 22(5) 
 
dos Santos-Luiz , C., Mónico, L., Almeida, L., Coimbra, D., (2015) Exploring the long-term associations between  
              adolescents’ music training and academic achievement, Sage Science 11(3), 137 - 145 
 
Edelman, G. M., (1978), Neural Darwinism, The theory of Neural Group Selection, Basic Books 
 
Edelman, G. M. (2000), BBC Radio 4, In our Time Imagination and Consciousness, Thursday, 29 June 
 
Engle, R. (2002), Working Memory Capacity as Executive attention, Current direction in  

Psychological Science, 11(1), 19 – 23 
 
Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power analysis program for the social,    
                 behavioral, and biomedical sciences. Behav Res Methods. 2007;39(2):175–91. 
 
Fautley, M., (2017), Musci Education: why bother? British Journal of Music Education, 34(1), pp 1-3. 
 
Feder, E. & Feder, B., (1981), The Expressive Arts Therapies: Art, Music and Dance as Psychotherapy, Prentice Hall, 

Englewood Cliffs, NJ 

Firth U. Autism: Explaining the Enigma. Oxford: Basil Blackwell; 1989. 

Fischer, D., (2001), Early language learning with and without music, Reading Horizons, 42(1) 
 
Flaugnacco, E., Lopez, L., Terribili, C., Montico, M., Zoia, S., & Schön, D. (2015). Music  



 

149 
 

            Training Increases Phonological Awareness and Reading Skills in Developmental Dyslexia:     
            A Randomized Control Trial. PLOS ONE, 10(9) 
 
Flohr, J. W. (1981). Short-term musical instruction and young children’s developmental musical aptitude, Journal of  
            research in music education, 29, pp 219-223 

Forgeard, M., Winner, E., Norton, A. & Schlaug, G. (2008). Practicing a musical instrument in childhood is  
associated with enhanced verbal ability and nonverbal reasoning, PLoS ONE open access article, 3(10), pp 
1-8 
 

Gallagher, A. & Frederickson, N., (1995), The Phonological Assessment Battery (PhAB): An  
initial assessment of its theoretical and practical utility. Educational and Child Psychology, Vol 12(1), 53-67 

 
Graziano, A. B., Peterson, M. & Shaw, G. L. (2016), Enhanced learning of proportional math through music training  

and spatial-temporal training, Neurological Research, 21. Pp 139 – 152 
 
Gromko, J. (2005). The effect of music instruction on phonemic awareness in beginning readers, Journal of  

research in music education, 53, pp 199-209 
 
Gruhn, W. (2002) Phases and Stages in Early Music Learning; A longitudinal study on the development of  

young children's musical potential, Music Education Research, 4(1), pp 51-71 
 
Goodman, R. (1997). The Strengths and Difficulties Questionnaire: a research note. Journal of Child Psychology  
                & Psychiatry, 38, 581-586.  
 
Goodman, R. (2001). Psychometric properties of the strengths and difficulties questionnaire. J Am Academy of Child &  
                Adolescent Psychiatry, 40, 1337-1345. 
 
Gustorff O. & Aldridge D. (1990) Where am I? Music therapy applied to coma patients. (Editorial.) Journal of 

Research in Social Medicine 83 (6), 345-346. 
 
Hallam, S. (2010). The power of music: Its impact on the intellectual, social and personal development of  

children and young people, International Journal of Music Education, 30(1), pp 269-289 
 
Hallam, S. & Creech, A., (2016), Can active music making promote health and well-being in older citizens?  
                Findings of the music for life project, London Journal of Primary Care, Vol. 8(2), pp. 20-25 
 
Halpern, D.F. (1998). Teaching critical thinking for transfer across domains, Am Psychol 53: pp 449-455 
 
Harris, M., (2009), Music and the young mind: Enhancing brain development and engaging learning, Lanham,  
                 New York, Toronto, Plymouth: Rowman & Littlefield Education 
 
Hetland, L. & Winner, E. (2004). Cognitive transfer from arts education, in E. Eisner and M Day (eds.),  

Handbook on research and policy in art education, National Art Education Association 
 
Hickok, G, Buchsbaum, B, Humphries, C, & Muftuler, T., (2003), Auditory-Motor Interaction  

Revealed by fMRI: Speech, Muisc and Working Memory in Area Spt, Journal of cognitive  
Neuroscience, 15(5), pp 673-682 

 
Higgins, J.P.T. and Green, S. eds. (2013), Cochrane handbook for systematic reviews for interventions, version  

5.1.2 [updated March 2017], The Cochrane Collaboration, 2017, Available online from www.cochrane-
handbook.org 

 



 

150 
 

Hillier, A.J., Greher, G., Poto, N. & Dougherty, M, (2012), Positive outcomes following participation in a music  
                intervention for adolescents and young adults on the autistic spectrum, Psychology of music, online  
                first, pp 1-15 
 
Ho, Y.-C., Cheung, M.C. & Chan, A.S. (2003). Music Training Improves Verbal but not visual memory: cross- 

sectional and longitudinal explorations in children, 17(3), pp 439-450 
 
Hodges, D. A. & O`Connell, D. S. (2009). The impact of music education on academic achievement, in S. Hallam,  

I. Cross and M. Thaut (eds.) Oxford Handbook of Music Psychology, Oxford and New York: Oxford University 
Press 

 
Hoekman, J., Douma, J.C.H., Kersten, M.C.O., Schuurman, M.I.M., & Koopman, H.M. (2001). IDQOL – Intellectual 

Disability Quality of Life. De ontwikkeling van een instrument ter bepaling van de ‘kwaliteit van bestaan’ 
van mensen met een verstandelijke handicap, 207- 224 
 

Honing, H., ten Cate, C., Peretz, I., & Trehub, S. (2015). Without it no music: Cognition, biology, and  
evolution of musicality. Philosophical Transactions of the Royal Society B: Biological Sciences, 370 (1664) 

 
Honing, H. & Ploeger, A. (2012), Cognition and the evolution of Music: pitfalls and prospects, Topics in  
               Cognitive Science, online first, pp 1-12 
 
Holochwost, S., Propper, C., Wolf, D., Willoughby, M., Fischer, K., Kolacz, J., Volpe. V. & Jaffee, S. (2017’,  

Music Education, Academic Achievement, and Executive Functions, Psychology of Aesthetics, Creativity and 
the Arts, 11)2’, 147 / 166 

 
Hudziak JJ, Albaugh MD, Ducharme S, Karama S, Spottswood M, Crehan E, Evans AC, Botteron KN,  (2014)  Brain   
                Development Cooperative Group.. Cortical thickness maturarion and duration of music training: health-    
                promoting activities shape brain development. J Am Acad Child Adolesc Psychiatry. Nov;53(11):1153-  
                61 
 
Humpal M. (1991) The effects of an integrated early childhood music programme on social inter-action among 

children and their typical peers. Journal of Music Therapy xxviii (3), 161-177. 
 
