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Abstract 

Aims: The current study sought to provide further insight into the relationships 

between both bilingualism and musical training and the long speculated positive effects both 

domains have on the efficiency of the executive functioning (EF) system. The study 

examined differences in working memory (WM) and inhibitory control performance between 

3 groups: bilinguals/multilinguals and monolinguals, formally trained musicians and non-

musicians, bilinguals who had formal music training experience and monolinguals who had 

formal music training experience. The relationship between age of secondary language 

acquisition and stroop scores was also investigated. Method: A questionnaire concerning 

demographic, language ability, and musical ability was first administered to participants (n = 

44), after which participants proceed to complete the Stroop Task to assess inhibitory control 

performance, then the Digit Span forwards and backwards tasks to assess WM. Results: 

Results did not yield significant effects across any of the EF tests between groups. No 

significant correlation was found between age of language acquisition and stroop scores. 

Conclusion: Though the current study failed to yield significant results, an analysis of the 

strengths and limitations of the current study design can be said to contribute to existing 

literature. Future analysis of both L2 acquisition and musical training on EF’s was proposed 

based on previous literature that influenced study design. Future analysis of the effects of 

both bilingualism and music training on EF’s was also proposed due to the lack of research 

surrounding this combination. 
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Literature Review 
 

Bilingualism and Higher Cognition 

Studies investigating the effects of bilingualism on general cognition have seen a 

significant shift in approach in the last half century, with early iterations of bilingual studies 

being cited as employing unstandardized measures and subjective definitions of bilingualism, 

and verbal-intelligence tests often being administered to non-proficient speakers of a second 

language in that second language (Woumans et al., 2016). Ianco-Worall (1972) first 

employed a more refined selection criteria when testing differences in semantic and phonetic 

preference amongst bilingual and unilingual children, matching variables of age, sex, school 

grade and social class in the two populations as well as conducting interviews with the 

mothers of the bilingual sample. Accounting for these variables produced significant 

evidence in support of Leopold’s (1950) findings; that bilingual children are speculated to 

reach a particular stage in semantic development 2-3 years earlier than their monolingual 

peers. 

Research investigating bilingualism found an uptake in interest following this, with 

bilingual individuals frequently being shown to outperform their monolingual peers in not 

only the expected linguistic abilities, but also executive functions (EF) of attention, working 

memory (WM), and cognitive control (Friesen et al., 2014; Bialystok et al., 2004). Evidence 

has even been found for bilingualism potentially delaying the onset of dementia symptoms in 

patients by 4-5 years due to the speculated benefits of strengthened synaptogenesis and 

enhanced working memory (WM) integrity (Sujin et al., 2019). The improved functioning in 

multiple domains for bilinguals in comparison to monolinguals is commonly referred to as 

the ‘bilingual advantage’(BA) across literature, with studies showing children, adult, and 

older adult lifelong bilinguals and who consistently use two languages to regularly 
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demonstrate higher levels of executive control when compared to monolinguals 

(Mezzacappa, 2004; Bialystok et al., 2006; Gold et al., 2013).  

A systematic review conducted by van den Norrt et al., (2019) examined the efficacy 

of BA across 56 separate studies investigating the effects of bilingualism on cognitive 

control, and while showing the majority of research for having findings for a BA in cognitive 

control through studies involving the Simon task, Flanker tasks, Stroop tasks and switching 

tasks, this review also highlighted that a BA was found to be more prevalent in adult studies 

(56.4%) than studies involving children (42.8%), suggesting that these advantages in 

cognitive control may only become more evident when the brain is more fully developed in 

early adulthood due to EF’s requiring the recruitment of prefrontal brain regions (Bunge et 

al., 2002). Studies have found evidence for a BA amongst child populations (Grundy & 

Trimmer, 2016; Mezzacappa, 2004), with age of language acquisition (AoA) considered to be 

a significant factor in L2 learning by researchers when considering the superior neural 

plasticity of children (Carlson et al., 2013), the advantage additional years of learning a 

secondary language provides the earlier the start, or the higher likelihood of learning that 

immersion in a community of native speakers provides (Hartshorne et al., 2018; Rahman et 

al., 2017). 

There is ongoing debate as to whether a “critical period” of secondary language (L2) 

acquisition exists during development (Johnson & Newport, 1989), with this critical period 

hypothesis (CPH) suggesting that an L2 learners age and their susceptibility to L2 input is 

non-linear, providing explanation as to why adult L2 learners are less susceptible to input 

when compared to child L2 learners (Vanhove & White, 2013). The span at which this point 

exists during development also remains inconclusive across studies that have attempted to 

determine this period (Singleton & Ryan, 2004; Hartshorne et al., 2018). Gigi Luk & 

Bialystok (2011) found that children with AoA under 10 years scored significantly better on 
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incongruent trials of the flanker task, however, a lack of consensus surrounding this issue 

serves as one of many reasons as to why a solid theoretical basis for the cognitive 

mechanisms that are associated with a bilingual advantage require further exploration and 

understanding (Valian, 2016), as is indicated by the substantial increase in the number of 

bilingual studies on cognitive control within varying populations over the last ten years (van 

den Noort, 2019). 

Studies have demonstrated that when bilinguals and second language (L2) learners are 

listening, reading, or speaking monolingually, they are managing two (or more) language 

systems (Starreveld et al., 2014). This ‘parallel language activation’ involves suppressing 

interference from the nontarget language(s) to speak or recognize the target language(s), as 

research suggests that this parallel activity creates a form of lexical competition that must be 

resolved (Linck et al., 2008). Bilingual lexical models suggest that this prolonged period of 

bilingual “negotiating” or code switching in both verbal and internal manners may result in 

more proficient cognitive control processes (Bialystok et al., 2004; Struys et al., 2019), 

significantly contributing to an enhanced inhibitory control mechanism as studies have shown 

(van den Noort et al., 2019), as well as the increased exercise of several other underlying 

mechanisms in bilingual individuals that are thought to contribute to superior executive 

functioning. Current literature examining the effects of bilingualism on WM (Baddeley, 

2003) has produced more inconsistent findings when compared to inhibitory control, with 

findings existing both in support and opposition as to whether a BA exists within this 

cognitive domain (Grundy & Timmer, 2017; Adesope et al., 2010). Diamond (2013) 

however, asserts that inhibitory control is a behavioral product of working memory as 

opposed to a separate cognitive skill, and is necessary in inhibition to hold information in the 

mind to determine what is important and needs to be inhibited, with subsequent research also 
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suggesting a mediating relationship between the two skill domains (Trevisol, J., & Tomitch, 

