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Résumé 

La musique d’ambiance a la capacité de moduler les émotions et ses effets en particulier sur les 

fonctions exécutives est de plus en plus exploré, d’où l’intérêt de rassembler les connaissances 

actuelles et d’identifier les paramètres déterminants de ce phénomène qui constitue l’objectif 

central de cette revue systématique. Pour cela, quatre bases de données systématiques et trois non 

systématiques ont été sondées jusqu’au 22-07-2022 pour répertorier les études examinant l’effet de 

la musique d’ambiance instrumentale sur les trois fonctions exécutives centrales, soit l’inhibition, 

la mémoire de travail et la flexibilité cognitive, d’adultes âgés entre 17 et 65 ans en bonne santé, 

non musiciens professionnels. La méthode de sélection d’articles PRISMA a permis de retenir 35 

articles qui ont été évalués avec une adaptation de l’outil d’estimation de la qualité Critical 

Appraisal Skills Programme. Au total,16 études concernaient l’inhibition (n=858) et 23 la mémoire 

de travail (n=1748). Puisque seulement 3 études concernaient la flexibilité cognitive (n=681), cette 

fonction n’a donc pas fait l’objet d’analyse subséquente. Pour la majorité des articles (65,7%), le 

score de qualité était élevé, alors qu’il était modéré pour 34,3% d’entre eux. La plupart des 

méthodologies employait la musique classique et recrutait des jeunes adultes, les universitaires 

étant représentés de manière prédominante. Dans l’ensemble, les résultats sont hétérogènes, 

certains démontrant que la musique d’ambiance exerce un effet bénéfique, néfaste ou non 

significatif sur la performance exécutive. La qualité des études, l’adéquation entre les tâches et la 

fonction exécutive mesurée, les caractéristiques émotionnelles et le tempo des extraits musicaux 

semblent déterminants dans l’effet de la musique d’ambiance sur l’inhibition et la mémoire de 

travail, du fait de sa propension à avoir un effet facilitateur ou nuisible en fonction de ces éléments. 

Pour la mémoire de travail, l’intensité sonore et la personnalité semble aussi des facteurs influents. 

Certaines limitations méthodologiques ont réduit la capacité à comparer les études entre elles, telles 
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que des imprécisions dans la description des paramètres musicaux et des caractéristiques des 

participants, puis des inconsistances à travers les études concernant l’adéquation des tâches pour 

évaluer les fonctions exécutives. Nos recommandations d’utiliser des instruments de mesures 

standardisés ou des paradigmes expérimentaux reconnus pour évaluer ces fonctions et de rapporter 

de manière exhaustive les paramètres musicaux, entre autres, devraient permettre d’uniformiser les 

méthodes et la qualité des recherches futures, afin d’optimiser la compréhension de l’effet de la 

musique d’ambiance sur l’inhibition et la mémoire de travail et se pencher davantage sur la 

flexibilité cognitive.  

Mots-clés : musique d’ambiance, émotions musicales, fonction exécutive, inhibition, mémoire de 

travail, adultes.  

Abstract 

Background music has the capacity to modulate emotions, and its effects on cognitive processes, 

specifically on executive functions, are increasingly explored. Hence the importance of gathering 

current knowledge and identifying the determining parameters of this phenomenon, which 

constitutes the central objective of this systematic review. To accomplish this, four systematic and 

three non-systematic databases were surveyed up to 2022-07-22 to find studies exploring the effect 

of instrumental background music on the three core executive functions, namely inhibition, 

working memory, and cognitive flexibility, in healthy adults aged between 17 and 65 years old 

who were non-musicians or non-professional musicians. The article selection method followed the 

PRISMA Statement and yielded 35 studies, which were evaluated with an adapted version for 

estimating quality of the Critical Appraisal Skills Programme. In total, 16 studies related to 

inhibition (n=858), 23 to working memory (n=1748). Since only 3 studies explored cognitive 
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flexibility (n=681), this function was not analyzed further. For most of them (65.7%), quality score 

was rated high, whereas for 34.3% quality score was moderate. Most methods were characterized 

by classical music and recruited younger adults; university students were predominantly 

represented. Generally, study results are heterogeneous, some demonstrate that background music 

exerts a beneficial influence, a detrimental effect or no significant effect on performance. Study 

quality, adequacy of measurement tasks and the executive function evaluated, emotional 

characteristics of music, and tempo appear essential in understanding background music’s effect 

on inhibition and working memory, as a result of its tendency to have a beneficial of impairing 

effect according to them. For the latter, sound intensity and personality also seem to be influential 

factors. Some methodological limitations lessened our ability to compare studies, such as 

imprecisions concerning the description of musical parameters or participant samples, and 

inconsistency across studies relating to adequacy of tasks used to evaluate executive functions. Our 

recommendations to use standardized measurement instruments or experimental paradigms 

recognized to assess these functions, and to comprehensively report musical parameters, among 

others, should help standardize the methods and quality of future research, allowing our 

understanding of the effect of background music on inhibition, working memory, and cognitive 

flexibility to be optimized. 

Keywords: background music, musical emotions, executive function, inhibition, working 

memory, adults. 
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Structure de l’essai 
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explorant l’effet de la musique d’ambiance sur les fonctions exécutives selon la méthode de revue 

systématique de la littérature. Cet article sera soumis à une revue scientifique et pour favoriser la 

publication, il est rédigé en anglais pour rejoindre un auditoire plus large. 
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Abstract 

Background music has the capacity to modulate emotions, and its effects on cognitive processes, 

specifically on executive functions, are increasingly explored. Hence the importance of gathering 

current knowledge and identifying the determining parameters of this phenomenon, which 

constitutes the central objective of this systematic review. To accomplish this, four systematic and 

three non-systematic databases were surveyed up to 2022-07-22 to find studies exploring the effect 

of instrumental background music on the three core executive functions, namely inhibition, 

working memory, and cognitive flexibility, in healthy adults aged between 17 and 65 years old 

who were non-musicians or non-professional musicians. The article selection method followed the 

PRISMA Statement and yielded 35 studies, which were evaluated with an adapted checklist for 

estimating quality and risk of bias (Critical Appraisal Skills Programme, 2020). and yielded 35 

studies, which were evaluated with an adapted version for estimating quality of the Critical 

Appraisal Skills Programme. In total, 16 studies related to inhibition (n=858), 23 to working 

memory (n=1748), and 3 to cognitive flexibility (n=681). For most (65.7%), the quality score was 

rated high, whereas for 34.3% the quality score was moderate. Most studies used classical music 

and recruited younger adults; university students were predominantly represented. Generally, study 

results are heterogeneous, some demonstrate that background music exerts a beneficial influence, 

an impairing effect, or no significant effect on performance. Study quality, adequacy between the 

selected tasks and executive function evaluated, emotional characteristics of music, and tempo 

appear essential in understanding background music’s effect on inhibition and working memory, 

as a result of its tendency to have a beneficial of impairing effect according to them. For the latter, 

sound intensity and personality also seem to be influential factors. Some methodological 

limitations affected our ability to compare studies, such as imprecision in the description of musical 
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parameters or participant samples and inconsistency in the tasks used to evaluate cognitive 

functions. Thus, we recommend the use of standardized measurement instruments or well-

established experimental paradigms to assess executive functions, as well as comprehensive 

reporting of musical parameters. These should help standardize the methods and quality of future 

research, allowing our understanding of the effect of background music on inhibition, working 

memory, and cognitive flexibility to be optimized. 

Introduction 
The ubiquity of music in everyday activities like driving, studying, and exercise intrigues 

researchers (Ellis et al., 2019). This common habit has likely increased because of the digital 

revolution that has multiplied listening devices, facilitated the individual access to music in 

different contexts, and broadened the settings were music can be enjoyed (Krause et al., 2015). We 

refer to background music (BGM) when it is listened to as an accompaniment to a main activity, 

such as commuting, working, reading, preparing food, or even doing chores and exercising (Krause 

and North, 2017). When questioned, individuals report listening to music for its ability to modulate 

emotions (Carlson et al., 2021; Juslin et al. 2010; Schäfer et al., 2013). Consequently, one of the 

pillars in the field of musical studies is the claim that the observed positive effect of music on 

cognition is explained by the Arousal-mood theory (Schellenberg and Weiss, 2013; Thompson et 

al., 2001), according to which music improves cognition by enhancing arousal (physiological 

activation and alertness; Niven and Miles, 2013) and inducing positive emotions. Evidence from 

the literature supports the idea that music influences physiological measures (e.g., heart rate, skin 

conductance) associated with arousal (Bradt et al., 2013; Chanda and Levitin, 2013; Juslin and 

Västfjäl, 2008; Juslin et al., 2015; Knight, 2001; Schaefer, 2017). This enhanced arousal brings 

energy and reactiveness which should support cognitive demands, combined with a positive mood 



   
 

 14 

which translates into eagerness and motivation and explains the effect on cognitive function.  

Chanda and Levitin (2013) collated the available evidence and identified tempo as the main musical 

parameter influencing arousal. Precisely, faster tempo increases arousal, and slower tempo 

decreases it. To describe music’s arousal and the emotions it conveys, Eerola and Vuoskoki (2011) 

refer to musical emotions (e.g., joy, calm, sadness) which can be described by referencing Russel’s 

two-dimensional model (see Russell, 1980), namely valence (i.e., positive vs negative emotions) 

and arousal (i.e., stimulating vs relaxing). How these musical emotions are experienced may 

depend on the emotional dispositions of the person at the time of listening (Hunter et al., 2011; 

Schaefer et al., 2013) and personal basal activation level (Schaëfer et al., 2013), among other 

factors. 

Thereupon, the effect of BGM and musical emotions may vary individually as a function 

of the Yerkes-Dodson law (1908). This concept suggests that an intermediate level of activation 

leads to optimal performance, and excessively low or elevated levels of activation harm it. 

Therefore, this inverted-U curve traces the relationship between emotions and cognition in the 

performance of complex cognitive tasks (Blair and Ursache, 2011). Applied to musical activation, 

this model could explain BGM’s effect on cognition (Husain et al., 2002), as musical activation for 

optimal cognitive performance would depend on individual initial activation.  

Some authors have linked musical emotions and executive functions (EFs) since they rely 

on related neural circuits, such as the emotional networks. Musical emotions recruit the same neural 

systems associated with other human emotions (see Koelsch, 2010, 2014, 2020, and Vuust et al., 

2022, for reviews), for example, the amygdala, the nucleus accumbens, the hippocampus and the 

anterior cingulate cortex (ACC; Koelsch, 2014, and see Koelsch, 2020 for a meta-analysis). These 

cerebral structures (limbic system) are involved in neural circuits that attend to emotional 

processing and attentional control (Blair and Ursache, 2011; see Lindquist et al., 2012, for a meta-
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analysis).  Briefly, the gathered findings identify the ACC, lateral prefrontal cortex, ventrolateral 

prefrontal cortex and dorsolateral prefrontal cortex as regulating attentional control and the 

processing of emotional stimuli (Lindquist et al., 2012). Hence, musical emotions interact with 

executive functioning. Acknowledging this, the contradictory results from the scientific literature 

relating to the effect of BGM on EFs seem important to clarify.  

An impressive number of studies have explored how BGM influences cognitive 

functioning. Several studies have shown that the presentation of music during the performance of 

a task is beneficial (Begum et al., 2019; Kampfe et al., 2011; Mammarella et al., 2007). However, 

this effect varies according to the cognitive function studied and sometimes turns out to be 

detrimental or non-significant. Mainly, BGM is reported to impair memory (Cheah et al., 2022; 

Kampfe et al., 2011), reading (Kampfe et al., 2011), and language-related tasks (Cheah et al., 2022; 

Kampfe et al., 2011). Other cognitive functions, such as reasoning, and attention, appear to be 

unaffected by BGM (Cheah et al., 2022). Concerning executive functioning, a contradiction exists 

relatively to stimulating music and inhibition (INH), some findings suggest a beneficial effect 

(Fernandez & al., 2020; Marca et al., 2014) and others point to a detrimental effect (Rowe et al., 

2007; Xiao & al., 2020). Similar results appear for working memory, as music was found to impair 

performance (Kang et Lakshmanan, 2017; Wang et al., 2020; Mohammadzadeh, 2016). Others 

report an unsignificant effect for both stimulating and relaxing music on INH (Burkhard et al., 

2018) and working memory (Lehmann et Seufert, 2017; Palmiero et al., 2016). Despite numerous 

studies, there is still no consensus on the impact of BGM on executive functioning specifically.  

 

Overall, the current lack of synthesis makes it difficult to make conclusions about the 

precise effect of music on cognitive performance. It is possible that classifying these results 
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according to music-specific, task-specific, and individual-specific parameters might clarify our 

understanding.  

The present review will focus on instrumental music, in light of the general hindering effect 

of lyrical music on cognitive functioning (Cheah et al., 2022). Among the firsts to demonstrate this 

effect, Williamson, Baddeley, and Hitch (2010) exhibited that there is interference when the 

auditory condition is phonologically similar to the task being completed, i.e., listening to speech 

while recalling verbal series does impair working memory performances. Finally, other influencing 

factors relate to individual differences such as personality. For example, introverted and 

extroverted personalities impact cognitive performances (Cassidy and Macdonald, 2007; Furnham 

and Allass, 1999; see Küssner, 2017 for a review), and stimulating music is more detrimental to 

introverts’ performance than extroverts’ (Cassidy and Macdonald, 2007). Furthermore, the initial 

cognitive capacities also modulate the effect of BGM on performance, specifically concerning 

working memory (WM). For example, Palmiero and colleagues (2016) demonstrated that WM sex-

differences where dependant on WM capacities rather than emotional context. Lehmann and 

Seufert (2017) similarly reported a positive correlation between a higher WM capacity and learning 

with BGM. Additionally, musical expertise has often been positively correlated with EF 

performance as participants with more years of musical training perform better on executive 

functioning tasks (Criscuolo and al., 2019; Strait and Kraus, 2011; Tierney and al., 2020; Maturi 

and Sheridan, 2020; Barraza and Medina, 2019). Some authors explain this correlation since 

musicians attend to music more than non-musicians which amplifies their cognitive load and strain 

on cognitive resources (Patston and Tippett, 2011; Yoo and al., 2022). Hence, this review will 

focus on adults with no extensive musical. 