Howlin, P. (2004), Autism and Asperger Syndrome: preparing for adulthood, London: Routledge. 
 
Hyde, K.L., Lerch, J., Norton, A., Forgeard, M., Winner, E., Evans, A.C. & Schlaug, G. (2009), Musical training  

shapes structural brain development, The Journal of Neuroscience, 29(10), pp. 3019 – 3025 
 
Ioannidis, J.P.A. and Lau, J. (1998), Can quality of clinical trials and meta analyses be quantified? The Lancet,  

352, 590 
 
James, R. (2015), Music therapy for individuals with autism spectrum disorder: a systematic review, Review Journal 

of Autism and Developmental Disorders, 2, 39-54 
 
Jaschke, A. C., Eggermont, L. H. P., Honing, H. & Scherder, E. J. A., (2013), Music education and its  

effect on intellectual abilities in children: a systematic review. 24(6) 
 
Jaschke, A.C. and Eggermont, L.H.C. (2012), Music study and intervention quality assessment scale (Musiquas),  

published online 1st March 2012,  
http://vu.nl.academia.edu/ArturCJaschke/Papers/1616348/Music_study_and_intervention_quality_assess
ment_scale_Musiquas_1st_Edition  

 
Jaschke, A. C., (2014), Music Intervention as system: Reversing hyper systemising in autism spectrum disorders to 

the comprehension of music as intervention, Medical Hypothesis, 82(1), 40 – 48 



 

151 
 

 
Jaschke, A.C. (2011), Controlled Freedom: Cognitive Economy versus Hierarchical Organization in Jazz  
                Improvisation, Online Only: http://vu-nl.academia.edu/ArturCJaschke/Papers, UvA Master Thesis 
 
Janssen J, & Kraemer, J. M. (2002). Rekenen-Wiskunde 2002 [Arithmetic and Mathematics]. Arnhem, The Netherlands:  
                CITO. 
Jentschke, S., Koelsch, S. & Friederici, A. D. (2005). Investigating the relationships of music and language in  

children; Influences of musical training and language impairment, Annals of the New York Academy of 
Science, 1060, pp 231-242 

 
Judd, C. H. (1908). The relation of special training to general intelligence. Educational Review, 36, pp 28-42 
 
Kamioka, H., Tsutani, K., Yamada, M., Park, H., Okuizumi, H., Tsuruoka, K., et al. (2014). Effectiveness of music  

therapy: a summary of systematic reviews based on randomized controlled trials of music 
interventions. Patient Prefer Adherence. 8: 727 

 
Kay, B. P., Meng, X., DiFrancesco, M.W., Holland, S.K. & Szaflarski, J.P., (2012), Moderating effects  

of music on resting state networks, Brain Research, 1447, pp 53-64 
 
Klein, C., Liem, F., Hänggi, J., Elmer, S., Jäncke, L., (2016) The “silent” imprint of musical training,  
                Human Brain mapping, Vol 37 (2). 
 
Koelsch, S., 2012. Brain and Music, Oxford: Wiley and Blackwell 
 
Konig, R., Heil, P., Budinger, E. & Scheich, H., eds. (2015), The Auditory Cortex; A synthesis of  
                human and animal research, Oxford: Psychology Press  
 
Koutsoupidou, T. & Hargreaves, D. J. (2009). An experimental study of the effects of improvisation on  

the development of children’s creative thinking in music, Psychology of Music, 37, pp 251-278 
 
Koelsch, S. (2012), Brain and Music, Oxford: Wiley and Blackwell 
 
Koelsch, S. (2014), Brain Correlates of music-evoked emotions, Nature Reviews Neuroscience, 15,    

170 – 180 
 
Konig, R., Heil, P., Budinger, E. & Scheich, H., eds. (2015), The Auditory Cortex; A synthesis of  

human and animal research, Oxford: Psychology Press 
 
Koseki, T., Mouri, A., Mamiya T., Aoyama1 Y., Toriumi K., Suzuki1, S., Nakajima, A., Yamada1, T., Nagai T. &  
                Nabeshima, T., (2011), Exposure to enriched environments during adolescence prevents abnormal  
                behaviours associated with histone deacetylation in phencyclidine-treated mice, Intl. J.  
                Neuropsychopharmacology, 15, pp 1489-1501 

Kraus N and Chandrasekaran B. (2010), Music training for the development of auditory skills. Nature      
              Reviews Neuroscience. 11:599-605 

Kraus, N., Hornickel, J., Strait, D. L., Slater, J. & Thompson, E., (2014), Engagement in community music classes  
                sparks neuroplasticity and language development in children from disadvantaged backgrounds,  
                Front. Psychol., 5, pp 1-9 
 
Kraus, N., Strait, D. & Parbery-Clark, A. (2012). Cognitive factors shape brain networks for auditory  
                skills: spotlight on auditory working memory. Annals of the New York Academy of Sciences: The    

Neurosciences and Music IV. 1252: 100-107. 
 



 

152 
 

Kraus and White-Schwoch (2017), Neurobiology of Everyday Communication: what we have learned from  
Music, The Neuroscientist, Vol. 23(3) 287–298 

 
Kühlmann, A. Y. R., Etnel, J. R. G., Roos-Hesselink, J. W., Jeekel, J., Bogers, A. J. J. C., & Takkenberg, J. J. M.  

(2016). Systematic review and meta-analysis of music interventions in hypertension treatment: a quest for 
answers. BMC Cardiovascular Disorders, 16, 69.  

 
Lahav A, Saltzman E, Schlaug G, (2007). Action representation of sound: audiomotor recognition network while    
                 listening to newly acquired actions. J Neurosci. 10;27(2):308-14 
 
Lakatos, P., Musacchia, G., O’Connell, M. N., Falchier, A. Y., Javitt, D. C., & Schroeder, C. E. (2013). The  
                spectrotemporal filter mechanism of auditory selective attention. Neuron, 77(4), 750–761.  
 
