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The Affective and Cognitive Impacts of Music Listening
on Prolonged Cognitive Work: Insights From Everyday
Life Habits and Ego Depletion

Yiting Cheah

Listening to background music (BgM) while performing cognitive works (e.g., studying
or working) is a prevalent habit among many, and its impact has gained at least a century
of empirical interest. However, research in this area has been marked by inconsistent meth-
ods and inconclusive findings. For my doctoral research, I conducted a series of research
studies to provide clarity to this area. My research commenced with a systematic review
that synthesised results from 95 empirical articles on the impact of BgM on cognitive per-
formance. Then, I conducted an online survey coupled with an experience sampling research
study on university students’ real-life music listening habits while studying. Finally, based
on the collective findings of these two research, I conducted an experiment that examined the
cognitive as well as affective impacts of BgM. This included examining (on top of cognitive
performance) mood states and level of ego depletion (mental fatigue) during a prolonged
study session. Collectively, my results showed that despite the frequent empirical focus on
BgM’s direct impact on cognitive performance, the findings derived from previous research
may be less applicable to longer sessions of cognitive work, such as studying for long hours.
Long-hour studying (or other types of cognitive works) can be a progressively exhaustive
process, in which one’s motivation and capacity to maintain consistent focus and task en-
gagement may ultimately determine their cognitive performance quality. In that interest,
affect regulation, which includes maintaining a positive mood and mitigating ego deple-
tion, potentially takes priority before good-quality cognitive performance is even possible.
Indeed, results from my experiment showed that in a prolonged study session, those who
studied without BgM demonstrated poorer cognitive performance as well as deteriorated
mood and greater depletion at the end of the session; whilst those who studied with (instru-
mental) BgM demonstrated better cognitive performance and no changes to positive mood
and ego depletion. The results confirmed that affect regulation affords an overall better
task endurance during a prolonged session of cognitive engagement, and this, in turn, facili-
tates better cognitive performance. These results urged the reconceptualisation of empirical
studies that were strongly focused on the cognitive impact of BgM listening by highlighting
the critical influence of task duration, mood states and ego depletion on this behavioural
equation. Ultimately, these findings will enable the devising of more effective music listen-
ing strategies that optimise performances in various contexts of prolonged cognitive work,
ranging from studying and office work to long-distance driving and even prolonged high-level
cognitive performance in surgical rooms.
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Imagine students amidst the exam season, committing their days and full attention to
revisions; or an employee with a long, busy day in front of the computer. These activities
tend to span long hours and often involve high-level cognitive functioning such as strategic
planning, critical thinking, logical reasoning, decision-making, and conflict resolution, to
name a few. Prolonged focus and engagement with these activities require effort as well as
continuous discipline and motivation, all of which can be increasingly difficult to sustain over
time. This is all the more apparent if one does not enjoy the work and/or does not find it
meaningful, and would much rather engage with other more enjoyable and relaxing activities,
such as watching television, spending time with friends and family, engaging with other
hobbies, or sleeping. Prolonged cognitive engagement can also lead to increasing strain and
fatigue, ultimately triggering negative feelings such as boredom, frustration, irritation and/or
demotivation, and in its extremities, impaired cognitive performance. However, cognitive
engagement of this nature is very common. In fact, it is often unavoidable in our everyday
lives, especially among working adults and students. So, when the work must go on, how does
one cope? People have varying ways to uphold their focus and performance during prolonged
cognitive engagement, and ways of recovery when moods and/or performance deteriorate.
Some rely on caffeine and food, for instance, drinking coffee or snacking on something sweet,
which are respectively, effective ways to mitigate fatigue and replenish bodily energy. Some
may seek to achieve the same goals by taking a short nap, a short walk, or perhaps a simple
and quick exercise routine, all of which can effectively increase alertness and wakefulness.
Others, turn to music.

With the growth in the accessibility, exposure and consumption of music in everyday
life, people engage with music listening in a wide variety of situations and contexts (Bull,
2006; North et al., 2004). On most occasions, people listen to music when they are engaging
in other tasks such as when studying, working, exercising, doing housework, shopping, or

travelling, among many others; whereby the key reasons for listening to music on these
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occasions are fighting boredom, passing the time, general entertainment, or out of habit
(Greasley & Lamont, 2011; Juslin et al., 2008; Lonsdale & North, 2011; North et al., 2004;
Randall & Rickard, 2016; Rentfrow, 2012; Sloboda et al., 2001; Stratton & Zalanowski,
2003)*.

Among these activities, some of the most common ones involve works that require in-
tensive cognitive functioning. For instance, Calderwood et al. (2014) conducted a study to
understand what other activities students normally engage with while studying and found
that, in a 3-hour study session, students spent more than one-third of the time (73 min-
utes) listening to music. Similarly, a survey conducted among 295 office employees in the
UK showed that employees reported spending an average of 36% of their working week lis-
tening to music (Haake, 2011). In fact, listening to music often makes it to the list of tips
and hacks towards achieving better work productivity and cognitive performance (D’Angelo,
2022; Robinson, 2020; Spherion Staffing & Recruiting, 2022). The pervasiveness of the habit
implies that listening to music must be beneficial in some ways, towards performance qual-
ity and/or one’s psychological state during cognitive engagement. Notably, the relationship
between music listening and cognitive performance has received a century-long recognition,
with one of the earliest research studies conducted in the 1920s—Gatewood (1921); but
interestingly, when students and employees were asked about their reasons for listening to
music while working/studying and the perceived impact music has on them, the answers
were often mood-related (e.g., to improve mood, to help relaxation, to alleviate boredom)
rather than to enhance cognitive performance or work quality (Haake, 2011; Kotsopoulou &
Hallam, 2010). Still, other research also showed that improving work efficiency was one of
the key reasons for music listening (Kononova & Yuan, 2017).

Even though listening to music during cognitive work is so common in everyday life,

!Focused music listening on the other hand, occurred less than 5% of the times (Greasley & Lamont,
2011; Juslin et al., 2008; Randall & Rickard, 2016; Sloboda et al., 2001).
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most of us will probably be familiar with this topic and this field of research through the
(anecdotally dubbed) Mozart effect—the belief that Mozart’s (and specifically Mozart’s)
music make people smarter. The impact of this message was so strong that in 1998 in
the United States, inspired by a book (D. G. Campbell, 1997) and newspaper articles that
presented research findings related to the potential (short-term) benefits of Mozart’s music
(specifically, Mozart’s piano sonata K.448) on spatial-temporal skills, Georgia governor Zell
Miller proposed to appropriate $105,000 out of the state budget to make tape cassettes or
compact discs of classical music available for all newborn infants in Georgia. Miller’s belief
towards the Mozart effect was mirrored in his words: “[njJo one questions that listening
to music at a very early age affects the spatial, temporal reasoning that underlies math
and engineering and even chess” (Spigel, 1998). Ultimately, Sony Corporation offered to
distribute the recordings for free to all hospitals in the state. So, along with the typical
provision of diapers and essential supplies by the hospital, families with newborn infants
received an additional recording of classical music. Incidentally, though, Miller did not
directly consult the researchers whose research he based his decision on (Spigel, 1998), of
which if he did, they would have pointed out the misconception and exaggeration of the
impact of Mozart’s (or any classical) music. As we will see next, we now have a very
different understanding of what the Mozart effect is (or is not). Nonetheless, an important
aspect of its popularity is that it spiked the interest of scholars to re-investigate, replicate,
as well as extend the scope of this type of research. At present, this scope of research can be
divided into two main strands: the impact of listening to music before cognitive work, and

while engaging with cognitive work.
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1.1 Music Before Task: Cognitive Performance After
Listening to Music

In the 1990s, Frances Rauscher and colleagues conducted a series of experiments assessing
the impact of music listening on spatial-temporal skills (Rauscher et al., 1993, 1995)—a set
of skills that allows to mentally manipulate objects in time and space to solve multi-step
problems (American Psychological Association, n.d.). They intended to provide an empiri-
cal demonstration of the trion model of higher cognitive functioning (Leng & Shaw, 1991),
which predicts that listening to structured and organised music containing symmetrical mu-
sical motives (like Mozart’s K.448) stimulates cortical firing patterns in the brain that are
similar to those involved in spatial-temporal reasoning tasks. In this context, the musically
induced cortical stimulation acts as a primer that could facilitate performance in subsequent
spatial-temporal tasks?. In their experiments, Rauscher and colleagues asked a group of
college students to listen to 10 minutes of Mozart’s Sonata for Two Pianos (K. 448), and
immediately after, to complete a set of standardised spatial-temporal reasoning tasks (paper
folding and cutting test from the Stanford Binet’s Intelligence Scale; Thorndike et al., 1986).
The same procedure was repeated twice with the same group of students, but Mozart’s mu-
sic was replaced by 10 minutes of listening to relaxation instructions or sitting in silence.
Results showed a small but significant improvement in spatial-temporal task performance
after listening to Mozart’s sonata compared to the other two conditions (which did not differ
from each other). They also noted that the enhancing effect of music was short-lived, lasting

for a period of 10 to 15 minutes post-listening.