L. 2017).  

Music and Higher Cognition 

The belief that music interventions are thought to have an influence on motor, 

language, cognitive, social, and academic abilities is widely accepted in the general 

population. Researchers have systematically investigated this domain in relation to higher 

cognitive functions (Schellenberg, 2011; Dumont et al., 2017), with strong neurological 

evidence existing for music education in activating multiple brain areas such as the prefrontal 

cortex (PFC), which is associated with EF (Särkämö et al., 2014). Schellenberg & Weiss 

(2013) explore several facets of musical proficiency such as aptitude, musical training, 

cognitive abilities after listening to music and while listening to music, highlighting strong 

associations between music aptitude and linguistic abilities as well as musical training and a 

wide variety of aspects such as general intelligence, school performance and cognitive tests 

of memory, language, and visuospatial abilities, also being asserted in seperate studies 

(Franklin et al., 2008; Carey et al., 2015). A systematic review conducted by Dumont et al., 

(2017) investigated the effects of musical training in children across five developmental 

domains through 46 separate studies, finding for positive effects on motor and academic 

domains but found studies reviewing cognitive domains to be insufficient, attributing this to 

the lack of qualitative research employed in previous studies and the lack of uniformity in 

musical interventions investigated across studies. 

Existing research has been shown to strongly support the association of enhanced 

WM performance in musicians when compared to non-musicians, which has been found 

across age groups of children (Shen et al., 2019; Schellenberg, 2011), young adults (Franklin 

et al., 2008; Moreno et al., 2011; Hansen et al., 2013), and older adults (Amer et al., 2013). 

Recent studies have gone on to investigate aspects of musical learning such as enculturation, 
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formal training and deliberate practice and their relation to cognitive mechanisms such as 

working memory capacity (WMC) and mental flexibility (Lee, Lu & Ko, 2007; Meinz & 

Hambrick, 2010), with findings suggesting the positive role of WMC in sight reading and 

instrument performance, also suggesting for the role of working memory (WM) in limiting 

the level of expert performance that can be attained by musicians. Studies have found 

evidence for this musician advantage across differing measures of WM, including more 

complex span tasks that would require additional executive control (Unsworth & Engle, 

2006). Evidence for enhanced interference suppression has also been found in musicians 

when compared to non-musicians across age groups of children (Moreno et al., 2011; Chen et 

al., 2011; Shen et al., 2019), young adults (Bialystok & DePape, 2009), and older adults 

(Seinfeld et al., 2013). However, this speculated improvement in inhibitory control in 

musicians is not consistently replicated across studies (Carey et al., 2015; D’Souza et al., 

2018). It must also be noted that few studies have investigated the effects of musical training 

on working memory, inhibitory control, and cognitive flexibility in the same study, where the 

effect of music training on each cognitive skill is compared (Sachs et al., 2017; Zuk et al., 

2014). 

Music and Language/Bilingualism 

It is common view as of late in psychology that both the processes involved in music 

and language are viewed as overlapping mechanisms involving the coordination of multiple 

higher cognitive domains (Sternberg & Sternberg, 2011). Initially treated as separate 

psychological faculties, further evidence has been found challenging these previous 

conceptions, with findings supporting close relation between phonological awareness, which 

is necessary for reading and writing skills, musical expertise, and pitch awareness (Jäncke, 

2012; Overy, 2003). Early evidence has been found supporting the relation between reading 

music and language abilities in children (Zinar, 1976), with subsequent research by Anvari et 



MUSICAL TRAINING, BILINGUALISM & EXECUTIVE FUNCTION   6 

al., (2002) finding a significant correlation between music aptitude and reading ability in a 

study of 4–5-year-olds, while also finding phonological awareness to be associated with both 

variables. Much like the proposed CPH in L2 acquisition, Chen et al., (2021) also propose a 

existence of a period of superior neuroplasticity or ‘sensitive period’ at which the influence of 

musical training on EF’s is most effective during development, finding that musical training 

before the age of 7 years led to superior performance in response inhibition, WM, and 

interference control when compared to musical training after the age of 7 years. Considering 

the basis for both the CPH and sensitive period are rooted by the assumption that EF’s 

undergo rapid and significant development during childhood to adolescence and are thought 

to be extremely malleable during development (Carlson et al., 2013; Diamond, 2013), it 

could be inferred that these periods of development are one in the same or at least share a 

degree of overlap, although a lack of research surrounding a ‘sensitive period’ for musical 

training serves to impede this inference.  

 Bangert et al. (2006) conducted a study on musicians and non-musicians using 

neuroimaging procedures, with results showing that musicians exhibit stronger activation 

than non-musicians in Broca’s and Wernicke’s areas, both being regions of the brain 

associated with language processing. Tallal & Gaab (2006) also found through neuroimaging  

that several neural modules within the brain are similarly involved in speech and music. This 

culmination of evidence for the shared reliance on cognitive control and the speculation of 

shared cognitive mechanisms between music activity and language evidently lead researchers 

to apply these findings to L2 acquisition, with studies concerning the relationship between 

bilingualism and musical training finding garnering interest over the last two decades. 

Milovanov & Tervaniemi (2011) found evidence for a significant relationship 

between higher musical aptitude and second language linguistic abilities, also citing regular 

music practice for a prolonged period as having a potential modulatory effect on linguistic 
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organization and to alter hemispheric functioning within the brain. A recently conducted 

study by Liang & Taft (2020) investigated differences in phonological processing between 

bilinguals with English as their L2 who had both received and not received early musical 

training, finding that processing difficulties with English that were typical of this population 

were completely absent in those that had received formal music training when compared to 

those who had not. Schroeder at al., (2016) suggested that the cognitive enhancements of 

bilingualism and musical training on interference suppression could potentially be additive in 

nature, finding bilinguals, musicians, and bilingual musicians to significantly outperform 

control groups (monolinguals & non-musicians) in a visuo-spatial Simon task, with 

bilinguals, monolinguals, and bilingual monolinguals all exhibiting similar levels of superior 

performance. Similarly to studies examining these domains individually, some findings have 

failed to find evidence supporting the shared enhancement of certain cognitive domains 

between musicians and bilinguals (D’Souza et al., 2018; Bialystok & DePape, 2008), with the 

lack of research involving both bilinguals and musicians serving to impede the significance 

of current findings.  