EFs are central to goal-directed behaviors and decision-making (Eslinger, Flaherty-Craig, 

and Benton, 2004). In fact, as they organize complex information, cognitive and emotional 
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resources to successfully reach intended goals (Barrasso-Catanzaro and Eslinger, 2016; Eslinger, 

1996; Fuster, 2002). EFs represent the conductor of goal achievement by controlling initiated and 

inhibited actions appropriate to future goals (Blair and Ursache, 2011) defying distractions and 

competing responses. They represent attentional control as opposed to automatic processing 

(Diamond, 2013; Blair and Ursache, 2011; Burgess and Simons 2005; Espy 2004; Miller and 

Cohen 2001). The three core EFs are supported by the parietal lateral and superior prefrontal 

cortices (Collette et al., 2005). Maturation of EFs is characterised by increased connectivity 

between the prefrontal cortex and the area regulating emotions and cognition (Barrasso-Catanzaro 

and Eslinger, 2016) such as the ACC and the limbic system (Blair and Ursache, 2011). Hence, 

executive functioning encompasses emotional and attentional regulation (Blair and Ursache, 2011). 

In addition, EFs vary largely between individuals (Miyake and Friedman, 2012), and considering 

individual characteristics in the study of EFs is recommended (Blair and Ursache, 2011), such as 

age variance (Yuan and Raz, 2014). In fact, the cognitive decline that occurs in the later stages of 

adulthood (Glisky, 2007) does include EFs (as explained in Bherer, Erickson and Liu-Ambrose, 

2013; and Bherer, L, 2015).  

Defining these functions poses a recurring challenge (Henrard, 2021), since many existing 

definitions overlap and multiple terms refer to the same function (Miyake and al., 2000a). For 

example, inhibition, inhibitory control, attentional control, and response inhibition are few of the 

terms used to refer to INH (see Miyake and al., 2000a). Similarly, working memory is sometimes 

named short-term memory, updating and monitoring. This reality raises a challenge when 

synthesising the existing literature, since the use of different terms to refer to the same function 

might disperse the scientific literature, conversely using the same terms for different concepts 

might lead to compiling evidence that should be considered separately and cause confusion 

(Miyake and al., 2000a). In the conceptualization of EFs (Anderson, 2010, chapter 1), a consensus 
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has arisen surrounding inhibition (INH), working memory (WM), and cognitive flexibility (CF) as 

the three core EFs (Collette and al., 2005; Diamond, 2013; Henrard, 2021; Miyake and al., 2000b; 

Vaughan and Giovanello, 2010). The model presented by Miyake and his team (2000b) suggests 

that INH, WM, and CF (Miyake and al., 2000b) are both distinct and convergent entities, an idea 

that has been supported by several studies (see Collette and al., 2005 for a meta-analysis). 

Moreover, brain activation patterns for different executive processes are marked by overlapping 

regions, symbolizing this interrelation (for INH, WM, and CF; Collette and Van der Linden, 2002). 

The current study has classified the three core EFs according to the predominant definitions in the 

literature. 

Inhibition. INH refers to the restraint in self-control (Diamond, 2013), relied on to 

voluntarily inhibit an automatic response (Miyake and al., 2000b). INH also allows us to focus our 

attention on a chosen target and resist to distractions from the environment or inner thoughts 

(Henrard, 2021), for example when reading a book, INH allows thoughts about chores to be ignored 

and attention to be focused on the text. When INH is lacking, behavior will reveal impulsivity, 

incorrect responses, automatisms, and sensitivity to distractions (Blair and Ursache, 2011; Henrard, 

2021). For example, in class, INH makes it possible to refrain from answering automatically and 

allows to raise your hand and waiting to be chosen before given the answer out loud.   

Working memory. WM allows to mentally manipulate information (Henrard, 2021) and 

update it with new information over a brief period (Blair and Ursache, 2011; Miyake et al., 2000b). 

For example, when listening to a conversation, WM helps retain, manipulate, and update 

information along with new information which allows us to understand what is explained. In doing 

so, it is possible to find meaning and adjust our behaviour accordingly (Henrard, 2021). WM thus 

allows to process information that is no longer available, for example, mentally calculating the 

amount of tip to give according to a bill (Diamond, 2013). 
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Cognitive flexibility. This EF refers to alternating between mental representations or 

actions (Miyake et al., 2000b). CF is the ability to adapt to change easily and is expressed through 

creativity, and changed perspectives (Diamond, 2013). In everyday life, individuals rely on CF 

when trying to understand someone else’s perspective or adopting different paths to get to the same 

destination (Diamond, 2013). 

Miyake et al. (2000a) also reported the diversity of cognitive tasks used to measure each 

function and their respective limits. Since tasks vary widely and solicit different cognitive 

processes, the adequacy of the tasks and the functions considered to be measured by these tasks 

could be interesting to analyse.  

Considering the various findings summarized above and the lack of consensus apparent in 

the literature, the effect of BGM on core EFs remains unclear and reveals the need for a systematic 

literature review that also includes a scoping of the grey literature. This endeavour appears 

essential, as studies on the topic are emerging in growing numbers, and music is continuously 

spreading with the numeric revolution drawing back frontiers to music listening. A better 

understanding of BGM’s effect is fundamental to frame future research exploring this theme and 

guide recommendations surrounding the already widespread use of music in the context of 

executive demand (e.g., while studying, working, driving). Compiling studies with particular 

attention paid to musical parameters, individual characteristics, and task-specific variables seems 

essential.  

First objective of this review: Catalog performances on measures of INH, WM, and CF 

with BGM compared to a control (group or condition) in the healthy adult population. Second 

objective: Identify moderating variables of BGM’s effect on EFs, such as musical parameters (e.g., 

tempo) and individual characteristics (e.g., musical expertise). Third objective: Examine the 
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adequacy of the neuropsychological tasks or experimental paradigms used to measure EFs. Fourth 

objective: Guide future studies investigating the use of BGM in executive functioning contexts. 

Methods 

To ensure transparency and accuracy, the reporting of this systematic review is based on the 

Preferred Reporting Items for Systematic Review guidelines (PRISMA 2020; Page et al., 2020), 

an update of the PRISMA method (Moher et al., 2009). The Population, Intervention, Comparator, 

Outcome (or results) method, known by the acronym PICO, is commonly used to define eligibility 

criteria (see PRISMA 2020 for an introduction; Liberati et al., 2009; McKenzie et al., 2019) and is 

suitable for research questions targeting research practices (Santos et al., 2007). To establish what 

is known concerning the effect of BGM on core EFs in healthy adults, the PICO items below that 

define the eligibility criteria for the present review are inspired by the PRISMA (2020) 

recommendations and Santos and colleagues (2007):  

Population.  

• Healthy populations. 

• Adults aged 17 to 65 and over. To allow for a broader inclusion of studies, a data-driven 

cut-off was set at 17 years of age in this review and included four additional studies. 

When studies had multiple groups only those of adults 65 or younger were reported. 

• When studies explored distinct groups separately, only groups corresponding to the 

inclusion criteria (e.g., adults) were considered in the review.  

• Participants with no extensive musical expertise, or non-professional musicians (no 

professional musicians or music students).  

Intervention. 

• Experimental or quasi-experimental study designs. 

• Instrumental music (or instrumental versions of songs) presented during task completion. 

• Tasks measuring EFs. 

Comparators. 
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• Different control conditions (e.g., nature sounds, noise) or comparison to silence. 

• Control conditions were not required but were favored in the quality assessment.  

Outcomes. 

• Performance reported on behavioural measures [e.g., response times (RT), error rates 

(ERR), correct answers]. 

Exclusion criteria. 
• Reported psychiatric, neurological, or medical disorder. 

• Musicians and university music majors. 

• Music presentation solely before the task. 

• Musical interventions (i.e., weekly program of musical intervention) or musical training 

(e.g., music practice over a given period). 

• Case studies, systematic reviews, or meta-analyses. 

Finally, studies written in French or English were included, which could be assessed by the main 

author and laboratory members. Studies in other languages were not included for analysis.  

 

Information sources. Databases. First, a systematic review of the articles was carried out using 

four specialized databases, chosen for their relevance to the themes covered by this review and for 

the extent of this coverage: PsycINFO (APA Psycnet), specialized in psychology, Web of Science 

(ISI), a multidisciplinary database, RILM Music (EBSCO) and Music index online (EBSCO), which 

are specialized in music. Secondly, a non-systematic search was conducted with the help of the 

search engine Journal Storage (JSTOR), specialized in music. Finally, Google Scholar and 

Proquest UdeM (ProQuest Dissertations & Theses Global), listing dissertations and theses, were 

also surveyed to collect relevant studies of the field, including the grey literature. This set of 

databases was chosen in consultation with librarians Dominic Desaulniers and Christiane 

Melançon, respectively dedicated to psychology and music at the University of Montreal. This 

systematic review covers all years up to July 22nd, 2022.  
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Search strategy. The selected keywords made it possible to identify the most appropriate 

articles for the evaluation of the considered EFs (INH, WM, CF) in conjunction with BGM. The 

search formula used to probe the systematized databases contains English keywords separated with 

Boolean operators and truncators (see Appendix A for the full formula). The identification of 

keywords and decision rules for the inclusion of articles was carried out by the main author in 

collaboration with the supervisor of the systematic review, Nathalie Gosselin, and the librarians 

Dominic Desaulniers and Christiane Melançon.  

 

Data collection process. Screening and admission of studies. After the search formula was 

launched in the different databases, the resulting data was imported into the EndNote bibliographic 

reference management tool (version X9.3.3; Clarivate Analytics, 2020). The decision-making 

process was based on the PRISMA 2020 flow diagram for new systematic reviews which included 

searches of databases, registers, and other sources (see Figure 1, Page et al., 2021). At each stage, 

the number of articles selected was indicated, allowing the step-by-step selection process to be 

detailed. In addition, articles collected through non-systematic research by consulting additional 

sources already known to the author that fit the topic were indicated in parallel. All references were 

screened independently by the main author and one of four laboratory members (AR, EP, JP, VM), 

referred to as interjudges hereafter. First, duplicates were removed both automatically by the 

software and manually verified. Second, screening was conducted based on titles and abstracts 

according to the inclusion and exclusion criteria. References were categorized as “included”, 

“excluded”, and “uncertain.” The studies retained and those rejected by each of the interjudges 

were compared. Those subject to indecision or conflict of decision were first discussed between 

the two interjugdes as an attempt to reach consensus. Eventually, if no consensus was reached, the 

third interjudge (NG), discussed the final decision with the main author and arbitrated the decision. 
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Finally, articles that reached interjudge agreement for inclusion were retrieved for full-text 

screening and to extract data. When necessary, the main authors were contacted by email to obtain 

missing information. References from articles admitted in the systematic review were also screened 

when relevant.  

Data items. The references that were included based on the PRISMA decision-making flows 

and the interjudge consultations were exported into an analysis grid to collect data. For each 

reference, the following data was collected when available:  

• Information concerning the study: authors, year of publication, journal of publication, 

title, written language. 

• Population’s characteristics: sample size, age, sex/gender, musical expertise. 

• Objective. 

• Study design. 

• EF tasks: function evaluated; type of task: standardized tasks, experimental paradigms, 

laboratory-made tasks, or performance assessment tools. 

• Auditory conditions (musical conditions, control conditions, e.g., nature sounds, noise, 

silence). 

• Musical parameters (e.g., musical style, tempo, mode, intensity, instruments, music 

selection method).  

• Outcome measures (e.g., mean and standard deviation, response time, error rate). 

(Insert Figure 1 here.) 

Risk of bias assessment. Reduction of potential biases is ensured by estimating the quality of the 

studies, thus preventing compromise of the review results and their interpretation. This critical 

analysis of the methodologies was conducted by the first author who extracted the data, then 

verified by the second (NG). The Critical Appraisal Skills Programme (CASP; 2020) was used to 

categorize studies according to a scale of risk based on the answers to the questions of a defined 

checklist. The checklist for randomized clinical trials (RCT; CASP RCT Checklist) seemed most 

appropriate for the present review, since it applies to quantitative experimental studies, including 
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the comparison of outcome in different group conditions. Applies to our review, this checklist 

offers examination of studies comparing quantitative outcomes measured by EFs tasks in different 

auditory or musical conditions. The CASP RCT Checklist was modified for this review and a points 

allocation system used to judge the quality of the methods according to 11 items (see Table 1 for 

the full list). The following items cover topics such as randomisation, methodological transparency, 

and clarity: 1. clear and focused research question, 2. random presentation of conditions to 

participants / random assignment of participants to groups, 3. all participants counted from 

recruitment to results, 4. equivalence of initial groups (characteristics), 5. study protocol clearly 

defined and equivalent treatment of participants, 6) extensively reported effects of music, 7. 

confidence intervals or estimation of effect sizes, 8. sample size stated, 9) comparison to a non-

musical baseline condition (control condition or group), 10. correspondence between the tasks 

used and the functions assumed to be measured by these tasks, 11. description of the musical 

material. A point was awarded when the criterion was met by the study (using “yes,” “no,” “not 

applicable”), summing to a quality score ranging from 0-11. When an item was not applicable, a 

ratio was calculated to convert the score to the 11-point scale. Finally, quality was categorized as 

(a) high, if the score was greater than or equal to 9, (b) moderate, if the score was between 6 and 8 

inclusively, or (c) low, if the score was less than or equal to 5. 