Lee, H.L. & Noppeney, U., (2011), Long-termmusic training tunes how the brain temporally binds  

signals from multiple senses, PNAS, 108(51), pp 1441-1450 
 
Leekam, S., Tandos, J., McConachie, H., Meins, E., Parkinson, K., Wright, C., Turner, M., Arnott, B., Vittorini, L. & Le 

Couteur, A. (2007) Repetitive Behaviour Questionnaire -2, Journal of Developmental & Behavioral 
Pediatrics, 31(3), 223-229 

 
Lerdahl, F. & Jackendoff, R. (1983, 1985), A generative Theory of Tonal Music, Massachusetts: MIT Press 
 
Leubner, D & Hinterberger, T., Reviewing the Effectiveness of Music Interventions in Treating Depression,  

Frontiers in Psychology, Published online 07 July 2017 
 
Levitin, D. J. & Menon, V., (2003), Muscial structure is processed in “language” areas of the brain: a possible  
                role for Brodmann Area 47 in temporal coherence, NeuroImage, 20(4), pp. 2142 - 2152 
  
Limb, C. J. & Braun, A. R. (2008), Neural Substrates of spontaneous 

musical performance: an fMRI study of jazz improvisation, PLoS ONE 3: pp 1-15 
 
Linnavalli, T., Putkinen, V., Lipsanen, J., Huotilainen, M. & Tervaniemi, M. (2018), Musical playschool enchances 
children’s linguistic skills, Scientific Reports, 8, Article number 8767 
 
Linstone, H.A. & Turoff, M., (1975), The Delphi Method: Techniques and Applications, New Jersey Institute of  

Technology 
 
Linstone, H.A. & Turoff, M., (2002), The Delphi Method: Techniques and Applications Revisited, New Jersey  

Institute of Technology 
 
Luman, M., Oosterlaan, J. & Sergeant, J.A. (2008), Modulation of Response Timing in ADHD, Effects of  
              Reinforcement Valence and Magnitude J Abnorm Child Psychol, 36: 445 
 
Logan G.& Cowan, W (1984), On the ability to inhibit thought and action: a theory of an act of  

control, Psychol Review, Vol. 91 (3), 295-327 
 
Maurizio Bolognini (2001), Democrazia elettronica. Metodo Delphi e politiche pubbliche (Electronic  

Democracy. Delphi Method and Public Policy-Making) (in Italian), Rome: Carocci Editore,  
 
Marley L. (1984) The use of music with hospitalised infants and toddlers: a descriptive study. Journal of Music 

Therapy 21, 126-132. 
 
Mehr S.A. ,  Schachner A.,  Katz R.C. & Spelke E.S.  (2013) Two randomized trials provide no consistent  

evidence for nonmusical cognitive benefits of brief preschool music enrichment 



 

153 
 

Menard, S. (2007), Handbook of Longitudinal Research1st Edition: Design, Measurement, and Analysis  
                 eBook Academic Press 

Mooij, A.H., Huiskamp, G.J., Gosselaar, P.H. & Ferrier, C.H. (2016), Electrocorticographic language mapping  
                with a listening task consisting of alternating speech and music phrases, Clin Neurophysiol., 127(2),  
                pp. 1113-1119 
 
Moreno, S., Bialystok, E., Barac, R., Schellenberg, E.G., Cepeda, N.J. & Chau, T. (2011a). Short-term memory  

training enhances verbal Intelligence and Executive function, Psychological Science 22(11), pp 1425-1433 
 
Moreno, S., Friesen, D. & Bialystok, E. (2011b). Effect of music training on promoting preliteracy skills:  

preliminary causal evidence, Music Perception 29(2), pp 165-172 
 
Mosby (2009), Mosby’s Medical Dictionary, 8th Edition, New York: Mosby Publishing 
 
Norton, A., Winner, E., Cronin, K., Overy, K. Dennis J. Lee & Schlaug, G. (2005). Are there pre-existing neural,  

cognitive, or motoric markers for musical ability? Brain and Cognition, 59, pp 124-134 
 
Nosek, B.A., Banaji M.R., (2001), The Go/No-Go Association Task, Social Cognition, 19 (6), pp. 625–664 
 
Oechslin, M.S., Imfeld, A., Loenneker, T., Meyer, M. & Jäncke, L. (2010), The plasticity of the  

superior longitudinal fasciculus as a function of musical expertise: a diffusion tensor imaging study, 
Frontiers in Neuroscience, 3, 1 – 12 

 
Overy, K., Norton, A., Cronin, K.T., Gaab, N., Alsop, D.C., Winner, E. & Schlaug, G. (2004). Imaging melody and  

rhythm processing in young children, NeuroReport, 15(2), pp 1723-1726 
 
Patel, A. D. (2007), Language, music, and the brain: a resourcesharing framework, in Language and  

Music as Cognitive Systems, P. Rebuschat, M. Rohrmeier, J. Hawkins & I. Cross (eds.) Oxford: Oxford 
University Press 
 

Patel, A.D. (2012) Language, Music and the brain: a resource sharing framework. Language and Music  
as cognitive systems. Oxford University Press. 

 
Patel, A. (2017), Using Music to study the evolution of cognitive mechanisms relevant to language,  

Psychonomic Bulletin & Review, 24(1), pp 177-180. 
 
Paquette, K. R. & Rieg, S. A, (2008), Using Music to support the literacy Development of Young English Language 
learners, Early Childhood Education Journal, 36 (3), pp 227 - 232 
 
 
Patston, L. L. M. & Tippett, L.J. (2011). The effect of background music on cognitive performance in musicians  

and nonmusicians, Music Perception, 29(2), pp 173-183 
 
Pietsching, J., Voracek, M. & Formann, A.K. (2010). Mozart effect – Shmozart effect: A meta-analuysis,  

Intelligence 38, pp 314-323 
 
Peretz, I. (2009), Music, Language and modularity framed action , Psychologica Belgica, 49(2&3): pp 157-175 
 
Peretz, I. & Coltheart, M. (2003), Modularity of music processing,Nature Neuroscience, 6(7): pp 688-691 
 
Piro, J. M. & Ortiz, C. (2009). The effect of piano lessons on the vocabulary and verbal sequencing skills of  

primary grade students, Psychology of Music, 37, pp 325-347 
 



 

154 
 

Platz, F and Kopiez, R. (2012), When the eye listens: A Meta-Analysis of how audio-visual presentation  
enhances the appreciation of Music performance, Music Perception, 30(1) 

 
Preacher, K. J., & Hayes, A. F. (2008), Asymptotic and resampling strategies for assessing and  

comparing indirect effects in multiple mediator models, Behavior Research Methods, 40, 879-891  

Preacher, K. J., & Hayes, A. F. (2004). SPSS and SAS procedures for estimating indirect  
            effects in simple mediation models. Behavior Research Methods, Instruments, &         
            Computers, 36, 717-731. 

Portowitz, A., Lichtenstein, O., Egorova, L. & Brand, E. (2009). Underlying mechanisms linking music education  
and cognitive modifiability,31, pp 107-128 

 
Postman, L. (1971). Transfer, interference and forgetting, in: Klint and Riggs eds., Woodworth &Schlosberg’s  

Experimental Psychology 3rd ed, New York: Holt, Rinehart & Winston. 
 