While this lack of research does need to be addressed, several other issues with 

previous empirical approaches when investigating the effects of musicianship and 

bilingualism on EF’s have been identified by researchers. Valian (2016) outlines several 

underlying issues with previous approaches to investigating the relationship between 

bilingualism and EF’s, suggesting that the over-reliance on simple measures of WM as 

opposed to high processing tasks, the degree of task impurity that exists within these 

frequently employed measures, is insufficient and cannot address the absence of theory 

surrounding the cognitive mechanisms involved in the deployment of more than one 

language. The implementation of more complex span tasks that assess WM in bilingual and 

musicians as well as controls could aid in rectifying this issue. In addition to this, measures of 
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bilingualism and musicianship also vary greatly across studies depending on the proposed 

research questions (van den Noort, 2019; Jordan et al., 2022), with there being no concise or 

consensually agreed definition for either construct, making it difficult to determine the 

significance of findings in relation to one another due to the variations of definitions used 

across studies. 

The Current Study 

The substantial amount of research investigating both musical training and 

bilingualism has produced results both in support and opposition to the speculated learning 

induced cognitive enhancements in areas of executive functioning. Present contention over 

the inconsistency of findings reporting a BA in WM, the inconsistency of findings reporting a 

musician advantage in interference suppression, the limited number of studies investigating 

the effects of musical training on multiple EF measures within the same study, as well as the 

variation of measures and tasks employed between studies to measure the two domains 

individually, serves to suggest that additional research is required in this field. Furthermore, a 

lack of research exists investigating both bilingualism and musical training within the same 

study although there is evidence for shared cognitive mechanisms in music and language 

learning, as well as speculated overlap of cognitive mechanisms associated with bilingualism 

and musicianship, with it remaining unclear how the combination of musicianship and 

bilingualism effects higher cognitive processes.  

Therefore, the present study aims to investigate the degree at which bilingualism and 

musical training are associated with enhancements in working memory and inhibitory control 

through the employment of the Stroop Task and the Digit Span forward and backward tasks 

in an Irish sample. The study also aims to examine the performance between bilinguals who 

have had formal music training and monolinguals who have had formal music training across 

these tasks. The study also aims to determine whether a relationship exists between age of L2 
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acquisition and enhanced inhibitory control in the bilingual sample, with these aims 

producing the following research questions and hypotheses: 

Research Question 1: Does a significant relationship exist between age of L2 

acquisition and performance in the Stroop task? Hypothesis for research question 1: In line 

with previous findings, there is expected to be a significant negative correlation between age 

of L2 acquisition and bilingual performance on the Stroop task. 

Research Question 2: How will bilinguals/multilinguals perform in comparison to 

monolinguals in tasks of WM and Inhibitory control? Hypothesis for research question 2: As 

shown in previous studies, bilinguals/multilinguals are expected to outperform monolinguals 

on the Digit Span forwards and backwards tasks of inhibitory control. In line with previous 

research bilinguals/multilinguals are also expected to outperform monolinguals in the Stroop 

task, though Digit Span is expected to be the most significant. 

Research Question 3: How will formally trained musicians perform in comparison to 

non-musicians in tasks of WM and Inhibitory control? Hypothesis for research question 3: As 

shown in previous studies, formally trained musicians are expected to outperform non-

musicians on the Stroop Task for WM. In line with previous research formally trained 

musicians are also expected to outperform non-musicians in the Digit Span forwards and 

backwards tasks, though Stroop is expected to be the most significant. 

Research Question 4: How will formally trained musicians who are also 

bilingual/multilingual perform in comparison to monolingual formally trained musicians in 

tasks of WM and Inhibitory control? Hypothesis for research question 4: As existing 

literature suggests, formally trained musicians that are also bilingual/multilingual expected to 

outperform monolingual formally trained musicians on both the Stroop Task and Digit Span 

tasks.  
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Methods 
Participants 

The research sample in the current study consisted of 44 participants. Participants 

were recruited by means of a non-probability convenience sampling via the researchers social 

media accounts (ie. Instagram & Whatsapp), as well as in person visits to other year group 

lectures within NCI. Participants were also recruited by means of snowball sampling as the 

study was shared through social media by mutual friends of the researcher. There was no 

incentive provided to participate, and participants were relied heavily upon in their 

willingness to participate. In line with ethical considerations, participants were required to 

give informed consent prior to participation and had confirm they were at least 18 years of 

age in order to participate.  

Of the 44 participants included in the study 40.9% identified as male (n = 18) and 

59.1% identified as female (n = 26). Participants ranged in age from 18 to 57 years (M = 

25.41, SD = 8.92). Of these, 59.1% (n = 26) were categorized as monolinguals, and 40.9% (n 

= 18) were categorized as bilinguals/multilinguals. Sample sizes for musicians (n = 22) and 

non-musicians (n = 22) were equal, with 15.9% of the sample being categorized as 

bilingual/multilingual musicians (n = 7) and 34.1% monolingual musicians (n = 15). For 

additional descriptive statistics refer to Table 1. Participants were coded as bilingual if they 

rated their perceived proficiency in their L2 as a 4 or higher. Participants were coded as 

musicians if they answered yes to having experience with formal music training. Note that 

musicians in this sample refer participants who have experience with formal music training 

regardless of if they presently engage in sustained musical activity. 

Measures  

Access to a computer with internet connection was required in order for participants 

to partake in the study. It must be noted that all tasks involved in the present study were to be 

completed in an online setting. Access to Google Docs or another suitable cloud-based 
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platform for creating and distributing web-based questionnaires was required in order to 

distribute all of the measures to participants. As both the Stroop Task and Digit span task 

were also completed in an online setting, access to Inquisit or another appropriate application 

for administering psychological tests was also required by the researcher. 

Demographic, language & musical ability questionnaire 

This was presented as a self-report questionnaire that was hosted through Google 

Forms and consisted of three sections that assessed basic demographic information, 

secondary language acquisition, and musical experience. This measure also hosted the 

information sheet that provided details pertaining to the participant’s role in the study, a brief 

summary of what the study aims to investigate, details of participant data confidentiality and 

a participant’s right to withdraw from the study at any point prior to submission of data (see 

Appendix I). Participants were required to confirm they read and understood all information 

presented, were willing to participate in the study and were at least 18 years before moving to 

the questionnaire section of the form. The first section of the questionnaire collected basic 

demographic data, with participants being asked to disclose their gender identity and their age 

(see Appendix II). 

The second section of the questionnaire was concerned with collecting data for L2 

acquisition with questions being loosely based off the LEAP-Q questionnaire which has been 

consistently used in research investigating bilingual advantage (Marian et al., 2007). Firstly 

participants were asked if they identified with a definition of bilingualism that emphasized 

the frequent use and high proficiency in an L2 (see Appendix II). If participant’s answered 

‘no’ they were directed to the music ability section of the form, and if they answered ‘yes’ 

they were redirected to subsequent questions concerning L2 acquisition. Redirected 

participants were asked to rate their perceived proficiency in their L2, to list all the languages 

they can speak in order of dominance, all the languages they speak in order of acquisition, 
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and the age they began learning their L2 before moving to the last section of the 

questionnaire. 

