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1 Executive Summary 

 The roots of the music psychology literature lay in a desire to understand if and 

how music listening can impact cognitive performance. After almost 100 years of 

research, results are mixed for whether listening to music while completing a cognitive 

task exerts a negative, positive, or null effect on performance. One of the difficulties in 

consolidating and interpreting results across this literature is due to the variety of 

variables manipulated by different studies. There are many components to consider in a 

music psychology study including musical variables (e.g. tempo, key), listener 

characteristics (e.g. personality), and cognitive requirements of the assessment (e.g. 

working memory capacity). This paper proposes that all three of these components must 

be taken into account to fully understand the effects of music listening on performance. 

Only relatively recently have listener characteristics and human factors variables been 

considered in the music psychology literature, and this component is particularly 

important for understanding the impact of music listening on cognitive performance. 

Two hypotheses are currently used to explain the disparate results found in this 

field. The arousal-mood hypothesis describes a process by which music listening can 

raise arousal levels to an optimal state benefitting cognitive performance. The cognitive 

capacity hypothesis describes how music listening can overwhelm limited available 

cognitive resources and result in performance deficits. These hypotheses on their own do 

not fully explain the mechanisms affecting performance and the specific cognitive 

components that are impacted. The thesis of this paper is that the music psychology 

literature would benefit from a more robust cognitive psychology model that augments 

the current two-hypothesis paradigm by explaining the mechanism behind the arousal-
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mood hypothesis and the specific components of cognition affected within the cognitive 

capacity hypothesis. 

As a basis for this model, the framework and hypotheses of attentional control 

theory (ACT) are merged with theories of personality, working memory, and executive 

control. ACT describes how environmental stimuli can operate as stressors that impose 

excessive cognitive pressures on a person performing a task. Stressors may be perceived 

as distractors, which raise levels of arousal and may intensify into negative physiological 

and cognitive experiences of anxiety. ACT states that anxiety exerts specific impacts on 

cognition by reducing the processing efficiencies of shifting and inhibition, while also 

disrupting attentional control. Ultimately, the effects of anxiety on cognitive functioning 

may result in decreases on the performance effectiveness of the task. 

This paper makes the argument that operationalizing task-concurrent music 

listening as an environmental distractor capable of producing feelings of anxiety in the 

listener provides more explanatory power by augmenting both the arousal-mood and 

cognitive capacity hypotheses. Within this model, four critical factors are identified as 

determining the effects that music listening may exert on cognitive performance: 1) 

arousal potential of the distractor, 2) level of extraversion of the listener, 3) cognitive 

requirements of the task, and 4) task complexity. Through the lens of ACT and 

supplemented cognitive psychology theories, the results of 22 representative music 

psychology papers are discussed and the explanatory power of the new ACT-inspired 

model evaluated.  

This model is capable of providing a more clarified interpretation of the disparate 

results in this domain by describing the effects of heightened arousal and, specifically, 
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anxiety on cognitive performance. Utilizing the framework of ACT and its description for 

how anxiety impacts executive functioning allows for predictions to be made for how 

music variables may affect cognitive task performance by personality type.  

This paper proposes an argument that agency over one’s auditory environment is 

a significant component in reducing experiences of anxiety that may interfere with work 

performance and satisfaction. Understanding internal experience of cognitive work while 

listening to music is an important consideration for the design of future music psychology 

studies. Principally, utilizing measurements of processing efficiency in addition to 

performance effectiveness will better our understanding for how groups may differ on 

cognitive resource processing and internal experience when they do not differ on 

performance effectiveness alone. 

If the initial research goal of this domain is to be realized in understanding how 

music listening impacts work performance and experience, a new framework by which to 

interpret current results and make new hypotheses for future studies is necessary. With 

ACT as its foundation and support from multiple literatures, this new model provides a 

more robust cognitive psychology explanation for the effects of music listening on 

cognitive performance and its predictions may facilitate the use of music as a palliative 

prescriptive for work. 
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2 Introduction  

 Almost 100 years of music psychology research has investigated how listening to 

music while completing a cognitive task impacts cognitive performance. Spurred by the 

increase of factory workers in the 1930s and 1940s, a swell of research delved into how 

music could enhance productivity, reduce errors, and prevent turnover of employees (J. 

Fox, 1971; J. Fox & Embrey, 1972; Newman Jr, Hunt, & Rhodes, 1966). In later decades, 

the rise of convenient and personal media players, like Walkman portable players and the 

iPod, prompted cognitive psychologists to research if listening to music while working 

could have impacts on office work tasks, like computer programming (Lesiuk, 2000, 

2005). 

 The bulk of research in this domain, however, has investigated the effects of 

music listening on traditional cognitive tests, such as reading comprehension and short-

term memory assessments. Primarily, this field has investigated the effects of non-

attended, non-diagetic (meaning, sounds not derived from the task itself), passive, and 

concurrent listening of “background music” on task performance. Music, as an 

experimental variable, in these studies runs a gamut of styles, genres, tempos, and is not 

derived directly from the task (e.g. participants do not produce the music themselves). 

While there is great interest in the effects of music listening on cognition, the 

literature is divided with contradictory results. In some cases, music has been found to 

exert positive influences on cognitive task performance, like in reading comprehension 

(Hilliard & Tolin, 1979; Kiger, 1989) and arithmetic (Wolf & Weiner, 1972). However, 

other studies have indicated negative or no effect of music on the same kinds of 
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measures, such as reading comprehension (Daoussis & McKelvie, 1986; Freeburne & 

Fleischer, 1952) and arithmetic (Wolfe, 1983).  

Interpreting the results in the music psychology literature is understandably 

challenging. Researchers must decide amongst many different variables to control for and 

manipulate. There are three main components within a music psychology study that 

present challenges in interpreting results across the domain: 1) musical variables, 2) 

cognitive task type, and 3) listener characteristics. Variations amongst these variables are 

one of the key difficulties in unifying and interpreting this literature’s results.  

Music, as an experimental variable, can be varied on many different features 

including tempo, key, genre, instrumentation, volume, and presence or absence of vocals. 

Performance on any particular cognitive task appears to be highly dependent on the 

music variables presented and manipulated. Finally, and perhaps one of the most 

important variables, are the characteristics of the human listener. Only recently have 

researchers in this domain considered human factor variables and their role in moderating 

the effects of music listening on cognitive performance. Level of extraversion appears to 

be particularly important in determining how an individual will perform on a cognitive 

task in the presence of music (Cassidy & MacDonald, 2007; Daoussis & McKelvie, 

1986; Furnham & Allass, 1999; Furnham & Bradley, 1997). 

Currently, two explanations are used to describe the effects of music listening on 

cognitive performance. The first, the cognitive capacity hypothesis (Kahneman, 1973; 

Van Merrienboer & Sweller, 2005), is applied in this domain to describe how the limited 

cognitive resources of an individual can be over-burdened by the presence of music and 

the associated processing of its information. Konecni (1982) hypothesized that music 
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processing, in general, exhausts cognitive resources and ultimately results in performance 

decrements. As an individual reaches their cognitive capacity limit, cognitive task 

performance begins to decline (Armstrong & Greenberg, 1990). If multiple tasks are 

required to be performed at once (such as processing music during a cognitive task), then 

the combined cognitive demands of the task can exceed the available cognitive resources 

and result in capacity interference (Norman & Bobrow, 1975). 

The second explanation, the arousal-mood hypothesis, is often used to describe 

the beneficial effects of music listening on cognitive performance. By this hypothesis, 

music is thought to increase levels of arousal and mood resulting in more optimal 

conditions for cognitive performance. Both tempo and major key appear to play an 

important role in precipitating augmented arousal and mood (Husain, Thompson, & 

Schellenberg, 2002). Thompson, Schellenberg, and Husain (2001) found that participants 

reported higher levels of arousal and mood when listening to a faster sonata, as compared 

to a slower piece. Those participants in conditions that elicited increased arousal and 

mood also performed better on a spatial abilities task than participants in either the slower 

music piece or no music conditions. 

2.1 Description of problem 
 

There exists a balance between the cognitive capacity and arousal-mood 

hypotheses that is not well understood in this domain. Additionally, there are few 

explanations currently offered in the literature for how these hypotheses work to explain 

the more recently studied interaction of extraversion level and music listening during a 

cognitive task. It would be easy to dismiss the disparate results in this literature as an 

artifact of the difficulties in comparing studies with such a diversity of variables 
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concerning music, cognitive task, and human factors variables. However, what is more 

lacking in this literature is an explanation that provides more detail for the mechanisms 

behind the arousal-mood hypothesis and the specific components of cognition that are 

affected within the cognitive capacity hypothesis. Such details would provide a more 

specific and, possibly, robust cognitive psychology explanation for how music listening 

impacts cognitive performance and how to design future studies to test new hypotheses. 

 A recent consensus within the music psychology domain has been that cognitive 

performance is heavily dependent on musical variables, cognitive task type, and listener 

characteristics. However, further explanations have not been put forward on how and 

why certain musical variables affect specific kinds of cognitive performance by human 

factors. This literature would benefit from a model that integrates the arousal-mood and 

cognitive capacity hypotheses while providing predictions and explanations for the 

components of cognition and the mechanisms by which they are impacted while listening 

to music. By themselves, the arousal-mood and cognitive capacity hypotheses do not 

offer satisfying explanations for the results found in this field. 

 In this preliminary exam paper, a cognitive psychology theory not yet applied to 

the music psychology literature will be evaluated for its ability to more precisely explain 

the driving forces and mechanisms behind music listening effects on cognitive task 

performance. Additionally, supporting literature from the domains of anxiety, 

personality, executive control, and working memory will be integrated to generate a new 

framework by which to interpret the music psychology literature’s current results and 

inform the design of future studies. 
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3 Arousal, anxiety, and cognitive performance 
 

The ability to maintain attention is vital to performing cognitive tasks in 

environments containing salient features that compete for limited attentional resources. 

Perceptual aspects, like a loud noise in an otherwise quiet space, stand out in an 

environment and can command attentional redirection from the human observer. These 

features can raise levels of arousal in an individual and be perceived as a distraction. 

Distractive features that threaten the attainment of an observer’s goal-state, such as 

completing a task, disrupt attentional resource allocation and can result in feelings of 

anxiety. Background noise has been identified as a source of stress for workers and can 

result in deficits on cognitive performance (Banbury & Berry, 2005; Evans & Johnson, 

2000; Kjellberg, Landström, Tesarz, Söderberg, & Akerlund, 1996). Research into the 

distractive effects of noise on cognitive performance has persuaded music psychology 

researchers to consider music as a similar kind of distraction. Whether or not background 

music is perceived as a distraction and how an individual reacts to it is dependent on a 

variety of factors. 

3.1 Eysenck’s theory of personality 
 

Eysenck’s theory of personality describes how individuals vary on a level of 

extraversion; initially explained as the degree to which someone is motivated and willing 

to interact with others (H. Eysenck, 1967). Eysenck accredited an underlying brain 

physiology to this behavioral difference. Specifically, he proposed that activation 

differences responding to stimuli arousal of the ascending reticular activating system 

divide extraverts and introverts (A. M. Campbell, Davalos, McCabe, & Troup, 2011). 

Introverts, Eysenck theorized, have higher levels of cortical arousal as compared to 
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extraverts and, therefore, have lower baseline thresholds for arousal that they often find 

themselves exceeding. This drives introvert behavior towards finding quieter, more 

controlled environments by which to manage their arousal activity levels. Extraverts, on 

the other hand, have lower levels of cortical arousal and this deficit motivates them to 

seek stimulating environments to raise their arousal activity to their higher baseline 

thresholds. This behavior has been witnessed where extraverts prefer working in busier 

and more active spaces within a library, and introverts preferring more calm locations (J. 

Campbell & Hawley, 1982). A study indicating a stronger salivary response in introverts 

than extraverts to a drop of lemon juice suggests further evidence of a link between level 

of extraversion and activity in the reticular formation (an area associated with higher 

activity in response to food stimuli; H. Eysenck & Eysenck, 1967).  

In terms of distractions during work, introverts are more likely to report feeling 

distracted by noises and music while completing cognitive tasks, and level of 

extraversion appears to be a significant variable determining cognitive performance in the 

presence of distraction (Furnham & Bradley, 1997; Iwanaga & Ito, 2002). Currently, the 

explanation for this effect in introverts is that they suffer cognitive performance 

decrements because they exceed their lowered optimal level of cortical arousal. However, 

this is generally where the explanation ends. The proposition of this paper is that the 

perception and reaction to distraction drives increased arousal into feelings of anxiety and 

that anxiety has specific impacts on cognition. 

3.2 Arousal, anxiety and worry 
 

Differences in preferred arousal thresholds by level of extraversion are important 

factors in how an individual perceives and reacts to environmental stimuli. Salient stimuli 
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that compete for attentional and cognitive resources act as stressors, which impose strain 

and pressures on tasks or goals of an individual. This kind of strain and pressure is 

defined as situational stress (Sorg & Whitney, 1992). Stress generates an autonomic 

response resulting in increased levels of arousal (e.g. increased blood pressure, cardiac 

response, gastro-intestinal contractions), which can lead to an interpretation of feelings of 

anxiety (a compound state encompassing physiological, cognitive, emotional, and 

behavioral reactions; See Figure 1). Prolonged autonomic nervous system arousal 

ultimately results in reductions on physical and psychological performance (Lazarus, 

1990; Steinberg & Ritzmann, 1990). 