(Insert Table 1 here.) 

Results 

Study Selection. A total of 35 studies met the inclusion criteria and were included in this review 

(see Figure 1 for the full PRISMA 2020 flow diagram). The four systematic databases provided 

537 citations; after duplicates, records written in languages others than English or French, and 

authorless references were discarded, 404 citations remained. After reading the abstracts, 331 
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references were excluded because they did not concern our research topics and did not meet the 

criteria. Two studies were discarded because they could not be retrieved. The full text of the 

remaining 71 studies were reviewed, and 22 studies met the inclusion criteria for this systematic 

review. Additionally, 5 studies were identified through the reference sections of included papers, 

2 studies were known references, and 3,470 studies were found on Google Scholar, Proquest UdeM 

and JSTOR. Of those, 57 records were assessed for eligibility and 13 references met the criteria, 

bringing the total of included studies to 35. A few authors were contacted for further information 

concerning their methods (i.e., age range, musical description) to elucidate inclusion or exclusion 

of their studies, and when possible, the clarifications were included (i.e., age range: Kumaradevan 

et al.; 2021, and Xiao et al., 2020). Studies that comprised participants older than 65 years old or 

that used lyrical music were selectively analysed and only groups (e.g., adults) and conditions 

complying with inclusion criteria (e.g., instrumental music or song without lyrics) were reported. 

 

Study characteristics. All studies were randomized designs, except for two studies that 

were quasi-experimental (Kumaradevan et al., 2021; Villamizar et al., 2020). One article was a 

preprint (Villamizar et al., 2020), all others were published. Since some studies used more than one 

experiment, sometimes evaluating both INH and WM, the total experiments reported is greater 

than the number of included studies. Sixteen experiments had explored INH (n=858), and 21 

(n=1748) had examined WM. Since only three studies had investigated CF, this function was not 

further analyzed. The main list of principal characteristics extracted from the 35 studies is 

summarized in Table 2. As you can see, most of them had tested the participants in an individual 

laboratory setting, while two studies tested in small groups, and one study tested all participants 

simultaneously. The population ranged from 17 to 48 years old, though some studies did not report 

this information. Gender was not systematically collected, but when data was available males and 
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females were detailed in Table 2. The population of 46% of studies were constituted of students. 

Only two studies examined personality. Particularly these studied the effect of music on EFs and 

compared extroverted to introverted participants (Taheri et al., 2022) or compared participants with 

extroverted, introverted, and ambiverted traits (Barnes, 2002). Concerning interventions (or the 

musical material, and measures of the EF used), most studies used classical music (n=25), although 

pop, electronic, drum percussion, and film music were represented as well. Some musical materials 

were composed specifically for the experiment, most were original soundtrack (existing music), 

and others were manipulated to fit different tempi or remove lyrics of a song. INH and WM were 

measured with experimental paradigms, neuropsychological tests, tools created by the researchers, 

and performance examination tests that include College admission standardized tools (e.g., the 

Scholastic Assessment Test (SAT) or the Test of English as a Foreign Language (TOEFL), a 

reading comprehension tool). All tasks were visually presented. Comparators included primarily 

silence, followed by nature sounds (e.g., murmuring of a stream) and noise as controls for 

instrumental music. Studies examining the effects of different level of tempo (Burkhard et al., 

2018; Chen, 2019; Cloutier et al., 2020; Dove, 2009; Du et al., 2020; Gann, 2021; Nadon et al., 

2021; Petrucelli, 1987; Thompson et al., 2011; Xiao et al., 2020) compared performance between 

silence, slow tempo, and fast tempo. Reported outcomes often concerned response times (RT), 

error score (ERR) or accuracy (ACC), reading comprehension score relating to correct responses 

(for WM), and interference score (for INH, i.e., RT when resisting distraction - RT when there is 

no distraction to inhibit = interference score). 

(Insert Table 2 here.) 

Risk of bias within studies. The mean quality score for the 35 studies included is 8.91/11 (see 

Table 1 for detailed description of scores). Overall, the assessment of quality of these studies 

reveals a moderate to high quality in most studies. Specifically, a total of 23 studies (65.7%) 
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obtained a score equal to or higher than 9 and were ranked “High quality”. Further, 11 studies 

(34.3%) were ranked as “Moderate quality” (i.e., scores between 6 and 8). When analyzing the 

different criteria more precisely, most studies described a clear and focused research question and 

defined their study protocol with precision. Additionally, most studied did randomly assign 

participants to groups or conditions and compared performance to a non-musical condition. Thus, 

studies could be replicated in the future. Sample size was declared, all participants were counted 

from recruitment to results, and treated equivalently, and effects of BGM were extensively 

reported. Most research teams demonstrated transparency and sufficient exploration of their results 

by reporting their statistical analysis and analysing each outcome presented. However, a few 

quality criteria were present in less than 70% of the studies, such as criterion 4. “Extensive 

reporting of initial groups” (63.89%), criterion 7. “Confidence intervals or estimation of effect 

sizes” (58.33%), and criterion 10, “Correspondence between the tasks used and the functions 

assumed to be measured by these tasks” (63.89%; see Table 1). This last criterion could be met 

with well-known experimental paradigms (e.g., listed by Diamond, 2013) or neuropsychological 

tasks recognized to assess three core EFs (e.g., cited in reference manuals in neuropsychology, like 

the Neuropsychological Assessment Manual – fifth edition; Lezak et al., 2012). However, in the 

studies reported here it seems those having a lower score could be bettered by reporting data with 

more precision. Overall, the quality of the methods employed is rated well and the evidence 

explored in this review is of satisfactory quality in general. 

 
Results of included studies 

The upcoming sections will present the findings and shed light on the musical factors influencing 

the observed effect of BGM on performance, along with factors related to tasks and population. 
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Firstly, the results will be presented according to EF and the impact of BGM, beginning with INH, 

and followed by WM. 

Inhibition 

As you can see in Table 3, BGM’s effect on INH is non-consensual. BGM conditions were 

facilitative for 3 INH experiments, while a non-significant effect was represented in 9 experiments, 

and impairment was seen with 5 INH experiments. Globally, INH appears predominantly 

unaffected by BGM. Furthermore, Cloutier and colleagues’ (2020) study reported multiple effects 

of BGM with 21 adults (M=23.95, SD=3.51) performing a Flanker Task and a study High-quality 

score. This study found no significant effect when stimulating and pleasant background music (with 

a fast tempo and composed in major mode) compared to silence (see Table 4). Performance was 

impaired, i.e., slower RT, when music was relaxing and pleasant (with a slow tempo and composed 

in a major mode) compared to silence and stimulating music. This article will be examined into 

distinct sections, separating the effects of music on INH in the non-significant and impairment 

sections. As you proceed, you will notice that certain task-specific factors, individual 

characteristics, or musical parameters are associated with more than one effect. Thus, subsequently 

INH studies will be examined in relation to music’s effect on performance. 

(Insert Table 3 here) 

Facilitative effect  

For three studies, a beneficial effect was observed with BGM (n=155, see Table 4). INH is 

facilitated by BGM with the Stroop Color and Word Test (Kumaradevan et al., 2021), a modified 

Attention Network Task (ANT; Fernandez et al., 2019), and a task of linguistic and spatial 

processing (Angel et al., 2010; see Table 4). The beneficial effect in Angel et al.’s study (2010) 

was shown with fast tempo classical music for accelerated RT and improved ACC. In Fernandez 

and colleagues’ study (2019), acceleration of RT was observed with joyful rather than sad and 
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compared to silence. This effect was noticed with soft classical music for Kumaradevan’s team 

(2021). All these studies had tested younger adults.  

(Insert Table 4 here)  

 

Non-significant effect  
Nine studies reported non-significant effects of BGM on INH performance (n=604, see 

Table 4). In terms of chosen measures of inhibition, most of those studies had used a Stroop task 

(Villamizar et al., 2020; Kim, 2022; Nadon et al., 2021; Petrucelli, 1987; Venkata Krishnam Raju, 

2018) or the similar Colour-Word Remapping from the Cambridge Brain Science Battery (Myles, 

2017). Other studies opted for the Go/No-go task of the Visual Cognitive Performance Task 

(Burkhard et al., 2018) or the Flanker task (Cloutier et al., 2020; Oliver et al., 2021). Regarding the 

Population, samples concerned by the non-significant effect of BGM include adults aged 17 to 39 

years old, or university students (age not reported). Finally, two studies with no significant impact 

on INH had used musical stimuli that had classical music with positive valence (Kim, 2020; 

Venkata Krishnam Raju, 2018). Another common factor was arousal, both stimulating classical 

music (Cloutier et al., 2020), and music at different levels of activation, ranging from very relaxing 

(60 bpm), relaxing (80-110 bpm), stimulating (110-150 bpm), to very stimulating (150 bpm or 

more; Petrucelli, 1987), were associated with non-significant influence of music on performance. 

Moreover, facilitated performance was reported with both slow and fast tempo (Burkhard et al., 

2018; Nadon et al., 2021). Also, music with various sound intensities (dB) were associated with no 

significant effect, as music with low, optimal or high intensity was presented in Oliver et al.’s study 

(2021), Furthermore, this non-significant effect was observed with music that was unfamiliar, as 

Myles (2017), Petrucelli (1987) and Villamizar (2020) showed in their respective studies where 

performance was unchanged with unfamiliar music.  
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Impairment 
Music was found to impair INH in five studies (n=130; see Table 4). Regarding selected 

INH measures, BGM has a detrimental effect on performance when tools such as the Flanker 

(Cloutier et al., 2020; Rowe et al., 2007), the Simon (Klempova et al., 2018), the Antisaccades 

(Strukelj et al., 2016) and the Go/No-go tasks (Xiao et al., 2020) are employed to measure INH. 

Firstly, a determinant variable is the relaxing aspect of music that is associated with slowed 

response times compared to stimulating music (Cloutier et al., 2020) and silence (Cloutier et al., 

2020; Klempova et al., 2018; Strukelj et al., 2016). Moreover, a tendency to favor accuracy to 

speed in a speed-accuracy trade-off is observed, while slowed RT were associated with soft BGM, 

compared to silence (Strukelj et al., 2016). Possibly, this result might be explained by the study’s 

methodology, which omitted the specific instruction to respond as fast as possible. Another 

determinant factor concerns tempo. When the tempo was manipulated to be very fast, music 

lessened the capacity to inhibit a response in the no-go condition and impaired response accuracy 

(Xiao et al., 2020) compared to slow tempo music. INH was also impaired as response times were 

faster in the no-go condition with fast tempo music compared to music with moderate tempo, slow 

tempo, and silence (Xiao et al., 2020). These results were also significant for moderate and slow 

tempo music compared to silence (Xiao et al., 2020). Besides, regarding musical emotions, a 

positively valenced jazzed-up classical music also slows response times (Rowe et al., 2007), as 

well as impairs INH as demonstrated by a larger interference effect compared to sad music and the 

condition inducing a neutral emotion, which would be moderately pleasant and arousing according 

to Russel’s Model (in this case, facts about Canada). Regarding the participants, studies obtained 

impaired INH performances with young adults (range 18-35 years old) or university students. 
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Working Memory 

Referring to Table 3, it was primarily observed that music had no significant effect on WM 

performance (n=14 experiments). Performance on most of the WM tasks was non-significantly 

affected when examined with BGM, with four studies indicating impairment, and seven studies 

reporting facilitation. Additionally, two studies documented more than one effect on WM 

performances. Namely, Thompson et al.’s (2011) article reported music in major mode with slow 

tempo/soft volume, slow tempo/loud volume, and fast tempo/soft volume had no significant effect 

on reading comprehension (WM) compared to silence, while scores were impaired with fast tempo 

and loud BGM compared to other musical conditions and silence (Thompson et al., 2011). In this 

study, the loudness of music (measured in decibels, dB) and tempo seem to play a determinant role 

on reading comprehension test from the Graduate Management Admission Tests (GMAT; 

Thompson et al., 2011). Palmiero et al.’s study (2016) also showed both facilitated and not 

significantly affected performance. They found music with positive mood facilitated performance 

on the Corsi block-tapping task backward condition compared to music inducing neutral mood and 

negative mood (Palmiero et al., 2016). Whereas performance on the Corsi walking test backward 

condition, where participants recall a path by moving across blocks arranged on the floor (Palmiero 

et al., 2016), was not significantly affected by BGM. As previously stated in the INH section, these 

articles will be examined into distinct sections according to BGM’s effect. As you continue, you 

will notice that determinant factors and parameters might be linked to multiple effects, as WM 

experiments are described by BGM’s effect. 