2Note that the authors also hypothesised that other types of stimulation, such as dance, can have the
same impact.
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1.1.1 Mozart Effect?

These research studies have attracted considerable media attention, and rapidly, the idea
that listening to classical music (particularly Mozart’s) can make people smarter was widely
endorsed by the popular science press. Even though Rauscher and colleagues cautioned that
the implications of their findings have been exaggerated by the general public (Rauscher,
2002; Shaw, 2004), the “Mozart effect” was born. The Mozart effect also captured the
attention of the scientific community and motivated a series of replications, extensions,
classifications and generalisations of these findings. Here, the picture was less parsimonious,
with various successes in replicating the results of the original research study (Jausovec et
al., 2006; Rideout et al., 1998; Rideout & Taylor, 1997; A. Smith et al., 2010; Taylor & Rowe,
2012) as well as many failures (Lin & Hsieh, 2011; McKelvie & Low, 2002; Steele, Brown, &
Stoecker, 1999; Steele, Bass, & Crook, 1999).

Given the variety of findings and the methodological differences among research studies,
Chabris (1999) published the first meta-analysis on the Mozart effect. It included 16 pub-
lished articles® (714 participants in total) that compared performance on a cognitive test
(that measured abstract reasoning and spatial-temporal ability) after listening to Mozart,
to relaxation instructions, or after sitting in silence. Results showed no difference in per-
formance between after listening to Mozart and after sitting in silence, but performance
was significantly higher after listening to Mozart than to relaxation instructions. Chabris
argued that the results could be attributed to two main factors—(1) a slight ‘enjoyment
arousal’ after music listening; and (2) impaired performance due to a decrease in arousal
after listening to relaxation instructions. He also suggested that the small but positive ef-
fect of ‘enjoyment arousal’ is due to the shared function of the right cerebral hemisphere

in cognitive arousal and three-dimensional mental rotation tasks. Because of this, music-

3Chabris (1999) reported assessing 16 articles, but Hetland (2000) later counted only 15 articles in
Chabris’s analysis.
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induced enjoyment arousal was able to pre-activate the right cerebral hemisphere, thereby
facilitating performance on the subsequent spatial-temporal task (but see Rauscher (1999)
for counter-argument). Shortly after, Hetland (2000) published a meta-analysis examining
36 research studies (with a total of 2,449 participants) that evaluated the impact of music
listening on visuospatial abilities. Unlike Chabris (1999), to avoid publication bias, Hetland
(2000) included also unpublished studies as well as all types of control conditions (not just
silence and relaxation), which allowed to compare the effects of a wider range of music and
non-music stimuli than just among Mozart’s K.448, silence and relaxation. He concluded
that there is a moderate but robust effect of listening to some types of music before con-
ducting a specific type of spatial task (mentally rotating objects without a physical model
present). Very importantly, he also concluded that the enhancing effect is not limited to
Mozart’s music. Some kinds of music—which were narrowed down by Hetland (2000) as
possibly being music that is either complex, has a symmetrical structure, has specific rhyth-
mic structures, or those that the listener enjoys—seem to also have positive impacts. More
recently, Pietschnig et al. (2010) conducted another meta-analysis of 39 studies (comprising
more than 3,000 participants) that contrasted listening to Mozart’s K. 448 with sitting in
silence or listening to other non-musical stimuli (e.g., short story, relaxation instructions).
The authors found a small to moderate effect size (d = 0.37) showing that music listening
(composed by Mozart or not) enhanced cognitive performance when compared to silence or
a non-musical stimulus.

In sum, the conclusions of these 3 meta-analyses support the idea that listening to some
types of music can enhance performance in different cognitive tests, but the label “Mozart ef-
fect” is certainly a misnomer. The observed temporary cognitive enhancement after listening
to Mozart’s K.448 was also evident for other pieces of music. Furthermore, the impact also
generalises to other cognitive abilities and not just spatial-temporal reasoning. Nonetheless,

these meta-analysis findings only demonstrated ‘the which’ (e.g., the types of music that can
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enhance spatial performance, the types of cognitive performance music impacts), but not
‘the why’ nor ‘the how’ (i.e., whether the impact occurred through cortical priming, increas-
ing arousal/mood, or other routes) of the phenomenon. So, if it is not Mozart’s music, how

can we explain the temporary enhancing impacts of music on cognitive abilities?

1.1.2 Arousal and Mood

Some researchers have proposed that the so-called Mozart effect is an emotional /mood
impact, whereby listening to pleasurable, liked music induces a positive mood and/or elevates
arousal in such a way that facilitates cognitive performance (Husain et al., 2002; Schellenberg
et al., 2007; Thompson et al., 2001). This concept is not uncommon in the field of cognitive
psychology. Changes in emotional states have been shown to impact changes in attentional
breadth (Easterbrook, 1959; Harmon-Jones et al., 2011), memory (Hills et al., 2011; Rusting
& DeHart, 2000), and judgement, reasoning and decision making (Angie et al., 2011; Sokol-
Hessner et al., 2013; Stephens & Groeger, 2011). For example, induced anger triggers poorer
decision-making and reckless driving (Stephens & Groeger, 2011), and both positive and
negative mood states can facilitate acuity in attention if and when motivational intensity
is also high (Harmon-Jones et al., 2011). In the field of music psychology, this ‘mood im-
pact’ speculation—known as the arousal-and-mood (A&M) hypothesis—was first suggested
by Nantais and Schellenberg (1999) in a study that recreated Rauscher et al. (1993) but
included two more conditions (in addition to sitting in silence)—listening to 10 minutes of
Schubert’s Fantasia for Piano, Four Hands, in F Minor (D490), and listening to a narration
of a Stephen King horror story (“The Last Rung on the Ladder”). The results obtained were
compelling—spatial-temporal task performances in both the Mozart and Schubert conditions
were significantly better than in the silent condition. There were no differences between the

two music conditions, so both Mozart’s’ and Schubert’s pieces had the same effect. When the
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group that listened to Mozart’s K. 448 was compared to the group that listened to the story,
results showed no difference in spatial-temporal performance between the two groups, but in
fact, students performed better after having listened to their preferred stimulus—those who
preferred the Stephen King story over Mozart performed significantly better in the spatial-
temporal task after they listened to the story (and vice-versa). This means that there was
a music effect for those who preferred the music, but a Stephen King effect for participants
who preferred the story?. Since direct measures of mood and arousal were not carried out in
their study, the impact of heightened mood and arousal on enhanced cognitive performance
was at this point, mere speculation by Nantais and Schellenberg (1999), and a “preference
factor” was presented as the more adequate description of the phenomenon. That being said,
through the proposal of the A&M hypothesis, Nantais and Schellenberg (1999) provided a
preliminary insight towards the potential underlying mechanisms behind previously discov-
ered music-induced cognitive enhancement, and supported further follow-up studies to test
this hypothesis.