Two distinctions of anxiety can be made: 1) state anxiety is a subjective 

awareness of apprehension, tension, and physiological sensations (e.g. nausea), and 2) 

trait anxiety describes a proclivity to experiencing state anxiety and is a relatively 

consistent element of personality (Dobson, 2000) 

 

Figure 1: Description of chain reaction for how stressors can result in anxious feelings and how trait 

anxiety can influence production of state anxiety in an individual. 

 

Trait anxiety, inherent to an individual, can impact the level of state anxiety that 

one feels in a particular circumstance. For example, someone with high trait anxiety 

(from here known as high-anxious) is more likely to interpret feelings of heightened 
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arousal cause by a stressor as feelings of anxiety. Trait anxiety and heightened arousal 

can then interact to result in increased state anxiety, specific to that circumstance. 

One situation that can precipitate high state anxiety, particularly in high-anxious 

individuals, is participation within an evaluative environment like a test or experiment. 

Test anxiety has been defined as “anxiety that arises from a self-assessment of personal 

deficit in meeting situational demands” (Sarason, 1984). Test anxiety has two 

components: 1) emotionality, the heightened subjective awareness of unpleasant 

physiological changes due to unease (Morris, Davis, & Hutchings, 1981), and 2) worry, a 

cognitive component of concern over performance, personal deficits, and negative self-

evaluations (Liebert & Morris, 1967). Theoretically and empirically, emotionality and 

worry appear to operate separately. Each has been experimentally manipulated 

independently of one another (Deffenbacher, 1978; Morris & Fulmer, 1976) and 

considerable evidence suggests that it is the cognitive component of worry, rather than 

emotionality, that is most reliably linked with negative effects on cognitive performance 

(Hembree, 1988).  

Different kinds of worry can be categorized as task-irrelevant thinking (Sarason, 

1984), worries concerning coping mechanisms and self-concern (Schwarzer & Quast, 

1985), and worries regarding fears of failure (Covington, 1985). Self-deprecating 

thoughts of worry are often subvocalized (Borkovec, 1985; Sarason, 1961) and can 

negatively affect cognitive task performance (Deffenbacher, 1980). While worry is likely 

deleterious to cognitive performance in all circumstances, emotionality is not. In fact, 

when self-confidence of one’s performance is high, emotionality can be benign or even 

advantageous for task performance (Cassady & Johnson, 2002). However, if high levels 
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of emotionality and worry are experienced at once, then significant deficits to cognitive 

task performance can be produced (Morris et al., 1981; Schwarzer, 1984). 

This paper emphasizes the difference between the colloquial and psychological 

uses of the word “anxiety”. Arousal can manifest into anxiety for many different reasons, 

yet low levels of anxiety may not be entirely perceived as an overall negative experience 

and can actually be motivating and result in positive outcomes on cognitive performance 

(Fransson, 1977; Hancock, 2001). There exists a subjective and highly personal threshold 

whereby a level of arousal may cross into feelings of anxiety. As perceptions and feelings 

of anxiety increase, then the overall experience can become negative and deficits on 

cognitive performance incurred. 

The effect of arousal on cognitive performance appears to follow the classic 

Yerkes-Dodson inverted-U relationship, where an optimal level of performance is 

achieved with low to moderate levels of arousal (see Figure 2; Cohen, 2011; Yerkes & 

Dobson, 1908).  In the figure below, the solid line demonstrates that when the task is 

complex then high levels of arousal result in decreased performance. The dashed line 

depicts that for simple tasks, there are no adverse effects of high arousal on performance 

(Diamond, Campbell, Park, Halonen, & Zoladz, 2007). An interpretation may be drawn 

that when a task is complex and arousal is high, anxiety may develop and affect cognitive 

performance.  
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Figure 2: Yerkes-Dodson curve depicting that simple tasks (dashed line) do not suffer from high arousal 

levels, though complex tasks (solid line) due incur performance deficits when arousal is high. 

3.3 Level of extraversion, arousal, and anxiety 
 

Heightened arousal can lead to feelings of anxiety that impact cognitive 

performance, and some individuals may naturally be more prone by their trait anxiety to 

experience state anxiety. Individual differences in personality play a large role in the 

interactions of trait and state anxiety, as well as the subsequent effects on cognitive 

performance. 

Eysenck’s personality theory predicts that introverts will suffer higher cognitive 

performance decrements when experiencing heightened state anxiety because of their 

already amplified cortical arousal levels. Extraverts, on the other hand, have a larger 

margin by which to increase their basal level of arousal and may be less likely to 

experience the negative effects of anxiety on cognitive performance. Trait anxiety is 

correlated with both neuroticism (r = 0.7) and extraversion (r = -0.4), suggesting that 

introverts are more likely to experience the negative effects of anxiety from heightened 

arousal (H. Eysenck & Eysenck, 1985; Gershuny & Sher, 1998). These differences have 
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been used to explain cognitive task performance dissimilarities between extraverts and 

introverts in digit span (Tanwar & Malhotra, 1992), working memory (Gray & Braver, 

2002; Lieberman & Rosenthal, 2001; Thorgusen, 2010), and verbal learning tasks (M. W. 

Eysenck, 1976).  

One explanation for why introverts are more vulnerable and susceptible to the 

negative effects of anxiety is by the cognitive interference model. This model describes 

how unwanted thoughts, anxiety, and worry negatively affect cognitive performance by 

burdening available cognitive resources leaving fewer resources for task-relevant 

functions (Sarason, Pierce, & Sarason, 2014). Those more susceptible to state anxiety 

(e.g. introverts) can be more vulnerable to interfering thoughts of worry requiring them to 

expend further resources to maintain attention and task-relevant cognitive processing 

(Cassady & Johnson, 2002).  

In fact, those experiencing high test and/or state anxiety are more likely to have 

wandering, self-deprecating, and subvocalized worrisome thoughts as compared to less 

anxious individuals (Blankstein, Toner, & Flett, 1989; Jerusalem, Schwarzer, & 

Schwarzer, 1992). Eysenck posited that anxiety increases distractibility, attentional 

selectivity, and decreases the overall efficiency of executive functioning (H. Eysenck & 

Eysenck, 1985). Empirically, levels of extraversion and responses to increased arousal 

have been found to impact executive control functions (A. M. Campbell et al., 2011; 

Lieberman, 2000; Lieberman & Rosenthal, 2001; Thorgusen, 2010). This may be due to 

the biological processes associated with executive control functioning, specifically 

differences in the reticular formation and dopaminergic activity (Luciana, Depue, Arbisi, 

& Leon, 1992; Rammsayer, 1998). Extraverts have been found to outperform introverts 
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on complex tasks involving updating, whereas introverts perform well on tasks involving 

the shifting function of executive control (Campbell et al., 2011). Researchers have 

suggested that level of extraversion determines the point on a performance curve that an 

individual will begin for a particular executive function (e.g. shifting) and increases in 

task difficulty will yield equal increases in arousal (Lieberman & Rosenthal, 2001). 

Therefore, personality and cognitive task performance are closely linked through 

biological and cognitive processes. This explains some of the differential impacts on 

cognitive performance exerted by anxiety between introverts and extraverts.  

4 Attentional control theory 

4.1 Processing efficiency theory 
 

In Eysenck and Calvo’s 1992 paper introducing processing efficiency theory 

(PET), the authors describe how stressors and environmental stimuli impact cognitive 

task performance through increased arousal. When in the presence of a distraction that 

threatens completion of goals held by an individual, attentional resources are allocated to 

identify the source of the distraction and to develop a strategy on how to respond. If a 

strategy to ameliorate the distraction cannot be recognized, then state anxiety can develop 

and increase over the duration of exposure to the stressor(s). Attentional bias studies 

suggest that anxiety expedites the identification of the threat and that anxious individuals 

preferentially allocate more resources to the threat, as well as experience greater 

difficulty in divesting attentional resources from it (Egloff & Hock, 2001; Mogg et al., 

2000; Wilson & MacLeod, 2003). Individuals with high trait anxiety have been found to 

be more vulnerable to distracting stimuli and resulting negative effects on their cognitive 
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performance (Calvo & Eysenck, 1996; Hopko, Ashcraft, Gute, Ruggiero, & Lewis, 

1998). PET proposes that as an environment becomes more distracting, high-anxious 

persons experience more anxiety. As anxiety increases, worrying thoughts become more 

prevalent and interfere with task-relevant cognitive functions (e.g. via the cognitive 

interference theory). Ultimately, this affects the efficiency of cognitive resource 

processing and can result in performance deficits. 

 PET states that anxiety has two main effects on cognition:  

1. Worry reduces the processing and storage capacity of working memory 

resulting in fewer available task-relevant resources 

2. Worry increases the amount of effort required to manage the performance 

decrements incurred by worrisome thoughts 

This theory makes an important distinction between performance effectiveness 

(the quality of measured performance, such as accuracy) and processing efficiency (how 

many resources are required and effort expended to achieve a given level of 

performance). The authors emphasize that this distinction is crucial because individuals 

can reach the same level of performance effectiveness while having drastically different 

processing efficiencies. Finally, the theory states that the most significant effect of 

anxiety is on processing efficiency, over performance effectiveness. 

 Within Baddeley’s (1974)  tripartite model of working memory (central 

executive, phonological loop, and visuospatial sketchpad), PET predicts that anxiety 

reduces the available resources allocated to working memory components. The model 

states that increased anxiety will impair processing efficiency of the executive control 

function and, in cases of complex cognitive tasks, will result in hindered performance 
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effectiveness as well. This effect pattern has been demonstrated in adults, both with 

general trait anxiety (Elliman, Green, Rogers, & Finch, 1997) and more specific state 

anxieties (e.g. math and test; Ashcraft, 2002; Ashcraft & Kirk, 2001; Dutke & Stöber, 

2001). Generally, tasks that load on the central executive (and particularly the 

phonological loop component of working memory) take longer for high-anxious 

individuals to complete (Elliman et al., 1997; Ikeda, Iwanaga, & Seiwa, 1996). 

4.2 The evolution of PET into ACT 

 PET was expanded with Eysenck et al’s 2007 paper into attentional control theory 

(ACT). ACT makes key improvements on PET, including a more precise explanation of 

the cognitive elements impacted by anxiety and the mechanisms driving that effect. 

While PET makes the assumption that anxiety exerts the greatest impact on the central 

executive, ACT furthers this explanation by describing that the most significant effects of 

anxiety are on attentional control and processing efficiencies of the inhibition and shifting 

functions. ACT assumes that anxious individuals are more likely to allocate cognitive 

resources towards threat-perceived stimuli and experience greater difficulty in 

disengaging from them. Threat-perceived stimuli may be either internal (e.g. worrying 

thoughts) or external (e.g. environmental distraction).  

 ACT is based on a dual attention system involving 1) top-down, goal-directed 

system affected by knowledge, expectations and current goals, and 2) a bottom-up, 

stimulus-driven system focused on reacting to salient stimuli (Corbetta & Shulman, 2002; 

Petersen & Posner, 2012). Anxiety upsets that balance of resources between these two 

systems, resulting in increased influence by the stimulus-driven system and reduced 

power by the goal-driven one. To provide a more detailed explanation for how the goal-
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directed attentional system is affected by anxiety, the authors of ACT use Miyake et al’s 

(2000) paper description of the three major central executive functions. The first function 

is inhibition, where attentional control must be utilized to resist the effects of distraction 

from perceived threat stimuli. The second, shifting, describes how attentional control 

must adapt depending on the demands of the task. The third function, updating, describes 

monitoring and updating information in working memory. 

 ACT describes that anxiety exerts its most significant effects on the functions of 

inhibition and shifting. Some evidence supports that the inhibition function is particularly 

active when task-irrelevant stimuli are present and there is a need to resist allocating 

attentional resources towards that stimuli (Friedman & Miyake, 2004). Shifting, on the 

other hand, is a positive control system directing attentional resources towards the task 

goal and away from the distraction. As described by Miyake et al. (2000), the updating 

function of the central executive is involved with the storage of transitory information 

and is not directly related to attentional control. Therefore, the authors of ACT conclude 

that this updating function is likely to be less impacted by the effects of anxiety. 

However, brain-imaging studies suggest that these three functions are somewhat 

interdependent so that resource demands on one function(s) could potentially exert 

effects on the other(s) (Collette & Van der Linden, 2002; Miller & Cohen, 2001). 

4.3 Example experiment of ACT 

 There have been many experiments testing the framework of ACT, though none 

within the music psychology domain (see Eysenck & Derakshan, 2011 for a most recent 

review). These studies have, simply, sought to test the influence of anxiety on cognitive 

task performance effectiveness and processing efficiency. There are four subcomponents 
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that are of experimental interest for designing a study testing ACT within a music 

psychology context: distractor characteristics (e.g. auditory), distractor arousal potential 

(e.g. loudness), individual differences (e.g. level of extraversion), task complexity (e.g. 

requiring high demand on executive functions), and cognitive requirements of the task 

(e.g. involved executive control functions). ACT predicts that manipulations on any of 

these subcomponents will exert specific impacts on overall performance effectiveness 

and processing efficiency.  