Rauschecker, J.P., (2006), Cortical Plasticity and Music, Annals of the New York Academy of  

Sciences, 930, 330-336 
 
Rauscher, F.H., Shaw, G.L. & Ky, K.N. (1993). Music and spatial task performance, Nature, 365, p 611 
 
Rauscher, F.H., Shaw, G.L., Levine, L. J., Wright, E. L., Dennis, W.R. & Newcomb, R. (1997). Music training  

causes long-term enhancement of preschool children’s spatial-temporal reasoning abilities,  
Neurological Research, 19, pp 2-8 

 
Rauscher, F.H. & Shaw, G.L. (1998). Key components of the Mozart effect, Perceptual and Motor skills, 86, pp  

835-841 
 
Rauscher, F.H. & Zupan, M. (2000). Classroom keyboard instruction improves kindergarten children’s spatial- 

temporal performance: A field experiment, Early Childhood Research Qaurt., 15, pp 215-228 
 
Register, D. (2001). The effects of an early intervention music curriculum on prereading/writing, Journal of  

music therapy, 38(3), pp 239-248 
 
Riva F, Triscoli C, Lamm C, Carnaghi A, Silani G. (2016) Emotional Egocentricity Bias Across the Life-Span. Front  

Aging Neurosci. 2016 Apr 26 (8):74 
 
Rickard, N. S., Bambrick, C. J. & Gill, A. (2012). Absence of widespread psychosocial and cognitive effects of  

school-based music instruction in 10-13 year old students, International journal of Music Education, 
published online/pre print publication, 3rd February 2012, pp 1-22 

 
Roden I., Könen, T., Bonnard, S., Frankenberg, E., Friedrich, E. & Kreutz, G., (2014) Effects of music  

training on attention, processing speed and cognitive music ablitiies – Findings from a longitudinal study, 
Applied Cognitive Psychology, 28 (4), 545 – 557 

 
Roden, I., Grube, D., Bongard, S. & Kreutz, G., (2013) Does music training enhance working memory  

performance? Findings from a quasi-experimental longitudinal study, Psychology of Music, 42 (2), 
 284 – 298 

Rodrigues A.C., Loureiro, M. A. & Caramelli, P., (2013), Long-term musical training May improve  
different forms of visual attention ability, Brain and Cognition, 82 (3), 229 - 235 

 
Rose, F. C. Ed (2010). The Neurology of Music, London: Imperial College Press 
 



 

155 
 

Ruedrich, S., Swales, T. P., Fossaceca, C., Toliver, J. & Rutkowski, A., (1999), Effect of divalproex sodium on 
aggression and self-injurious behavior in adults with intellectual disability: a retrospective review, Journal of 
Intellectual Disability Research, 43(2), 105-111 

 
Ruggeri, K., Maguire, A. Andrews, J. L., Martin, E. & Menon, S. (2016), Are We there yet? Exploring the impact of  

translating cognitive tests for demetia using mobile Technology in an aging population, Frontiers in Aging 
Neuroscience. 

 
Särkämö, T., Tervaniemi, M., Laitinen, S., Forsblom, Soinila, S., Mikkinen, M., Autti, T.,  

Silvennoinen, H.M., Erkkilä, J., Laine, M., Peretz, I. & Hietanan, M., (2008), Music listening enhances 
cognitive recovery and mood after middle cerebral artery stroke, Brain, 131, 866-876 

 
Sachs, M.E., Ellis, R.J, Schlaug, G., Loui, P. (2016) Brain connectivity reflects human aesthetic responses to  
                music. Soc Cogn Affect Neurosci, 11 (6), pp 884-891 
 
Sala, G., & Gobet, F., (2017), When the music’s over. Does music skill transfer to children’s  

and young adolescents’ cognitive and academic skills? A meta-analysis, Educational Research Review, Vol 
20, pp. 55-67 

 
Sallat, S., & Jentschke, S., (2015), Music perception Influences Language Acquisition: Melodic and Rhythmic- 
                Melodic Perception in Children with Specific Language Impairment, Behavioural Neurology, pp. 1-10 
 
Salvador, K. & Pasiali, (2017), Intersections between music education and music therpay: education reform, arts  

education, exceptionality, and policy at the local level, Arts education Policy review, 118(2), pp 93-103 
 

Sanderson, S., Tatt, I.D. and Higgins, J.P.T. (2007), Tools for assessing quality and susceptibility to bias in  
observational studies in epidemiology: a systematic review and annotated bibliography, International 
Journal of Epidemiology, 36, 666-676 

 
Saperston B. (1973) The use of music in establishing communication with an autistic mentally retarded child. Journal 

of Music Therapy 19, 46-54. 
 
Scales, P.C., Benson, P.C., Roehlkepartain E.C., Sesma Jr., A. & van Dulmen, M. (2006), The role of  

developmental assets in predicting academic achievement: A longitudinal study, Journal of Adolescence 29, 
pp 691-708 

 
Schellenberg, E. G. (2004). Music lessons enhance IQ, Psychological Science, 15, pp 511-514 
 
Schellenberg, E. G. (2005). Music and cognitive abilities, Current directions in Psychological Science, 14,  

pp 322-325 
 
Schellenberg, E. G. (2006). Longterm positive associations between music lessons and IQ, Journal of  

educational Psychol, 98, pp 457-468 
 
Schlaug, G., Jancke, L., Huang, Y., Staiger, J.F., & Steinmetz, H. (1995a). Increased corpus callosum size in  

musicians, Neuropsychologia, 33, pp 1047-1055 
 
Schlaug, G., Jancke, L., Huang, Y., & Steinmetz, H. (1995b). In Vivo evidence of structural brain asymmetry in  

musicians, Science, 267, pp 699-701 
 
Schlaug, G., Norton, A., Overy, K. & Winner, E. (2005). Effects of Music Training on the childs’s brain and  

cognitive development, Annals of the New York academy of Sciences, 1060, pp 219-230 
 
Schlaug, G., Forgeard, M., Zhou, L., Norton, A., Norton, A. & Winner, E., (2009), Training-induced  



 

156 
 

Neuroplasticity in young children, Ann N Y Acad Sci. 1169, 205 - 208 
 
Schlaug, G. (2015). Chapter 3 - Musicians and music making as a model for the study of brain  
            plasticity. In S. F. Eckart Altenmüller & F. Boller (Eds.), Music, Neurology, and the Brain 
 
Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated guidelines for reporting parallel group  
               randomised trials. BMJ. 2010;340:c332. 
 
Schumacher, L, Nitschke, K., Schumacher, K., Weiller, C. & Kaller, C. P., (2015) Test-retest reliability of the  
               Tower of London Planning Task (TOL-F), Psychological Assessment, vol 27(3), 925-931 
 
Shallice, T. (1982). Specific impairments of planning. Philosophical Transactions of the Royal Society of London,  
               B, 298, pp. 199–209. 
 
Shehan, P. K. (1986). Major Approaches to Music Education: An Account of Method, Music Educator’s  

Journal 72(6), pp 26-31 
 
Sihvonen, A. J., Särkämö, T., Leo, V., Tervaniemi, M., Altenmüller, E. & Soinila, S., (2017), Music-based  

interventions in neurological rehabilitation, The Lancet Neurology, 17: 1-13 
 
Slater J., Strait., D.L., Skye., E., O’Connell, S., Thompson, E. & Krauss, N., (2014), Longitudinal Effects of  

Group Music Instruction on Literacy Skills in Low-Income Children, PLoS ONE 9(11), 113 - 121 
 
Slevc & Okada, (2015), Processing structure in language and music: a case for shared reliance on  

cognitive control, sychon Bull Rev (2015) 22: 637 
 
Slevc LR, Davey NS, Buschkuehl M, Jaeggi SM. (2016) Tuning the mind: Exploring the connections between  
               musical ability and executive functions. Cognition, 152, pp 199-211. 
 