Using the same experimental design, Thompson et al. (2001) asked participants to com-
plete a paper folding and cutting task after listening to Mozart’s K. 448 first movement (fast
tempo, major key, happy-sounding), Albinoni’s Adagio in G minor (slow tempo, minor key,
sad-sounding) or sitting in silence (control). They also measured enjoyment, arousal, and
mood. Results showed that participants performed better on the spatial abilities test after
listening to Mozart’s “happy-sounding” sonata than after waiting in silence for 10 minutes.
When exposed to the “sad-sounding” Albinoni Adagio, no effects were found. They also
reported that musical excerpts induced different levels of arousal and mood—participants
in the Mozart condition reported higher levels of positive mood and arousal, and lower lev-

els of negative mood compared to those who listened to Albinoni. They also noted that

4In another research study, Schellenberg and Hallam (2005) also reported a Blur effect (from the English
rock band “Blur”) on the spatial abilities of 10- and 11-year-old children.
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statistically eliminating the effect of enjoyment and arousal levels on cognitive performance
nullified the music effect. This indicates that the “Mozart effect”, or more accurately, the
A&M hypothesis, can be explained by music-induced changes to participants’ mood and
arousal levels. In the same line, Husain et al. (2002) conducted an experiment in which the
tempo and mode of Mozart’s K. 448 were manipulated to create four versions of the same
piece—fast /major, slow/major, fast/minor, or slow/minor—and examined their effects on
spatial ability, arousal, and mood. Results showed a superior performance on the spatial
task after listening to the versions with a fast tempo and in major mode. More specifically,
tempo changes impacted arousal, and mode manipulations impacted mood. Once more, the
findings are consistent with the idea that changes in arousal and mood mediate cognitive
performance, an impact that was applicable across different age groups (Eskine et al., 2018;
He et al., 2017; Schellenberg & Hallam, 2005; Schellenberg et al., 2007).

There are two important aspects to highlight about the A&M hypothesis. Firstly, the
hypothesis postulates, quite generally, that one’s emotional state can influence subsequent
cognitive task performance. Therefore, this impact is neither exclusive to music nor it is
confined to spatial abilities, i.e., in theory, any kind of stimuli that induces the ideal arousal
level and mood state will enhance cognitive performance. An excellent example of this is the
second study in Schellenberg et al. (2007) that examined the creative abilities of 5-year-old
Japanese children in different conditions. In their research study, children were first asked
to make a drawing of anything they liked. Then, they were divided into groups and each
child made another drawing either after listening to Mozart (K. 448), Albinoni’s Adagio,
children’s songs, or singing children’s songs. They hypothesised that singing or listening
to familiar songs will improve children’s creativity because those are potentially the types
of music stimuli that would optimise the enjoyment and arousal level for this age group.
In line with their predictions, Schellenberg and colleagues showed that those children who

listened to or sang familiar songs spent more time drawing compared to children in the
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Mozart or Albinoni conditions. Moreover, the drawings of the children who listened to or
sang familiar songs were rated by adults as more creative, energetic, and technically capable
(i.e., better quality). In sum, engaging with familiar songs effectively enhanced creativity in
young children.

Secondly, the impacts of arousal and mood although often overlap, sometimes facilitate
cognitive performance in different ways. Consider the research study by Nantais and Schel-
lenberg (1999). Both Mozart’s K. 448 and the Stephen King story facilitated subsequent
cognitive performance, depending on participants’ preferences towards the respective stim-
uli. However, Mozart’s K. 448 can be characterised as rather pleasant music, whereas the
Stephen King story was a horror story. It is reasonable to suggest that the valence of emo-
tions induced by the two stimuli would be very different, with Mozart’s music being more
positively valenced and the opposite for the story narration. However, both positive and
negative valence moods could equally induce arousal and thus, logic dictates that arousal
might play a more dominant role in facilitating cognitive performance than mood. Indeed,
several research studies have found a significant impact of arousal on cognitive performance,
but no impact of mood on cognitive performance. In the study of Thompson et al. (2001),
music’s positive impact on cognitive performance remained when mood valence was statis-
tically controlled for, but the impact was no longer reliable when arousal level was under
statistical control.

Also, to test the A&M hypothesis, He et al. (2017) assessed the creativity of 584 school
children after listening to either positive valence music (Mozart’s K. 448), negative valence
music (Albinoni’s Adagio), or sitting in silence, while also measuring valence and arousal
using the Affect Grid adapted from Russell et al. (1989). Effectively, He et al. (2017) found
a significant mediating impact of arousal between music and creative performance, but not
valence. These findings thus challenge the theoretical foundations of the A&M hypothesis

that a positive affective state of enjoyment facilitates cognitive performance. In contrast, He
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et al. (2017), and perhaps indirectly in Nantais and Schellenberg (1999), showed that both

positive and negative moods can facilitate cognitive performance if they also elevate arousal.

1.2 Music During Task: Cognitive Performance While
Listening to Music

Whereas the impact of listening to music before engaging in cognitive work has been a
very popular area of research, other academics have been more interested in the impact of
music listening while performing cognitive work. This is not surprising given that listening
to music while doing other things is a very common phenomenon (e.g., driving, shopping,
exercising). Furthermore, the cognitive underpinnings of music listening in this context are
also more complicated than listening to music before task. The human cognitive capacity
is limited—the brain can only attend to and process a limited amount of information at
one time (M. E. Eysenck & Keane, 2020). It is therefore plausible to question whether
(and the extent to which) listening to music while also performing cognitive work can hin-
der performance in any way. Nonetheless, music listening also helps sustain attention and
prevent mind-wandering in low-demanding cognitive tasks (Kiss & Linnell, 2020) and can
improve performance through mitigating task-related cognitive interference (e.g., inhibiting
instinctive responses in a colour Stroop task; Masataka & Perlovsky, 2013). Therefore, in the
context of music listening while performing cognitive work, the question and the challenge
lie in examining whether, to what extent, in what circumstances, and how, music listening
would impact cognitive performance.

Whereas much of the existent research has focused on consumer behaviours (due to
the common use of music in commercial settings), recently, there has been an increasing

focus on the impact of music listening while performing cognitive work, due to its potential
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interference with a variety of cognitive processes required in this activity, as well as the
ubiquity of this habit—such as the ample time spent on music listening while studying
(Calderwood et al., 2014) and working (Haake, 2011) as described earlier. Moreover, even if
an individual may decide to play music (or not) in the background based on their perception
of how much it distracts them (Kotsopoulou & Hallam, 2010), they cannot always predict
its impacts on the quality of their cognitive work (Alley & Greene, 2008).

One of the most consistent sets of findings on the impact of background music (BgM) on
cognitive performance pertains to reading comprehension, a pervasive cognitive task in most
cognitive activities (especially for students when they are studying). Indeed, many research
studies have found that BgM with lyrics impairs reading comprehension when compared to
silence (Avila et al., 2012; Chou, 2010; Christopher & Shelton, 2017; Perham & Currie, 2014)
or instrumental music (T. Liu et al., 2017; Martin et al., 1988). This impairment can be
explained by the fact that both reading and processing the lyrical component in the music (a
process that cannot be avoided unless one turns off the music or closes their ears) require lin-
guistic processing. Therefore, performing both tasks together will result in them competing
for the same (limited) cognitive resources, and ultimately, impairing performance in one or
both tasks (Baddeley, 2010). Nonetheless, even without lyrics, researchers have also found
that fast and loud—and therefore hard to ignore—BgM also impairs reading comprehension
when compared to silence (Thompson et al., 2012). In this case, BgM may likely interfere
directly with reading by overloading working memory (Baddeley, 2010), particularly if the
reading task is difficult. In this frame of reference, it is important to mention the role of the
listening context. Unlike Thompson et al. (2012), Kallinen (2002) showed that university
students read faster and remembered more content when listening to fast-tempo classical
music in a cafeteria (compared to slower music or no music at all). This research study
showed that listening to BgM in noisy environments, despite the music being fast and loud

(thus potentially distracting), may still facilitate reading comprehension, because music can
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mask the even stronger distractions caused by (unpredictable) background noises such as
the chatters of people inside a cafeteria (see also Glass et al., 1971, 1969). In sum, on top
of the direct impact of BgM on cognitive performance, the listening context also contributes
to determining the music’s role as being the source of distraction or the one that prevents
distraction.