 For example, imagine a hypothetical music psychology experiment testing the 

impact of music (distractor characteristic) at three volume levels (distractor arousal 

potential) in extraverts and introverts (individual differences) in a reading comprehension 

task representing three levels of difficulty. As will be later discussed in full, reading 

comprehension is a complex task placing high demands on working memory, attentional 

control, and executive functions. ACT would predict that the most deleterious instance on 

performance effectiveness (in this case, high comprehension of the read material) would 

be realized when the arousal potential of the distractor is at its highest level – likely 

within the highest volume condition. High volume is most likely to disrupt attentional 

control making it more difficult to focus attention on the reading comprehension task and 

disengage attention away from the music distractor. This disruption of attentional control 

and reduced processing efficiencies of the shifting and inhibition functions is predicted to 

generate feelings of anxiety, as the participant is inclined to perceive the high volume 

music as a threat to completion of the goals of the reading comprehension task.  

The arousal potential of the distractor is the catalyst to producing feelings of 

heightened arousal and possible anxiety in the listener. The next most influential 
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subcomponents that determine the magnitude of anxious feelings and the overall impact 

on performance are individual differences, task complexity, and cognitive requirements 

of the task. Level of extraversion is a critical factor in determining an individual’s 

interpretation and response to anxiety. ACT would predict that introverts would generate 

greater feelings of anxiety than extraverts. However, even extraverts are predicted to 

experience frustration if performance goals are not being met due to high task difficulty 

and/or high cognitive resource requirements. 

As feelings of anxiety increase, then so decreases the efficiency of processing 

resources necessary to attend to the requirements of the task. Response time, 

physiological measures, workload questionnaires, and qualitative assessments on use of 

compensatory strategies can all measure processing efficiency differences between 

experimental conditions. If the reading comprehension task is difficult enough (e.g. 

material developed for law students versus material for middle school students), then 

decreases on performance effectiveness can also be measured.  

Generally, the effects that ACT describes on cognitive performance effectiveness 

may be considered as a down-system cascade beginning with the arousal potential and 

characteristics of the distractor, then moderated by a subcomponent filter of level of 

extraversion, task complexity, and cognitive requirements (see Figure 3). 
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Figure 3: Generalized downward cascade within ACT of the impact by a distractor on cognitive 

performance. The extent to which anxiety is perceived, generated, and influences cognitive performance is 

dependent primarily on the arousal potential and characteristics of the distractor and then on the cognitive 

requirements of the task, level of extraversion, and task complexity (highlighted areas). 

 

Broadly speaking, increases on the distractor arousal potential and characteristics 

that may interfere with the task complexity and/or task cognitive requirements will result 

in overall negative outcomes on processing efficiency and performance effectiveness. 

However, there are instances where ACT would predict positive effects on cognitive 

performance and this highlights the need to consider the nature of the distractor and 

individual differences of the listener in experimentation. Following the Yerkes-Dodson 

relationship, a distractor that produces low levels of arousal (largely determined by 

characteristics of the listener, such as level of extraversion) may result in optimal arousal 

conditions to produce overall positive effects on cognitive performance. Personality plays 

a significant role in the way a distractor is perceived to threaten cognitive goals and, 

therefore, may amend the negative effects of anxiety (if anxiety is experienced at all by 

the listener).  
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If the task type and task demands do not interfere specifically with the distractor 

medium (for example, listening to non-vocal music while processing written language), 

then ACT would predict no effect on overall cognitive performance because of a reduced 

perception of anxiety and diminished impacts on executive functions. 

4.4 Hypotheses of ACT 
 

Six main hypotheses establish the framework of ACT. 

4.4.1 Hypothesis 1 
 
 The first hypothesis states that anxiety more significantly impacts processing 

efficiency than performance effectiveness. Anxiety impairs processing efficiency by 

weakening the functions of inhibition and shifting, thereby creating a need for more 

expended resources to achieve a task goal. Of importance to note, this does not 

necessarily mean that a decrease in performance effectiveness will be produced. While 

performance effectiveness of anxious individuals is often reduced by perceived threat 

stimuli (Calvo & Eysenck, 1996; M. W. Eysenck & Graydon, 1989; Hopko et al., 1998), 

high-anxious individuals have also outperformed low-anxious persons when 

compensatory strategies are utilized (Byrne & Eysenck, 1995; Spence, Taylor, & 

Ketchel, 1956). 

 This distinction between outcomes on performance effectiveness and processing 

efficiency is important, and one that is very rarely measured in the music psychology 

literature. In fact, the lack of measurement on processing efficiency makes this domain 

even more difficult to understand, particularly for how music listening and anxiety affect 

people differently based on level of extraversion. This ACT hypothesis predicts that state 

anxiety raises requirements on central executive processing resources for the main 



 

Running Head: ACT AND MUSIC PSYCHOLOGY 25 

cognitive task. This results in high-anxious persons with comparatively fewer additional 

resources to allocate for other cognitive processes. This may explain the differences seen 

in the music psychology literature for cognitive task performance between extraverts and 

introverts. 

 Generally, researchers use accuracy as a main measure of performance 

effectiveness. Measuring the time to make a response (correct or otherwise, as in a Stroop 

task) can be used to then calculate the processing efficiency of the task. Capturing this 

kind of measure helps in understanding how different groups can achieve the same 

performance effectiveness, while having different processing efficiencies. In fact, high-

anxious individuals have been found to perform equally as well as low-anxious 

individuals but with longer responses times and, therefore, lower processing efficiencies. 

This pattern has been found for tasks involving verbal reasoning (Darke, 1988), reading 

comprehension (Calvo & Eysenck, 1996), and verbal working memory (Ikeda et al., 

1996).  

Another way that high and low-anxious groups can achieve the same performance 

effectiveness but have different experiences is by using compensatory strategies and 

different levels of effort. One way to measure these differences is through perceived 

workload assessments, self-report questionnaires, and biometric measures. The most 

frequent compensatory strategies used in reading comprehension involve articulatory 

rehearsal (where one vocalizes or subvocalizes read material) and reading regressions (re-

reading the same parts of the text; Calvo & Castillo, 1995; Calvo & Eysenck, 1996). 

High-anxious participants reported that reading regressions were the preferred 

compensatory method and the authors proposed that regressions are effective by 
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facilitating integration of new information with just-read text. When reading regressions 

are allowable, articulatory rehearsal can aid high-anxious individuals by engaging the 

phonological loop to code and retain words with chunks of information. Often, high-

anxious individuals report requiring higher levels of effort than low-anxious ones, even 

when both groups achieve the same levels of performance effectiveness (Dornic, 1977; 

Hadwin, Brogan, & Stevenson, 2005).  

 In terms of the music psychology literature, there are unfortunately very few peer-

reviewed studies measuring response times for cognitive assessments. Measurements of 

perceived participant effort expenditures and compensatory strategies are also rare. The 

lack of measurement on these variables is a significant disadvantage in this literature 

domain. The ability to analyze these variables would be particularly important for studies 

where groups in music, noise, or silence conditions performed similarly, and where 

participants were chosen based on level of extraversion. Different groups of people may 

achieve the same level of performance, but achieve it in different ways and have different 

experiences.  

In the example experiment in Section 4.3, the expectation would be made that 

processing efficiency would be primarily impacted in the reading comprehension task. 

This could be measured by reading rate, perceived mental workload assessments, 

physiological measures, or qualitative post-experiment questionnaires on experience. The 

music distractor, particularly the highest volume condition, would reduce processing 

efficiency on the functions of shifting and inhibition as the listener struggles to maintain 

attention on the task and away from the distraction. 
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4.4.2 Hypothesis 2 

 The second hypothesis states that negative effects caused by anxiety increase as 

overall task demands on the central executive increase. As discussed, compensatory 

strategies can be attempted to overcome performance effectiveness shortfalls. This can 

explain some instances where high-anxious individuals experience little to no 

performance deficit in comparison to low-anxious individuals. Employing compensatory 

strategies increases effort and resource use, thereby reducing processing efficiency. If 

overall task demands increase, then performance effectiveness deficits can become more 

likely.  

 Performance on complex cognitive tasks, where high demand is placed on the 

central executive (as in the reading comprehension experiment example), is more likely 

to suffer detriments. As tasks become more difficult, heightened arousal can lead to an 

increase in state anxiety particularly in more susceptible high-anxious persons. This 

increase in anxiety has deleterious effects on shifting and inhibition, resulting in a 

reduced capability for high-anxious individuals to employ compensatory strategies and 

increase effort to maintain the desired level of performance effectiveness.   

 Reading comprehension tests are the most popular form of assessments for music 

psychology studies and represent one of the most complex kinds of tasks used in this 

domain. In successful reading comprehension, many cognitive processes are involved 

that place high demands on available resources. In particular, working memory is heavily 

utilized to integrate new information with stored, read information from previous 

sentences. ACT would predict that anxiety would have the most significant impact on 

reading comprehension performance and that high-anxious persons would be more 
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susceptible to the adverse effects of anxiety. These results have been found in studies 

outside of the music psychology domain, where high-anxious individuals are more 

affected by trait anxiety in their ability to integrate and process lexical information 

(Calvo & Carreiras, 1993). High anxiety has been linked to increased adverse effects on 

performance as task complexity increases and higher demands are placed on the central 

executive (Ashcraft & Kirk, 2001; H. Eysenck & Eysenck, 1985).  

 One of the primary differences between PET and ACT is that ACT emphasizes 

the effects of anxiety specifically on inhibition and shifting, rather than the central 

executive as a whole. Additionally, ACT focuses on demands on attentional control as a 

whole, rather than cognitive processes associated with separate, individual tasks. When 

performing concurrent tasks, attentional control coordinates the appropriate allocation of 

cognitive resources to the primary task while also managing resources on the specific 

demands of each additional task. In contrast to PET, ACT predicts that anxiety should 

exert a negative effect on primary task performance even when the secondary task does 

not place high demands on the central executive, as long as attentional control is requisite 

for completion of each. M. Eysenck, Payne, and Derakshan (2005) found that anxiety 

exerts greater impairments on primary task performance when the secondary task places 

high demands on the central executive. When the secondary task did not, performance on 

the main task was spared. 

This is an important prediction for the music psychology domain. If music 

processing were considered a secondary task, how might that processing differently 

impact performance effectiveness (if at all) of primary tasks of different types (e.g. 

reading comprehension versus short-term memory)? If music listening and encoding of 
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its information were considered a secondary task, then this new viewpoint could help to 

explain why certain primary task types used in the music psychology domain are 

differently impacted by certain variables of music.  

4.4.3 Hypothesis 3 

 This hypothesis describes the mechanism by which anxiety impairs attentional 

control. Anxiety disrupts the balance between the dual-system of attentional control by 

increasing the influence of the stimulus-driven system and impairing the influence of the 

goal-driven one. Anxious persons are predicted to experience more difficulties in 

diverting attention away and disengaging from salient stimuli, resulting in a struggle to 

maintain attentional resources by the goal-driven system (Corbetta & Shulman, 2002; E. 

Fox, Russo, & Dutton, 2002).  

 Background music has been operationalized as an environmental salient stimulus 

that increases arousal, and differentially produces feelings of anxiety and perceptions of 

distraction by level of extraversion resulting in impacts on cognitive performance 

(Furnham & Bradley, 1997; Furnham & Strbac, 2002; Furnham, Trew, & Sneade, 1999). 

This is the extent of the explanation that has been put forth by the arousal-mood and 

cognitive capacity hypotheses in this literature. In the music psychology context, ACT 

would predict that the distraction of background music and production of anxiety reduces 

cognitive performance by commanding attentional resources away from the goal-directed 

attentional system and towards the stimulus-driven one. This effect would be magnified 

in individuals with high trait anxiety and other correlated variables, such as introversion. 

The consideration of anxiety, its differential impacts on cognition and attention by level 

of extraversion is a novel, and possibly more explanative, approach to understanding the 
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results in the music psychology literature body. In the Section 4.3 example experiment, 

introverts would be predicted to experience greater deficits on processing efficiency and 

performance effectiveness as compared to extraverts. 

4.4.4 Hypothesis 4 

 For those tasks involving the inhibition function, ACT describes that anxiety 

primarily impacts the processing efficiency of inhibition and can result in performance 

effectiveness decrements for complex cognitive tasks. This effect is magnified in the 

presence of distractors that are perceived to threaten task goals because the perception of 

threat will reduce further available processing resources for maintenance of attentional 

control.  

The inhibition function is comprised of two inter-correlated elements: 1) a 

resistance to distractor interference, and 2) an inhibition of pre-potent responses 

(Friedman & Miyake, 2004). ACT hypothesizes that high-anxious individuals, because of 

their greater susceptibility to distraction by both external and internal threat-perceived 

stimuli, will be more impacted by the deleterious effects of anxiety on the functioning of 

inhibition.  