The third and final section of the questionnaire first asked participants about their 

experience with formal music training and their experience in playing a musical instrument 

(see Appendix II). If participants answered ‘no’ to experience with formal music training they 

were directed to the last page of the form and if they said ‘yes’ they were directed to 

subsequent questions pertaining to music ability. Redirected participants were asked how 

many years they undertook formal music training and how many instruments they had 

experience with. The last page of the form hosted the link for the inquisit tasks and details on 

how to calculate a participant ID, which participants were required to do before moving onto 

the next section of the study (see Appendix II). 

Stroop Colour Word Task 

As mentioned previously, the Stroop Task was programmed and run through Inquisit. 

It must be noted that the colour word Stroop with keyboard responding is the variant used in 

the present study. A single trial consists of a single colour name appearing on the screen in 

different “print” colours, for example the word green appearing on the screen with a red print 

colour. Participants are advised before the task to respond to the print colour with the 

corresponding key (ie. Red is the correct response from the above example). Four print 

colours; red, blue, green and black, are used in the study with the corresponding keys being 

“d”, “f”, “j” and “k” respectively. The task consisted of 84 trials that vary between congruent 

(both the word and print colour are the same), and incongruent trials (the word and print 

colour are different) which are randomly sampled throughout the task, as well as control 

trials. The task was estimated to take approximately 2 minutes to complete. The overall 

proportion of correct trials (propcorrect), as well as the proportion of correct congruent 

(propcorrect_congruent) and incongruent (propcorrect_incongruent) was recorded by the 
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Inquisit software. Total elapsed time and latency between trials was also recorded through 

Inquisit. 

Digit Span Task 

As with the Stroop task, the Digit span task was also programmed and run through 

Inquisit. It should be noted that the variant of the task includes both Digit span forward and 

Digit span backward trials (Woods et al., 2011). Before the task, participants were required to 

go through at least 2 practice trials until a correct response terminates the practice session and 

advances to the task. Participants were instructed to recall a series of digits ranging from 1-9 

(that appear onscreen through method of input into a text box that is also onscreen. Digits are 

shown visually at a rate of 1 second and are randomly sampled without replacement in list 

lengths up to 9 digits and excluded successive sequences such as ‘123’ or ‘654’. A warning 

cue following the final digit at an interval of 1 second is presented before participants were 

cued to repeat the digit string. If a response is correct in digit and presentation order, the 

participant was moved up to the next level with an incorrect response resulting in the same 

level being presented. Forward testing began at a sequence of 3 digits with list length 

increasing following a 1:2 staircase, which would increase the span by one digit following a 

correct response trial. Following forward testing, backwards testing began with digit 

sequences starting at 2 digits. In the event that a consecutive error was made the participant 

was moved down a level, with the list length reducing by one digit. A total of 14 forward 

trials and 14 backwards trials were presented in the task which was estimated to take 

approximately 10-15 minutes to complete. The traditional measure of two-error maximum 

length (TE-ML), the maximal list length successfully recalled by participants prior to missing 

two successive attempts of the same level was recorded for both forward and backward trials. 

Mean span (MS), the span that a participant is expected to get correct 50% of all times based 

on overall performance across 14 trials was also calculated for both forward and backward 
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trials. Total elapsed time, the number of trials before TE_ML is reached (TE_TT), and the 

maximal digit span that a participant recalled correctly (ML) were also recorded for both 

forward and backward trials.  

Design 

The current study can be characterized as a cross sectional research design in which 

no variables were directly manipulated by the researcher. All data was collected was 

collected at a specific point in time with participants being asked to fill out a demographic, 

language and music questionnaire as well as two EF measures sequentially which were all 

quantitative in nature. A cross sectional design was seen as appropriate due to the concern for 

multiple variables, the inexpensive methodology employed and the ability to prompt future 

applications from the study findings. For the first hypothesis, a Pearson’s correlation 

coefficient was conducted with two continuous variables; Age of Language acquisition 

(AoA) and propcorrect scores. To address research questions 2-4, three dependant variables 

(DV’s) were identified: propcorrect scores, fTE_ML, & bTE_ML. Three independent 

variables (IV’s) were identified for research question: 2) L2 Acquisition 

(bilingual/multilinguals & monolinguals), 3) Formal Music Training (musicians & non-

musicians), and 4) Musician L2 Acquisition (bilingual/monolingual musicians & 

monolingual musicians).  

Procedure 

Information pertaining to the study and participation was administered by the 

researcher in both an online setting through the researchers social media accounts (ie. 

Instagram, WhatsApp, & Facebook), as well as shared through mutual friends of the 

researcher. The researcher also recruited students in other year psychology groups after 

lectures with the lecturers permission, informing them briefly of the nature of the study and 

participation, with the lecturer providing the link to the study to these groups of participants. 
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As mentioned previously, participants were required to complete the study online through a 

Google Forms link. Upon clicking the link, participants were directed to an information sheet, 

which detailed a brief summary of the study details, nature of participation and the estimated 

time taken to complete. Details pertaining to data confidentiality, the contact information of 

the researcher & their supervisor were also provided in the next page of the information 

sheet, with participants being asked to provide informed consent by ticking the box at the 

bottom of the page following the reading and comprehension of this information (see 

Appendix I).  

Upon providing consent, participants were directed fill out the demographic, language 

and music questionnaire which was estimated to take 5-10 minutes to complete (see 

Appendix II). Following the completion of the questionnaire section, participants were 

prompted to provide a unique participant ID in order to correlate the questionnaire data with 

scores from both Inquisit tasks. Six digit participant ID’s were created through combining 

their date and month of birth and the last two digits of their phone number (see Appendix II). 

Following the creation of an ID, participants were directed to follow the link to complete both 

the stroop and digit span tasks that were hosted through inquisit, and submit their google 

forms data before moving onto these tasks. It must be noted that participants were required to 

download the free Inquisit player app in order to complete this part of the study, which was 

automatically prompted after following the Inquisit link. Prior to the commencement of the 

two tasks, participants were required to provide their ID’s in order to correlate their scores 

with their questionnaire data.  

The Stroop task was estimated to take 2-3 minutes to complete. Lastly, after 

completing the Stroop task, participants are advised to follow the last Inquisit link and 

complete the Digit Span task, which is estimated to take 15 minutes. Following the 

completion of these measures, the participant will be directed to a debriefing form (see 
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Appendix III), in which a more detailed and concise description of the study and its aims  

provided as well as relevant contacts should participants have queries regarding the study or 

their data. A reminder to submit questionnaire data if participants had not already done so 

was also included in the debriefing sheet. 
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Results  

Descriptive Statistics 

The current data is taken from a sample of 44 participants (n = 44), with 40.9% of the 

sample identifying as male (n = 18) and 59.1% identifying as female (n = 26). Preliminary 

analyses were performed and indicated that all continuous variables measured followed the 

assumptions of normality with the exception of age, which was not normally distributed. 