 
Facilitative effect  

Seven studies presented findings in which WM was facilitated by musical background 

(n=317, see Table 5). Of these samples, the majority concerned participants aged between 18 and 

42 years old, and some samples included undergraduate and graduate students. Relatively to 
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instrument selection, studies opted for the N-Back paradigm (Gann et al., 2021; Sun et al., 2011; 

Taheri et al., 2022), the standardized Corsi block-tapping task and Corsi walking task (Palmiero et 

al., 2016). Fewer studies elected laboratory-made tools comprising a written verbal reasoning task 

(Sutton and Lowis, 2008), spatial processing tasks (Angel et al., 2010), and an Algebra ability 

instrument (Namwamba, 2012). One determinant variable underlining the facilitative effect for 

WM across these studies is the classical genre (Angel et al., 2010; Gann et al., 2021; Namwamba, 

2012; Sun et al., 2011; Sutton and Lowis, 2008; Taheri et al., 2022). Also, a few elements 

associated with a facilitative effect are the same for WM than for INH, namely music inducing a 

positive mood (Palmiero et al., 2016), and music composed in major mode (the written verbal 

reasoning task; Sutton and Lowis, 2008). Furhtermore, similar to INH, WM was facilitated with 

music characterized by fast tempo (Angel et al., 2010; Gann et al., 2021), and slow tempo (Gann 

et al., 2021). Lastly, a musical variable associated with a facilitative effect on WM was loud volume 

(dB; Namwamba, 2012).  

(Insert Table 5 here) 

Non-significant effect 
Music was presented with a non-significant effect on WM in thirteen studies (n=1240, see 

Table 5). Samples concerned by these results include adults aged 17 to 33 years old, and college 

students. Regarding the assessment tools selected to examine WM, most experiments related to 

reading comprehension such as the SAT (Barnes, 2007), the TOEFL (Chou, 2007), the Nelson 

Denny Reading Test (Dove, 2009), the Graduate Management Admission Tests (GMAT) reading 

comprehension test (Thompson et al., 2011) and a reading comprehension test similar to the GRE 

(Haning, 2016). A few studies opted for linguistic processing task created for their studies (Du et 

al., 2020; Mairal et al., 2015; Patston et al., 2011) and visual comparison of the lateralization and 

composition of a picture and the retained sample pattern (Yang et al., 2016). These tasks rely on 
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the manipulation aspect of WM to process the retained information for a short period, updating it 

with new information, and selecting an answer accordingly. A small number of studies used 

standard WM tests, such as the N-back task (Bluelow et al., 2022; Chen, 2019), the Self-Ordered 

Pointing Task (Bluelow et al., 2022), the Corsi Walking test (Palmiero et al., 2016), and the verbal 

reasoning task and spatial rotation from the Cambridge Brain Science Battery (Myles, 2017).  

Music from the classical genre was most represented (Barnes, 2002; Bluelow et al., 2022; 

Chou, 2007; Dove, 2009; Haning, 2016; Patston et al., 2011; Thompson et al., 2011) as not 

significantly influent. Additionally, music from the pop genre (Iwanaga et al., 2002; Mairal, 2015) 

had no significant effect on WM. Also, these studies reported that major mode (Haning, 2016; 

Thompson et al., 2011), stimulating and relaxing tempo (Dove, 2009; Du et al., 2020), and 

drumbeats at different tempos (120, 110-140) and tempo shifts (constant, gradual, syncopated, time 

signature shifts; Chen, 2019) were not significantly associated with and effect on performance. 

Moreover, WM measured by the Corsi walking test was not significantly affected by positive and 

negative moods, compared to the neutral mood condition (Palmiero et al., 2016).   

Furthermore, the presence of errors manually added to the music did not affect WM (Patston 

et al., 2011) for non-musicians. Hence, musical stimuli that had non-significant effect on WM 

performance also comprised unfamiliar songs (Du et al., 2020; Myles, 2017). Moreover, 

complexity did not appear to be determining either, as evidenced by Barnes (2002) whose music 

described as high-complexity and low-complexity was associated with similar performance. 

Finally, RT were similar when performance was measured with tonal music in C major and atonal 

music composed for the study, which vary in tonality, i.e., have different organization of keys and 

tones (Yang et al., 2016). 

Impairment 
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Four studies presented WM tasks where performance was impaired during BGM (n=153, 

see Table 5). The tools selected to assess WM in these studies comprised laboratory-made tasks 

relating to word recognition (Iwanaga et al., 2002), email comprehension and answering as a part 

of ecological deskwork tasks (Young and Nolan, 2015). One study relied on standardized tasks like 

the Self-Directing Signaling Test from the Executive and Frontal Lobes Battery (Villamizar et al., 

2020), and another on a performance assessment test, namely the Graduate Management 

Admission Tests (GMAT) reading comprehension test (Thompson et al., 2011). Among those, one 

study reported music from the pop genre (Iwanaga et al., 2002) impaired ACC when compared to 

silence, and another observed that music in major mode from the classical genre impaired WM 

performance (Young and Nolan, 2015). Furthermore, loudness was also identified as impairing 

when music described by the authors as cinematic string (played by string instruments and 

composed for a film score) reached 74-78 dB compared to a no music condition (20-30 dB; 

Villamizar et al., 2020) and when music was identified as loud with a fast tempo, compared to 

baseline and other conditions (slow tempo/soft, slow tempo/loud, fast tempo/soft; Thompson et al., 

2011). These results were obtained with participants aged 17 to 48 years old. 

 In the subsequent sections, results are revisited for INH and WM conjunctly, starting with 

an emphasis on quality score of studies. Then intervention-specific analysis (music followed by 

task specific), and finally population-specific analysis will be detailed.  

 

Quality score analysis 

Analyzing these findings according to quality estimation based on our adapted CASP checklist 

may weight confidence in the respective conclusions put forth. High-quality studies (n=23) mostly 

reported a non-significant effect of music across both INH (n=6) and WM (n=9), followed by 

impairment effect on task performance (INH n=4; WM n=2), and fewer high-quality studies 
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reported a facilitative effect (INH n=1; WM n=3)1. Studies evaluated as moderate quality (n=11) 

were more dispersed. The reported effect of BGM on tasks was mainly beneficial (INH n=2; WM 

n=4) or non-significative (INH n=2; WM n=3), and fewer were impairing (INH n=1; WM n=3). 

Therefore, with higher quality methods, a smaller proportion of studies report beneficial effects of 

BGM compared to moderate quality, and studies who report no significant effect of BGM on EFs 

are prevalent.  

 In the following, results for INH and WM are analyzed together through the lenses of 

musical material specificities. These parameters are generally reported in a little number of studies 

and entail a cautious interpretation. 

 

Music-specific analysis 

In this section, experiments for both INH and WM are compiled together. Studies included 

in this review revealed disparities concerning reported musical parameters, which impacts the 

extent of comparability between experiments. Concerning tempo variations between conditions, 

slow tempo was associated with beneficial (n=1), but mostly detrimental (n=3) and non-significant 

(n=3) effect in the reported experiments. A similar pattern emerged for fast tempo/stimulating 

music. Experiments employing fast tempo as BGM reported beneficial effect (n=1), detrimental 

effect (n=3), and a null effect (n=4) on performance. Moreover, one study using BGM with 

moderate tempo concluded to its detrimental effect on performance. A single study examined the 

effect of different tempo shifts on performance, which was not a conclusive parameter as 

performance was undifferentiated between conditions. This parameter can be difficult to examine 

without also considering musical emotions. When examining emotions, very relaxing music was 

 
1 Sum of INH and WM studies for each quality category might differ from total studies because some studies have 
more than one task. 
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observed with no significant effect on performance (n=1), which was also reported with very 

stimulating music (with very fast tempo, n=1). Furthermore, studies where BGM was in major 

mode often induce a positive mood. These studies were sometimes associated with a beneficial 

effect on EF performance (n=7), yet positive mood and major mode were also shown to impair 

performance (n= 3) and have no-significant effect on EFs performance (n=4). Considering these 

parameters were not available for many studies even though they are potentially important in 

modulating emotions, the non-consensual effects collided here are partial.  

On the other hand, when experiments were conducted using unfamiliar music or music 

specifically composed for the studies (n=4), BGM no significant effect was observed on 

performance. The authors did not verify the familiarity of participants with these excerpts, possibly 

because the excerpts were specifically composed for the studies. Since this factor is only scarcely 

reported in the included studies, the analysis of familiarity’s influence on BGM’s effect on EFs is 

incomplete. 

Two studies (Nadon et al., 2021; Rowe et al., 2007) added an induction period before the 

task was completed with BGM. This rare design feature was associated with a beneficial effect on 

INH for Rowe and colleagues (2007) when realised with jazzed up classical BGM but had no 

significant influence on a WM task. Their induction phase was 10 minutes before task and a 2-

minute induction booster between EFs tasks. Nadon et al. (2021) did introduce music before 

administering their EF measure, but an 8000ms duration is insufficient to be considered as an 

induction phase. Here again, studies including induction of emotions are scarce and interpretation 

is limited. 

Lastly, one study manipulated the original pop song from Adele “Someone like you”, 

removing lyrics and adding either a piano or violin melody (Mairal, 2015). This BGM had no effect 

on WM performance, meanwhile it’s comparison with the remaining studies is strenuous since the 
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removed lyrics factor is hardly interpretable without further comparable studies, considering 

lyrics’s impairing effect on cognitive performance (Cheah et al., 2022). 

After examining musical determinants, the following analyses proceed to examine the 

effect of BGM based on tasks-specific characteristics. 

Task-specific analysis 

When studies were examined addressing the task-specific variables, the origin of the tools 

used appeared to influence the outcome of BGM’s influence on EFs (see Table 6 for details). In 

fact, studies were classified in order as standardized tasks, experimental paradigms, laboratory-

made tasks, or performance assessment tools.  

First, standardized tasks refer to tools that conform to a standard and are commonly used in 

the neuropsychological assessment, such as the Corsi block tapping test and the Stroop task. In 

total, 10 experiments were identified as falling under this category. Of these, 2 reported a beneficial 

effect of BGM on performance (INH n=1 and WM n=1). Impairment was reported with 1 

standardized task assessing WM. Finally, BGM had no influence on performance for 8 experiments 

using standardized tasks, mostly for INH (n=6) and WM (n=2). Second, instrument measures were 

classified as experimental tasks when they were developed based on cognitive from the cognitive 

paradigms, i.e., study of cognition and how the brain works, and tested on participants. These tasks 

are generally comparable to neuropsychological tasks but are rather applied in the research contrary 

to standardized tasks which are frequently encountered in the clinical field. Popular experimental 

tasks include the Flanker task, the Go/No-go task, and the N-Back task, as listed by Diamond 

(2013). The studies included in this review presented 6 experimental tasks for which BGM had a 

facilitative effect (INH n=2 and WM n=4). BGM impaired performance in 4 instances, when INH 

was assessed. Finally, BGM had no significant effect on performance for 4 experimental tools, 

measuring INH n=2 and WM n=2. One study showed both impairment and no-significant effect of 
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music on ING. Third, the laboratory-made tasks included tools developed for the study by the 

investigators, that are not based on known experimental paradigms per say. For example, in this 

review, a study included a desk-work environment were emails had to be read and correctly 

responded to, these instruments are not specifically supported by a cognitive paradigm per say. For 

these, BGM facilitated (n=2), impaired (n=2), and had no significant influence (n=3) on WM 

performance. Additionally, one study reported both no-significant effect or impairment of 

performance with BGM (WM). Fourth, five studies used performance assessment tests to record 

reading comprehension. These measures are standardized for academic classification and 

admissions, and not specifically for neuropsychological assessment, (e.g., the reading 

comprehension test from the Scholastic Aptitude Test). In this review, only one study found BGM 

had both impaired and had no significant effect on performance (WM). Finally, four studies found 

BGM had no significant effect on WM performance as measured by performance assessment tests. 

The majority of laboratory-made and performance assessment tools assessing WM also solicited 

arithmetic skills, reading comprehension skills, and verbal or spatial reasoning.  

(Insert Table 6 here) 

Population-specific analysis 

In the present review, few studies reported results based on sex or gender. Sutton and Lowis (2008) 

concluded that females performed better on a verbal reasoning task (WM) when BGM expressing 

positive emotions in major mode was playing, compared to minor mode musical background. This 

influence of BGM was shown for females only and was not observed for males suggesting sex-

differences in the effect of BGM. Taheri and colleagues (2022) have also identified modulations 

between males and females. Their results demonstrated gender differences, as accuracy (ACC) and 

response times (RT) in a WM task were facilitated to a greater extent for extraverted females when 

listening to classical BGM compared to extraverted males. They also observed extraverted 
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participants had improved ACC and faster RT compared to introverts with BGM. However, 

Barnes’ (2002) results did not vary according to personality (extroverts, introverts or ambiverts).  

Having examined the findings, the discussion section will offer a comprehensive 

exploration of the main results and their relation to the existing literature and future perspectives. 

Discussion  

This systematic review aimed to clarify the effect of BGM on core executive functioning by 

offering an updated portrait of the current literature by describing the main reported outcomes, the 

musical and auditory conditions, EF tasks administered, and population. To this aim, results were 

first approached by function-specific analysis (INH, WM), then by music-specific analysis (e.g., 

genre, tempo, valence), and population-specific analysis (e.g., age, recruitment setting). 

Furthermore, quality-specific analyses were conducted as well as task-specific analyses (task 

source, correspondence between task and function).  

As foreshown by the literature overview presented in the introduction, which encouraged 

the pursuit of this present review, the evidence gathered reflects a tripartite effect of BGM on EFs. 

Appropriately, facilitative, and impairing effects where gathered, and non-significant effects were 

predominant for INH and WM. Overall, examined according to study-quality, higher quality 

studies tended to present BGM as having no significant effect on executive performance. 