Common ways to assess susceptibility to distraction are through monitoring task-

irrelevant eye movements and administering Stroop tests. High-anxious individuals 

glance more often at distracting stimuli and have greater difficulties removing their 

attention away from the distraction (Alting & Markham, 1993; Nottelmann & Hill, 1977). 

In Stroop tasks, high-anxious individuals have been found to perform worse in conditions 

requiring inhibition of pre-potent responses (Pallak, Pittman, Heller, & Munson, 1975) 

and participants in contrived high-stress conditions also suffer on inhibition performance 
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(Hochman, 1967). Unfortunately, there are few extant music psychology papers that 

employ measurements of distraction susceptibility or cognitive effects relevant to 

inhibition. However, two studies of noise (Houston, 1969; Houston & Jones, 1967) and 

two of music (Cassidy & MacDonald, 2007; Parente, 1976) have utilized the Stroop task. 

ACT would make the prediction that music, as a distractor, would produce anxiety that 

would exert negative effects on the inhibition function, with a magnified effect in high-

anxious individuals. In the example experiment in Section 4.3, inhibition functioning 

related to reading comprehension and attentional control would be greatly reduced in the 

highest volume condition. In a study where inhibition functioning was specifically 

measured, as in a Stroop task, the highest arousal potential distractor (e.g. highest 

volume) would be predicted to be the most disruptive. 

4.4.5 Hypothesis 5 

 Similarly to previous hypotheses, this states that anxiety will primarily impact 

processing efficiency before performance effectiveness – in this case, for tasks involving 

the shifting function. Shifting is described by Miyake et al. (2000) as a basic operation of 

executive control and a control process associated with task switching. Switching 

between tasks often results in an increase of committed errors on those tasks, as well as 

an increase in reaction time after each switch. This is due to costs incurred by the need to 

coordinate attentional control resources from one task to another (Monsell & Driver, 

2000). Subsequently, ACT explains that the effects of anxiety on attentional resource 

allocation should result in detriments on shifting function processing efficiency. 

Additionally, this hypothesis predicts that performance effectiveness will also suffer if 
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anxiety places high demands on the available attentional resources and/or the tasks are 

sufficiently complex. 

 Commonly used assessments of shifting and switching are the Wisconsin Card 

Sorting Task (WCST) and prospective memory tasks. High-anxious persons often take 

longer to complete and commit more errors on the WCST than low-anxious individuals 

(Goodwin & Sher, 1992). Similar performance and completion patterns are exhibited in 

prospective memory tasks (Harris & Cumming, 2003). Unfortunately, there are no 

existing published studies in the music psychology literature specifically examining the 

effects of music on the shifting function. ACT would make the prediction that a music 

psychology study employing a shifting task, such as the WCST, would find decreases on 

cognitive task processing efficiency and likely performance effectiveness, particularly in 

high-anxious individuals (e.g. introverts). As with the previous fifth hypothesis in the 

Section 4.3 example experiment, factors amplifying a perception of or reaction to anxiety 

(e.g. distractor arousal potential, level of extraversion) are predicted to result in reduced 

processing efficiency on shifting functions within the cognitive task and may manifest as 

performance effectiveness decrements, as well. 

4.4.6 Hypothesis 6 

 Finally, the last hypothesis of ACT states that anxiety exerts a minimal impact on 

the updating function of the central executive because updating is not directly involved in 

attentional control. Updating, in Miyake et al.’s (2000) model, is a function associated 

with addition, deletion, and continuous monitoring of contents within working memory. 

While ACT makes the prediction that updating is the last of the three executive functions 

to be impacted by anxiety, it does hypothesize that executive control resources could be 
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sufficiently burdened in highly distracting situations resulting in an overall reduction on 

task performance in other areas – including updating. 

 The updating function can be assessed through the use of memory span tests, such 

as reading (Daneman & Carpenter, 1980) and operation span (Turner & Engle, 1989) 

assessments. These assessments require participants to complete a task (e.g. read for 

comprehension in a reading span or compute numbers in an operation span) and then later 

recall a word presented at the end of each line of the reading or computed problem. These 

kinds of tasks rely primarily on memory capacity and do not require ongoing processing 

or exertion of attentional control (Cowan et al., 2005; Duff & Logie, 2001). Because 

updating is not primarily involved with attentional control, ACT makes the prediction 

that anxiety will have very little effect on updating efficiency and effectiveness in these 

kinds of assessments.  

 Empirically, this hypothesis has been difficult to evaluate. While some studies 

have found high-anxious persons to suffer on tasks involving updating (Calvo, Ramos, & 

Estevez, 1992; Darke, 1988), there has also been found no differences between high and 

low-anxious persons (Calvo & Eysenck, 1996; Calvo, Eysenck, Ramos, & Jiménez, 

1994; Santos & Eysenck, 2005). In some cases, high-anxious groups even outperformed 

low-anxious ones on updating tasks (Dutke & Stöber, 2001; Sorg & Whitney, 1992). 

Generally, if conditions are not contrived to be stressful or when salient environmental 

stimuli are not present, then the updating function does not appear to be harmed. 

However, as previously described, results are not so clear when anxiety is factored as 

either a trait of participants or created within the experimental design.  
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 True tests of updating are not present in the peer-reviewed music psychology 

literature, however some tests of short-term memory capacity do exist. In distracting 

environments, ACT would predict diminished processing efficiency and perhaps also 

performance effectiveness on these tasks and particularly in high-anxious individuals. 

However, this effect may be difficult to produce or understand in the music psychology 

domain, given the established difficulties within general cognitive psychology studies. 

From the Section 4.3 example experiment, if reading regressions were not allowed in the 

reading comprehension test presentation then this situation may create a sufficiently 

difficult task where further updating processes would be required to integrate information 

and understand the text. Though this study design would not specifically be isolating the 

functioning of updating, it could produce a situation where resources are so challenged 

that all three executive functions are impacted. 

5 Using ACT to explain the music psychology literature 

 The central thesis of this paper is that the music psychology literature would 

greatly benefit from a more precise and defined cognitive psychology explanation for 

what is driving the effects on cognitive task performance by music listening. A new 

model that provides details for the mechanisms behind the arousal-mood hypothesis and 

the identification of the components of cognition that are affected within the cognitive 

capacity hypothesis would provide a novel contribution to the domain. Such a model 

could facilitate interpretations of published results and inform the design of future studies 

to test the model’s new assumptions. 
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 ACT, as the base for a new model, presents a number of advantages to augment 

the current paradigm for interpretation of results in the music psychology literature. The 

framework and hypotheses of ACT naturally extend both the arousal-mood and cognitive 

capacity hypotheses by describing the vehicle (anxiety) driving effects (via impacts on 

attentional control, inhibition, and shifting) on cognitive performance. Applied to the 

music psychology domain, the framework of ACT would describe that background music 

heightens arousal and produces differential feelings of anxiety by level of extraversion. 

Anxiety is the central mechanism influencing cognitive performance by decreasing 

attentional control and impacting processing efficiency of the central executive (most 

specifically inhibition and shifting; see Figure 4) 

 

Figure 4: Proposed mechanism for the effects of music on cognitive task performance within the 

framework and hypotheses of ACT. 

 

ACT additionally dovetails nicely with theories of personality and experiences of 

trait and state anxiety. This component is particularly important to help explain the 

relatively recent research in the music psychology domain describing how background 
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music differently impacts cognitive performance by level of extraversion. Introverts 

perceive background music as a greater distraction and threat to task performance as 

compared to extraverts (e.g. Levy et al., 2015; Furnham & Strbac, 2002; Furnham & 

Allass, 1999). Introvert susceptibility to distraction and lessened ability to disengage 

from it can raise anxiety levels and disrupt attentional control resource allocation, thereby 

reducing processing efficiency and possibly resulting in reductions in performance 

effectiveness. This is a more specific line of explanation that has not yet been proposed in 

this literature domain. Additionally, this explanation takes into account aspects of the 

human listener that have been mostly neglected in this field.  

ACT also takes into account the cognitive requirements utilized within a task, 

which may aid in interpretations of the literature’s current use of reading comprehension, 

short-term memory, arithmetic, and other cognitive assessments. The predictions that 

ACT makes for the impact of anxiety on inhibition and shifting may help in 

understanding the disparate results within and between utilized cognitive tests. Finally, 

ACT’s distinction between processing efficiency and performance effectiveness is likely 

a particularly important factor for when cognitive performance differences are not 

produced between introverts and extraverts in music psychology studies. The utilization 

of compensatory strategies and differences in internal experience are important to 

understanding how music can affect cognitive tasks, outside of measuring absolute 

performance effectiveness. 

5.1 Method 

 Presented in this paper are 22 music psychology papers discussed through the lens 

of ACT and with supporting theories from the anxiety, working memory, executive 
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control, and personality literatures. These music psychology papers were chosen based on 

several factors.  

First, papers were chosen based on their methods. Only studies using musical, 

concurrent, non-diagetic, and task-irrelevant audio (from here, described as “background 

music”) as experimental manipulations were considered. These papers, generally, 

describe participants completing a cognitive task (e.g. reading comprehension) with 

simultaneous music (varying often on genre, tempo, and presence of vocals) played in the 

background of the study environment. Participants are instructed to not attend to the 

music and to perform as well as they can on the presented cognitive task.  

Additionally, chosen papers are those published to peer-reviewed journals and 

have more than 15 citations. All papers are arranged and ordered in Appendix I based on 

the manipulated music variable, if level of extraversion was controlled for, type of 

cognitive task performed, and overall effect on cognitive performance. The variables of 

some papers have been reconsidered and recoded to provide a different interpretation of 

what might have actually been manipulated. For example, a study purporting to test 

musical genre on cognitive performance might in fact be more significantly manipulating 

information load in musical complexity. 

Discussions on chosen music psychology publications are divided by task type, 

representing the most common cognitive assessments utilized in this domain. 

5.2 Working memory 

 Tests of working memory processing and capacity are the most popular kinds of 

cognitive performance assessments in the music psychology literature. Working memory 

is a limited capacity, higher cognitive function responsible for the temporary storage, 
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processing, and handling of active information. Working memory capacity describes 

attentional resources that can be used to maintain and integrate active information, as 

well as retrieve inactive information within goal-directed behavior (Engle, 2002, 2010; 

Kane, Bleckley, Conway, & Engle, 2001). Working memory capacity appears to reflect 

the processing efficiency of executive control, particularly in the ability to maintain 

attention in distracting environments (Engle, Tuholski, Laughlin, & Conway, 1999).  

Complex cognitive tasks requiring problem solving, reasoning, and 

comprehension depend heavily on the proper functioning of working memory. Though 

many models of working memory exist, the most popular is Baddeley and Hitch’s (1974)  

multicomponent model that describes the coordinating central executive function and 

three subsystems responsible for the short-term store of information including the 

visuospatial sketchpad, phonological loop, and episodic buffer. The central executive 

plays an essential role in maintaining attention on goal-directed actions, suppressing 

extraneous information, and integrating information between and within the three 

subsystems. 

Attentional control is crucial to working memory, particularly in distracting 

environments. The dual mechanisms of control theory (Braver, Gray, & Burgess, 2007) 

proposes two kinds of attentional control: 1) automated, bottom-up reactive control with 

involuntary action, and 2) top-down proactive control necessary for goal maintenance 

(and has been suggested as a another name for executive control; Kane, Conway, 

Hambrick, & Engle, 2007). This theory may explain some of the differences found in 

working memory between extraverts and introverts. Braver et al. (2007) suggest that 

higher levels of proactive attentional control characterize extraverts, while introverts have 
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higher reactive control related to conflict monitoring. Proactive control seeks to prevent 

conflict before it occurs so higher proactive activities should result in decreased demands 

on reactive control processes. Ultimately, the authors propose that higher proactive 

control by extraverts should result in enhanced working memory performance. 

Extraversion has been positively related to working memory performance, while high 

trait anxiety and neuroticism have been negatively related (Dubey, Singh, & Srivastava, 

2014; Gray & Braver, 2002; Lieberman, 2000; Thorgusen, 2010).  

5.2.1 Tests of working memory in music psychology 
 

The importance of the central executive in working memory, and roles of anxiety 

and level of extraversion on attentional control are likely driving the disparate results in 

tests of working memory used in the music psychology literature. The most common 

cognitive test of working memory capacity in this domain is reading comprehension in 

the presence of music (see Table 1).  

Table 1: Summary of chosen music psychology papers utilizing a test of reading comprehension 

# Author(s) Year Manipulated 
variable(s) 

Level of 
extraversion 
considered? 