Standley, J. M. (2008). Does Music Instruction Help Children learn to read? Evidence of a meta-analysis,  

Applications of research in music education, 27(1), pp 17-32 
 
Stang, A. (2010), Critical Evaluation of the Newcastle-Ottawa scale for the assessment of the quality of  

nonrandomized studies in meta-analyses, European Journal of Epidemiology, 25, 603-605 
 
Staphorsius, G., & Krom, R. (1998). Toetsen Begrijpend Lezen [Comprehensive Reading Test] Arnhem, The  
                Netherlands: CITO.  
 
Strait D.L., Chan K., Ashley R. & Kraus, N., (2012), Specialization among the specialized: auditory   

brainstem function is tuned in to timbre. Cortex. 48, pp 360-362. 
 
Strait D.L, Hornickel J. & Kraus N. (2011a). Subcortical processing of speech regularities predicts reading and   
   music aptitude in children. Behavioral and Brain Functions. 7:44. 
 
Strait D.L & Kraus N. (2011b). Playing Music for a Smarter Ear: Cognitive, Perceptual and Neurobiological   
                Evidence. Music Perception. 29(2): pp 133-146. 
 
Streiner, D.L. and Norman, G.R. (2008), Health Measurement scales: A practical guide to their development  

and use, 4th Edition, Oxford and New York: Oxford University Press 
 
Southgate, D. E. & Roscigno, V. J. (2009). The Impact of Music on childhood and adolescent achievement,  

Social Science Quarterly, 90(1), pp 4-21 
 



 

157 
 

Sparks R. & Deck J. (1986) Melodic intonation therapy. In: Language Intervention Strategies in Adult Aphasia (ed. R. 
Chapey), 320-332. Williams & Wilkins, Baltimore, MD. 

 
Spiro, N., Tsiris, G. & Cripps, C., (2017), A systematic review of outcome measures in music therapy, Music Therapy  

Perspectives, 312 – 378 
 

Sung, J. E., (2011), The reliability and validity of short-term and working memory pointing tasks developed for clinical  
                populations with speech and language disorders, Commun Sci Disord, 16(2), 185-201 
 
Swaminathan, S & Schellenberg, E.G., (2016), Music training in Cognitive training: An overview  

of features and applications, Springer eds. Tilo Strobach & Julia Karbahc, 137-144 
 

Swaminathan, S., Schellenberg, E.G. & Khalil, S. (in press), Revisiting the association  
between music lessons and intelligence: Training effects or music aptitude? Intelligence, t.b.a. 

 
Swanson, J., Schuck, S., Mann, M., Carlson, C., Hartman, K., Sergeant, J., McCleary, W. (2006). Categorical and  
                Dimensional Definitions and Evaluations of Symptoms of ADHD: The SNAP and the SWAN Ratings Scales.  
                Retrieved May 26 2010 from http://www.adhd.net 
 
Thompson, S. G. and Pocock, S.J. (1991), Can meta analyses be trusted?, The Lancet, 338, pp 1127-1130 
 
Thorndike, E.L.  (1906). Principles of teaching, New York: Seiler 
 
Thorndike, E.L. & Woodworth, R.S. (1901a). The influence of improvement in one mental function upon the  

efficiency of other functions: (I), Psychological Review (8): pp 247-261 
 
Thorndike, E.L. & Woodworth, R.S. (1901b). The influence of improvement in one mental function upon the  

efficiency of other functions: (II) The Estimation of magnitudes, Psychological Review (8): pp 384-395 
 
Thorndike, E.L. & Woodworth, R.S. (1901c). The influence of improvement in one mental function upon the  

efficiency of other functions: (III) Functions involving attention, observation and discrimination,   
Psychological Review (8): pp 553-564 

 
Tschentscher N, Hauk O. (2016) Frontal and parietal Cortices Show Different Spatiotemporal Dynamics across  
                Problem-solving Stages. J Cogn Neurosci. (2016) Aug;28(8):1098-110. 
 
Trepel, M. (2008), Neuroanatomie: Struktur und Funktion, Munchen: Elsevier 
 
Tellegen, A. & Briggs, P. F., (1967), Old wine in new skins: grouping wechsler subtests into new scales, Journal  
                 of Consulting Psychology, 31(5), pp 499-506 

Träff, U., (2013), The contribution of general cognitive abilities and number abilities to different aspects of  
                mathematics in children, Journal of Experimental Child Psychology, 116(2), pp 139-156 

Trehub, S. E, & Trainor, L. J., Listening strategies in infancy: The roots of music and language development,  
                McAdams, Stephen (eds), Thinking in Sound: the cognitive psychology of human audition, pp. 278-327 
Tsang, C. D. & Conrad, N. J. (2011). Music training and reading readiness, Music Perception 29(2), pp  

157-163 
 
Tomba, E. & Bech, P., (2012), Clinimetrics and Clinical Psychometrics: Macro- and Micro-Analysis., Psychother    
                Psychosom, 81, pp 333–343 
 
Tomlinson, G., (2015) A million years of music: The Emergence of Human Modernity, Zone books: New York 



 

158 
 

Tyrer, P., Oliver-Africano, P. C., Ahmed, Z., Bouras, N., Cooray, S., Deb, S., Murphy, D., Hare, M., Meade, M.,  
                 Reece, B., Kramo, K., Bhaumik, S., Harley, D., Regan, A., Thomas, A., Rao, B., North, B., Eliahoo, J.,  
                Karatela, S., Soni, A. & Crawford, M. (2008), Risperidone, haloperidol and placebo in the treatment of   
                aggressive challenging behavior in patients with intellectual disability: a randomized controlled trial,  
                Lancet, 371 (9606), 57-63 
 
Uhlig, S, Jaschke, A.C. and Scherder E.J.A (2013.), Effects of music on emotion regulation: a systematic review,  

The 3rd International Conference on Music & Emotion, Jyväskylä, Finland  
 
Vaughn, K. (2000). Music and Mathematics: Modest support for the Oft-claimed relationship, Journal of  

Aesthetic Education, 34(3/4), pp 149-166 
 
Vlug, K. F. M. (1997). Because every pupil counts: the success of the pupil monitoring system in The Netherlands.  
               Education and Informat Technologies, 2, 287-306. 
 
Votruba, K. & Langenecker, S. (2013) Factor structure, construct validity, and age- and education-based  

normative data for the Parametric Go/No-Go Test, journal of clinical and experimental neuropsychology, 
2013 Vol. 35, No. 2, 132–146 

 
Waters, G.S. & Caplan, D., (2003), The reliability and stability of verbal working memory measures, Behavior  
               research methods, instruments & computation, 35(4), 550 564 
 
Watson CE, Chatterjee A, (2012). A bilateral frontoparietal network underlies visuospatial analogical reasoning.  