Facilitated EFs was the least represented outcome for INH, but did find some support among 

moderate and high-quality studies for INH and WM. BGM impairing performance was the least 

represented effect of music for WM. Since both INH and WM have shown all three influences of 

music, the effect of BGM on performance will be described for both functions jointly. A possible 

publication bias might contribute to the representation of significant results in the studies identified 
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by this systematic review, even though non-published studies were sought through grey literature 

databases. 

Describe the effect of BGM on EFs. 

The primary question seeking clarification was BGM’s effect on EFs. Coherent with 

reviews on the effect of music on cognitive functioning published so far (Kampfe, 2011; Cheah et 

al., 2022), mixed effects were found with our systematic review. In whole, rather non-significant 

effects were reported for EFs, but still there are situations where beneficial and detrimental effects 

were observed. For INH and WM, this review enlightens the tendency that studies identified 

BGM’s facilitative effect with positive and with stimulating music (fast tempo). Studies included 

in this review reporting impaired performances were most frequently associated with relaxing 

(slow tempo) BGM. Nevertheless, no characteristics were exclusively associated with a single 

effect on certain tasks or function, conversely multiple effects are observed with each variable for 

both EFs reviewed. As for detrimental effects, the slowing of response is one outcome identified 

in the context of the studies involved. However, in other contexts, the slowing of response could 

reflect a beneficial effect of BGM. For example, in the case of the stress response, the physiological 

activation attunes to the relaxing music and conveys a less stressed and more pleasant state to the 

listener (Bellier et al., 2020; Felszeghy et al., 2023) might support a beneficial slowing of response 

with BGM. In this optic, we are reminded that the intended use of BGM is context-dependant and 

so is its effect. As performance appears as one of many outcomes of interest seeking facilitation by 

BGM, it could be interesting to investigate stress and anxiety regulation (see de Witte & al., 2022 

for a meta-analysis) and perception of effort (for example Devine, Vassena and Otto, 2022) during 

a cognitive task. 

Interestingly, some musical parameters did influence EFs performance as tempo and 

mode (important parameters for musical emotions) were described in many studies. Hence, slow 
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tempo and fast tempo were both mostly paired with null and detrimental effects, while beneficial 

impact was underrepresented. Sometimes, fast tempo music impaired accuracy in inhibitory control 

facilitating initiation of response (faster response times in no-go conditions). Nonetheless, music-

specific analysis revealed that the following parameters were scarcely examined or reported, 

namely familiarity, sound intensity (volume, dB), and music manipulated to remove lyrics. With 

the available data, these factors seemingly had no influence on EFs performance.  

Examining these findings prompts a reflection on the theories that underlie common 

assumptions in the field of music and cognition. According to the Arousal-Mood Theory, arousing 

and positively valenced music benefits cognition (Schellenberg and Weiss, 2013; Thompson et al., 

2001). Results suggested by studies included in our review somewhat support that claim, for 

facilitative effect on INH has been observed with the elevated activation and positive valence of 

music. However, many studies reported no differential effect based on tempo and emotional 

characteristics of music. Some of this variability might be explained by individual characteristics, 

such as initial mood and emotional state at baseline. Nevertheless, as mentioned, these factors were 

not monitored prior to testing. Taken together, music-specific analysis reported results that only 

partly support the Arousal-Mood Theory and not specifically; by linking high arousal to a 

facilitated outcome in some instances, but not all. Additionally, positively valenced music was 

associated with a facilitative effect, although not exclusively. Perhaps, the fact that many 

parameters vary across studies, and sometimes the musical stimuli were described with only one 

of the two pillars of the Arousal-Mood theory complexified cross-study comparisons. Whether 

tempo (bpm), mode (minor, major), emotional valence, musical genre, sound intensity level (dB), 

instruments, musical determinants were not systematically reported, thereby limiting the 

comparability of conclusions and our understanding of BGM’s effect.  
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Given this mitigated support for a well-established theory, conducting a comparison with 

recent reviews to determine if they yield similar conclusions could provide valuable insights and 

enhance our understanding. When comparing our review with Cheah and colleagues’ (2022) recent 

review on the topic of BGM and cognitive performance, the overall quality of our 35 included 

studies appears alike their generally satisfactory quality of studies. Regarding executive domains, 

while some INH studies were reported in both our reviews, Cheah’s and collaborators method for 

processing results concluded to no significant effect of BGM on performance of this EFs. In our 

review, results suggest mainly neutral effect of BGM and are consistent with those of Cheah and 

colleagues’ (2022) review, which reported no significant effect of BGM for many cognitive 

domains including inhibition.  However, memory-specific tasks in their review include various 

functions related to memory, such as encoding, retrieval, recognition, long-term memory and 

working memory and were found mostly impaired by BGM. Whereas WM in our review is found 

to be mostly unaffected (n=12) or facilitated (n=8) when examined in conditions with BGM, and 

impaired in only a few instances (n=5). Thus, our review does report beneficial and impairing 

effects as well and our conclusions are less categorical, but specific to WM in contrast with Cheah 

and collaborator’s review. 

Discrepancies between our reviews might emerge from specificity of cognitive domains 

explored and the fundamental conceptual models relied on. Some limits of Cheah et al.’s review 

concern the lack of theoretical perspective. While their description of the literature is remarkable, 

and their analysis and integration of included studies is exceptional, fundamental theories could 

have supported some methodological decisions. Precisely, their classification of WM in the 

memory domain with short-term and long-term memory, rather than in EFs is questionable. While 

many may argue WM should be considered an executive process (Collette et al., 2005; Diamond, 

2013; Henrard, 2021; Miyake et al., 2000b; Vaughan and Gionavello, 2010), considering the 
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manipulation of information essential in WM which is correlated with executive processes in 

Miyake’s model (2000b) and their related brain activation (Colette and Van der Linden, 2002). On 

this topic, seemingly no conceptual model supported Cheah et al.’s classification of tasks and task 

difficulty. Directly, most studies in our review did not examine task-difficulty per say and reflecting 

on Cheah and colleagues’ review (2022) conclusion that task-difficulty could impact the way BGM 

influences performance by modulating the available cognitive resources for the task at hand, 

perhaps adequacy of the task also modulates available cognitive resources. 

Considering these inconclusive findings regarding the effect of BGM on executive 

functioning, which partly aligns with existing reviews and the Arousal-Mood Theory, the following 

section will discuss determinant variables that could potentially elucidate the observed variability 

thus far.  

 

Determinant variables involved. 

The present review’s attempt to meet this objective was inconclusive. First, relative to population 

determinants, though interested in the adult population most studies were conducted with younger 

adults (18-30). Moreover, most studies with young adults are invested in the student population 

and educational setting, whether undergraduate or graduate scholars. Consequently, the samples 

examined represent only a portion of the adult-life span concerned by this review and participants’ 

characteristics are unequally reported among studies. Additionally, musical perception has shown 

age-dependent variations, namely older adults rate positively valenced music more positively than 

younger adults (Cohrdes et al., 2020; Vieillard and Bigand, 2014). As aging leads to a non-clinical 

hearing loss or presbycusis in many adults, the musical perception of rhythm difference between 

young and older adults is subtle (Sauvé et al., 2022). This auditory decline is associated with a less 
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distinctive musical perception and a deteriorated neural representation of the musical dissonance 

or consonance (Bones and Plack, 2015). Thus, throughout adulthood, musical perception varies 

and Moreno-Gomez and colleagues, 2017) have demonstrated that the neurodegeneration of the 

auditive system and brain circuits involved impairs musical perception as measured by the global 

accuracy score of the Montreal battery of evaluation of amusia. Hence, these considerations 

necessitate caution when generalizing our results and these factors could be taken into account 

when evaluating the effect of BGM in older adults. However, expanding the range of settings could 

enhance the inclusivity of adults and better represent the adult population at large. Regarding 

individual characteristics, the need for synthesis sometimes required a thinning of description 

which might have reduced valuable information concerning sample. 

Second, population-specific analysis did underline sex (female) and personality 

(extraversion) as contributing to BGM’s beneficial effect on performance, but only for a small 

number of studies. The hypothesis underlying the extraversion differences relies both on Eysenck’s 

personality theory (as reviewed by Küssner, 2017) and the Yerkes-Dodson law (1908) of optimal 

arousal for cognitive performance, where too little or too elevated arousal are detrimental, and the 

optimal level varies for each individual and their context and the assumption that extroverted 

individuals have a higher basal activation level than introverts. 

Third, the emotional state in which participants arrive prior to testing or how they evaluate 

the music (compared to how the experimenters previously have) was not systematically reported 

nor considered. Since individuals experience musical emotions depending on their emotional 

dispositions at the time of listening (Hunter et al., 2011; Schaefer et al., 2013) and personal basal 

activation level have an influence (Schaëfer et al., 2013) it is surprising that these variables are not 

investigated more systematically. Considering the underlying mechanisms, such as tempo 

influencing psychophysiological measures linked to arousal (e.g., Chanda and Levitin, 2013; Juslin 
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et al., 2015; Shaefer, 2017), basal physiological baseline would modulate the arousal manipulation 

by BGM. Potentially, individual self-report of emotional state at baseline using the same model 

adapted for musical emotions (Eerola and Vuokoski’s, 2011) could simplify comparison and clarify 

the effect of BGM’s effect on individual’s mood, arousal, and performance.  

Fourth, concerning task-specific determinants, task difficulty was not labeled in most 

reviewed studies, and this might have confounded results. In fact, Cheah et al. (2022) found that 

task-difficulty, as classified by the authors of the reviewed studies, influenced the effect of BGM 

on performance since instrumental music significantly impaired difficult tasks. They recommended 

the inclusion of this variable in future studies. For example, including various levels of difficulty 

of the same task, tested in a pre-study, when planning experimental designs could allow the 

exploration of this conclusion. 

 

Adequacy of the neuropsychological tests used. 

Regarding executive task-specific parameters, the experimental paradigms were not all comparable 

in terms of methodological quality as rendered by the quality assessment. On one hand, sound 

neuropsychological assessment tools that most adequately measure the intended function were 

commonly used, such as the Stroop task, Corsi’s backward span, as proposed in manuals such as 

Lezak and colleagues’ Neuropsychological assessment manual – 5th edition (2012), the Traité de 

neuropsychologie clinique de l'adulte - Tome 1 : évaluation by Seron and Van der Linden (2014), 

or the Compendium of Neuropsychological Tests: Administration, Norms, and Commentary by 

Strauss et al. (2006). Advantages of using these assessment tools include tested and published 

measurement material that has been validated. Many studies relied on experimental tasks supported 

by neuropsychological and cognitive paradigms that may be found in laboratory settings, based on, 

and modified from tasks such as the Flanker task, Simon’s task, Attentional Network Task, N-Back 



   
 

 46 

task, and the Go/No-Go paradigm (see Diamond, 2013 for a brief list of tasks). On the other hand, 

some studies employed performance assessment tests, and more ecological laboratory-made tasks 

such as composing emails, that might predominantly measure other functions such as reading 

comprehension, language skills, and reasoning skills that do solicit EFs, but not in a specific nor 

primary way. These results can hardly be presented as reflecting the executive domain purely and 

adequacy between the measurement tool and the assumed function being evaluated is inconsistent 

across studies. 

Additionally, the alignment between the measure and the assumed function being measured 

by the task was most observed in tasks based on conceptual paradigms and the standardized tasks. 

Lastly, Miyake et al.’s (2000a) reported challenges, the diversity of the cognitive tasks used for 

each of the functions and their respective limits, the impurity of cognitive tasks, and the diversity 

of terms used to name EFs (Miyake et al., 2000a) remain to be addressed for a better understanding 

of BGM and EFs. Anyhow, the present review does underline the clear need for more rigorous 

studies interested in evaluating EFs in the context of BGM.  

Future studies should follow the guidelines proposed in response to our fourth objective, 

which are presented hereafter. 

 

Recommendations for future studies. To enhance the quality, fidelity and cross-study comparability 

of upcoming studies, the following considerations are recommended. Guidelines are presented 

according to the following PICO categories: population, interventions, and comparators. 

Population. Future studies should report participant’s age range in addition to means and 

standard deviations to ensure additional precision and facilitate decisions on inclusion according 

to cut-off criteria. Additionally, physical, neurological, and psychological health, and socio-

economic status could be reported to allow a precise description of the population sample. A shift 
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should occur where gender should be considered instead of the sexes attributed at birth in an effort 

to be more inclusive and respectful of participants and as a mean to adapt to social reforms. 