Overall results on 
reading comp. 
performance 

Notes 

P1 Furnham & 
Strbac 

2002 Music, noise, 
silence 

Yes Negative effect Introverts most 
affected 

P2 Furnham, 
Trew, 
Sneade 

1999 Vocal, 
instrumental 

Yes No effect Introverts most 
affected 

P3 Furnham & 
Allass 

1999 Presence, 
silence 

Yes Negative effect  

P4 Kiger 1989 Information 
load 

No Positive effect Low info 
music 
beneficial 

P5 Daoussis & 
McKelvie 

1986 Presence, 
silence 

Yes Negative effect Introverts most 
affected 

P6 Hilliard & 
Tolin 

1979 Familiarity No Positive effect  

P7 Freeburne & 
Fleischer 

1952 Genre No No effect Reading rate 
faster in jazz 
condition 
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5.2.1.1 Reading Comprehension 
 

Reading comprehension relies on four language skills of phonology, syntax, 

semantics, and pragmatics that become automated in skilled, older readers (Anderson & 

Pearson, 1984). Two levels of processing are utilized in successful reading 

comprehension: 1) shallow, low-level processing involving phonemic and structural 

recognition of the subject matter, and 2) deep, higher-level processing involving coding 

and extrapolation of meaning (Wagner, Schatschneider, & Phythian-Sence, 2009). 

Successful reading comprehension relies heavily on higher-level processing and 

requires organizational components of the central executive to integrate the material’s 

information and support goal-directed behavior by maintaining attentional resources 

(Kendeou, Broek, Helder, & Karlsson, 2014). The regulatory responsibility of the central 

executive in reading comprehension is to bring the phonetic and word analysis processes 

together. Phonologically analyzed information is passed into working memory storage, 

which frees storage resources in working memory capacity. Analyzed information goes 

up the higher processing chain for extraction of overall meaning (Swanson, 1999). 

Interference or a reduction in processing efficiency in the regulatory responsibilities of 

the executive function can result in improper encoding, storage, and a failure to produce 

meaningful representations of the read information. 

Working memory appears to be an important predictor for reading comprehension 

performance. Inference generation and comprehension monitoring depend strongly on 

one’s ability to maintain active representations of information and integrate it with both 

new and old material (Engle et al., 1999). Additionally, successful reading 
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comprehension is dependent on good inhibition skills to help direct attention and 

suppress irrelevant information and stimuli (Gernsbacher & Faust, 1991).  

For music psychology studies utilizing tests of reading comprehension to measure 

the effects of music listening on cognitive performance, ACT would make the following 

predictions: 

1. Reading comprehension is a complex cognitive task; therefore processing efficiency 

will be primarily impacted by the presence of music and will likely result in 

decrements on performance effectiveness, as well. 

2. Anxiety produced by distracting music will significantly impact reading 

comprehension performance by limiting the functioning on inhibition - a critical 

function in reading comprehension. 

3. Music with high arousal potential (e.g. high information load) will most significantly 

impact arousal levels and require more resources to maintain attention and support the 

shifting and inhibition executive functions. 

4. Individual difference variables associated with trait anxiety, such as level of 

extraversion, will influence how distracting the background music is perceived to be 

and moderate decrements on performance effectiveness. 

 Expectedly, listening to music with vocal lyrics has been found to be more 

harmful to reading comprehension performance than listening to purely instrumental 

music (Furnham, Trew & Sneade, 1999; P2). Background speech interferes greatly with 

comprehension and recall of visually presented language text (Cowan, 1992; D. Jones, 

Madden, & Miles, 1992; Salame & Baddeley, 1982). During reading, the text presented 

on the page is visually processed, transformed, and encoded into the phonological store. 
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Competing streams of aurally and visually received language often results in poor 

comprehension of both streams. Several theories have been proposed to explain this 

effect for how separate streams of language, and language-similar sound, compete for 

limited storage and processing resources in the phonological subcomponent of working 

memory. Some researchers have suggested that aural speech stimuli are allowed 

prioritized access to the phonological store, over visual presentations of language 

(Baddeley, 1997; Tremblay, MacKen, & Jones, 2001). 

The presence of vocals also raises the information load of music and requires 

more cognitive resources to divert attention away from the aurally received language and 

towards the written text. ACT would predict that music with high information load, 

particularly with vocals, would result in both diminished processing efficiency and 

performance effectiveness on the complex task of reading comprehension. 

 Kiger (1989; P4) manipulated information load against a silence condition for 

participants completing a reading comprehension task. Kiger operationalized information 

load based on measures of volume, tonal range, and instrumentation variety and 

complexity. Those participants completing the reading comprehension task in the low 

information load condition performed better than those in either silence or the high 

information load conditions. Kiger proposed that soft, simplistic music of low 

information load raised arousal to an optimal level without becoming burdensome to 

cognitive processing. This pattern would reflect the Yerkes-Dodson relationship for a 

simple task (Figure 2). Though reading comprehension is traditionally considered a 

complex cognitive task, perhaps the addition of an arousal-inducing and potential 

distractor, like background music processing, can moderate task complexity. High 
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information load music may have produced performance results following the pattern for 

complex tasks. Meanwhile, the low information load music may have provided the 

optimal arousal conditions resulting in enhanced reading comprehension, over the silence 

condition. 

 Measuring performance effectiveness in this literature has been the most common 

method of evaluating the effects of music listening on reading comprehension. However, 

ACT would make the prediction that the primary effect would be on processing 

efficiency. Reading rate, such as the lines of text read per unit time, could be considered a 

measure of reading efficiency reflecting the cognitive resources required to maintain 

attention and reduce the need to read the same text again.  

Freeburne and Fleischer (1952; P7) is a rare paper that did consider the reading 

rate on a reading comprehension task. This study compared four genres of non-vocal 

music (jazz, classical, semi-classical, and popular) against a silence condition. These 

genres, and the specifically chosen songs, represent varying levels of musical complexity, 

such as instrumentation variety and tempo. This study could also be considered a test of 

information load on the participant. The popular music condition contained the largest 

and fastest range of tempo, as well as highest level of instrumentation. This was followed 

by the semi-classical, classical, and jazz conditions. This order represents conditions of 

information load from highest to lowest. The authors found that the jazz condition 

produced a reading rate higher than silence and no differences in reading comprehension 

performance between any music or silence condition. These results parallel Kiger (1989) 

where the lower information load condition produced an effect on an element of reading 

comprehension; in this case, reading rate but not reading comprehension performance. 
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Familiarity with the music selection may also be considered a factor of 

complexity. Hilliard and Tolin (1979, P6) had participants first listen to one of two 

musical pieces before attempting a reading comprehension test. In the familiar music 

condition, participants heard the same piece before and during the reading comprehension 

task. In the unfamiliar condition, participants heard one song before the task and a 

different song during the task. Participants listening to the familiarized song achieved 

higher comprehension test scores than participants listening to an unfamiliar piece. 

Possibly, fewer cognitive processing requirements were necessary to attend to the audio 

by participants familiarized to the song because previous listening had reduced the 

inexperience of the song’s architecture.  

 The majority of reading comprehension music psychology studies have not 

considered personality variables, such as level of extraversion. The coupling of ACT and 

Eysenck’s theory of personality would predict that listening to music while performing a 

cognitive task would produce heightened feelings of arousal that would be more likely to 

manifest as negative experiences of anxiety in introverts than extraverts. This would, in 

turn, disproportionately affect the processing efficiency and performance effectiveness of 

introverts over extraverts. 

For music psychology studies controlling for level of extraversion, this is often 

the case. Daoussis and McKelvie (1986; P5)  presented a reading comprehension task to 

both introverts and extraverts to be completed while either in a silence condition or with 

low volume rock-and-roll music (the preferred genre by participants) played in the 

background. Extraverts produced similar performance effectiveness in both conditions, 

however introverts expectedly performed worse in the presence of music as compared to 
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silence. Reading comprehension is a complex task and, therefore, ACT would predict that 

introverts would be more likely to experience both reduced processing efficiency and 

performance effectiveness.  

Unfortunately, the majority of studies in this literature body do not assess 

participant experience in the study in relation to perceived effort, stress, or use of 

compensatory strategies. In studies where no performance effectiveness differences are 

found between two groups, like extraverts and introverts, assessments of experience 

could reveal that the groups had differing perceptions of effort and experiences in the 

study, suggesting differences in processing efficiencies.  

Furnham and Allass (1999; P3) tested introverts and extraverts on reading 

comprehension in the presence and absence of music, additionally administering a post-

experiment questionnaire on how distracting participants found the music to be and their 

personal preferences for working with music playing. Introverts reported that the music 

was far more distracting than extraverts. Extraverts also described that they listened to 

music more often than introverts in their daily lives, particularly while working. 

Moreover, a moderate correlation was found between self-reports of music listening 

while working and level of extraversion, meaning that those reporting the music to be 

most distracting in the study were those least likely to listen to music while working in 

their daily lives.  

A subsequent study by Furnham and Strbac (2002; P1) conducted a similar 

procedure examining the effects of vocal containing music, noise, and silence on reading 

comprehension in extraverts and introverts. Similar results to the previous paper were 

found, where reading comprehension of introverts was harmed more than that of 
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extraverts. Introverts also reported in the post-study questionnaire that they found the 

noise and music to be much more distracting than the extraverts did. However, contrary 

to the Furnham and Allass (1999; P3) study, there was no relationship found between 

music listening work habits and level of perceived distraction. This suggests that the 

performance decrement by introverts was not incurred by a lack of familiarity, 

preference, or practice with working with music or noise present. 

The findings of these studies that introverts are more harmed by the presence of 

an auditory distractor fits well with the aforementioned predictions by ACT (page 41). As 

a loose measure of processing efficiency, introverts reported a different experience of 

distraction by music than extraverts. Introverts may have had to expend more attentional 

resources resulting in lower processing efficiency and ultimately in diminished 

performance effectiveness. Extravert reports for higher preferences for music listening 

while working is not surprising and follows other study findings for extravert habits that 

raise cortical arousal activity (e.g. Campbell and Hawley, 1982).  

5.2.1.2 Similar Literatures  

Many studies outside of the music psychology literature have also reflected a 

cognitive performance difference between introverts and extraverts in the presence of a 

distractor. Both introverts and extraverts performed worse on reading comprehension 

tests in the presence of an operating television, as compared to reading in silence. 

However, extraverts still had higher performance than introverts with the television on 

(Furnham, Gunter, & Peterson, 1994; Ylias & Heaven, 2003). The explanation for these 

results is that auditory language processing from the television competes with visually 
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encoded language in the phonological loop resulting in poor comprehension of the read 

text.  

As demonstrated in music psychology studies, distraction effects on cognitive 

performance are moderated by level of extraversion. Extraverts have been found to 

perform better in the presence of a distractor than introverts, as was the case with 

participants attempting to remember specific words while audio of clear or distorted 

English or German words concurrently played (Morgenstern, Hodgson, & Law, 1974). 

This aligns with Eysenck’s personality theory that extraverts prefer and can benefit from 

external features that raise cortical arousal to meet an optimal threshold, whereas 

introverts seek controlled conditions to decrease cortical arousal. Exceeding preferred 

cortical arousal may turn experiences of high arousal into experiences of anxiety. 

 There is evidence that noise, in general, can have significant impacts on 

attentional resource availability and allocation (Vertegaal, Shell, Chen, & Mamuji, 2006), 

as well as semantic processing (A. P. Smith, 1985) and memory (LeCompte, Neely, & 

Wilson, 1997; Tremblay et al., 2001). Sounds that alternate in sequence, like bursts of 

noise or discrete tones, can interfere with working memory storage during reading 

comprehension more than repeated sequences of sound can (D. Jones & Macken, 1993). 

Perhaps listening to the unexpected and unfamiliar nature of alternating sounds 

precipitates higher levels of arousal and feelings of anxiety in the listener. The inability to 

anticipate when the next sound stimuli will arrive, unlike with repeated sequences, could 

be perceived as a greater distraction and produce the kinds of cognitive deficits that ACT 

would predict on processing efficiency and performance effectiveness. 
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5.2.1.3 The power of ACT to explain reading comprehension results 

ACT helps to explain more exactly how the higher processing functions (e.g. 

attentional allocation, inhibition of irrelevant stimuli) involved in reading comprehension 

may be impacted by concurrent music listening. Here, ACT falls well in line with the 

commonly and currently used arousal-mood and cognitive capacity hypotheses. Driving 

the arousal-mood hypothesis, ACT would explain that increased arousal is more likely to 

produce anxiety in introverts resulting in their diminished performance, while producing 

a relatively spared performance deficit in extraverts. As suggested by the cognitive 

capacity hypothesis, background music competes for cognitive resources required by 

reading for high comprehension. ACT further clarifies that processing efficiency is 

reduced by the increased need to inhibit the distracting stimuli and manage reduced 

attentional resources to maintain successful functions of working memory processes. 

Theories of working memory and the processing operations of aurally and visually 

presented language help to further complete the picture for how high information load 

music, particularly with vocals, reduces the ability to process and encode language for 

successful reading comprehension.  

 Overall, reading comprehension is a complicated cognitive task requiring the 

successful and efficient operations of many higher-level cognitive functions. It is not 

surprising that information-rich music can lead to negative effects on reading 

performance. In terms of the beneficial effects of music, there appears to be some 

evidence that low information load music played softly for those whose cortical arousal 

thresholds are not exceeded by working with music playing (e.g. more often extraverts) 

can result in enhanced reading comprehension performance effectiveness. 
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5.3 Short-term memory 
 

 The second most popular kind of assessment in music psychology studies is 

testing the capacity of short-term memory through immediate and delayed recall in 

participants either listening to music or in silence (see Table 2).  