Unlike reading comprehension, research findings on the impact of BgM on other cognitive
tasks (e.g., writing, memorising, mathematics, arithmetic) are less consistent. Indeed, BgM
has been found to have beneficial (Crust et al., 2004; Mammarella et al., 2007; Miller &
Schyb, 1989; Proverbio & De Benedetto, 2018), detrimental (Alley & Greene, 2008; Avila et
al., 2012; Deng & Wu, 2020; T. Liu et al., 2017; Perham & Currie, 2014; Perham & Vizard,
2011; Xiao et al., 2020), or no impact (Burkhard et al., 2018; Ferreri et al., 2015; Kou et al.,
2018; B. Liu et al., 2012; Reynolds et al., 2014) on a range of cognitive tasks. Nonetheless,
recent research started to explore these inconsistencies, and it seems clear now that to
understand the impacts of BgM on cognitive performance, it is fundamental to consider
the interplay among the characteristics of the music listened to (e.g., presence of lyrics,
emotional character), the type and complexity of the cognitive tasks being performed (e.g.,
reading, mathematics, taking notes) as well as the contributions of listeners’ characteristics
(e.g., personality traits, working memory capacity).

An excellent example is the research study by Gonzalez and Aiello (2019), who conducted
a comprehensive examination of the interactions among music complexity, task complexity,
and individual differences in cognitive performance. The authors hypothesised that BgM
with different characteristics (in this case, complexity and volume) would facilitate perfor-
mance in simple tasks but impair performance in complex tasks. Furthermore, they hypoth-

esised that individual preference for external stimulation (PES®; a dimension of boredom

SPreference for external stimulation (PES) is a trait that depicts people’s tendency towards attending
to environmental stimulation (Vodanovich et al., 2005). People with high PES have a higher propensity to
attend to stimulating elements from their environment and thus are more easily distracted.

14



Background Music, Cognitive Performance and Ego Depletion

proneness) would moderate these impacts. To test their hypotheses, they asked 150 under-
graduate students to complete simple (finding words with As in them) and complex (word
pair association) cognitive tasks either in silence or with BgM of varying complexities (less
or more instrumental layering) and volume (soft or loud). Their results are interesting: BgM
(regardless of its complexity or volume) hindered complex task performance (compared to no
music), and complex BgM facilitated simple task performance. Additionally, PES was also
found to moderate these impacts of BgM. Specifically, in the presence of BgM (regardless of
complexity or volume), higher PES was associated with poorer complex task performance;
but when in silence, higher PES was associated with better complex task performance.

Collectively, these findings are consistent with the concept of the cognitive capacity model
(Kahneman, 1973). According to this model, listening to music while performing cognitive
tasks means that brain resources are divided between tasks. As a result, it can impair per-
formance on the primary task given that the human cognitive capacity is limited (Baddeley,
2012; Kahneman, 1973). In other words, the performance of multiple tasks simultaneously
would over-consume available cognitive resources and increase the risk of performance impair-
ment. However, when cognitive tasks are too simple and no external stimulation is present
to fill up the free cognitive space, we might be prone to mind-wandering, which could also
impair performance (Beanland et al., 2011). Therefore arguably, the optimal balance is to
have simple tasks accompanied by complex BgM, and for complex tasks accompanied by
either simple BgM or silence. It should be noted nonetheless, that whether a task appears
‘simple’” or ‘complex’, and correspondingly how the task performance is impacted by BgM,
are also subject to individual differences. For example, Christopher and Shelton (2017) ob-
served that individuals with higher working memory capacity demonstrated the same level
of cognitive performance when performing with either BgM or silence, but individuals with
lower working memory capacity performed poorer with BgM compared to in silence.

Concerning individual differences, many research studies also demonstrated the influence
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of personality traits in determining BgM’s impact on cognitive performance. Specifically,
their findings showed that in the presence of BgM, extraverts tend to perform better than
introverts in a variety of tasks including reading (Furnham & Bradley, 1997; Furnham & Str-
bac, 2002), delayed recall (Furnham & Allass, 1999; Furnham & Bradley, 1997), immediate
recall (Furnham & Allass, 1999), abstract reasoning (Dobbs et al., 2011), verbal reasoning
(Dobbs et al., 2011), observation tests (Furnham & Allass, 1999), cognitive inhibition (Cas-
sidy & MacDonald, 2007) and attention tasks (Deng & Wu, 2020). These findings can be
explained in light of Eysenck’s theory of personality (H. J. Eysenck, 1963), which posits that
extraverts have lower at-rest cortical arousal and hence could benefit from external stimu-
lation (such as BgM). Conversely, introverts have higher at-rest cortical arousal and hence,
are more easily stimulated, and would face performance deterioration when in the presence

of arousing external stimulation.

1.3 About This Thesis

Performing cognitive work (e.g., studying or working) with music in the background is
a very common habit, and will continue to proliferate given the increasing number of stu-
dents (Van Essen-Fishman, 2023) as well as remote/hybrid working and studying patterns
(especially during and after the COVID-19 pandemic; Mutebi & Hobbs, 2022; Office for
National Statistics, 2020; The Home Office Life, 2023; Wong, 2020). If listening to BgM
during cognitive work can markedly impact (positively or negatively) the quality of cogni-
tive performance, it stands to reason that we need to develop a good understanding of their
relationships in order to utilise the habit strategically and effectively to benefit (rather than
hinder) immediate and long-term goals. Unfortunately, current knowledge does not provide
a clear perspective on the circumstances when BgM can facilitate or hinder performance.

Therefore, the overarching aim of my thesis is to develop a better and more comprehen-
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sive understanding of music listening during cognitive work, an area of research marked by
inconsistent findings for decades.

My doctoral research encompasses three interconnected research studies, each building
on the insights uncovered by its predecessor, to gain realistic insights into the relationships
between BgM and cognitive task performance. Given the vast and inconsistent findings in
the field, my research commenced with an updated and comprehensive systematic review
of available evidence on the topic (Chapter 2). Following that, I questioned and sought to
determine whether (and the extent to which) these research findings are generalisable to
people’s actual music listening habits in real life, which led to an examination of students’
real-life study habits with music (Chapter 3). The collective findings from these two research
studies informed a new perspective on the true functions of music listening during real-world
contexts of cognitive work, as well as its impact on cognitive performance. This inspired me to
reconceptualise the relationship between BgM listening and cognitive performance, resulting
in a series of newly formed hypotheses. As the final project of my doctoral research, I designed
a behavioural experiment to test these hypotheses. My thesis is organised as follows.

In the next chapter (Chapter 2), I detail the start of my research endeavour in investi-
gating the impact of BgM listening on cognitive performance. This was achieved through
a systematic review of the topic. Here, I gathered all relevant published research articles,
synthesised their findings, and outlined the evidence that current research in the area can in-
form about the cognitive impact of BgM. Overall, the findings demonstrate the multifaceted
impact of BgM on cognitive performance, whereby BgM (especially those with lyrics) im-
pairs performance in reading, serial memory (memorising a list of items in a designated
order), and complex cognitive tasks. Instrumental BgM on the other hand, is generally less
harmful to cognitive performance than BgM with lyrics, whilst also benefiting tasks that in-
volve memorising word-pairs. However, regardless of the type of cognitive tasks, introverts’

cognitive performance is generally more likely to be negatively impacted by BgM compared
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to extraverts.

In Chapter 3, I present a two-part research encompassing an online survey and a mo-
bile experience sampling research study that examined university students’ real-life music
listening habits while studying. The purpose of this research study was to explore whether
(and the extent to which) previous laboratory-based research findings (i.e., the findings from
Chapter 2) are generalisable to (or mirrored in) people’s real-life habits. Therefore, in this
research, I gathered personal reports from university students about their reasons for lis-
tening to music while studying, their perceived impact of music, the types of music they
typically listen to while studying, the types of study tasks they typically accompany with
music, as well as their self-reported levels of arousal and mood valence during their study
sessions with music. I also investigated whether one’s propensity to listen to music while
studying can be predicted by specific individual traits such as age, level of music training,
and /or specific personality traits, to name a few.