Personality and initial EF capacity (performance at baseline, e.g., WM or INH) should also be 

measured since few studies report these individual variables that have been associated with 

differential effects of BGM on EFs performance. Moreover, as presented, musical expertise has 

been shown to influence BGM’s effect and the threshold of years of musical training defining 

musicians from non-expert musicians is hardly homogeneous across studies. In particular, the 

Goldsmiths Musical Sophistication Index (Gold-MSI) is a recent and easily accessible, open-

sourced, self-report index (Müllensiefen et al., 2014) that goes beyond musical expertise and offers 

an evaluation of musical listening skills, musical expertise, singing abilities, and musical 

sophistication. Indeed, this tool could enhance our comprehension of participants’ musical 

experience with continuous variable instead of discrete ones helping us define the samples.  Future 

studies are also encouraged to collect musical listening habits with a self-reported questionnaire to 

clarify if the participants are familiarized and accustomed to working with BGM or not, which 

could moderate conclusions and influence participants according to their habits. The Gold-MSI 

also offers an emotional engagement scale and musical engagement which quantifies time and 

resources spent on music. Also, study designs should include a self-reported measure of emotions 

(e.g., relaxed vs stimulated, joy, sadness, tension, calm) at baseline and after experiencing each 

auditory conditions to assess the emotional impact of conditions in addition to impact on 

performance. Additionally, obtaining participants' emotional evaluations of the music or other 

auditory stimuli would enable researchers to verify whether the materials are indeed perceived as 

intended, eliciting stimulating/relaxing, positive/negative, or familiar/unfamiliar effects. A simple 

Likert scale could be administered for each question and each musical excerpt.  
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Interventions. Relative to the musical stimuli, the present review revealed a significant 

diversity of musical material, a lack of consistency in the reporting of these stimuli and their 

characteristics, and several effects for music grouped under the same categories 

(stimulating/relaxing) for both INH and WM experiments. For example, musical parameters 

involved in musical emotions like arousal (e.g., tempo) and mood were often highly variable across 

the musical selection of studies and their description was often missing or incomplete. Also, the 

heterogeneity of the musical stimuli characteristics reported in these studies limited the 

comparisons between papers and some studies grouped under a larger label (e.g., relaxing music) 

might have been better classified if the bpm’s were given for every study. Thus, BGM interventions 

were not equivalent and future research should describe their selected BGM in more detail to allow 

for better comparison (see fourth objective for detailed recommendations). In general, musical 

interventions are poorly reported in the literature, which limits comparisons across studies (see 

Robb et al., 2019 for a review). Accordingly, an extensive reporting of musical parameters is 

fundamental, including genre, composer, interpret, title, duration, presence of lyrics, mode, tempo 

in bpm (e.g., 140bpm) and classification (e.g., slow/fast tempo; relaxing/stimulating), intensity 

levels in dB, tonality, instruments, and modifications made to the original musical piece when 

applicable. Familiarity of the musical stimuli should also be evaluated by listeners. For this, a self-

reported questionnaire could be administered at the end of the experiment, while listening to the 

musical excerpts. Also, when songs with lyrics are used, adding a control condition consisting of 

an instrumental version of the song could revel interesting comparisons. However, music that is 

striped from lyrics might still induce interference if lyrics are mentally hummed by listener, which 

should be considered in the study design. Ultimately, study designs should favor within-subject, 

and between-conditions comparisons, to between-subjects comparisons, allowing individual 
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differences to be considered. Lastly, study designs should control for a possible order effect by 

randomizing presentation of conditions. 

Considering EFs assessment tools, studies should rely on executive measures suggested from 

neuropsychological guides that are known to measure the intended executive functions, or 

experimental designs which the processes are well described in the literature and present the 

following advantages: a) simplify comparison between studies, and b) clearly relate to specific 

cognitive functions. Recommendations put forth by Miyake, Emerson et Friedman (2000a) have 

yet been integrated in most studies and could elevate rigor and clarity in the assessment of EFs: a) 

evaluate executive function with more than one task for better reliability, b) select simpler 

executive tasks to limit the influence of non-specific tasks and favor tasks that selectively measure 

the ability of interest, and c) question participants on strategies deployed to perform the tasks.   

Comparators. As stated by Grau-Sánchez et al. (2022), the selection of control conditions in 

studies involving music-based intervention poses a challenge. Hence, studies should include a non-

musical control auditory condition (e.g., white noise, noise, nature sounds, coffee-shop sounds) 

that can be matched to musical conditions in terms of tempo and/or mode. Following 

recommendations, control group should replicate non-investigated aspects of the musical 

condition, which is aided by identifying essential intervention components (Grau-Sánchez et al., 

2022). This way, the effect of auditory stimulation and the specific effect of music can be controlled 

adequately, in contrast to designs that compare to no intervention (i.e., silence). Lastly, study 

designs that compared noise conditions to multiple musical conditions differing in terms of tempo, 

valence, musical genre for example, offered multiple comparisons such as between and within-

subjects analysis. An additional comparator could imply an independent measurement tool 

(different from the study intervention) to assess individual initial cognitive capacities and task 

performance in a no-music condition for baseline comparisons. 
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Future studies. The included studies’ results have a limited outreach for generalisation as younger 

adults were predominantly represented. And even though some studies show similar effects for 

younger and older adults, the literature does suggest a cognitive decline in the later stages of 

adulthood (Glisky, 2007). Hence, a suitable representation of this population in studies would 

benefit our comprehension BGM’s effect on executive functioning in adults, older adults, and the 

elderly. Moreover, the musical expertise criterion seems inconsistently reported and the variance 

in the cut-offs for extensive musical training should be considered. Regarding, music-specific 

reflections, though in the present review performance was not affected by the instrumental versions 

of pop music with lyrics, possibly, recognising the instrumental version of a song with lyrics might 

elicit the mental humming of lyrics and interfere with the task in similar ways to BGM with lyrics. 

Since music with lyrics appears to impair performance (see Cheah et al., 2022 for a review) 

possibly studies using instrumental versions of music with lyrics should be compared to 

instrumental music as well. This could heighten our understanding of the matter and reveal 

resourceful for broadening the scope of musical material beyond classical music. Eventually, the 

comparators and auditory conditions included in the study designs might also have influenced the 

results. Specifically, when studies compare different musical conditions to silence, the effect must 

significantly differ from silence to be classified as an effective moderator or modulator of 

performance. Whereas studies that compare musical or auditory conditions among themselves, 

with no active or passive comparators, a significant difference does not guarantee a differential 

effect to baseline. For thorough analysis, future studies are encouraged to include comparators 

(controls) in addition to different musical conditions. Implementing these recommendations might 

present a challenge due to the potential need for incorporating multiple tools, which could 
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significantly extend the testing process. In sum, the hypotheses put forth with this review should 

be kept in mind for future research. 

Strengths and limitations. 

To our knowledge, this review is the first review dedicated to executive functioning to investigate 

the effect of BGM on the three core EFs specifically. Naturally, the limits of the cited included 

experiments, such as significant diversity of musical material, a lack of consistency in the report 

of musical and individual characteristics, and of task adequacy for measuring the intended function 

limit the conclusions reached by this review. Overall, these discrepancies among studies most 

probably contribute to the heterogeneous results conveyed in the literature and the lack of clarity. 

Additionally, the selection process was influenced by the linguistic resources available, hence some 

relevant studies might have suffered a linguistic bias by not being analyzed in the present review. 

Furthermore, this review could not offer an analysis of the effect of BGM on CF, because 

of the few studies exploring this executive function, insufficient studies used recognized tests and 

a study design corresponding to our inclusion criteria. Hence, the effect of BGM on the EFs as 

described by Miyake’s model is not fully represented in this review and underlines the need for 

future studies exploring CF in the context of BGM. Recommendations for future studies also 

extend to the study of CF, which is encouraged given the limited published material. Nevertheless, 

this review enlightens the recommendations future studies should tend to replicate. While this 

rigorous systematic review partially clarified the determinant variables (i.e., interventions: music-

specific, task-specific; and population: population-specific) linked to the beneficial effect of BGM 

on EFs, its most valuable contribution is the synthesis of current knowledge. This systematic 

literature review also emphasizes several research challenges contributing to the heterogeneity of 

the conclusions, and dresses comprehensive recommendations for quality assessment (e.g., 

complete musical parameters) of the influence of BGM on core EFs in hopes of guiding best 



   
 

 52 

practices for future studies. In the longer term, standardized examination of the effect of BGM on 

EFs could generate clarifications and help frame the remediation of EF alterations present in the 

general population and associated with clinical disorders.  

Conclusion 

While the current literature exploring the effect of BGM on inhibition and working memory in 

healthy non-musician or non-professional musician adults is subject to growing exploration, 

heterogeneity relative to musical parameters, auditory conditions design, and participant’s 

characteristics is predominant among these studies. Classical music is the genre most studied in 

this context, however musical material remains quite diverse and comparable with difficulty. 

Nevertheless, while multiple effects of music were reported and no definitive conclusion is 

reached, predominantly BGM was shown to have no significant effect on EF performance. 

However, some facilitative effect on executive functioning were collided, for which the 

determinant factors remain to be differentiated as the field is making progress. Most importantly, 

refining research methods and elevating quality of investigations appears essential for a better 

understanding of the variables implicated in the influence of BGM on executive function 

performances in the adult general population. 
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Appendix A 
 
Search engine formula for probing systematic databases. 

("background music" OR "music* background" OR "musical environment" OR "music* listening" 

OR "musical activation" OR "musical arousal" OR "musical emotions") AND (neuropsycholog* 

OR "frontal lobes" OR "executive function*" OR "executive profile" OR "executive task" OR 

"executive process*" OR "executive deficit" OR "cognitive control" OR "executive control" OR 

inhibition OR "inhibitory control" OR "attentional control" OR "executive attention" OR "conflict 

resolution" OR "response inhibition" OR "behavioral inhibition" OR "working memory" OR "short 

term memory" OR "set shifting" OR "shifting" OR "task switching" OR "cognitive flexibility" OR 

"cognitive rigidity" OR "mental flexibility" OR "mental rigidity"). 
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Figure 1. –  PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers, 
and other sources. 
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Table 1. – Quality assessment rating for each reference. 
No. Authors (Year) 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. Total score

1 Angel & al. (2010) 0 1 1 0 1 0 1 1 1 0 1 7

2 Barnes (2002) 0 1 1 1 1 1 0 1 1 0 1 8

3 Buelow & al. (2022) 1 1 1 1 1 1 1 1 1 1 0 10

4 Burkhard & al. (2018) 1 1 1 1 1 1 1 1 1 1 1 11

5 Chen (2019) 1 1 1 1 1 1 1 1 1 1 1 11

6 Chou (2007) 1 1 1 0 1 1 1 1 1 0 1 9

7 Cloutier & al. (2020) 1 1 1 1 1 1 1 1 1 1 1 11

8 Domínguez & al. (2020) 1 0 1 1 1 1 0 1 1 1 0 8

9 Dove (2009) 1 1 1 0 1 1 1 1 1 0 1 9

10 Du & al. (2020) 1 0 1 1 1 1 1 1 1 0 1 9

11 Fernandez & al. (2019) 1 1 1 1 1 1 0 1 1 1 1 10

12 Gann (2021) 1 1 1 0 1 1 1 1 1 1 1 10

13 Haning (2016) 1 1 0 0 1 1 0 0 1 0 1 6

14 Iwanaga and Ito (2002) 1 0 1 0 1 1 0 1 1 1 0 7

15 Kim (2022) 1 1 1 1 0 1 1 0 1 1 1 9

16 Klempova and Liepelt (2018) 1 1 1 1 1 1 1 1 1 1 1 11

17 Kumaradevan & al. (2021) 1 0 0 0 1 0 0 0 1 1 1 5

18 Mairal (2015) 1 1 1 1 1 1 1 1 1 0 0 9

19 Myles (2017) 1 1 1 1 1 1 1 1 1 1 1 11

20 Nadon & al. (2021) 1 1 1 1 1 1 1 1 1 1 1 11

21 Namwamba (2012) 1 1 1 0 1 1 1 1 1 0 1 9

22 Oliver & al. (2021) 0 1 1 1 1 1 1 1 0 1 0 8

23 Palmiero & al. (2016) 1 1 1 1 1 1 1 1 0 1 1 10

24 Patston and Tippett (2011) 1 1 1 1 1 1 1 1 1 0 1 10

25 Petrucelli (1987) 1 1 1 0 1 1 0 1 1 1 1 9

26 Rowe & al. (2007) 0 1 1 0 1 1 0 1 1 1 1 8

27 Strukelj & al. (2016) 1 1 1 1 1 1 0 1 1 1 0 9

28 Sun & al. (2011) 1 1 0 1 0 0 0 1 1 1 0 6

29 Sutton and Lowis (2008) 0 1 1 0 1 1 0 1 0 0 1 6

30 Taheri & al. (2022) 1 1 1 1 0 0 0 1 1 1 0 7

31 Thompson & al. (2011) 1 1 1 1 1 1 0 1 1 0 1 9

32 Venkata Krishnam Raju (2018) 1 1 1 1 1 1 1 1 1 1 1 11

33 Xiao & al. (2020) 1 1 1 1 1 1 1 1 1 1 1 11

34 Yang & al. (2016) 0 1 1 1 1 1 1 0 1 1 1 9

35 Young and Nolan (2015) 1 1 1 0 1 1 0 1 1 0 1 8

Y (%) / Mean 80,56 86,11 88,89 63,89 88,89 86,11 58,33 86,11 88,89 63,89 75,00 8,91
Codes. 1 = present, 0 = not present
1. = clear and focused research question; 2. = random presentation of conditions to participants or random assignment of participants to groups; 3. = all participants counted from recruitment to 
results; 4.= extensive description of groups (characteristics); 5. = protocol clearly defined study and equivalent treatment of participants; 6. = extensively reported effects of music; 7. = confidence
intervals or estimation of effect sizes; 8. = sample size stated; 9. = comparison to a non-musical basal performance (control condition or group); 10. = correspondence between the tasks used and  
the functions assumed to be measured by these tests; 11. = description of the musical material.
Y (%) = [n1/(n1+n0)]*100 (percentage of studies respecting the criteria).