Neuroimage. 1;59(3):2831-8.  
 
Wan, C. Y. and Schlaug, G. (2010), Music making as a tool for promoting brain plasticity across the  

life span, The Neuroscientist, 16(5), pp 566-577 
 
Wang, Y., Celebrini, S., Trotter, Y. & Barone, P., (2008), Visuo-auditory interactions in the primary  

visual cortex of the begaving rhesus monkey: Electrophysiological Evidence.BMC  
Neuroscience, 9(79), PMC free article: PMC2527609 

 
Wechsler, D. (1991). Wechsler intelligence scale for children–third edition. San Antonio, TX: Psychological Corp. 
 
Wells, G.A., Shea, B., O'Connell, D., Peterson, J., Welch, V., Losos, M. & 

Tugwel, P. (2011). Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in 
meta-analyses, published online: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp 

 
Winner, E. & Hetland, L. eds. (2000). Beyond the Soundbite: Arts education and Academic Outcomes,  

Conference Proceedings, The Getty Center Los Angeles, August 24-26 2000 
 
Winner, E. & Drake, J. E., (2013) The Rage to Master: The Decisive Role of Talent in the Visual  

Arts Reprinted and updated from: Winner, E. (1996). The rage to master: The decisive case for talent in the 
visual arts. In K. A. Ericsson (Ed.), The road to excellence: The acquisition of expert performance in the arts 
and sciences, sports and games (p. 271-301). Hillsdale, NJ: Erlbaum. 

 
World Health Organisation (2010), Prevalence of Intellectual Disabilities and its meaning, WHO Publishing  
 
Wollescheid, S., Sjaastad, J. & Lover, N., (2016), The effect of pen and paper of tablet computer on early qriting – a  

pilot study, Computers & Education, 98, pp. 70 - 80 
 
Xin F, Lei X (2015). Competition between frontoparietal control and default networks supports social working  

memory and empathy. Soc Cogn Affect Neurosci; 10(8):1144-52. 
 



 

159 
 

Zatorre R.J. & Salimpoor V. N., (2013), From perception to pleasure: Music and its neural substrates,  
Proc Natl Acad Sci USA, 2 (110). 

 
Zatorre, R. J., Salimpoor, V. N., Larcher, K., Dagher, A., Benovoy, M. (2011), Anatomically distinct dopamine  

release during anticipation and experience of peak   emotion to Music, Nature American Neuroscience 
1/11 
 

Zeng, X., Zhang, Y., Kwong, S.W.J., Zhang, C., Li, C., Sun, F., Niu, Y. & Du, L. (2014), The methodological quality  
assessment tools for preclinical and clinical studies, sytematic reviews and meta-analysis, and clinical 
practice guideline: a systematic review, Journal of Evidence-based medicine, 8: 2 - 10  

 
Zelazo, P.D. & Muller, U. (2011), Executive Function in Typical and Atypical Development: in Usha Goswami  

ed., The Wiley-Blackwell Handbook of Childhood Cognitive development, 2nd edition. London 
 
Zull, J. E. (2002). The art of changing the brain: Enriching teaching by exploring the biology of  

learning. Sterling: Stylus Publishing.  
 
Zuk, J., Benjamin, C., Kenyon, A. & Gaab., N. (2015), Behavioural and Neural Correlates of Executive  

Functioning in Musicians and Non-Musicians, PloS ONE, 10(9), 137 - 145 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

160 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RESEARCH AGENDA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

161 
 

GRANT APPLICATION SUMMARY 2018 
 
 
All grants are either equally spilt to reach each institution or are divided in the workload that is 

invested. In-kind, supervision and bonuses are equally split and will be incorporated into the 

financial income-expanse plan of the professorship to come. 

 
Granted 
 

- VU-Concertgebouw, Digital music-education and cognitive development in children 
(200.000) 

 
Applied for 
 

- Music-technology in music therapy; developing and applying technology in clinical 
settings (750.000 RAAK-Pro) 

-  
- UMCU CI and MUSIC MUT, Music to my artificial ears, Cochlear Implants and Music-

based therapies and interventions (150.000) 
 

- UMCM: Pain, Music and chemotherapy: how to reduce stress and pain in oncology 
(300.000) 

 
- VUmc and Muzikids, Music-based therapeutic interventions in clinical pediatric oncology 

(300.000) 
 

- VUmc, Fronto-temporal Dementia and music-based therapeutic interventions (100.000) 
 

- VU – UVA – UMCU Singing in the brain, Music-based singing interventions in dementia 
and Alzheimer patients (550.000) 

 
- ZonMW, LUDWIG and the BRAIN, Pilot: Music interventions minimise care-taker work 

load (100.000) 
 
- Parkinson’s Vereeniging (50.000), Neurologic Music Therapy and gait in Parkinson’s 

patients 
 

- Parkinson’s Vereeniging (50.000), Use of an activity watch in persons with Parkinson’s to 
stimulate musical engagement to promote dopaminergic pathways in the brain. 
 

In preparation 
 

- Music-based therapies and interventions and Traumatic Brain Injury 
 



 

162 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ABOUT THE AUTHOR 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

163 
 

Artur C. Jaschke has obtained his Bachelor degree in Music (Contrabass and Drums) at 
Dartington College of Arts (United Kingdom) and the University of Otago (New Zealand). During 
this period, he has already developed a strong interest in music cognition and the neurology of 
music, which led him to complete his Master’s degree at the Universiteit van Amsterdam (The 
Netherlands), in Musicology and Music Cognition (thesis title: Controlled Freedom: Cognitive 
Economy versus Hierarchical Organisation in jazz improvisation).  
Currently he is researcher clinical Neuromusicology at the VU University Amsterdam (The 
Netherlands) in the department of Clinical Neuropsychology, specialising in the interrelation of 
music, executive functions and brain maturation in clinical and non-clinical populations. 
Furthermore, he is associate professor (Lector) Music-based Therapies and Interventions at the 
department of Music Therapy at ArtEZ University of the Arts in Enschede (the Netherlands) as 
well as visiting research-fellow for music-based interventions at the Neonatal Intensive Care Unit 
at the University Medical Centre Groningen (The Netherlands). 
 