Histograms were also obtained to show the normality of data distribution (see Appendix D). 

Means (M), Medians (MD), Standard Deviations (SD), and Range were calculated for total 

age and age within groups of monolinguals, bilingual/multilinguals, musicians, non-

musicians, bilingual/multilingual musicians and monolingual musicians, as shown in Table 1. 

English was found to be the primary language (L1) for all participants, with frequencies and 

percentages of languages spoken also calculated and presented in Table 2. Means (M), 

Medians (MD), Standard Deviations (SD), Minimum & Maximum values, Skewness, and 

Kurtosis were calculated between the aforementioned groups for both the Stroop task scores 

shown in Table 3, as well as forward and backward digit span scores as presented in Table 4.  
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Table 1: 
 
Descriptive statistics for age between monolinguals, bilinguals/multilinguals, musicians and 
non-musicians 
 

Variable  Frequency Mean Median SD Range 

Age       

Total  44 25.41 23 8.92 18 – 57 

Monolingual  26 25.88 22.5 10.46 18 – 57 

Bilingual/ Multilingual  18 24.72 23 6.29 19 – 45 

Non-musician  22 24.64 22.5 8.00 19 – 57 

Musician  22 26.18 23 9.88 18 - 57 

Bilingual/Multilingual 
Musicians 
 

 7 26.43 24 8.32 21 – 45 

Monolingual 
Musicians 

 15 26.07 23 10.80 18 - 57 

 
 
Table 2: 
 
Frequencies and percentages of languages spoken (n = 44) 
 

Variable Frequency Valid % 

Number of languages spoken   

 Monolingual   26 59.1 

 Bilingual 5 11.4 

 Multilingual (speaks 3 languages) 9 20.5 

 Multilingual (speaks 4 languages) 3 6.8 

 Multilingual (speaks 5 languages) 1 2.3 
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Table 3: 
 
Descriptive statistics for Stroop scores between monolinguals, bilinguals/multilinguals, 
musicians and non-musicians 
 

Variable  Mean Median SD Skewness Kurtosis Minimum Maximum 

Stroop Task 
(propcorrect) 

        

Total  .94 .94 .05 -1.404 4.319 .76 1 

Monolingual  .94 .94 .04 .201 -1.535 .89 1 

Bilingual/ 
Multilingual 

 .94 .96 .06 -2.160 6.216 .76 1 

Non-musician  .95 .96 .04 -.220 -1.535 .89 1 

Musician  .94 .94 .05 -1.83 5.679 .76 1 

Bilingual/Multilingual 
Musicians 
 

 .92 .94 .08 -1.893 4.194 .76 .99 

Monolingual 
Musicians 

 .94 .94 .04 .139 -1.459 .89 1 
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Table 4: 
 
Descriptive statistics for Digit span forward and backward scores between monolinguals, 
bilinguals/multilinguals, musicians and non-musicians 
 

Variable  Mean Median SD Skewness Kurtosis Minimum Maximum 

Digit Span Forward 
(fTE_ML) 

        

Total  7.57 8 1.59 .178 .775 4 12 

Monolingual  7.35 7.5 1.26 .441 1.831 5 11 

Bilingual/ Multilingual  7.89 8 1.97 -.244 .288 4 12 

Non-musician  7.82 8 1.76 .361 .591 5 12 

Musician  7.32 8 1.39 -.516 .419 4 10 

Bilingual/Multilingual 
Musicians 
 

 7.43 8 1.99 -.655 .348 4 10 

Monolingual 
Musicians 

 7.27 8 1.10 -.609 -.375 5 9 

Digit Span Backward 
(bTE_ML) 

        

Total  6.91 7 1.61 .084 .078 3 11 

Monolingual  6.77 7 1.82 .328 .141 3 11 

Bilingual/ Multilingual  7.11 7 1.28 -.421 -.729 5 9 

Non-musician  7.00 7 1.41 .111 .343 5 10 

Musician  6.82 7 1.82 .139 .200 3 11 

Bilingual/Multilingual 
Musicians 
 

 6.86 7 1.22 -.414 -1.525 5 8 

Monolingual 
Musicians 

 6.80 7 2.08 .196 -.135 3 11 
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Inferential Statistics 

A Pearson’s correlation coefficient was employed to assess the relationship between 

age of L2 acquisition and propcorrect scores. Preliminary analysis were conducted to ensure 

there were no violations of the assumptions of normality, linearity and homoscedasticity. 

There was a non-significant, small, negative correlation between age of L2 acquisition and 

propcorrect scores (r = -.05, n = 18, p > .005), indicating that the two variables share 

approximately .22% variance. Results could not indicate that earlier acquisition of L2 was 

associated with higher propcorrect scores.  

A one-way between groups multivariate analysis of variance was performed to 

investigate the differences between bilingual/multilinguals and monolinguals in Executive 

Functioning measures. Three dependant variables were used: Stroop scores (propcorrect), 

fTE_ML, and bTE_ML. The independent variable was L2 Acquisition. Preliminary 

assumption testing was conducted to check for normality, linearity, univariate and 

multivariate outliers, with no serious violations noted. No statistically significant difference 

was found between the two groups on the combined dependant variables, F(3, 40) = .43, p = 

.73, Wilks’ Lamboda = .97, partial eta squared = .03. No statistical significance was found 

when the dependant variables were considered separately. An inspection of the mean scores 

indicated that bilinguals scored higher than monolinguals on all measures, with the most 

significant difference being fTE_ML scores. An independent samples t-test also indicated 

there was no significant difference between fTE_ML scores between the groups, with 

bilingual/multilinguals (M = 7.89, SD = 1.97), scoring slightly higher than monolinguals (M = 

7.35 , SD = 1.26), t (42) = 1.12, p = .27, two tailed. The magnitude of the differences in the 

means (mean difference = .543, 95% CI: - .44 to 1.52) was small (Cohen’s d = .34). 