The results showed that students were generally aware of how BgM could impact their
cognitive performance. This can be exemplified through their music selection, in particular,
their higher likelihood of listening to music with acoustic features that previous research has
shown as being more conducive for cognitive work (i.e., instrumental music). Nonetheless,
they also reported often engaging in cognitive tasks that previous empirical research has
shown BgM can impair. Interestingly, this habit appears to be students’ way of regulating
mood and boredom to promote longer concentration during long sessions (e.g., at least
30 minutes) of complex study tasks. This inspired my speculation that during long (and
complex) study sessions, BgM’s possible disruption to cognitive performance may be less
relevant to study outcomes compared to its indirect benefit to concentration through the
regulations of negative affective states associated with complex and prolonged cognitive
engagement. In Chapter 4, I tested this speculation.

Chapter 4 presents the final experiment of my doctoral research. Here, I examined the
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impact of BgM on cognitive task performance while taking into account the potential impact
of BgM on regulating mood changes and feelings of fatigue during a prolonged session of
complex cognitive work, and how these regulations (if present) influence overall performance
quality. Overall, the results confirmed my speculation of affective states being key drivers of
cognitive performance, especially during a prolonged session of cognitive work.

Finally, in Chapter 5, I present the collective contributions of all three research projects

in my thesis, as well as my suggestions for future research.
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As indicated in the previous chapter, examining the impact of background music (BgM)
on cognitive performance is complicated due to potential variations in how different music,
tasks, and population characteristics might ultimately contribute to the impact. To gain a
more comprehensive overview of existing findings, researchers have conducted one notable
systematic review (De La Mora Velasco & Hirumi, 2020) and two meta-analyses (Kampfe et
al., 2010; Vasilev et al., 2018)* of research studies published in this area. Nonetheless, there

are some inconsistencies among their reports:

1. Kéampfe et al. (2010) concluded that BgM hinders performance on memory-related

tasks and reading comprehension.

2. Vasilev et al. (2018) concluded that BgM hinders reading comprehension, that BgM
with lyrics (L-BgM) is more detrimental than instrumental BgM (I-BgM) for reading

comprehension, and that BgM also hinders reading speed (i.e., slows down reading).

3. De La Mora Velasco and Hirumi (2020) did not find any definitive impacts of BgM on

cognitive performance.

Arguably, the different conclusions reached by these reviews are the result of method-
ological differences and limitations. For instance, the inclusion/exclusion criteria (and the
resulting list of included articles) are quite diverse across these reviews, which naturally
has a direct implication on the findings. One of these criteria is the targeted population:
Kéampfe et al. (2010) reviewed only research studies of adult participants, whereas Vasilev
et al. (2018) and De La Mora Velasco and Hirumi (2020) reviewed research studies of both
adults and children (whose cognitive control capacity are different from adults; Cowan et

al. (2006). Another criterion concerns the types of outcome measures that were assessed:

De La Mora Velasco and Hirumi (2020) and Kémpfe et al. (2010) also looked into other types of be-
havioural outcomes (e.g., eating, driving, multimedia learning, emotional responses, motor behaviours), but
the current assessment addresses only cognitive tasks in the forms of mental works that are typically practised
in the context of a regular desk job or studying (see eligibility criteria in the Methods section).
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De La Mora Velasco and Hirumi (2020) only vaguely described the eligibility criteria for
their outcome measures—“an explicit learning outcome”; whereas Kampfe et al. (2010) did
not outline the inclusion/exclusion criteria for the types of outcome measures that they
assessed. Another methodological difference among these reviews concerns the publication
timeline (and correspondingly the sample sizes of the reviews). Kampfe et al. (2010) included
all articles published before the year 2008, and Vasilev et al. (2018) included all articles pub-
lished before 2017 (the starting year was not mentioned in both reviews). However, De La
Mora Velasco and Hirumi (2020) only reviewed articles published between 2008 and 2018.
As a result of this, De La Mora Velasco and Hirumi (2020) sampled only 30 articles, whereas
Kémpfe et al. (2010) and Vasilev et al. (2018) managed to sample 97 and 65 articles respec-
tively. Given that the findings in De La Mora Velasco and Hirumi (2020) differ from the
other two, the ten-year coverage in their systematic review may not be sufficient to obtain
a sizable and representable sample of research studies that allow detection of a true impact.
The last methodological difference identified is the differing analytical approach. Unlike the
other two meta-analyses, De La Mora Velasco and Hirumi (2020) performed vote counting
based on the statistical significance reported in their sample of research articles. However,
they did not conduct any inferential analysis (e.g., binomial test, sign test, etc.) and there-
fore, the results are merely descriptive. This largely reduces the review’s power in identifying
meaningful outcomes (Chaimani et al., 2021; Deeks et al., 2021), which again, could conceal
any potential true impacts of BgM.

Aside from the methodological differences between previous attempts to synthesise evi-
dence on the impact of BgM on cognitive performance, another relevant aspect is the fact
that none of the three reviews conducted a quality assessment (i.e., methodological quality,
reporting quality) on their sampled articles. This is also an important limitation because
quality assessments enable both reviewers and readers alike to balance a review’s findings

against the methodological qualities of the articles that contributed to the findings, which
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then helps them to better appraise the overall quality of the evidence from the review (Wells
& Littell, 2009). This is particularly important to an area of research marked by both in-
consistent findings, and a lack of standard procedures that encompass the heterogeneity of
variables and situational factors that can interfere with the findings.

Finally, as discussed in the previous chapter, there is also a general lack of consideration
of the multiplicative interactions among tasks (e.g., the difficulty of the task, cognitive
domain), music (e.g., presence of lyrics, arousal level, etc.) and population characteristics
(e.g., personality traits, music education, etc.), all of which are crucial contributors to how

BgM would impact cognitive performance.

2.1 Revisiting Current Evidence

Due to conflicting evidence from previous research studies and the limitation of previous
attempts to synthesise them, I proposed to revisit existing evidence from a different per-
spective. Through a systematic review of all the research studies published so far on this
topic, the current goals are to quantitatively evaluate the impact of BgM on cognitive task
performance separately for different cognitive domains and tasks, as well as take into account
the contributions of different music and population characteristics. The research questions

were as follows:

Research Question 1: How does BgM impact performance in different types of cognitive
domains and tasks?

Research Question 2: Are there any music characteristics (e.g., presence of lyrics, vol-
ume, tempo, genre, tonality, etc.) that contribute to the impact of BgM on cognitive task
performance?

Research Question 3: Are there any population characteristics (e.g., personality traits,
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musical background, gender, etc.) that contribute to the impact of BgM on cognitive task

performance for specific listeners?

2.2 Methods

2.2.1 Protocol and Registration

The protocol of the review is registered on PROSPERO (Cheah et al., 2020). The review
was conducted based on the Preferred Reporting Items for Systematic Review and Meta-
Analysis Statement (PRISMA; Page et al., 2021). The PRISMA 2020 Checklist is presented

in Appendix A.