   
 

 72  

Table 2. – Main list of extracted data: Population characteristics, study design, executive functions, task characteristics, and 
outcome 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Task

No. Reference
N M F

Age                  
mean (SD) Other

 Design
Executive 

function
Measure Music and sounds Manipulation Control condition Other variables

Behavioural 
Outcomes

1
INH Linguistic processing 

(Criterion Task Set)
na

WM Spatial processing 
(Criterion Task Set)

2 Barnes 
(2002)

90 32 58 20.18 
Undergraduate 
students 

Extraverted=30 
Ambiverted=30 
Introverted=30

Mixed factorial 
design 

WM  Scholastic Aptitude Test 
(SAT) Reasoning Test

1.High complexity 70-75dB 
2.Low complexity 70-75 dB

na Silence Familiarity, prefered 
music listening and 
study, personnality 
questionnaire  

Reading 
comprehension 
score

3 Buelow et 
al. (2022) 
study 3

258 109 149 18–25                   
 18.66 (1.07)

68.6% White and 
14.0% Black / African 
American 

RDM, listened to 
the music more 
passively

WM a) N-back; b) Self-ordered 
pointing task (SOPT)

 study 4 341 154 187 18.70 (1.33) 64.3% White and 
20.4% Black / African 
American

listened to the 
music more actively 

WM a) N-back; b) Self-ordered 
pointing task (SOPT)

4 Burkhard et 
al. (2018)

25 8 17 20-30                 
23 (2.87)

Right-handed non-
musicians

Design 3 X 4 ; RDM WM Go, No-Go: visual cognitive 
performance task (VCPT) 

1.Relaxing music 70 dB            
2.Stimulating music 70 dB

na Silence Self arousal, valence 
and mood rating and 
musical valence 
evaluation

RT,                   
False alarms, 
Omissions

5 Chen (2019) 85 36 49 19.70 (1.50) na RDM, individual or 
two person tested

WM N-back task Drum beats                         
1.constant tempo 120bpm        
2.syncopated tempo 120 bpm 
3.gradual tempo shifts 100-140 
bpm                                            
4.time signature shifts 120bpm

Created for 
the study 
(unfamiliar) 

Silence Questionnaire music 
preferences and 
music listening 
habits 

ERR,  RT

6 Chou (2007) 123 27 96 >18 na RDM; 1 testing 
room for each 
condition (3)

WM TOEFL reading 
comprehension test

Classical na Silence Questionnaire on 
musical listening 
habits, music 
attitude 
questionnaire

Mean 
comprehension 
score

7 Cloutier et 
al. (2020)

21 2 19 23.95 (3.51) Young adults 2 mus X 2 
cong/incong X 2 
groups  RDM 

INH Flanker task Classical                        
1.stimulating                     
2.relaxing

na Silence Questionnaire 
assessing 
familiarity, 
pleasantness and 
activation of music

ERR, 
Interference, RT

8 Dove (2009) 84 nr nr nr General college 
students

Counterbalance 
design

WM Nelson Denny Reading 
Test, Form H, part II  

Classical (Orchestral  music ), 
55-70dB                                   
1.relaxing                        
2.stimulating

na Silence Post testing 
familiarity 
questionnaire, music 
listening habits, 
familiarity

Reading 
comprehension 
score

9 Du et al. 
(2020)

39 15 24 Silence= 24.38 
(1.1)                   
Relax. music= 
24.46 (1.13)         
Stim. music= 
25.15 (1.72)

Preferred listening to 
music (n = 26) or a 
silent environment (n = 
13)

 3 × 2  mixed 
design; event-
related potentials ; 
pseudo-randomised 
order

WM Original Chinese sentences 
expressing  + Seventy-
seven sentences with 
world knowledge violations 

Classical positive valence  in 
major mode; orchestral music, 
3 dB                                            
1.fast-tempo                             
2.slow-tempo 

Unfamiliar Silence Reading habits; self-
reported arousal, 
familiarity and 
pleasantness of the 
music

ACC, RT

10 Fernandez 
et al. (2019)

52 NA 52 21 (2.60) 19 young adults Mixed block design, 
pseudo-randomized 
order

INH Modified Attention 
Network Test (ANT) 

Classical                                     
1.joy                                  
2.tenderness                          
3.tension                                 
4.sadness

na Silence (in sub-
study)

Valence and arousal 
dimensions

ACC, RT

Auditory stimuli

na

Population characteristics

Angel et al. 
(2010)

56 28 28 Undergraduate 
students

Classical Silence

Students in psychology Mixed experimental 
design

Classical : fast-tempo Silence na Mean RT,  
Mean ERR%

Questionnaire 
assessing familiarity 
and self-reported 
level of distraction

Hits,                
False alarms, 
ERR
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(Table 2 continued) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Task

No. Reference
N M F

Age                  
mean (SD) Other

 Design
Executive 

function
Measure Music and sounds Manipulation Control condition Other variables

Behavioural 
Outcomes

11 Gann 
(2021)

29 19 9 nr 1 non-specified; 
psychology students; 
not color-blind

Within subject 
design

WM N-back task Classical major and minor 
mode                                         
1.fast tempo                          
2.slow tempo 

na Silence na ERR,  RT

12 Haning 
(2016)

15 nr nr >18 na Testing in small 
groups; RDM

WM a) Reading comprehension 
test (similar to the GRE: 
Graduate Record 
Examination test); b) 
sentence completion 

Classical, major mode na Silence na ACC

13 Iwanaga 
and Ito 
(2002)

46 21 26 18-23  Undergraduate 
students

Counterbalanced 
among subjects

WM a) The verbal memory task,  
 b) The spatial memory task

1.Pop  music (65dB)           
2.nature sounds: murmurings 
of a stream (55dB)

na Silence Difficulty of task and 
disturbance by 
sounds

ACC, RT

14 Kim (2022) 66 19 47 19-23 2 subject's scores 
dismissed n=64 ; rock 
n=21 classical n=20  no 

RDM INH Stroop Classical, stimulating, positive 
valence

na Silence Positively valenced, 
arousing music 

ACC

15 Klempova 
and Liepelt 
(2018) 
experiment 
1 and 2

24 1) 11 2) 
3

1) 13 2) 
21

1) 24.40 (2.90) 
2) 19.90 (1.90)

na Virtually separating 
action spaces of 
two co-actors

INH Joint Simon task 
(referential coding et 
event-file processing)

Soft music na Silence na RT,       
Transition 
effect

16 Kumaradev
an et al. 
(2021)

80 25 55 17–23 2 participants under 18 
years of age, 78 
participants were 18 
and older

Quasi-experimental INH Stroop Colour and Word 
Test (SCWT) 

Classical, major mode na Silence na ERR,  RT

17 Mairal 
(2015)

22 10 12 18-33 Younger vs older 
adults; native speakers 
of English; normal 
speech and language 

Mixed-design, RDM WM a) Categorization task of 
printed words, b) category 
selection

Pop song instrumental version
1.Piano Melody                       
2.Violin Melody 

Lyrics 
removed, 
instrument 
manipulation

Silence Music preferences 
and 
learning/studying/wo
rking habits 
associated with 

ACC, RT

18 Myles 
(2017) 
experiment 
1

15 5 10 17-24                  
19.07 (1.94)

Undergraduate 
students

WM Verbal reasoning task and  
spatial rotation 
(Cambridge Brain Science 
Battery (CBSB))

Computerized 
score

experiment 
2

20 7 13 18-25                  
21.06 (1.78)

Undergraduate 
students

WM Colour-Word Remapping 
(CBSB)

Computerized 
score

19 Nadon et 
al. (2021)

46 19 27 25.57 (4.33) na RDM, Block design INH Stroop Classical                                 
1.relaxing music       
2.stimulating  music       
3.relaxing noise          
4.stimulating noise

Noises were 
acoustically 
created and  
music-
matched

Silence Arousal, valence and 
familiarity 
evaluation of music

ERR,  RT

20 Namwamb
a (2012)

30 23 7 18-30 Undergraduate 
students

RDM, 5 groups WM Algebra Ability Instrument 
(AAI)

Classical, 0dB to 79dB na Silence at 0 dB na Mathematics 
test scores

21 Oliver et al. 
(2021)

141 52 89 20.72 (3.26)     
all > 18

Undergraduate 
students,           83% 
Caucasian, Variations 
in WM 

2X3 factorial study 
design

INH Flanker task Classical                                   
1.No-Lyrics High intensity     
2.No-Lyrics Optimal intensity 
3.No-Lyrics Low intensity

Ajusted +/-10 
dB according 
to  group

na Self-reported music 
preferences

Interference

22 Palmiero et 
al. (2016)

144 72 72 F=22.62 (2.80) 
M=22 (2.20)

Sex differences Between-group 
design

WM Corsi Block Task backward, 
Corsi Walking Task 
backward

Classical                               
1.positive                           
2.negative                             
3.neutral

na Neutral music Self-reported 
questionnaire of 
affect "right now"

Mean score

23 Patston 
and Tippett 
(2011)

36 non-
mus 

13 23 non-mus       
24.14 (7.10)     

Musical expertise 2X3 Mixed design WM Language comprehension, 
visuospatial search

Classical piano pieces minor or 
major mode                        
1.played correctly            
2.played with errors

Errors added 
at constant 
frequencies 
throughout 
pieces

Silence na Total correct

Population characteristics Auditory stimuli

RDM Block design,  
one practice block,  
four blocks of testing

1.Instrumentland (140 bpm) 
2.scrambled noise version (140 
bpm)

Unfamiliar 
songs  
composed for 
the study

Participant’s levels 
of preference, and 
affect rating 
(calm/excited and 
happy/unhappy)

Silence
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(Table 2 continued) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Task

No. Reference
N M F

Age                  
mean (SD) Other

 Design
Executive 

function
Measure Music and sounds Manipulation Control condition Other variables

Behavioural 
Outcomes

24 Petrucelli 

(1987)

48 24 24 nr Undergraduate and 

graduate students

Within-subjects; 

balanced using a 

Latin Squares 

Design.  

INH Stroop (color-name page 

(CN), and  incongruous 

color-word page (CW))

1.White noise  70-75db              

Electronic music                       

2.Highly Stimulating  (150bpm 

or more)                         

3.Moderately Stimulating  ( 

110-150 bpm)                    

4.Moderately Sedative (80-

110bpm)                                   

5.Highly Sedative ( 60bpm)

Composed for 

the study

Silence              

White noise as 

baseline

Musical Preference 

Questionnaire

Total correct, 

Total errors

25 Rowe et al. 

(2007)

24 12 12 nr University students Repeated 

measures,   3 

conditions x2 tasks 

INH Flanker task 1.Happy mood:  jazzed-up 

version of classical piece          

2.Sad mood : classical 

Sad music 

played at half 

speed

Neutral mood : 

basic facts about 

Canada

Self-reported 

valence of their 

mood and arousal

Correct 

association, 

RT,       

Interference

26 Strukelj et 

al. (2016)

32 17 15 18-35             

25.20 (3.76)

Normal hearing Mixed block design INH Antissacades task 1.Classical                             

2.babble                                  

3.crying baby                        

4.playing children             

5.rolling river                         

6.traffic noise                   

7.generic nature sound

Babble noise Silence Perceived 

disturbance level 

during the sound 

presentations, 

musical preference 

questionnaire

Latency, Mean 

correct first 

saccade

27 Sun et al. 

(2011)

30 15 15 21-25 Non music majors;  

right-handed; good 

sight; no history of 

mental disease, drug 

abuse, brain external 

injury, neural disease 

or chronic body disease.

3*2 within subject 

design

WM N-back task (1 back and 2 

back)

1.Classical lower B flat minor, 

B major, E major, F Major        

2.Pilot music

na Silence Task difficulty (easy: 

n-1back; hard: n-

2back)

ACC, RT

28 Sutton and 

Lowis 

(2008)

48 24 24 18-42  (mostly 

19-20)

na Repeated measure WM Written verbal reasoning 

tasks 

Classical:  in F major and  in F 

minor

Adapting 

mode

na Rating of emotional 

impact

Mean correct 

response 

29 Taheri et 

al. (2022)

52 26 26 19-30          

22.46 (3.21)

Students; extroverts 

82.73%

Cross-sectional study WM N-back task Classical na Silence Self-reported 

enjoyment of music, 

familiarity

ACC, ERR, RT

30 Thompson 

et al. (2011)

25 9 16 17-26            

Mean= 19.7

Undergraduate 

students

RDM, mixed design WM Reading comprehension, 

based upon the Graduate 

Management Admission 

Tests (GMAT) 

Classical                            

1.slow/soft (110 bpm/60 dB) 

2.slow/loud (110 bpm/72.4 dB) 

3.fast/soft (150 bpm/60 dB)    

4.fast/loud (150 bpm/72.4 dB)

Tempo (bpm) 

and intensity 

(dB)

Silence na ACC

31 Venkata 

Krishnam 

Raju (2018)

202 107 95 17-25 Healthy, not color-

blind, not myopic

Between-group 

design

INH Stroop Test card  Classical  na Silence na Total words 

correctly read 

in 1 minute

32 INH Stroop (from BANFE-2)

WM Self-directing signaling 

test (SDST)

33 Xiao et al. 

(2020)

26 16 10 18-25               

19.50 (1.40)        

na Repeated measure 

design

INH Go/No-go task Classical                                       

 1.slow (54 bpm)                             

    2.medium (104 bpm)            

3.fast (154 bpm)

Recomposed, 

tempo (bpm) 

manipulation

Silence Music-induced 

pleasure, arousal, 

preference

ACC, RT

34 Yang et al. 

(2016) 

experiment 

2

47 nr nr 23-28               

Mean= 25 

Non-musicians 

(musicians); graduate 

students 

Between-

participant design

WM Visual processing of picture C major composition music         

 1.tonal                                     

2.atonal

Composed for 

the study 

(unfamiliar)

Silence na ACC, RT

35 Young and 

Nolan 

(2015)

60 28 32 19-48            

Mean= 22.78        

Small Midwestern 

liberal arts college

Second part of 

experiment: 

multiple tasks in a 

maximum time

WM Answer emails and 

manage time 

Classical na Silence RDM groups Emails 

correctly 

answered

Note. Not reported elements are identified as nr. Only conditions, groups and tasks relevant to the research inclusion criteria are reported. ACC: % correct response; ERR: error rate; INH: inhibition; RT: response time; WM: working memory. 