A one-way between groups multivariate analysis of variance was performed to 

investigate the differences between musicians and non-musicians in Executive Functioning 
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measures. Three dependant variables were used: Stroop scores (propcorrect), fTE_ML, and 

bTE_ML. The independent variable was Formal Music Training. Preliminary assumption 

testing was conducted to check for normality, linearity, univariate and multivariate outliers, 

with no serious violations noted. No statistically significant difference was found between the 

two groups on the combined dependant variables, F(3, 40) = .57, p = .64, Wilks’ Lamboda = 

.96, partial eta squared = .04. No statistical significance was found when the dependant 

variables were considered separately. An inspection of the mean scores indicated that non-

musicians scored higher than musicians on all measures, with the most significant difference 

being fTE_ML scores. A subsequent independent samples t-test also revealed there was no 

significant difference between group scores, with non-musicians (M = 7.82, SD = 1.76), 

scoring higher than musicians (M = 7.32 , SD = 1.39), t (42) = - 1.04, p = .30, two tailed. The 

magnitude of the differences in the means (mean difference = - .50, 95% CI: - 1.47 to .47) 

was small (Cohen’s d = -.32). 

A one-way between groups multivariate analysis of variance was performed to 

investigate the differences between bilingual/multilingual musicians and monolingual 

musicians in Executive Functioning measures. Three dependant variables were used: Stroop 

scores (propcorrect), fTE_ML, and bTE_ML. The independent variable was Musician L2 

acquisition. Preliminary assumption testing was conducted to check for normality, linearity, 

univariate and multivariate outliers, with no serious violations noted. No statistically 

significant difference was found between the two groups on the combined dependant 

variables, F(3, 18) = .53, p = .67, Wilks’ Lamboda = .92, partial eta squared = .08. No 

statistical significance was found when the dependant variables were considered separately. 

An inspection of mean scores indicated that bilingual/multilingual musicians scored higher 

than monolingual musicians on both Digit Span (fTE_ML and bTE_ML) measures. 
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Monolingual musicians scored higher than bilingual/multilingual musicians in the Stroop 

task. 
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Discussion 

The present study aimed to investigate the degree at which bilingualism and musical 

training are associated with enhancements in working memory and inhibitory control through 

the employment of the Stroop Task and the Digit Span forward and backward tasks within an 

Irish adult sample. The study also aimed to examine the performance between bilinguals who 

have had formal music training and monolinguals who have had formal music training across 

both the Stroop and Digit Span Tasks. The study also aimed to determine whether a 

relationship exists between age of L2 acquisition and Stroop (propcorrect) scores within the 

bilingual sample.  

When addressing the first hypothesis, results showed that no significant correlation 

was found between age of L2 acquisition (AoA) and Stroop effect scores, resulting in a 

failure to reject the null hypothesis. In contrast to existing literature, statistical measures 

investigating the second hypothesis also yielded insignificant results, although a comparison 

of mean scores showed bilinguals/multilinguals outperformed monolinguals across all tasks. 

When addressing the third hypothesis, no significant difference was found between musicians 

and non-musicians across tasks, with an examination of mean scores showing non-musicians 

performed better than musicians across all tasks in stark opposition to existing literature. 

Lastly, statistical measures investigating the fourth hypothesis also yielded insignificant 

results, with bilingual/multilingual musicians scoring slightly higher than monolingual 

musicians on inhibitory control tasks, and lower on WM.  

Contrary to previous research findings, the current study did not support evidence for 

a BA in Executive functions of inhibitory control and WM (Bialystock et al., 2004; Grundy 

& Timmer, 2016), and has been shown to support findings that suggest for the similar 

performance of bilinguals and monolinguals in inhibitory control (Duñabeitia et al., 2014) 

and working memory measures (Bonifacci et al., 2011). Additionally, current study findings 
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could not find any evidence in support of the ‘critical period hypothesis’ (CPH) (Vanhove & 

White, 2013), with there being a number arguments asserting that a BA can only be generated 

under specific conditions, highlighting the flaws that exist within existing empirical research 

concerning a BA. Many researchers have asserted that variables other than bilingualism that 

exist within a sample can play a role in producing statistically significant results that are then 

identified by researchers as a BA when the result is potentially multivariate, with individual 

differences in factors such as motivation, learning strategies, and personality traits all being 

suggested to play roles in L2 learning (Bialystok et al., 2009). A lack of understanding and 

the lack of a clear theoretical basis for the cognitive mechanisms associated with bilingualism 

also serves to impede inferences being made from empirical findings, with Valian (2016) 

outlining how the degree at which other confounding positive characteristics such as SES that 

have been heavily associated with bilingualism (Schellenberg at al., 2011) influence results, 

with recent studies only beginning to control for this variable when investigating BA 

(D’Souza et al., 2018).  

In contrast to previous research findings, the current study did not support evidence 

for the role of musical training in enhancing executive processes of inhibitory control and 

WM (Moreno et al., 2011; Hansen et al., 2013; Dumont et al., 2017), and has been shown to 

support findings that suggest for the similar performance of musicians and non-musicians in 

inhibitory control (Duñabeitia et al., 2014) and working memory (Bonifacci et al., 2011). 

While evidence for the relationship between early musical training and enhanced WM is 

strong (Lee, Lu & Ko, 2007; Meinz & Hambrick, 2010), the current study results being both 

non statistically significant as well as showing the non-musician sample to outperform 

formally trained musicians in the sample is surprising, calling into question the accuracy and 

validity of the employed measure used to determine formal music training. Current study 

results investigating WM and inhibitory control performance in bilinguals who have 



MUSICAL TRAINING, BILINGUALISM & EXECUTIVE FUNCTION   26 

undergone formal music training also fails to support findings advocating their superior 

executive control at a similar degree to solely bilingual peers (Schroder et al., 2016), although 

the significantly limited research surrounding the combination of these two domains serves to 

limit what can be inferred from this result. 

Strengths & Limitations 

Several strengths were identified in the current study. Firstly, the addition of findings 

to a limited body of research investigating both bilingualism and musical training within the 

same study can be seen as a strength of the current study, regardless of significance of 

findings. This study also investigates the performance of bilinguals/multilinguals that have 

experience with formal music training on executive functioning, of which there are also very 

few studies of a similar nature (Schroeder et. Al., 2016; D’Souza et al., 2018). The current 

study also investigates the effects of musical training on working memory, and inhibitory 

control within the same study, with the effects of music training on each cognitive skill being 

compared separately, also adding to a limited body of research that exists investigating 

musical training and more than one executive domain within the same study (Sachs et al., 

2017; Zuk et al., 2014).  