2.2.2 Eligibility Criteria
Research studies were included if they met the following criteria:

1. primary research written in English and published in an academic journal between 1st

January 1960 and 2nd July 2020;
2. the sample population consisted of individuals aged 16 years or older?;

3. at least one of the interventions consisted of performing a cognitive task while listening

to BgM;

4. at least one of the outcomes was a quantitative measure of performance in a cognitive

task that is typically required in office desk jobs or studying;

2The 16-year-old threshold was determined based on current findings that around age 16, brain develop-
ment stabilises and cognitive capacity reaches adult level (Icenogle et al., 2019; Luciana et al., 2005; Steinberg
et al., 2009).
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5. the study had a control condition that was either silence, no music or containing natural
sounds that were expected to occur in the environment in which the research study was

conducted (e.g., café noises, office noises, etc.);

Research studies were excluded if they contained the following criteria:

1. the sample consisted of a special population with particular cognitive or health diversities
that would systematically impact cognitive performance (e.g., people with dementia,

Parkinson’s, Autism Spectrum Disorder, any form of learning disabilities, etc.);

2. music was not listened to concurrently with another cognitive task (e.g., music was

listened to before the cognitive task, music-making, etc.);
3. the study did not contain an adequate control group (see inclusion criteria above);

4. the outcome measure consisted of a cognitive performance that was not typical of a

regular desk job or studying, which included:

e motor behaviours (e.g., driving, exercising, surgical procedures, etc.);
e moral reasoning/solving moral dilemma;

e communication/social /interpersonal skills (e.g., attention to the body language of oth-
ers, interpreting the facial expression of others, interpersonal/group bonding or con-

trolling agitated behaviours, etc.);
e musical tasks (e.g., pitch identification, tempo recognition, etc);

e sensorimotor adaptations/skills (e.g., pain tolerance, odour discrimination, time per-

ception, etc.);
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e other types of activities that relied on cognitive skills but were not typical of a regular
desk job or studying (e.g., gambling, remembering film scenes/events, remembering ad-
vertisements, autobiographical memory, purchasing behaviours, affective impressions,
sleep quality, psychological wellbeing, eating behaviours, and alcohol consumption,

etc.).

Information Sources and Search Strategy

Given the diverse terminology used in research studies that examined music listening and
cognitive performance, a multi-step procedure was devised to optimise the search strategy.
First, a preliminary (manual) search was conducted to gather a list of relevant articles to serve
as a gold standard for the searches and help optimise the search strategy. The articles were
sourced from the reference lists of two relevant articles (Kdmpfe et al., 2010; Schellenberg
& Weiss, 2013), as well as from a blind search through Google Scholar (using the keywords
“background music” and “cognitive performance”)3. In this process, 67 relevant articles (see
Appendix B, Table B.1) were identified. This list was then used as the gold standard to
evaluate different search strategies and identify the optimal one, i.e., the one that yielded
the highest number of pre-selected articles and the lowest number of total hits (i.e., the total
number of sources retrieved by each search strategy).

The searches were conducted on five electronic databases: PubMed, PsycINFO, Scopus,
Web of Science and Google Scholar (the first 500 search results). The optimal search strategy
identified via the method described above was “music AND cogniti* OR task” (see also
Appendix B, Table B.2 for the filters applied to the searches in each database), which

yielded 15,407 hits that included 51 of the 67 articles from the list of pre-selected articles.

3Note that the relevance of these articles was screened from their titles and abstracts based only on the
pre-identified inclusion criteria for the intervention (i.e., BgM) and outcome (i.e., cognitive tasks typical of
a regular desk job of studying). Therefore, this reference list can contain articles that did not meet all the
inclusion criteria or the review (e.g., lack of a control group).
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After removing 6,568 duplicates, 16 pre-selected articles that were not retrieved by the search
strategy were added to the pool of articles, together with 12 more relevant articles identified
in another review that was published in the meantime (De La Mora Velasco & Hirumi, 2020).

The final list of articles for the screening process included 8,867 unique sources.
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Figure 2.1
PRISMA 2020 Flow Diagram for Searches of Databases and Other Sources
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2.2.3 Screening Process

The PRISMA 2020 flow diagram (Page et al., 2021) depicting the study selection process
is presented in Figure 2.1. The screening and selection process was conducted and recorded
on the platform Rayyan (Ouzzani et al., 2016) and consisted of two stages: (1) title and ab-
stract screening; and (2) full-text screening. First, the titles and abstracts of 8,867 articles
were reviewed by myself and a team of eight researchers (including one of the authors of the
published article—EC). Each article was screened by at least two researchers, and incon-
sistencies were resolved between myself and EC. At this stage, 185 articles were identified
as relevant and were subsequently retrieved for full-text screening. The full-text screening
was conducted by EC and me, and discrepancies were discussed among ourselves until a
consensus was reached. The final list of sources included in this review consists of 95 arti-
cles (reporting 154 relevant empirical experiments?) that meet all the pre-defined inclusion

criteria in the protocol.

2.2.4 Data Extraction Process

The data were extracted by myself, and double-extraction was performed on 25 articles
(~26%); by a team of four (including another author of the published paper—HKW). All

inconsistencies were resolved by EC. The data extracted included the following information:
1. basic sample characteristics (sample size, age, gender);
2. study design information (repeated measures, between-subjects, mixed);

3. experimental conditions (i.e., the independent variables);

4In this review, the term “experiment” refers to a single empirical experiment reported in an article that
evaluated the impact of BgM on a single cognitive task outcome. For example, an article that measured per-
formance in reading comprehension, abstract reasoning and arithmetic calculations (irrespective of whether
the participants were from the same sample) has three experiments. As some articles contain more than one
experiment, the total number of experiments analysed in this review is larger than the number of included
articles.
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4. characteristics of the music used in each relevant experimental condition (e.g., with

lyrics or instrumental);
5. type(s) of cognitive task(s) (e.g., arithmetic, abstract reasoning, verbal reasoning, etc.);
6. (if available) level of difficulty of the cognitive tasks;

7. (if available) population characteristics (e.g., personality traits, working memory ca-

pacity, level of music education);

8. outcome measures (e.g., mean, median, percentage or total scores) for all BgM and

control conditions (as defined in the inclusion and exclusion criteria).

Data items 1 — 7 can be found in Appendix C. Data item 8 is available as supplemental

material (https://zenodo.org/records/6301061).

2.2.5 Data Classification and Synthesis

Classification

To answer the research questions, the extracted data were further classified by types of
cognitive tasks (and when this information was available, the level of difficulty of the tasks),
BgM characteristics (e.g., music with lyrics, instrumental music, music conveying positive
moods, etc.), and relevant population characteristics (e.g., level of extraversion, participants’
level of music education, etc.).

Concerning the types of cognitive tasks, a two-level taxonomy of cognitive domains and
the corresponding tasks within each domain was created. The first level classifies the outcome
measures reported by each experiment into one of six cognitive domains: (1) memory; (2)
language; (3) thinking, reasoning and problem-solving; (4) inhibition; (5) attention; and (6)

processing speed. Then, within each of these domains, a second, more specific classification
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level was created, indicating the specific type of cognitive task (e.g., the language domain
includes tasks such as reading, writing, language learning, etc.). The two-level taxonomy
is depicted in Figure 2.2 and a detailed description of each cognitive task is included in
Appendix E, Table E.1). Note as well that, for some experiments, outcome measures were
also classified (and the data synthesised) according to their difficulty levels (as reported by

the authors in each experiment).

Figure 2.2
Taxonomy of the Six Cognitive Domains and the Cognitive Tasks Within Each Domain

*Serial recall

*Recognition (V/NV)

*Immediate/delayed free recall (V/NV)
*Immediate/delayed paired-associates learning (V)
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*Reading comprehension
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Concerning the experimental condition, in addition to synthesising and contrasting the
results of the control condition and any BgM interventions irrespective of music characteris-
tics (i.e., only considering the presence or absence of BgM), where possible, the outcomes of
different experiments were also grouped and contrasted based on intervention characteristics
related to certain musical features. In most cases, this meant summarising and contrast-
ing the outcomes of BgM interventions using L-BgM and I-BgM, but also other specific
music characteristics identified, such as tempo, genre, complexity, or emotional character-
istics. Furthermore, given the varied ways in which music’s emotional characteristics were
described across different research studies (e.g., happy, sad, energetic, relaxed, etc.), this
terminology was standardised by mapping discrete emotional terms to their respective quad-
rant in Thayer’s arousal-valence emotion plane (Thayer, 1990). For instance, ‘happy’ music
would constitute ‘high arousal, positive valence’ (HA-P) music, and ‘sad” music would be
‘low arousal, negative valence’ (LA-N). Note that, as a consequence of considering these
music characteristics and conducting multiple comparisons, the results of the same exper-
iments could be used in multiple analyses (e.g., a comparison of BgM vs. Silence might
simultaneously be tested as L-BgM vs. Silence and HA-P vs. Silence). In all these cases,
appropriate procedures were adopted to adjust the significance of statistical tests for multiple
comparisons (details will be described later).