Publications 
 
In press 
 

Jaschke, A.C. (in press), Thalamic integration as key concept in understanding music-based therapies 
and interventions 
 

Jaschke, A. C., Eggermont, L. H. P. & Scherder, A.C. (2018), MUSIQUAS quality assessment scale for clinical music studies, 
Music and Medicine, online first 
 
Jaschke, A.C., Honing, H & Scherder, E.J.A. (2018), Longitudinal Analysis of music education on executive  
functions and verbal intelligence in children, Frontiers in Neuroscience, 27 February 2018 
 
Jaschke, A.C. and Scherder, E. J. A. (2015), Music Intervention, Agitation, Quality of Life and Repetitive Behaviour in People 
with a form of Intellectual Disability: A Brief Pilot Report, Journal of Neurology and Neuroscience, Special Issue 2015, pp 5 
- 13 
 
Jaschke, A.C. (2014), Music intervention as system; reversing hyper-systemizing in autism spectrum conditions to the 
comprehension of music as intervention, Medical Hypothesis, 82(1), pp 40 -48 
 
Jaschke, A.C. (2014), Music and the Brain, Pyramide 67(05, Nov), pp 4-9  
 
Jaschke, A.C., Eggermont, L.H.P., Honing, H and Scherder, E.J.A. (2013), Music education and its effect of intellectual 
abilities in children: a systematic review, Reviews in the Neurosciences, 24 (6), pp 665 - 675  
 
Jaschke, A.C. (2013), Letter to editor: Early adolescent music preferences and minor delinquencies, Pediatrics 4(15) 
 
Jaschke, A.C. (2013), Music as Medicine, Pyramide 70 (02, Nov), pp 4-9 
 
Jaschke, A.C. (2013), Mahler and the Mind: in search for the Urlicht, Journal of the Mahler Stichting Nederland, 25(3) 
 
Luck, G., Brabant, O., Uhlig, S., Jaschke, A.C. & Scherder, E.J.A., (2012), Effects of Music on Emotion Regulation: A 
Systematic Literature Review, Emotion Reviews, 34(3), pp 5-14 
 
Jaschke, A.C. and Eggermont, L.H.C. (2012), clinical music study quality assessment scale (Musiquas), published online 1st 
March 2012, http://vu-nl.academia.edu/ArturCJaschke/Papers/1616348/ 
 
 



 

164 
 

Eggermont, L.H.P., De Boer, K., Muller, M., Jaschke, A.C., Kamp, O. and Scherder, E.J.A (2012), Cardiac disease and 
cognitive impairment: a systematic review, Heart, published online 2012, ID: heartjnl-2012-301682.R1 
 
Jaschke, A.C., (2011), Controlled Freedom; Cognitive Economy versus Hierarchical Organisation in jazz improvisation, 
published online at vu-nl.academia.edu  
 
 
 
Abstracts 
 
 
Jaschke, A.C. (2017), Thalamic integration as key concept in understanding music-based therapies and interventions, 
Conference proceedings, Music and Brain Conference, Boston, 21 – 26 May, p. 657 
 
Jaschke, A.C. and Scherder, E. J. A. (2015), Music Intervention, Agitation, Quality of Life and Repetitive Behaviour in People 
with a form of Intellectual Disability, Conference Proceedings of the Society for Neuroscience, Chicago, 17 -21 October, p. 
234 
 
Jaschke, A.C., Eggermont, L.H.C., Scherder, E.J.A. (2013), Clinical music study quality assessment scale (MUSIQUAS) 1st 
Edition, in Shipton & Himonides (eds.) Setting the Tempo; The need for a progressive programme on Music Health and 
Wellbeing, SEMPRE Conference proceedings 18-20 April 2013, pp 43-44 
 
Jaschke, A.C. and Scherder, E.J.A. (2013), Thalamic Multisensory integration, creating a neural network map involved in the 
processing, perception and execution of music, Conference Proceedings, Midwestern Music Cognition Symposium, Ohio 
State University 22-26 May, pp 10-11 
 
Jaschke, A.C. and Scherder, E.J.A. (2013), Music intervention as system; reversing hyper-systemizing in autism spectrum 
conditions to the comprehension of music as intervention, Conference Proceedings, Midwestern Music Cognition 
Symposium, Ohio State University 22-26 May, pp 21-22 
 
 
 
Conferences 
 
 
Jaschke, A.C., 
(2018) 

International conference on Music and Medicine, Barcelona, Spain  

 
 
Jaschke, A.C., 
(2017) 

Brain Medicine: Innovations in technology, data and applications, Berlin 
 
International Congress on Music and the Brain, Harvard Medical Centre Boston, Massachusetts, USA  
 
Arts-based research is not clinical research, Bridging the Gap Symposium, HAN Hoogeschool, Nijmegen 
 
Embodied Cognition and the arts in music, Herbstacademy Universität Heidelberg, Germany 
 

Jaschke, A.C., 
(2016) 

Neuromusicology: your brain on music, Presentatie tijdens de Nationale Psychologie Studenten 
Congress, Utrecht 
 

Jaschke, A.C., 
(2015) 

Society for Music Perception and Cognition, Kennedy Centre, Nashville, USA 

 
Jaschke, A.C., 
(2014) 

 
Music and the Brain Expert Colloquium, Max-Planck Institute, Leipzig, Germany  

 
Jaschke, A.C., 
(2013) 

 
Midwestern Music Cognition Symposium, Columbus, Ohio State, USA  
 



 

165 
 

Society for Music Perception and Cognition (SMPC), Toronto, Canada  
 
Society for Education, Music and Psychology research (SEMPRE), Setting the Tempo – The need for a 
progressive research programme on Music Health and Wellbeing, Folkstone, United Kingdom  
 

Jaschke, A.C., 
(2012) 

De uur van de Vaktherapie, GGZnet Conferencie Appeldoorn, The Netherlands  
 
40th Anniversary SEMPRE conference, London, United Kingdom  
 
12th International Conference on Music Perception and Cognition (ICMPC)  
 
8th Triennial Conference of the European Society for Cognitive Sciences of Music (ESCOM), Thessaloniki, 
Greece  
 
Core Knowledge, Language and Culture, Lorentz Center; International Center for Workshops in the  
Sciences Leiden, The Netherlands  
 
European Association for Music in Schools (EAS), The Hague, The Netherlands  
 

Jaschke, A.C., 
(2011) 

Universiteit van Amsterdam Studentencongres 2011, Amsterdam, The Netherlands  
 

 
 
Selected Evidence of (popular) knowledge valorisation 
 
 
Jaschke, A.C., 
(in prep) 

Improviseren kun je leren, de wetenschap van improvisatie en de hersenen, (book) Van Gennep 
Amsterdam 

  
Jaschke, A.C., 
(2015) 

Book review: Early childhood music therapy and autism spectrum disorders, Tijdschrift voor vaktherapie 
3, pp 38-39 
 

2014 Tech the Future: Cognitieve Neurowetenschapen en muziek, Elektor (July), pp 45-49 
 

2013 Muziek maakt kinderen slimmer, Hart (Maart), pp 16-17 
 

2012 Een Beter brein met Beethoven, Groter Groeien (November), pp 43-45 
 

Since 2011 Multiple national and international appearances on the topic of 
Neuromusicology and Medical Humanities 
 
Interviews 
Newspaper articles 
Blogs 
Comment pieces  
 
 

 
 
Selected Presentations 
 
 
Jaschke, A.C., 
(2018)  

Neuroscience and Music, from education to the clinic, Stedelijk Conservatorium Brugge, Belgium 
 



 