Table 2: Summary of chosen music psychology papers utilizing a test of short-term memory 

# Author(s) Year Manipulated 
variable(s) 

Recall 
type 

Level of 
extraversion 
considered? 

Overall results 
on 

performance 

Notes 

*P1 Furnham 
& Strbac 

2002 Music, noise, 
silence 

Prose Yes Negative effect Introverts 
harmed more 

P8 Iwanaga & 
Ito 

2002 Music, noise, 
silence 

Verbal No Negative effect Perceived 
disturbance 
measured 

*P3 Furnham 
& Allass 

1999 Presence, 
silence 

Visual Yes Negative effect Introverts 
harmed more 

P9 Salamé & 
Baddeley 

1990 Vocals, 
instrumental 

Digit No Negative effect  

P10 Belsham & 
Harman 

1977 Vocals, 
instrumental 

Visual No Negative effect  

*P1 and P3 previously discussed from Table 1 

 Overwhelmingly, the effect of music listening on short-term memory capacity 

appears to be negative with no extant papers citing a beneficial effect of music on this 

aspect of cognition. Belsham and Harman (1977; P10) used a visual recall test where 

participants studied a photograph in conditions with either instrumental music or vocal 

music (no silence condition used). Participants were to memorize all aspects of the 

photograph with the playing music and then answer a 20-item questionnaire on the details 

of the photograph. The authors found that participants in the vocal music condition 

performed worse on the visual recall task.  

The explanation for this result could be similar to the one for how vocal music 

affects reading comprehension performance. When memorizing the photo, participants 

may have been subvocalizing its details (e.g. “there is a man in a red hat carrying a box”). 

Subvocalization utilizes the articulatory loop, but the aurally received vocals in the music 
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may have interfered. The vocals in the music would have been afforded prioritized access 

to the phonological store and disrupted the proper encoding and storing in working 

memory of the subvocalized details. A secondary explanation for these results provided 

by ACT would be a mechanism whereby processing efficiency is reduced by anxiety on 

attentional resources. Unfortunately, the only measure in this study of performance 

effectiveness makes further interpretations on participant experience and effort 

impossible to know.  

Furnham and Allass’ (1997; P3) paper was previously discussed in the reading 

comprehension section, however this study also employed both an immediate and 

delayed visual recall test for introverts and extraverts in pop music listening and silence 

conditions. Participants were given two minutes to memorize a series of 20 objects 

presented on one sheet of paper. The immediate recall task had participants list as many 

objects as could be remembered at the completion of two minutes. The delayed recall 

method had participants completing simple math problems for six minutes and then 

listing as many remembered objects as possible. Only small, yet still statistically 

significant, differences were found in immediate recall scores between introverts and 

extraverts. Introverts who listened to music while completing the task had slightly worse 

performance in the delayed recall task, as compared to extraverts. Coupled with the result 

of diminished introvert performance on reading comprehension, these results suggest that 

the music distraction affected both attention and recall to a greater extent in introverts. 

There were no differences between the personality types for immediate recall in either 

music or silence conditions. 
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Prose recall has also been used as an example of an ecologically similar task to 

work within an evaluative school environment. Participants studied a passage on proper 

muscle stretching in silence, noise, and vocal music conditions (Furnham & Strbac, 2002; 

P1). After the conclusion of the allotted reading time, participants recalled the passage 

out loud as accurately as possible, word for word in both an immediate and delayed recall 

procedure. While there was no significant difference in performance between extraverts 

and introverts in either form of recall, recall was improved overall by the silent condition. 

In a post-questionnaire on participant experience, extraverts reported that they were much 

less distracted by the music and noise than introverts were. There was no relationship 

found between preferences for working with music or noise and level of extraversion, 

suggesting this result of perceived distraction is not derived from practice or familiarity 

by working with sound or music. Though there were no performance effectiveness 

differences between the personality types for this test, the post-questionnaire responses 

suggest these groups had different experiences in completing the tasks and, perhaps, 

experienced different processing efficiencies and/or use of compensatory strategies. 

 Salamé and Baddeley (1989; P9) explored the effect of instrumental and vocal 

music listening, as well as a silence condition, on the immediate recall of visually 

presented digits. Participants saw the digits appear individually on a computer screen 

while listening to vocal or instrumental music, or in silence. Those participants in the 

vocal music condition produced significantly more recall errors than the instrumental 

condition, which in turn produced more errors than the silence condition.  

 The semantic aspect of vocal music appears to be as harmful to short-term 

memory capacity as it is to reading comprehension performance. Studies have found 
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evidence that music vocals, or at least the interpretation of language within high 

information load music, is harmful to both verbal and spatial memory tests. This begs the 

question for which working memory component, or combination, is most affected – the 

visuospatial sketchpad or phonological loop? Visual details, as in the case of Belsham 

and Harman (1977; P10), could be subvocalized and suffer interferences on the 

phonological loop.  

Iwanaga and Ito (1994; P8) set to examine how music listening might affect the 

visuospatial sketchpad by employing four conditions (vocal music, instrumental music, 

sounds of a babbling stream, and silence) in both a verbal and visuospatial memory task. 

These two tasks place different requirements and loads on the phonological loop and 

visuospatial sketchpad. Negative performance effects were only found in the verbal 

memory task and were produced mostly by the vocal music. The visuospatial task (rapid 

presentation of lines in differing orientations) utilized by Iwanaga and Ito may be a more 

appropriate test of the visuospatial sketchpad’s ability to process representations than the 

photograph task used by Belsham and Harman (1977; P10). The linguistic aspect of vocal 

music appears to disturb the phonological store in a more significant way than visual 

information processing. Similar results to Iwanaga and Ito (1994; P8) were found by 

Crawford and Strapp (1994) utilizing similar methods. 

5.3.1 Similar literatures  

 While results appear clear that music listening exerts negative effects on serial 

recall, evidence is not so clear when pink or white noise is presented during the encoding 

of verbal material for a recall task. Salamé and Baddeley (1989) hypothesize that this 

kind of sound is not given prioritized access to the phonological store and therefore does 
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not interfere with incoming visually presented information. These authors have 

speculated that a cognitive acoustic filter works to separate speech sounds from noise and 

these speech sounds are what go on to gain obligatory access to the phonological store. 

This proposed filter may also be capturing vocals in music, possibly explaining why 

vocal music is particularly harmful for short-term memory tasks. 

Researchers have hypothesized that some musical features of sound, such as 

volume fluctuations and phrasal patterns, somewhat mimic speech patterns and may be 

filtered as speech-like elements into the phonological store (Salamé and Baddeley, 1989, 

1990). The intermittent presentation of speech-like elements in music may only 

sporadically affect cognitive performance, explaining why instrumental music effects on 

performance are intermediary to vocal music listening and silence. Salamé and Baddeley 

(1982, 1989) suggest that any cognitive task relying on the phonological store (e.g. 

reading comprehension, arithmetic, counting) will be, at least, moderately affected by 

music listening and greatly affected by music vocals. 

5.3.2 The power of ACT to explain reading short-term memory results 
 
 For short-term memory tests, the power of ACT to explain these results is limited. 

Overwhelmingly, music negatively impacts short-term memory tasks and vocal music is 

particularly detrimental to verbal tasks that need access to the phonological loop. There 

are no existing music psychology studies showing a beneficial or null effect of music on 

short-term memory tasks. Interpreting these results through the framework of ACT 

provides some possible explanations for the role of anxiety in affecting cognitive 

performance. High-anxious persons are more vulnerable to decreases in cognitive 

performance effectiveness when faced with a time pressure, as in a timed math test (Hill 
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& Wigfield, 1984; Onwuegbuzie & Seaman, 1995; Plass & Hill, 1979). The short-term 

memory tests discussed here lasted fewer than eight minutes in duration. Perhaps the time 

pressure to study and memorize items increased levels of arousal well into negative 

feelings of anxiety. This may have produced the overwhelmingly negative effects on 

cognitive performance through reduced operations on working memory capacity and the 

hypotheses of the effects of anxiety by ACT. Additionally, subvocalizations of worry by 

anxiety-experiencing participants could have impacted the phonological store 

(particularly in conditions with vocal music) interfering with participant ability to process 

and recall items in working memory. 

 One place where ACT appears to have less power in explaining these results, is in 

its prediction that predominantly complex tasks requiring overall higher level executive 

functioning will result in performance effectiveness decrements. Comparatively, these 

short-term memory assessments do not require as many cognitive resources and 

executive functioning processes as a task like reading comprehension. Yet, there are no 

instances where the presence of music had either no effect or a beneficial effect on short-

term memory performance. Through ACT, an explanation could be made that other 

factors of a short-term memory test (e.g. time pressure) could raise anxiety levels to a 

high enough level where anxiety and worry are affecting cognitive performance decline 

more so than task complexity could. A combined explanation between the driving force 

of anxiety in ACT and theories of aural interference on the phonological store creates a 

more powerful explanation by providing more details behind the arousal-mood and 

cognitive capacity hypotheses. 
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5.4 Inhibition and Shifting 
  
 As discussed from Hypotheses 4 and 5 of ACT, anxiety negatively affects both 

inhibition and shifting processing efficiencies that can result in performance effectiveness 

decrements in complex tasks. Unfortunately, there exists a paucity of research in the 

music psychology domain regarding the effects of music listening on inhibition and 

shifting (see Table 3). Only four peer-reviewed studies using the Stroop test have been 

published, with two using music (Cassidy & MacDonald, 2007; Parente, 1976) and two 

using noise conditions (Houston, 1969; Houston & Jones, 1967). There are no extant 

studies using reading or operation span tasks to measure music listening effects on the 

shifting function. 

Table 3: Summary of chosen music psychology papers utilizing a Stroop test 

# Author(s) Year Manipulated 
variable(s) 

Level of 
extraversion 
considered? 

Overall results on 
performance 

Notes 

P11 Cassidy & 
McDonald 

2007 Arousal 
potential 

Yes Negative effect Introverts 
harmed more 

P12 Parente 1979 Genre 
preference, 

silence 

No Negative effect  

P13 Houston 1969 Noise, silence No Positive effect  
P14 Houston & 

Jones 
1967 Noise, silence No Positive effect  

5.4.1 Stroop 
 
 Using Stroop tasks in music psychology studies offer a unique opportunity to test 

ACT hypotheses. Processing efficiency is natively assessed in Stroop tasks because 

response time is a dependent variable of the test (Golden & Freshwater, 1978). 

Measuring response time is lacking in most all other cognitive assessments in the music 

psychology domain. Additionally, testing the effect of music listening using the Stroop 

task may reveal how music affects the inhibition function.  
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 There are two sections in a traditional Stroop task. In a digital presentation, names 

of colors are presented on a screen and printed in varying colors that are mismatched to 

the word meaning. In the Color-Name Task, participants read aloud the printed word and 

not the color of the text presentation (e.g. the word “GREEN” presented in red-colored 

text). In the Color-Word Task, participants read aloud the color of the text presentation 

and not the printed word itself (e.g. read aloud the color green where the printed text says 

“RED”).  

 Two papers have used music conditions with the Stroop task. Cassidy and 

McDonald (2007; P11) had participants (identified by level of extraversion) complete the 

Stroop task while in a vocal music, noise, or silence condition. Prior to exposure in the 

experimental conditions, participants rated the musical selections based on perceived 

valence (positive or negative) and level of arousal (high or low). “Aggressive” music, for 

example, was classified as negative-high arousal and “relaxing” music as positive-low 

arousal. Similar methods were used by North and Hargreaves (1997), though these 

authors more objectively categorized arousal potential by tempo. This removes potential 

confounds of presenting emotionally meaningful words, such as “aggressive”, to a 

participant. Instead, for example, North and Hargreaves objectively operationalized “fast 

music” as containing 140 beats per minute (bpm). Regardless of the methods by Cassidy 

and McDonald (2007), its results are discussed here because of the rarity in using a 

Stroop task within the music psychology literature.  

As predicted, the negative-high arousal music resulted in the worst Stroop 

performance scores for both introverts and extraverts, with noise and low-arousal music 

being both more harmful than operating in silence. Introverts, expectedly, incurred a 
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significantly greater loss on Stroop task performance than extraverts. This follows the 

predictions of ACT that background music listening would affect the processing 

efficiency for the inhibition function. The Stroop task may also have been made more 

complex by the use of only vocal music, with no instrumental music condition for 

comparison. The damage to Stroop task performance effectiveness could have been 

driven by the interference of processing aural language in the music lyrics while 

managing the visual text demands of the Stroop task.  

Unfortunately, these authors do not report the Stroop task response times for each 

condition (only error numbers were reported). ACT would predict longer responses times 

in conditions with more arousing (and potentially more anxiety-producing) music as 

demands on the central executive increase and inhibition processing efficiency is 

reduced. Shifting attention away from the lyrical interpretation of the high-arousal music 

back towards the Stroop task could have increased the overall complexity of the 

assessment, particularly in high-anxious persons. This increased complexity could 

produce a feedback loop where the arousal potential of the music produces anxiety, 

which interferes with cognitive processing that, in turn, raises anxiety levels. The 

consideration of both arousal potential and information load of task-concurrent music 

listening is likely critical to making predictions on the outcomes of cognitive 

performance. 