Finally, because some research studies included in this review evaluated the interacting
impacts of various population characteristics and reported outcome measures separately for
each subgroup, these results were also synthesised and analysed separately in this review. In
particular, the mean difference between a BgM and the control condition for each subgroup
(e.g., Introverts: BgM vs. Silence; Extraverts: BgM vs. Silence) was considered, as well
as the mean difference between comparable subgroups for each BgM intervention and the
control condition (e.g., BgM: Introverts vs. Extraverts; Silence: Introverts vs. Extraverts).

In situations in which population characteristic(s) were measured but subgroup outcomes
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were not available, they were not considered in the analysis, and focus was placed only on
the impact of the experimental conditions as a whole.
All the raw data extracted and classified using the strategies described above are available

as online supplemental material on Zenodo (https://zenodo.org/records/6301061).

Synthesis

Due to the heterogeneity of the interventions, outcomes and study designs, and the lack
of necessary data in some articles, meta-analysis cannot be performed. Summarising the
effect estimates or combining the p-values were also not feasible, and narrative synthesis is
undesirable as it can make it difficult to determine the validity of the findings (M. Camp-
bell et al., 2020). As such, the Synthesis Without Meta-analysis (SWiM) reporting method
(M. Campbell et al., 2020; McKenzie & Brennan, 2021) was employed, whereby extracted
data were synthesised using vote counting based (solely) on the direction of impacts (mean
difference between two conditions irrespective of the p-values, effect estimates, and the par-
ticipant sample size). Then, a sign test analysis (a form of binomial test whereby the chances
of an intervention significantly impacting or not impacting an outcome are set to p = 0.5)
was used to determine whether there is any evidence of a specific impact across comparable
research studies (see Bushman & Wang, 2009; McKenzie & Brennan, 2021. It is necessary
to note that data analysis using vote counting is exploratory and comes with its limitations.
Therefore, the results derived from this method will need to be interpreted with some level
of caution. This will be depicted in more detail later in the Limitations section.

To perform vote counting, the mean difference between the measured outcomes for any
two experimental conditions, population characteristics and/or task-related groups (e.g.,
BgM vs. Silence, L-BgM vs. [-BgM, BgM: Introverts vs. Extraverts, BgM: Easy vs. Difficult
Tasks) was first calculated (for each outcome of each experiment). Then, based on the sign

of this difference (i.e., negative or positive), the direction of the impact was determined and
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recorded using a standardised binary metric of 0 (negative) and 1 (positive), where 0/1 means
decreased /increased performance in the target condition (“n/a” was used when the mean
difference was 0). For example, when comparing the impact of BgM (the target) against
silence (the control), i.e., BgM vs. Silence, if the performance on a particular cognitive
task was better in the BgM condition, it was coded as 1; otherwise, it was coded as 0
(if worse) or “n/a” (if there was no difference). When any measured outcome was not
available in numerical form (e.g., exact mean values), the mean difference was determined
based on available graphical data. When this was also not available, the relevant data
was requested from the authors. The directions of impacts that were unidentifiable and
unattainable through any of the above means were recorded as not available (“n/a”).

Once the above process was completed for all experiments and comparisons, the positive
signs (i.e., all 1’s) were added up for all identical comparisons (e.g., all L-BgM vs. Silence
comparisons) for each outcome measure (e.g., reading comprehension task). A two-tailed sign
test was then performed against a significance level of o = .05. To correct for potential false
discovery rate due to multiple testing, the p-values were also adjusted using the Benjamini-
Yekutieli False Discovery Rate (B-Y FDR; Benjamini & Yekutieli, 2001)°. The confidence
intervals (CI) for each intervention impact were calculated using the (SWiM recommended)
Wilson’s CI formula (Brown et al., 2001; McKenzie & Brennan, 2021). Note that, due to
the small number of matched pairs (hereinafter referred to as “tests”) used for some of the
comparisons (e.g. only a sample of 3 tests that compared the impacts of L-BgM vs. Silence
on creative task performance), it would not be possible to reach statistical significance in the
sign test irrespective of the estimated proportion of positive (or negative) impacts. Indeed,

as shown in Table 2.1, the minimum number of tests needed to achieve statistical significance

5The Benjamini-Yekutieli approach was deemed more suitable than the Benjamini-Hochberg approach
(Benjamini & Hochberg, 1995) because the nature of the analyses requires the control of false discovery
rates in multiple testing under dependency (the “testing under dependency” occurred when the same BgM
condition was tested in more than one comparison—e.g., the same L-BgM condition could also be tested
under comparisons for high arousal BgM and positive valence BgM).
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(at p < .05) is six (comparisons with less than six tests will always be inconclusive even if
all tests are positive or negative). Due to this, only samples that have at least nine or more
tests were analysed, which requires less than 10% (or more than 90%) of the tests achieving

positive signs to reach statistical significance.

Table 2.1

A Sampling of the Number of Successes, In Counts (n) and Percentages (%) Required to
Achieve Statistical Significance at p < .05 in a Two-Tailed Sign Test for Test Samples 1 to
20 and 140 to 150

No. Successes (< or >)

No. tests < >
n % n %

1-5 - - - -

6 0 0.00% 6 100.00%
7 0 0.00% 7 100.00%
8 0 0.00% 8 100.00%
9 1 11.11% 8 88.89%
10 1 10.00% 9 90.00%
11 1 9.09% 10 90.91%
12 2 16.67% 10 83.33%
13 2 15.38% 11 84.62%
14 2 14.29% 12 85.71%
15 3 20.00% 12 80.00%
16 3 18.75% 13 81.25%
17 4 23.53% 13 76.47%
18 4 22.22% 14 77.78%
19 4 21.05% 15 78.95%
20 5 25.00% 15 75.00%
140 57 40.71% 83 59.29%
141 58 41.13% 83 58.87%
142 58 40.85% 84 59.15%
143 59 41.26% 84 58.74%
144 59 40.97% 85 59.03%
145 60 41.38% 85 58.62%
146 60 41.10% 86 58.90%
147 61 41.50% 86 58.50%
148 61 41.22% 87 58.78%
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149 62 41.61% 87 58.39%
150 62 41.33% 88 58.67%
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All the analyses were performed using RStudio version 4.1.0 (RStudio Team, 2021).
The sign test analysis was conducted using the function ‘binom.test’ (p = 0.5; alternative
= “two.sided”). Wilson’s CI was computed using the ‘PropCIs’ package (Scherer, 2018),
specifically the ‘scoreci’ function (conf.level = 0.95). Lastly, the BY-FDR adjustment was

implemented using the ‘p.adjust’ function (method = “BY”).

2.2.6 Assessment of Quality

To the best of my knowledge, there is currently no specific tool that evaluates the qual-
ity of research studies measuring cognitive performance in general or the impact of music
interventions on cognition in particular. Therefore, a new tool-—the Music and Cognitive
Performance Appraisal Tool (MCPAT; see Appendix D)—was developed. Following the
general recommendations in Whiting et al. (2017), the MCPAT was adapted from a list
of potential assessment criteria (one that caters for research in music and cognitive perfor-
mance) based on existing risk of bias assessment tools—Cochrane RoB 2.0 (Sterne et al.,
2019), ROBINS-I (Sterne, Hernén, et al., 2016; Sterne, Higgins, et al., 2016), Mixed Meth-
ods Appraisal Tool (MMAT) version 2018 (Hong, Fabregues, et al., 2018; Hong, Pluye, et
al., 2018) and the checklist for reporting music-based interventions (Robb et al., 2011)—and
then refined through a series of selections and consensus meetings among the team (the au-
thors of the corresponding publication of this systematic review; Cheah et al., 2022). With
the first draft of the MCPAT, the tool was piloted using a subset of the articles sampled in
this review, followed by further refinements of the criteria. Any selection conflicts along this
process were supervised by a third person.

As a result, the MCPAT offers a quality assessment reference for five domains (each with
a variety of assessment criteria): (1) experimental design, (2) music selection and character-
istics (i.e., the interventions), (3) cognitive tasks and outcome measures, (4) experimental

procedures, and (5) results and data analysis. Each assessment criterion is equipped with
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a signalling question for reviewers to determine (using the responses “Yes” (Y), “No” (N),
“Can’t tell” (CT) or “Not applicable” (NA)) whether they were fulfilled by the relative ex-
periments. The complete MCPAT can be found in Appendix D, together with the signalling
questions associated with each of the assessment criteria.