166 
 

Neuroscience and Music, from education to the clinic, University of Bournmouth, UK 
 
Van Neuropsychologie naar neuromusicologie: ontwikkeling en toepassing van de effecten van 
muziek en de hersenen, Presentatie tijdens de HAN international week, HAN Hoogeschool, Nijmegen 
 
Is music a luxury? What we know and do not know about the effecst of music education on 
neurocognition and behaviour, Marnix Academie, Utrecht 
 
Neuromusicology: your brain on music, het Muziekgebouw and ‘t Ij, Amsterdam 
 
 

Jaschke, A.C., 
(2017) 

Multiple open public presentations in Europe concerning the topic of Music and the Brain  
 
The effect of music on the brain, Het Concertgebouw Amsterdam, The Netherlands  
 
CulturSummit 2017, Abu Dhabi, United Arab Emirates  
 
Van Neuropsychologie naar neuromusicologie: ontwikkeling en toepassing van de effecten van 
muziek en de hersenen, Presentatie tijdens de Week van de vaktherapie, Schiedam 
Brain, Music and Behaviour, Frontiers in Brain Research symposium (UvA en VU), Amsterdam 

 
Jaschke, A.C., 
(2016) 
 

 
Brainwaves – Mini-Tour on Music and the Brain, Multiple Locations, The Netherlands Music as 
Medicine, Deventer Hospital, The Netherlands  
 
Music and its importance in Healthcare, Studie-Arena, The Netherlands  
 
Music, Dementia and the Brain, Noorderbreedte, Leeuwarden, The Netherlands  
 
An Introduction to music therapy, CodArts Rotterdam, The Netherlands Beyond Music education, 
Ministry of Education, The Hague, The Netherlands  

Jaschke, A.C., 
(2015) 

Imagination, Music and the brain, Multiple Locations, The Netherlands  
 
Bridging the Gap between Music education and Music therapy, Rotterdam, The Hague, Amsterdam, 
Appeldorn, The Netherlands (Keynote Speaker) 
 

Jaschke, A.C., 
(2014) 

Music as Medicine, VU University Amsterdam, The Netherlands  
 
 

Jaschke, A.C., 
(2013 -2014) 

Lecture Series: How clinical Neuropsychology can guide Therapy: insides from clinical 
Neuromusicology, multiple locations at s’Heeren Loo Intellectual Disability Healthcare Services, The 
Netherands  
 

Jaschke, A.C., 
(2013) 

De Paden Op, GNOON Studiedag, Nijmegen, The Netherlands  
 
De Kracht van de Muziek, Wolfheze, The Netherlands,  
 
Brainwave01, Utrecht, The Netherlands,  
 
HART - Dag van de Cultuureducatie, Haarlem, The Netherlands  
 
Music therapy Workshop and project week, ArtEZ Conservatorium Enschede, The Netherlands  
 

Jaschke, A.C., 
(2012) 

Healing Harmonies: Music, Medicine and More, Erasmus MC Rotterdam, The Netherlands  
 



 

167 
 

iPABO annual meeting 2012, The Hague, The Netherlands 
 
Cultuur and onderwijs beurs 2012, Utrecht, The Netherlands 
 

Jaschke, A.C., 
(2011) 
 
 

Muziek telt! 2011, Amsterdam the Netherlands 

Selected Radio 
 
 
2018 Music interventions and brain development in children New York Classical Radio WQJX 

 
Music education’s effect on the brain, Radio 1, Belgium 
 
Your brain on music, SWR 1, Germany 
 
Why do we listen to music? Does your brain know the answer? Radio 1, The Netherlands 
 

2016 Brainwaves – the effects of music on the brain, Radio 1 (Langs de Lijn en Omstreken), The 
Netherlands 
 

2015 Music and the brain, Radio 4, The Netherlands 
 
 
TV 
 
 
Jaschke, A.C., 
(2018) 

Music and the Brain at RTL Late NIGHT with Umberto Tan, RTL 4, The Netherlands 

 
Jaschke, A.C., 
(2017) 

 
Muziek en het Brein, Editie.nl RTL 4, The Netherlands 

 
Jaschke, A.C., 
(2017) 

 
Geluidsoverlast, muziek en de effecten heirvan op de hersenen Editie.nl RTL 4, The Netherlands 

 
Jaschke, A.C., 
(2014) 

 
Enhance your brain with music, NPO Nederland, NTR, De Kennis van Nu 

 
 
 
Societies 
 
 
 

 Editorial Board Member Music and Medicine, specialisation Neurology 
Society of Neuroscience 
The European Society for the Cognitive Sciences Of Music (ESCOM) 
The Society for Music Perception and Cognition (SMPC) 
The Gustav Mahler Stichting Nederland  
Research Autism 

 
 
 

 

 



 

168 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

ACKNOWLEDGEMENTS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

169 
 

First of all, I am deeply indebted to all participating children and parents who went through 

hours and hours of rigorous testing.  

 

A big thank you also goes to all participating schools, all funders and all people who have 

believed and supported this research, which are too many names to mention here! 

All research-assistants, students and volunteers who have helped in collecting all the data 

presented here; you have helped to make this research possible.  

To my colleagues at the VU, the UvA, ArtEZ, UMCG, UMCU, Erasmus MC, LUDWIG, Codarts and 

EZS, my utmost thanks for all our inspiring conversations and discussions. You all have 

broadened my mind not only on research matters, but also on life through good laughs and 

times. 

 

Dear members of the promotion commission, Prof. dr. Oosterlaan, Prof. dr. Sommer, Prof dr. van 

Hooren, Prof. dr. Bouma, Dr. Vink, Prof. Dr. Swaab, thank you very much for your time, valued 

comments and critical questions on this thesis. 

 

Rex, thank you for your countless hours you have invested to proof read my papers, adding the 

finishing touch. 

 

Arjan, Manasse, Tessel, Diederik & Dave: some things you can buy, real friends are priceless! 

 

Dear Henkjan, thank you very much for all your insights and critical comments during the whole 

process of writing this thesis. I always valued our conversations and discussions and foremost 

your honest comments on the articles. 

 

Mirjam, Jean-Pierre, Marlen, Cessa, Amando, 
June, Tam, Solange, Abigail, Azairah, Angel, Amber 
and Xadé, thank you all for lifting my heart in 
moments of despair and also moments when I 
just wanted to throw in the towel. I could not wish 
for a more beautiful family! 

 



 

170 
 

Dear Erik, 

 

Words are simply not enough to express my thanks! You have believed in me from 

the beginning; a student looking for a second assessor to read his Master thesis. The 

countless hours you have invested, looking for funding to make this thesis possible. 

Lifting me up after the first rejection of the systematic review, with your never-

ending passion, spirit and energy. I hope to be able to take a small portion of your 

enthusiasm and passion with me, to let people experience the beauty of shared 

compassion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

…, ik vertel het je als ik thuis ben …  



 

171 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

<<   fair winds and following seas’   >> 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

172 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

173 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