The employment of a more complex span task of the Digit Span backwards could also 

be seen as a potential strength in the current study, as there is advocation for the use of more 

complex measures/ high processing tasks when investigating a BA, asserting that the over-

reliance on simple span tasks could contribute to insufficient findings within preious studies 

(Valian, 2016). Lastly, the employment of a small battery of EF measures could be seen as a 

potential strength of the current study in comparison to the wide batteries of tasks that have 

employed across BA and musical training advantage that frequently asses only one cognitive 

domain of EF.  
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There were also a number of limitations identified in the current study following 

critical appraisal. Firstly, the sample size of 44 participants was small when considering the 

number of dependent and independent variables that were examined across each research 

question. This may have subdued potential findings, as Tabachnick & Fidell (2013) suggest a 

sample size of at least 20 in each cell is necessary to ensure robustness of data when 

conducting multivariate analyses, with the two levels of the IV and the 3 DV’s measured 

making a total of six cells in the current study. Although studies investigating a BA have 

previously used samples that are similar in size to the current study (Linck & Weiss, 2015), 

the risk of undermining internal and external validity of a study due to a small sample is 

likely a significant reason why the majority of studies investigating both musical training and 

bilingualism on higher cognition use larger samples (Dumont et al., 2017; van den Noort et 

al., 2019). 

Secondly, although self-report measures are commonly used in studies of BA 

(Bialystok et al., 2006; Blumenfeld & Marian, 2013), with researchers finding them to often 

be reliable in comparison to objective measures of language ability, it could be argued that 

the current study lacks reliability with its measures and operational definitions of 

bilingualism and musicianship, serving to be a limitation to the study findings. While there 

were concerns that the incorporation of additional measures of musical aptitude such as the 

Musical Aptitude profile, or form of auditory task to determine musicianship (Law & 

Zentner, 2012) and/or more reliable measures of L2 proficiency to complete prior to task 

engagement might have served as a deterrent to study participation, making the study overly 

long and potentially causing participants to withdraw mid-study, the lack of validity and 

reliability in the employed measures, specifically the self-reporting of music ability, likely 

produced samples of bilinguals and musicians that were uncharacteristic of typical 
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populations that have been identified in previous studies, risking the generalizability of 

findings of the current study. 

Third, there is evidence within existing literature to assume that the current study 

failed to control for significant confounding variables, with studies showing socioeconomic 

status (SES) and Intelligence to be the most significant confounding variables in bilingual 

literature and music literature respectively (Schellenberg, 2011; Corrigall, Schellenberg, & 

Misura, 2013). The current study did not account for either these variables in contrast to 

previous studies of a similar nature (D’Souza et al., 2018) which likely had an effect on the 

internal validity of population samples. Another interesting potential confounding variable 

that requires consideration in an Irish context is the exposure of Irish as L2 within both 

monolingual and bilingual samples and it’s speculated influence on EF in both populations. 

While there is limited research examining EF’s in relation to Irish L2 acquisition, (Stephens, 

2013) found longitudinal evidence for the role of Irish L2 on enhanced inhibitory control in 

children over a 3-year period. The current studies failure to account for this variable may 

have also contributed to poor internal validity of sample populations. Lastly, the cross-

sectional design employed in the current study meant that a cause-and-effect relationship 

could not be established.  

Conclusion 

Overall, findings can be said to contribute to existing literature and the direction of 

future research in several ways when considering both the strengths and weaknesses found in 

the current study design. Both areas of music and language are debatably the most complex 

instances of human behavior, with researchers still to fully understand underlying cognitive 

mechanisms associated with these domains and to further understand the link between the 

two domains as evidence suggests (Tallal & Gabb, 2006; Milovanov & Tervaniemi 2011). 

Future studies that include both L2 acquisition and music may be significant in investigating 
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this association, with the present inconsistency of definitions for both domains and the 

variability in measures used to assess these domains separately across studies potentially 

impeding the ability to find further relation between the two domains. Furthermore, the 

present study highlights the lack of research surrounding the combined experience of L2 

learning and musical training, future study in this area is also suggested considering the 

evidence for the shared cognitive mechanisms of music and language, and to expand upon an 

extremely limited body of research that presently exists investigating the relationship 

between L2 acquisition and musical training.  
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Appendices 

Appendix I 

Information Sheet 

Welcome to this research study! My name is Keith Molloy and this study is part of my final 

year Psychology dissertation at the National College of Ireland. I would really appreciate it if 

you have the time to answer a few questions on this form and complete the following tasks 

through the other links provided as well. This study is concerned with examining your 

musical experience/training, bilingualism and executive function, and is estimated to take 

approximately 20 minutes to complete. Please read the following information thoroughly 

before agreeing to take part in the study. 

What will the study involve? 

The study will involve answering the following questionnaire and completing two computer 

tasks which will take approximately 10-15 minutes to complete. 

The research will ask you for information about your musical education/ experience (if any) 

and the number of languages you speak. The aim of this research is to examine the 

differences between musician, bilingual, non-musician and monolingual groups through the 

Executive Function measures to be completed in the second part of this study. 

After completion of this questionnaire you will be asked to carry out two computer tasks 

which must be completed on either a computer or laptop. You must not complete the study on 

a smartphone. 

The first computer task will take approximately 3 minutes to complete and will ask you to 

respond to the text colour of a word when presented on screen. 

The second task will take approximately 10-15 minutes to complete and will ask you to recall 

a sequence of digits after they are presented on screen. 
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Who has approved this study?   

This study has been reviewed and received ethical approval from NCI Research Ethics 

committee. You may have a copy of this approval if you request it. 

Why have you been asked to take part? 

You have been asked because you are over the age of 18 and are currently residing in the 

island of Ireland 

Do you have to take part? 

No, you are under no obligation whatsoever to take part in this research. However, we hope 

that you will agree to take part and give us some of your time to complete this short 

questionnaire and complete the computer tasks. It is entirely up to you to decide whether or 

not you would like to take part. If you decide to do so, you will be asked to provide consent 

and read a copy and the information sheet. You may screenshot the information sheet and 

consent sheet for your own records. If you decide to take part, you are still free to withdraw at 

any time without giving a reason during the survey and computer tasks. However, should you 

submit your responses you will not be able to withdraw your information as they will be 

anonymised immediately upon submission. A decision to withdraw at any time during your 

participation, or a decision not to take part, will not affect your relationships with the 

researcher, the supervisor or the University. 

Will your participation in the study be kept confidential? 

Yes, all data that is collected from you during the course of the research will be kept 

confidential. You will not be providing any information that will make you personally 

identifiable and your data will be anonymous once you submit your responses of the 

survey.  No names will be identified at any time. All information is collected electronically 

where the data will be encrypted and held securely on NCI PC or servers. Any information 

provided by you will not be distributed to any individual within or outside the University. 
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What will happen to the information which you give? 

All the information you provide will be stored on an encrypted and password protected 

computer at NCI. Once you submit your responses no personal information about you will be 

identifiable. Upon completion of the research, the data will be retained on the NCI server. 

After ten years, all data will be destroyed. Electronic data will be reformatted or overwritten 

by the PI in NCI. 

What will happen to the results? 