Parente (1976; P12) examined the effect of music preference on Stroop task 

performance. Participants completed the task either in a preferred or un-preferred music 

listening condition, or silence (level of extraversion was not measured). Stroop 

performance was highest in silence over music, with no statistically significant difference 
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between either music listening conditions. These results run counter to two noise studies 

where participants completed a Stroop task faster and with fewer errors listening to noise, 

as compared to silence (Houston & Jones, 1967; P14, Houston, 1969; P13). The authors 

predicted, and concluded, that an interaction in inhibitory processes could have an 

additive effect resulting in positive performance on inhibition tasks. They describe that 

the need to inhibit responses from an environmental stimuli (e.g. noise) can facilitate 

inhibition on another kind of stimuli. Specifically, they found facilitation on performance 

for the Color-Wood task but not the Color-Name task. They conclude these results are 

due to the comparatively reduced need for inhibition in the Color-Name event, as 

compared to the Color-Word task. 

 While music may be defined as a form of noise (Wolf & Weiner, 1972), how does 

background noise facilitate inhibition functioning over music? Music has many key 

differences over background noise (e.g. tonal qualities, stylistic phrasing, timbre 

familiarity) that may produce differential effects on inhibition functioning. It is difficult 

to compare the results of these two music and two noise studies to make an informed 

conclusion on the effects of aural distraction on inhibition functioning. However, these 

results suggest that aural distractors do exert influence over inhibitory executive 

functions that can result in deficits on performance effectiveness. 

5.5 Other cognitive performance assessments 

 The following papers represent less studied areas of the effect of music on 

cognitive performance (arithmetic, logic, and vigilance; see Table 4).  
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Table 4: Summary of chosen music psychology papers with other assessments of cognitive performance 

# Author(s) Year Manipulated 
variable(s) 

Level of 
extraversion 
considered? 

Task type Overall 
effect 

*P2 Furnham, Trew 
& Sneade 

1999 Vocal, instrumental, 
silence 

Yes Logic 
problem 

Positive 

P15 Mayfield & 
Moss 

1989 Tempo (fast and 
slow), silence 

No Arithmetic Positive 

P16 Wolf  1983 Volume No Arithmetic No effect 
P17 Fontaine & 

Schwalm 
1979 Familiar, unfamiliar 

music, silence 
No Vigilance Positive 

P18 Wolf & Weiner 1972 Music, noise, speech, 
silence 

No Arithmetic Positive 

*P2 previously discussed from Table 1 

 
Three papers have investigated the effect of musical variables on arithmetic 

(Mayfield & Moss, 1989, P15; Wolf, 1983, P16; Wolf & Weiner, 1972, P18). Mayfield 

& Moss (1989; P15) administered the most complex arithmetic task of these studies. 

Participants had 50 minutes to look up, record, and calculate percent changes in stock 

market prices in conditions with fast or slow music, and silence. Performance was higher 

in the fast tempo music condition, against the slow, for both correct copying of stock 

price numbers and calculation of change (no statistically significant differences were 

found between music conditions and silence). While performance was higher in the fast 

tempo condition, reports on perception of distraction were also highest. Though it was 

not empirically measured, the authors state that participants in the fast music condition 

also appeared to work faster and finish sooner than in the other conditions. This is 

possible, as coordination between muscle movements and music tempo have been 

evidenced in driving simulators (Konz & McDougal, 1968), computer games (Levy, 

Solomon, Gandy, & Catrambone, 2015), and athletic activities (Karageorghis et al., 2009; 

Karageorghis et al., 2010).  



 

Running Head: ACT AND MUSIC PSYCHOLOGY 60 

Transposing numbers from a stock price booklet to a blank grid and then mentally 

calculating the percent difference is a complex task placing demands on working memory 

(e.g. information storage, manipulation, retrieval of learned calculations) and attentional 

resource allocation (Geary & Widaman, 1987; Menon, 2010). While the cognitive 

processes involved may be numerous, perhaps the task itself was not complex enough 

itself for music to produce a negative effect on it. In fact, music listening appeared to 

have aided the accuracy and speed of the task. Because university students were used as 

participants in this study, they may have been adept and familiar with completing similar 

kinds of operations for homework and classwork. The fast tempo music may have raised 

levels of arousal to an optimal level without exceeding that threshold to produce feelings 

of anxiety. 

As will be discussed in studies regarding factory work, some have speculated that 

music can improve performance by reducing feelings of tension and boredom on 

repetitive tasks (W. Smith, 1961). Fifty minutes of transposing and calculating stock 

prices may have been repetitive and simple enough that arousal benefitted performance of 

the task, and never compromised it through reductions on processing efficiency. A 

simple, repetitive vigilance task examining the effects of familiar, unfamiliar, and no 

music conditions found that listening to familiar music increased both heart rate and 

detection accuracy (Fontaine & Schwalm, 1979; P17). This supports a hypothesis that 

moderately arousing music (e.g. familiar and expected) can raise arousal levels to an 

optimal threshold for performance in monotonous tasks.  

Wolf & Weiner (1972; P18) also found a positive effect on an arithmetic task 

where participants completed as many simple math problems as they could in music, 
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noise, speech, and silence conditions. A higher proportion of correctly answered 

problems were produced in the music condition over noise (no other differences between 

the conditions were found). Wolf (1983; P16) tested arithmetic performance in varying 

volume levels and did not find differences between silence, soft, medium, and loud music 

(though the highest volume was reported as most distracting by participants).  

Furnham, Trew & Sneade (1999; P2) found a marginal positive effect of 

instrumental listening on a verbal logic task (adapted from the Law School Admission 

Test (LSAT)). This coincides with other findings that instrumental music can produce 

slight improvements on verbal tasks requiring logic and coding by moderately raising 

arousal levels that aid, in turn, can help focus attention (Furnham et al., 1999; Sogin, 

1988). 

5.6 Other ecologically relevant activities 

 Throughout the history of music psychology research, criticisms have been made 

for the artificial and contrived conditions in which music listening is studied. The genesis 

of interest in music’s effects on cognitive performance was spurred by a want to improve 

work performance and reduce turnover in factory environments. Research suggests that 

music can relieve boredom and tension from repetitive work by acting as a pleasant 

distractor (W. Smith, 1961). Tensions may arise in workplaces between managers and 

workers as media devices and music services become more ubiquitous and affordable. 

With an emphasis on how music can improve work performance and experience, 

criticisms enter that the carefully controlled experimental environments of a research 

study are not likely to produce the ecologically valid results the field initially desired. 
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 On the other hand, “in the wild” in situ studies are less controlled and this limits 

the kinds of conclusions that can be drawn from their results. However, these kinds of 

studies more naturally reproduce the ways that people desire to work with music and 

represent more complex environments in which to study music listening effects. A 

number of studies have examined how workers in factories and office environments 

perform and experience work with music listening (see Table 5). 

Table 5: Summary of chosen music psychology papers with ecologically relevant tasks to music listening in 

daily work 

# Author(s) Year Manipulated 
variable(s) 

Level of 
extraversion 
considered? 

Work type Dependent 
variables 

Overall 
results 

P19 Lesiuk 2005 Presence of 
music 

No Software 
design 

Affect, 
perception of 

design 

Positive 
effect 

P20 Lesiuk 2000 Presence of 
music 

No Computer 
programming 

Anxiety 
levels, syntax 

and logic 
achievement 

Positive 
anxiolytic 

effect 

P21 Oldham et 
al.  

1995 Presence of 
music 

No Office work 
(e.g. 

accounting, 
invoice 

processing) 

Performance, 
turnover, 

satisfaction, 
mood 

Positive 
effect 

P22 Fox & 
Embrey 

1972 Timing of 
music 

presentation, 
silence 

No Factory defect 
detection 

Efficiency, 
error detection 

Positive 
effect 

 

5.6.1 Anxiolytic effects of music listening on work 
 
 Information systems professionals experience some of the highest levels of job 

stress of any profession (Fujigaki & Mori, 1997) and programmers experiencing stress 

make more mistakes than those under less stressful conditions (Furuyama, Arai, & Iio, 

1996). Many individuals use personal music players while working to experience the 

anxiolytic (or anxiety reducing) effects that music can exert on mood and affect (Davis & 

Thaut, 1989; Thaut & Davis, 1993). Music is thought to improve mood, performance, and 
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concentration by allowing one to modify their own arousal state (through less or more 

arousing music) and also block other distracting environmental stimuli. This effect is an 

interesting one to interpret through the hypotheses and predictions of ACT.  

 ACT suggests a positive-control model, where levels of arousal either increase or 

remain stable based the perception of the distractor and resulting developments of 

anxiety. The definition of anxiety (one’s inability to execute a strategy to halt or 

ameliorate the distracting conditions) suggests that one could exert control over the 

situation by masking the distraction with one’s own preferred stimuli. For example, in an 

open-office floor plan with variable distracting auditory stimuli, a worker could lower 

their levels of arousal and anxiety by listening to familiar music of their preference that 

blocks out all other noise. Even if the music itself is stimulating, it is still under the 

control of the listener. The perception and exertion of control could produce positive 

effects on feelings of anxiety and subsequently benefit the performance of cognitive tasks 

to be completed. 

 In traditional cognitive assessments within the music psychology literature, 

explanations for cognitive performance effects within the arousal-mood hypothesis stop 

at the assumption that music raises levels of arousal and mood. In workplace music 

psychology studies, researchers continue this explanation into an assumption that music 

can raise feelings of positive affect that influence overall cognitive performance. 

Enhanced positive mood is hypothesized to change the organization of cognitive material 

and heighten creative thought (Ashby & Isen, 1999; Estrada, Isen, & Young, 1997; Isen, 

Daubman, & Nowicki, 1987). Thompson et al. (2001) concluded that music that increases 

positive affect may result in moderate gains in cognitive performance.  
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Indeed, the anxiolytic effects of music have been demonstrated in participants 

before a stressful public speaking engagement where they were able to reduce subjective 

and physiological measures of stress by listening to music during preparation (Knight & 

Rickard, 2001). The anxiolytic effects of music listening have also been demonstrated in 

the high-stress jobs of computer and software programming. Computer programmers 

experienced reduced state anxiety when they were allowed to listen to music either before 

or during a programming task. These music-listening workers also received higher 

evaluations of their code quality by experts (Lesiuk, 2000; P20). In a study of software 

designers, listening to music while working boosted feelings of positive affect and 

perceptions of work quality, though time on task was highest in conditions where 

programmers could not listen to music (Lesiuk, 2005; P19).  

The power of music to increase overall job and organization satisfaction, mood, 

productivity, and intentions to quit was demonstrated by Oldham, et al. (1995; P21) in 

workers either permitted or not to listen to music during office work. Fox and Embrey 

(1972; P22) found that music listening during repetitive and monotonous industrial work 

increased defect detections, particularly when music was played just before engagement 

with the task. A number of studies over the past century have revealed moderate general 

performance and satisfaction improvements for office and factory workers listening to 

music during work (K. Jones, 2005; H. C. Smith, 1947; Sundstrom & Sundstrom, 1986; 

Wyatt & Langdon, 1937). 

Introverts and high-anxious persons more often use music, or the lack of it, as a 

palliative anxiolytic to regulate levels of arousal and anxiety (Cassidy & MacDonald, 

2007). The different personality types have also been found to describe music during task 
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completion in very different ways. Extraverts described background music during a video 

game as “exciting” and “aiding focus on the game”, whereas introverts described the 

same music as a “distraction away from the stress of being in a study” (Levy et al., 2015). 

This is an interesting perception difference of the same environment. While music 

focused extravert attention onto the game, the same music focused introvert attention 

away from the perceived stress of the evaluative study environment. 

5.6.2 The power to choose 
 

What appears to be paramount in workplace music psychology studies, and what 

is likely a significant factor in traditional cognitive assessment laboratory studies, is that 

the power for an individual to choose and control their auditory environment greatly 

influences their mood, satisfaction, and often subsequent performance in their work 

(Lesiuk, 2008; Oldham et al., 1995). The ability to control what is heard and when likely 

is a great influence driving the anxiolytic effects of music listening. The greatest 

anxiolytic effects may be produced when an individual can choose the songs, volume, 

and timing of their music listening based on their own preference. Subsequently, benefits 

on cognitive functioning may be experienced. 

 There are three theoretical perspectives for how music listening can decrease 

anxiety in individuals experiencing anxiety. The first, mood state, has traditionally 

described how music can affect the arousal levels of a listener to generate a positive 

(pleasant) or negative (unpleasant) affect state that impacts how a worker responds to and 

performs on work (George, 1989). Burke, Brief, George, Roberson, and Webster (1989) 

proposed a more precise definition by expanding this into a four-factor model of 

activation in addition to arousal. Relaxation is coded as low activation, anxiety as high 
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activation, enthusiasm as positive arousal, and fatigue as negative arousal. Incorporated 

with the Yerkes-Dodson arousal-performance relationship and within the ACT 

framework, the following relationship may be construed (see Figure 5).  

 

Figure 5: The four-factor model of affect and arousal situated against the Yerkes-Dodson relationship 

between arousal and performance for a complex cognitive task. 