Population characteristics Auditory stimuli

Villamizar 

et al. (2020) 

22 10 12 Silence ( 24 to 30 

dB-A)

Hits,                     

  Omissions,         

   ERR,                      

       RT

22-39                

29 (4.95)      

na Quasi-experimental 

and longitudinal 

design 

Unfamiliar cinematic string 

music (74 to 78 dB-A)

Lightly 

modified
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Table 3. – Number of studies across executive function, as a function of task and effect of BGM on performance. 
 

Executive functioning measures according to function
Impaired Non-significant Facilitated

Inhibition: total of experiments for each effect 5 9 3
Antisaccades task 1

Color-word remapping-inhibition (CBSB) 1
Flanker task 2 2

Go/No-Go task 1 1
Modified Attention Network Task 1

Simon task 1
Spatial processing 1

Stroop color and word test 5 1
Working memory: total of experiments for each effect 5 19 8

Corsi Block-tapping task 1
Corsi Walking task 1

Linguistic processing 1 5 1
Mathematical operations

N-back task 2 3
Reading comprehension (GMAT, GRE-like, NDRT, SAT, TOEFL) 1 4

Responding to emails 1
Self-directing signaling test (SDST) 1

Self-ordered pointing task (SOPT) 1
Spatial memory task 1
Verbal memory task 1

Verbal reasoning task (CBSB) 1
Visuospatial processing task 3 2

Visual rotation task (CBSB) 1
Written verbal reasoning task 1

Number of studies

Note. Some studies may present more than one experiment and the total number of studies might not reflect the total number of experiments. Likewise, some 
studies present different conditions and report varied effects of background music for the same measure. 
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Table 4. – Inhibition studies as a function of the effect of background music on outcomes, 
musical conditions and comparators, task administered and sample description. 

 

 
 

INH
Reference Effect Music condition Auditory comparator Sample size
Angel & al. (2010) + RT and 

ACC
Classical fast-tempo Silence/no music* n=56

Fernandez & al. 
(2019)

+ RT Classical happy music (joy) 1.Tenderness                  
2.Tension                        
3.Sadness*                 
4.Silence/no music*

n=19  

Kumaradevan & al. 
(2021)

+ RT Classical, major mode, soft Silence/no music* n=80

Burkhard & al. 
(2018)

= 1.Relaxing music (70 dB) 
2.Stimulating music (70 dB)

Silence/no music n=25

Cloutier & al. 
(2020)

= Classical stimulating (fast 
tempo)

1.Classical relaxing (slow 
tempo)                      
2.Silence/no music*

n=21

Kim (2022) = Classical stimulating, positive 
valence

Silence/no music n=64

Myles (2017) = Unfamiliar  music (140 BPM) 1.Scrambled noise version, 140 
bpm                          
2.Silence/no music

n=15, n=20

Nadon & al. (2021) = Classical                        
1.relaxing noise                
2.relaxing music          
3.stimlating  noise   
4.stimulating music

Silence/no music n=46

Oliver & al. (2021) = Classical                              
1.high intensity                
2.optimal intensity               
3.low intensity

1.High intensity                
2.Optimal intensity               
3.Low intensity

n=141

Petrucelli (1987) = Electronic music composed for 
the study                           
1.highly stimulating (150bpm) 
2.moderately stimulating (110-
150 bpm)                   
3.moderately sedative (80-
110bpm)                                 
4.highly sedative (60bpm)

Silence/no music                
White noise

n=48

Venkata Krishnam 
Raju (2018)

=  Classical  Silence/no music n=202

Villamizar & al. 
(2020)

= Unfamiliar cinematic string 
composition

Silence/no-music (noise 24-30 
dB)

n=22
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(Table 4 continued) 

 

 

 

 

 

 

 

 

 

 

INH
Reference Effect Music condition Auditory comparator Sample size
Cloutier & al. 
(2020)

- RT Classical and relaxing (slow 
tempo)

1.Classical stimulating (slow 
tempo)*                      
2.Silence/no music*

n=21

Klempova & Liepelt 
(2018)

- RT Soft music Silence/no music* n=24

Rowe & al. (2007) - RT Jazzed-up version of classical 
music, happy (positive) mood

1.Classical sad mood*         
2.Basic facts about Canada*

n=24

Strukelj & al. (2016) - RT and 
interferen
ce

Classical slow/soft tempo 1.Babble                             
2.Baby crying                 
3.Playing children            
4.Rolling river                   
5.Traffic noise                  
6.Nature sound            
7.Silence/no music*

n=35

- ACC       
(no-go)

Classical fast tempo (154 
bpm)* 

1.Slow tempo (54 bpm)*,***  
2.Moderate tempo (104 
bpm)***                      
3.Silence/no music**,***

- RT       
(no-go)

Classical                             
1.slow tempo**          
2.moderate tempo )**          
3.fast tempo *** 

n=26Xiao & al. (2020)

Note . RT= response time, ACC= accuracy.  Non-significant effect is marked (=); for auditory conditions that had 
a facilitative (+) or impairment (-) effect on performance, the significant difference is identified with an *.
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Table 5. – Working memory studies as a function of the effect of background music on outcomes, 
musical conditions and comparators, task administered and sample description. 

 

 
 

MDT
Reference Effect Music condition Auditory comparator Sample size
Angel & al. (2010) Reasonin

g score
Classical fast tempo Silence/no music n=56

Gann & al. (2021) RT Classical, fast tempo and slow 
tempo 

Classical major and minor 
mode                                      
1.Fast tempo                              
2.Slow tempo                 
3.Silence/no music*

n=29

Namwamba (2012) Algebra 
reasoning

Classical high dB (79dB) Five conditions, 0dB (silence) 
to 79dB

n=30 

Palmiero & al. 
(2016)

Visuospat
ial WM 
score

Classical with positive mood Positive, neutral, negative 
moods

n=72

Sun & al. (2011) RT 1.Pilot music                
2.Classical minor or major 
mode

Silence/no music* n=30

Sutton & Lowis 
(2008)

Reasonin
g score

Classical in F major Classical in  F minor* n= 48

Taheri & al. (2022) RT, ACC Classical Silence/no music* n=52

Barnes. (2002) = 1.high complexity (70-75 dB)    
2.low complexity (70-75 dB)

1.High complexity (70-75 dB)    
2.Low complexity (70-75 dB)     
3. Silence/no music

n=90

Buelow & al. (2022) = Classical Silence/no music (A) n=258 
(B) n=341

Chen (2019) = Drum beats                    
1.constant tempo 120bpm 
2.syncopated tempo 120 bpm 
3.gradual tempo shifts 100-140 
bpm                                      
4.time signature shifts 120bpm

Silence/no music n=85

Chou (2007) = Classical Silence/no music n=123

Dove (2009) = Classical orchestral music 
1.relaxing (55-70 dB) 
2.stimulating (55-70 dB)

Silence/no music n=84

Du & al. (2020) = Unfamiliar Classical, positive 
emotions/ major mode         
1.fast (high-arousal)          
2.slow (low-arousal) tempo 

Silence/no music n=39
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(Table 5 continued) 

 

 
 

Reference Effect Music condition Auditory comparator Sample size
Haning (2016) = Classical in major mode Silence/no music non-mus 

n=15                   

Iwanaga & al. 

(2002)

= Pop music (65 dB) 1.Nature sounds: murmurings 

of a stream 55dB                 

2.Silence/no music

n=46

Mairal. (2015) = Pop song

1.Piano Melody                 

2.Violin Melody 

Silence/no music n=36

Myles (2017) = Unfamiliar instrumental 

music,140 bpm

Scrambled noise version, 140 

bpm                             

Silence/no music

n=15

Patston and 

Tippett (2011)

= Classical piano pieces 

(minor/major mode)              

1.played correctly              

2.played with errors

Silence/no music non-mus 

n=36 

Thompson & al. 

(2011)

=  score Classical                     

1.Slow/soft (110 bpm, 60 dB) 

2.Slow/loud (110 bpm, 72.4 

dB)                                              

3. Fast/soft (150 bpm, 60 dB)

Silence/no music n=25

Yang & al. (2016) = C major composition music 

1.tonal                                

2.atonal

Silence/no music non-mus 

n=47 

Iwanaga & Ito 

(2002)

- ACC Pop music (65dB) Silence/no music *               

Nature sounds 55 dB

n=46

Thompson & al. 

(2011)

- score Classical fast/loud (150 bpm, 

72.4 dB)

1.Slow/soft (110 bpm, 60 dB)* 

2.Slow/loud (110 bpm, 72.4 

dB)*                                            

3. Fast/soft (150 bpm, 60 dB)* 

4.Silence/no music*

n=25

Thompson & al. - Reading Classical                                 1.slow/soft (110 bpm, 60 dB) n=25Villamizar & al. 

(2020)

- score Unfamiliar cinematic string 

music, lightly modified (74-78 

dB)

Silence/no-music (noise 24-30 

dB)*

n=22

Young & Nolan 

(2015)

- Emails 

correctly 

answered

Classical in major mode Silence/no music* n=60

Note . RT= response time, ACC= accuracy.  Non-significant effect is marked (=); for auditory conditions that had 

a facilitative (+) or impairment (-) effect on performance, the significant difference is identified with an *.
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Table 6. – Adequacy of task and function assumed to be measured by the task. 
 

 

EF Task Adequacy Test source Reference
INH Antisaccades task Y EXP Strukelj et al. (2016)
INH Colour-Word Remapping (CBSB) Y STD Myles (2017) experiment 2
INH Flanker task Y EXP Oliver et al. (2021)
INH Flanker task Y EXP - ns Cloutier et al. (2020)
INH Flanker task Y EXP Rowe et al. (2007)
INH Go/No-go task Y EXP Xiao et al. (2020)
INH Go/No-Go task                                                                                                                  

Visual cognitive performance task (VCPT) Y EXP
Burkhard et al. (2018)

INH Joint Simon task (referential coding et event-file processing)
Y EXP

Klempova and Liepelt (2018) 
experiment 1 and 2

INH Linguistic processing (Criterion Task Set) N EXP Angel et al. (2010)
INH Modified Attention Network Test (ANT) Y EXP Fernandez et al. (2019)
INH Stroop Y STD Kim (2022)
INH Stroop Y STD Nadon et al. (2021)
INH Stroop Y STD Petrucelli (1987)
INH Stroop Y STD Venkata Krishnam Raju (2018)
INH Stroop (from BANFE-2) Y STD Villamizar et al. (2020) 
INH Stroop Colour and Word Test (SCWT) Y STD Kumaradevan et al. (2021)
WM Algebra Ability Instrument (AAI) N LAB Namwamba (2012)
WM Answer emails and manage time N LAB Young and Nolan (2015)
WM Categorization task of printed words                                                                       

Category selection N LAB
Mairal (2015)

WM Corsi Block Task backward                                                                                                  Y STD Palmiero et al. (2016)
WM Corsi Walking Task backward Y STD Palmiero et al. (2016)
WM Language comprehension                                                                                                    

 Visuospatial search N LAB
Patston and Tippett (2011)

WM N-back task Y EXP Taheri et al. (2022)
WM N-back task Y EXP Chen (2019)
WM N-back task Y EXP Gann (2021)
WM N-back task                                                                                                                               

 Self-ordered pointing task (SOPT) Y EXP
Buelow et al. (2022) 

WM N-back task (1 back and 2 back) Y EXP Sun et al. (2011)
WM Original Chinese sentences expressing                                                                          

Word knowledge violations N LAB
Du et al. (2020)

WM Reading comprehension (Graduate Management Admission Tests (GMAT)) 
N PAT - ns

Thompson et al. (2011)

WM Reading comprehension (Nelson Denny Reading Test, Form H, part II) N PAT Dove (2009)
WM  Reading comprehension (Scholastic Aptitude Test (SAT)) N PAT Barnes (2002)
WM Reading comprehension test                                                                                      

Sentence completion N PAT
Haning (2016)

WM Reading comprension (TOEFL) N PAT Chou (2007)
WM Self-directing signaling test (SDST) Y STD Villamizar et al. (2020) 
WM Spatial processing (Criterion Task Set) Y EXP Angel et al. (2010)
WM Verbal memory task                                                                                                         

Spatial memory task Y LAB - ns
Iwanaga and Ito (2002)

WM Verbal reasoning task                                                                                                        
Spatial rotation (Cambridge Brain Science Battery (CBSB)) Y STD

Myles (2017) experiment 1

WM Visual processing of picture Y LAB Yang et al. (2016) experiment 2
WM Written verbal reasoning tasks N LAB Sutton and Lowis (2008)

-

ns
ns
-

Note. EF=Executive function, INH=inhibition, WM=working memory, Y=yes, N=no. STD=standardized test, EXP=experimental paradign, PAT=performance 
assesment test for ranking and admissions, LAB=laboratory-made test.

+
+

-

ns

-

ns

ns
ns

+

ns

-
+
+

-

+

ns
ns
ns

BGM effect

ns
ns

ns

ns
+

+

ns

+

+
ns

ns

-

ns

ns