The research will be written up and presented as a in a thesis for examination, presented at 

National and International conferences and may be published in scientific journals. A copy of 

the thesis will be stored in the NCI Norma Smurfit Library. A copy of the research findings 

can also be made available to you upon request. 

What are the possible disadvantages of taking part? 

It is not anticipated that there will be any negative consequences resulting from your taking 

part however, if these questions or tasks distress you or if you do become distressed during 

the study, you may terminate participation by clicking out of the study. 

What if there is a problem? 

Any further queries? If you need any further information pertaining to this study, you can 

contact me: 

Name: Keith Molloy 

Email: kmolloyinfo@gmail.com 

Supervisor Name: Dr. Conor Nolan 

If you agree to take part in the study, please tick the below box to 

confirm consent to participation. 

 

mailto:kmolloyinfo@gmail.com
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In clicking agree, you confirm that you have read and understand the information detailed 

above. You understand that you can withdraw from the study at any point up until the point 

that you click submit, and you consent to participate in the study voluntarily. 

Agree □ 
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Appendix II 

Demographic Information 

Below, please provide the accurate information about your age, gender and institute of 

education. 

Gender Identity:  

Male (including transgender male) □ 

Female (including transgender female) □ 

Other □ 

Prefer not to say □ 

Please indicate your age: 

_________ 

Language Ability 

Please answer the following questions related to language ability below to the best of your 

knowledge. 

 

Currently, bilingualism can be defined as the regular use of two or more languages by 

speakers who have a high level of proficiency in both languages. Please indicate whether you 

fall into this category: 

Yes □ 

No □ 

*Additional questions if participant answers ‘Yes’ to identifying as bilingual: 
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Please rate your perceived proficiency in speaking your secondary language acquired. (You 

should choose to rate the language you have the highest competency in excluding your 

primary language regardless of order of language acquisition). 

1 2 3 4 5 

O O O O O 

 
Please list all the languages you know in order of dominance (from the language you speak 

the most of to the language you speak the least) 

_________________________ 

Please list all of the languages you know in order of acquisition (put your native language 

first) 

_________________________ 

Please indicate at what age you began learning your secondary language (You should choose 

to rate the language you have the highest competency in excluding your primary language 

regardless of order of language acquisition). 

_________________________ 

Musical Ability  

Please answer the following questions related to musical ability below to the best of your 

knowledge. 

Do you or have you ever received any form of formal musical training? 

Yes □ 

No □ 
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Have you or do you currently have any experience in playing a musical instrument? 

Yes □ 

No □ 

*Additional questions if participant answers ‘Yes’ to experience with formal music training: 

 

At what age did you begin sustained musical activity? "Sustained musical activity" might 

include regular music lessons or daily musical practice that lasted for at least three 

consecutive years. 

_________________________ 

If yes, please indicate how many instruments you have experience with: 

N/A □ 

1 □ 

2 □ 

3 or more □ 

Part 2 of your participation 

Please enter your participant ID follow the link below to continue with your participation in 

this experiment. Thank you again for your participation! 

In order to correlate your questionnaire responses to your scores please enter a participant ID 

in the box below. To create your unique participant ID, please use the date and month of your 

birth and the last two digits of your phone number. For example, if your birthday is the 1st 

Feb, and your phone number is 0851234567, your unique ID would be 010267. If your 

birthday is the 19th June and your phone number is 0869876543, your unique ID would be 

190643. Your participant ID should be formatted as a 6 digit string of numeric characters. 
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IDs are only used to match your responses to this questionnaire and your scores on the 

computer task. No identifying information or data will be used or analysed from the unique 

ID. 

_________________________ 

 

Please follow the link below to continue with your participation in this experiment. Thank 

you again for your participation! https://mili2nd.eu/su5b 

 

REMINDER: Please make sure you hit the submit button on this form either before or after 

continuing on to the next section of this research! It is advisable that you open the link above 

and then return to this page to submit this section of data before completing the Inquisit tasks. 
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Appendix III 

Thank you for your participation in this study! 

REMINDER: 

Please ensure you have clicked submit on the questionnaire section of this study before 

closing these windows and completing the study! 

  

The present study aims to investigate the differences in executive functioning tasks between 

musicians, bilinguals, non-musicians and monolinguals in a student population. An 

examination of previous literature has highlighted the present contention regarding the 

relationship between higher cognitive functions such as working memory, mental flexibility, 

inhibitory control and verbal fluency and the domains of music and bilingualism 

(Bialystok, Hawrylewicz, Wiseheart & Toplak, 2017; Linck, Hoshino & Kroll, 2008), with 

the proposed study aiming to contribute to existing research as many maintain the belief that 

further study in this area is required. The employed Executive Function measures of the 

Stroop Task and Digit Span Task are primarily employed in older populations in identifying 

cognitive deficits (Testa, Bennett & Ponsford, 2012), emphasizing the lack of research in 

which these measures are employed on young adult populations. 

  

Will your participation in the study be kept confidential?  

Yes, all data that is collected from you during the course of the research will be kept 

confidential. You will not be providing any information that will make you personally 

identifiable and your data will be anonymous once you submit your responses of the 

survey.  No names will be identified at any time. All information is collected electronically 

where the data will be encrypted and held securely on NCI PC or servers. Any information 

provided by you will not be distributed to any individual within or outside the University. 



MUSICAL TRAINING, BILINGUALISM & EXECUTIVE FUNCTION   48 

  

It must be recognised that, in some circumstances, confidentiality of research data and 

records may be overridden by courts in the event of litigation or in the course of investigation 

by lawful authority. In such circumstances the college will take all reasonable steps 

within law to ensure that confidentiality is maintained to the greatest possible extent. 

  

What will happen to the information which you give?  

All the information you provide will be stored on an encrypted and password protected 

computer at NCI. Once you submit your responses no personal identifying information about 

you will be. On completion of the research, the data will be retained on the NCI 

server. After ten years, all data will be destroyed. Electronic data will be reformatted or 

overwritten by the PI in NCI. 

  

What will happen to the results?  

The research will be written up and presented as a in a thesis for examination, presented at 

National and International conferences and may be published in scientific journals. A copy of 

the research findings will be made available to you upon request. 

  

What if there is a problem?  

Any further queries? If you need any further information pertaining to this study, you can 

contact me:  

Name: Keith Molloy 

Email: kmolloyinfo@gmail.com 

Supervisor Name: Dr. Conor Nolan 

Supervisor’s Email: conor.nolan@ncirl.ie 

mailto:conor.nolan@ncirl
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Appendix IV 

Evidence of Data: 
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Appendix V 

Histogram for Age 

 

 

 

 

Histogram for propcorrect scores 
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Histogram for fTE_ML scores 

 

Histogram for bTE_ML scores 

 