 

The second perspective, environmental interference, describes that music 

listening during work reduces distractions and interruptions by either physically masking 

external sounds (Lipman, 1993) or dissuading interpersonal interactions because the 

listener is perceived as unavailable (Huber, 1984). When workplace distractions are 

reduced, overall performance and satisfaction in workers is increased (Loewen & 

Suedfeld, 1992; Oldham, 1988; Oldham & Rotchford, 1983). While some have argued 

that music listening in the workplace is a distraction in itself, music appears to be at the 

least less distracting than environmental disruptions (J. Fox, 1971).  
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Finally, the music control perspective describes how performance and satisfaction 

can be augmented through agency of one’s own auditory environment. Augmentations on 

these factors have been produced by worker agency over other environmental factors, 

like lighting (Lee & Brand, 2005). Oldham et al. (1995) tested these theoretical 

perspectives against music with work and found that the relationship between personal 

media players and organizational satisfaction was best explained by the environmental 

interference perspective, while mood state of relaxation best explained enhancements of 

productivity. 

 Indeed, there appears a link between the properties of music that workers most 

value (preference for calming music; Stratton & Zalanowski, 1984) and the behavior that 

workers utilize to experience the anxiolytic effects of music in a distracting workplace. 

Music that is familiar and under the control of the listener is most effective for improving 

mood, performance, and organization satisfaction (Lesiuk, 2005). 

5.7 Comparison of results  

 In the music psychology literature, there has always been debate on whether 

concurrent music listening with cognitive tasks produces negative, neutral, or positive 

effects on cognitive performance. From the 22 papers discussed here in detail, there is a 

nearly even split between studies producing a negative effect (10 papers) and a positive 

one (10 papers), with just two resulting in no effects on cognitive performance (see Table 

6). Dividing these papers into laboratory-controlled and in situ studies reveals a starker 

contrast with no extant published workplace music psychology studies showing negative 

or no effects on their measures of generalized work performance and experience. 
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Table 6: Summary of discussed published papers on the effects of music listening on cognitive performance 
in experimentally controlled and workplace studies 
 

Task Type Main cognitive 
processes 

# studies: 
negative 

effect 

# studies:  
no effect 

# studies: 
positive 
effect 

TOTAL 
represented 

papers 
Reading 
comprehension 

Shifting, inhibition, 
working memory, 
attentional control 

3 2 2 7 

Short-term 
memory 

Working memory 
capacity 

5 0 0 5 

Stroop Inhibition 2 0 0 2 
Arithmetic Working memory 0 0 2 2 
Logic  Working memory 0 0 1 1 
Vigilance Attentional control 0 0 1 1 
Workplace Inhibition, attentional 

control, working 
memory 

0 0 4 4 

TOTALS - 10 2 10 22 
 

In fact, this disparity between controlled and in situ studies is one of the greatest 

sources of confusion in consolidating results across the domain. The desire to use music 

as a palliative prescriptive to influence work and satisfaction drives researchers and 

employers to place more emphasis on the results of the more applied workplace studies. 

However, carefully controlled laboratory studies have more power in explaining the 

cognitive performance effects incurred through task concurrent music listening.  

Reading comprehension performance is the most divided of the discussed tasks. 

Two studies produced positive effects on reading comprehension and their shared 

commonality was manipulations that likely produced low to moderate levels of 

autonomic arousal. Kiger (1989; P4) reasoned that the low information load music he 

utilized in his reading comprehension study sufficiently raised arousal levels to suit 

optimal cognitive performance, without raising arousal enough to produce the diminished 

effects on performance evidenced by high information load music. Hilliard & Tolin 

(1979; P6) found that participants who had been acclimatized to a piece of music that 
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was later heard during a reading comprehension task experienced higher performance 

scores than their counterparts who read while listening to unfamiliar music. Results such 

as these are persuasive and suggest that music that produces low levels of arousal may 

result in gains on cognitive performance. 

Repetitive, familiar, or trained tasks (e.g. arithmetic, vigilance) also appear to be 

aided by music listening. Possibly here, too, aural stimuli augment cognitive performance 

through heightened arousal but do not complicate performance of learned or monotonous 

tasks. Meanwhile, the other commonly used assessments of short-term memory and 

Stroop were uniformly negatively impacted by music. An explanation may be attempted 

that the combination of time pressure and music listening while performing a short-term 

memory task could increase arousal levels into experiences of anxiety. The hypothesis 

that inhibiting one stimulus (aural distraction) results in enhanced inhibition of other 

responses (within a Stroop task) was not supported. These results, too, may be interpreted 

through a new proposed model for the role of distraction in generating anxiety that 

impacts cognitive performance. 

6 Discussion and evaluation of ACT’s power to clarify results 
 

Viewing the music psychology literature from the perspective of ACT provides a 

number of advantages to better explain the results of this field. ACT describes a clear 

mechanism by which anxiety impacts attentional control and processing efficiency of 

inhibition and shifting executive functions, which may lead to performance effectiveness 

deficits on cognitive tasks. Applied to the music psychology domain, ACT augments the 

arousal-mood hypothesis with its explanation for the influence of anxiety, as well as the 



 

Running Head: ACT AND MUSIC PSYCHOLOGY 70 

cognitive capacity hypothesis by detailing the aspects of cognition that are impacted and 

how.  

ACT would predict that a complex task necessitating high levels of attentional 

control, shifting, and inhibition would be most impacted by an anxiety producing 

distractor. In high-anxious individuals, the magnitude of this effect would be amplified. 

Indeed in the discussed music psychology papers that consider level of extraversion, 

introverts were found to suffer more pronounced performance effectiveness decrements 

as compared to introverts. This would be attributed to a greater vulnerability in exceeding 

their comparatively lower basal cortical arousal thresholds. However, increased arousal 

and even low levels of anxiety per the Yerkes-Dodson relationship are assumed to 

produce increases on cognitive performance both in the music psychology domain and in 

other literatures (e.g., Davenport, 1974; Pallak et al., 1975). Low to moderate levels of 

arousal may be what drove the positive cognitive performance effects for familiar and 

low information load music in reading comprehension tasks. However, exceeding 

preferred arousal levels may enter the listener into feelings of anxiety that then decrease 

cognitive performance, perhaps explaining the performance results for short-term 

memory and Stroop assessments. 

Within this model describing anxiety as a determining factor on cognitive 

performance response, an assumption could be made that agency to regulate one’s own 

internal arousal and anxiety levels through music listening is also a crucial factor 

impacting cognitive performance. In the majority of laboratory studies within the music 

psychology literature, participants are not able to choose the music selection, volume, or 

control its presentation (e.g. stop or start play within the task). In the rare laboratory study 
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that approached allowing participant control (e.g. utilizing familiar music selections), a 

beneficial effect on cognitive performance was produced (Fontaine & Schwalm, 1979; 

P17). The use, or lack, of agency in laboratory studies is contrasted with workplace 

music psychology studies where selection, volume, and presentation is almost always 

under the control of the human listener and produces positive effects on generalized work 

performance.  

Possibly, the ability or inability to exert agency over one’s auditory environment 

is a significant factor in the production of heightened arousal and the likelihood of 

anxiety generation. This could explain the overall performance disparities between 

workplace and laboratory controlled studies, in addition to the more frequent negative 

outcomes in laboratory studies. 

7 Proposed, integrated ACT and music psychology model 

 This paper proposes a model integrating ACT, theories of personality, and the 

music psychology literature to better define the effects of music listening on cognitive 

performance. This model proposes that arousal level and, primarily, anxiety affect 

attentional control and executive functioning in specific ways that lead to impacts on 

cognitive performance. This new framework within the music psychology literature 

clarifies the critical factor (anxiety) that impacts specific functions of cognition 

(inhibition and shifting) through a declared mechanism (reduced processing efficiency 

and attentional control), which can result in performance effectiveness deficits. 

Personality theory, specifically level of extraversion, provides detail on how human 
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listener characteristics can determine the magnitude and direction of the cognitive effect 

exerted by music listening (see Figure 6).  

 
Figure 6: Proposed model integrating ACT and personality theory within the music psychology literature to 

explain the mechanism by which music listening impacts cognitive performance. 

 

 This model helps clarify results within the music psychology literature for how 

anxiety produced by a distractor can impact the most commonly utilized cognitive 

assessments of reading comprehension, short-term memory, and Stroop. Performance on 

complex tasks is highly vulnerable to the disruption of attentional control and executive 

functions by anxiety. However, positive performance may be experienced when low 

levels of arousal are produced and the perception of the distractor influence is low. Level 

of extraversion and neuroticism-associated variables are significant influencers of 

distractor perception and the resulting impacts of anxiety on cognitive processing 

efficiency and performance. Personality factors appear particularly important within this 

literature’s use of short-term memory and Stroop tasks, as introverts reported more 

negative internal experiences of working on the task with music, as compared to 

extraverts. 
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Finally, for ecologically relevant and “real world” activities found in the 

workplace, the overall positive cognitive performance outcomes may be explained by 

diminished effects of anxiety on practiced tasks in environments where the listener can 

control their auditory experience. This literature has established that high-anxious people, 

like introverts, are more unlikely to benefit on cognitive performance from an 

environmental stimulus, like music listening. However, anxiolytic effects of music may 

be produced if the listener is able to choose the environment, presentation, and selection 

of music at will. In this instance, introverts may experience positive outcomes on 

performance, particularly in workplaces where tasks are practiced and routine. 

8 Conclusions 
 

Viewing this literature through an integrated ACT and personality theory model 

allows for specific predictions to be made on cognitive performance outcomes when the 

characteristics and arousal potential of the distractor, listener personality, task difficulty 

and associated cognitive requirements are known. ACT and its hypotheses provide a 

number of advantages over the current methods of interpreting results in this field. 

Primarily, in identifying the anxiety producing capabilities of the distractor, the 

interpretations of and responses to anxiety within the listener, and the specific impacts of 

anxiety on cognitive functioning. An integration of ACT and personality theory, along 

with the currently used arousal-mood and cognitive capacity hypotheses provide for a 

new explicative model to understand and predict the effects of music listening on 

cognitive performance. 
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9 Recommendations for future work 
 

The treatment of music as a distractor capable of producing anxiety in a listener is 

a basic element of this model. With anxiety as a culprit that negatively affects cognitive 

performance, the recommendation is made for future music psychology studies to 

incorporate measures of arousal, anxiety, and resulting impacts specifically on processing 

efficiency. These measures would be particularly important in instances where no 

performance effectiveness differences are witnessed between different groups. 

Additionally, these measurements would add to a level of understanding for how people 

experience music while working and how music can be used as a palliative prescriptive in 

certain cases. A greater emphasis on aspects of the human listener (such as personality, 

preference, and internal experience) could improve our understanding for how and when 

music listening during work can aid or hurt cognitive performance and experience in 

future workplaces. 
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Summary of all 22 discussed papers. 
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Level of 

extraversion 
considered? 

Overall results 
on performance 

Type of test 

P1 Furnham & 
Strbac 
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Yes Negative effect Reading 
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P2 Furnham, 
Trew, 
Sneade 

1999 Vocal, 
instrumental 

Yes No effect Reading 
comprehension, logic 

P3 Furnham & 
Allass 

1999 Presence, silence Yes Negative effect Reading 
comprehension, 
short-term memory 

P4 Kiger 1989 Information load No Positive effect Reading 
comprehension 

P5 Daoussis & 
McKelvie 

1986 Presence, silence Yes Negative effect Reading 
comprehension 

P6 Hilliard & 
Tolin 

1979 Familiarity No Positive effect Reading 
comprehension 

P7 Freeburne & 
Fleischer 

1952 Genre No No effect Reading 
comprehension 

P8 Iwanaga & 
Ito 

2002 Music, noise, 
silence 

No Negative effect Short-term memory 

P9 Salamé & 
Baddeley 

1990 Vocals, 
instrumental 

No Negative effect Short-term memory 

P10 Belsham & 
Harman 

1977 Vocals, 
instrumental 

No Negative effect Short-term memory 

P11 Cassidy & 
McDonald 

2007 Arousal potential Yes Negative effect Stroop 

P12 Parente 1979 Genre preference, 
silence 

No Negative effect Stroop 

P13 Houston 1969 Noise, silence No Positive effect Stroop 
P14 Houston & 

Jones 
1967 Noise, silence No Positive effect Stroop 

P15 Mayfield & 
Moss 

1989 Tempo (fast and 
slow), silence 

No Positive effect Arithmetic 

P16 Wolf  1983 Volume No No effect Arithmetic 
P17 Fontaine & 

Schwalm 
1979 Familiar, 

unfamiliar music, 
silence 

No Positive effect Vigilance 

P18 Wolf & 
Weiner 

1972 Music, noise, 
speech, silence 

No Positive effect Arithmetic 

P19 Lesiuk 2005 Presence of music No Positive effect Software design 
P20 Lesiuk 2000 Presence of music No Positive effect Computer 

programming 
P21 Oldham et 

al.  
1995 Presence of music No Positive effect Office work 

P22 Fox & 
Embrey 

1972 Timing of music 
presentation, 
silence 

No Positive effect Factory defect 
detection 