The quality assessment of all 95 articles was conducted by myself, and a double-assessment
was performed on 25 (approximately 26%) of the articles by HKW. Any discrepancies were
then resolved by EC. Following this, the total number (and the corresponding percentage)
of experiments that fulfilled each assessment criterion was calculated (i.e., [Y / (Y + N +

CT)] * 100%)°.

2.3 Results

In what follows is a summary of relevant characteristics of the review sample, the quality
assessment of individual experiments, the sign test results for each cognitive domain and task
(according to music-specific characteristics), and the sign test results for specific individual

groups.

2.3.1 Research Studies Characteristics

The research studies included in this review (mostly published after 2010; cf. Figure
2.3) encompassed data from 6,246 participants (females: 2,949; males: 2,009; not reported:
1,288), most of whom were young adults (see Appendix C, column “Age”).

Concerning cognitive tasks, as can be seen in Figure 2.4, a variety of tasks have been
studied, with the most common relating to the memory, language and thinking domains.
The most frequently studied tasks were reading comprehension (n = 21 experiments), math-
ematics/arithmetics tasks (n = 15), and serial recall and non-verbal attention (n = 13 each).

It is interesting to note that (cf. Figure 2.4) only 17 experiments (out of 154) considered the

6Any “NA” responses were discarded from the calculation.
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Figure 2.3
Trend (Number) of Publication of Included Articles
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Note. The number of articles retrieved from the year 2020 were those published from 1st January 2020 to
2nd July 2020. Skipped years in the z-axis indicate no relevant (or eligible) articles published in those
years.

role of task difficulty when investigating the impact of BgM on task performance, and most
of them were related to thinking (n = 7).

Regarding distributions by cognitive task (see Table 2.2), there were very clear differ-
ences in the number of participants tested in different cognitive tasks. Many participants
were tested on reading comprehension (1,544), mathematics/arithmetics (1,391), serial recall
(781), non-verbal reasoning (717) and verbal attention (649), but very few were tested on
tasks such as immediate and delayed free recall of non-verbal materials (68 each), writing
process and quality (73 each), and language learning (32).

Regarding experiments that specifically evaluated the interactions between population
characteristics and BgM (see Table 2.3), the personality trait level of extraversion (i.e.,
introverts, extraverts) was the variable tested in the largest number of experiments (n =

31), followed by gender (n = 15), music training (n = 7) and working memory capacity (n
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= 3). About music characteristics (cf. Table 2.4), by far, the largest sample obtainable was
that of the absence (I-BgM; n = 103) or presence of lyrics (L-BgM; n = 77). Other music
characteristics included arousal and valence (n = 18), genre (n = 13), tempo (n = 8) and
volume (n = 5), the complexity of the music (n = 6) and listeners’ preference for the music

(n = 7), to name a few.

2.3.2 Quality Assessment

Quality assessment was conducted for each empirical study” rather than for each article.
An overview is shown in Table 2.5.

As can be seen, the majority of the research studies (94%) did not report effect sizes,
and only 16% reported exact significance values (i.e., p-values) for all the significant and
non-significant results.

On the other extreme, all research studies included a control group (naturally, as this
was an inclusion criterion in this review), and employed adequate outcome measures to
quantify performance on the various cognitive tasks reported. Additionally, most research
studies contained clear descriptions of the characteristics of their sampled population (92%)
and had a clear rationale for the music selection process (94%) that was aligned with the
hypothesis of the experiment (95%). Generally, there were also clear descriptions regarding
the timing of delivery of the BgM interventions (98%), how the length of the BgM was
accommodated to the length of the cognitive task (6%), clear descriptions of the cognitive
tasks being studied and how they were executed (93%), and clear justifications for the chosen
statistical analyses (85%). Most research studies (86%) also had adequate measures in place

(e.g., random allocation, counterbalancing, etc.) to control for extraneous variables. Of the

"In the context of quality assessment, individual assessments were conducted for each empirical study
(i.e., one with a new sample of participants). Individual research studies are typically reported in the articles
as “experiment 1”7, “experiment 2”, etc., but are re-labelled as “study 1”7, “study 2”7, etc. in Table 2.5 to
avoid confusion with the use of the term “experiment” in the rest of the paper.
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14% that did not perform or report such measures, 67% of them had adequate alternative
measures in place to ensure homogeneity among participants (e.g., measures of working
memory capacity at baseline).

Various other criteria were less consistent (or not clearly described) across research stud-
ies, namely the existence of an independent outcome assessor for outcome measures that
required subjective rating (60%), and the inclusion of sufficient information about the ex-

periments that allowed a full replication (60%).

2.3.3 Impact of BgM on Different Cognitive Domains

The sign test analyses showed significant impacts of BgM (of particular features) on
cognitive performance for two cognitive domains—memory (Table 2.6) and language (Table
2.7). There were also significant impacts associated with task difficulty (Table 2.8). The
full vote counting and sign test analyses for the other cognitive domains are presented in
Appendix E (Table E.2 - Table E.5). Note that, as mentioned before, some tests were not
conducted due to small sample sizes. Therefore, these comparisons were not included in the

tables.

Memory

Out of 152 tests comparing the impact of BgM on memory tasks, the results showed no
evidence that BgM (irrespective of its characteristics) either hindered or benefited perfor-
mance in the memory domain (cf. Table 2.6, Test M1). Nonetheless, performance in L-BgM
was significantly poorer compared to performance in silence (p < .001; cf. Table 2.6, Test
M2) and in I-BgM (p = .009; Table 2.6, Test M4). The performance in I-BgM on the other
hand, did not differ from that in silence.

When looking at individual memory tasks, some task-specific impacts were found. Com-

pared to silence, there was a strong detrimental impact of BgM (p < .001), L-BgM (p = .003)
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and I-BgM (p = .021) on the serial recall task performance (cf. Table 2.6, Tests M13-M15).
There was also a significant detrimental impact of L-BgM (when compared to silence) on
the performance of memory recognition of verbal materials (cf. Table 2.6, Test M25; p =
.011). The only positive impacts found pertained to immediate paired-associates learning of
verbal materials, which indicated a positive impact of I-BgM (compared to silence, cf. Table
2.6, Test M21; p = .003).

No significant results were found for any other types of memory tasks, either because
the sign tests were non-significant (sometimes after corrections for multiple comparisons) or

because the analyses were not conducted due to the low number of available tests.
Language

Out of 106 tests comparing the impact of BgM on all language-related tasks, the results
showed no evidence that BgM either hindered or benefited performance irrespective of task
(cf. Table 2.7, Test L1). Nonetheless, the analyses of individual tasks revealed two significant
impacts. First, BgM (compared to silence) hindered reading comprehension (p = .029; cf.
Table 2.7, Test L7), which seemed to be associated with the detrimental impact of L-BgM
(p = .038; cf. Table 2.7, Test L8). Second, BgM (compared to silence) had slowed down
reading speed (p = .022; cf. Table 2.7, Test L11).

No significant results were found for any other language-related tasks, either because the
sign tests were non-significant or because the analyses were not conducted due to the low

number of available tests.

Task Difficulty

Out of 24 tests that compared the impacts of BgM on tasks varying in difficulty level
(irrespective of the cognitive domain and types of tasks), the results showed no difference in

difficult task performance with or without BgM. This was the same for easy tasks. However,
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a direct comparison of the performance between difficult and easy tasks showed no significant
difference in task performance when in silence; but when in the presence of BgM, performance
in difficult tasks was significantly poorer than performance in the easy tasks (p = .023; cf.
Table 2.8, Test TF5). A similar impact was also found when only I-BgM was tested (p =
.031; cf. Table 2.8, Test TF6). The analysis of L-BgM was not conducted due to the low

number of available tests.

2.3.4 The Contributions of Population Characteristics

Concerning the contributions of population characteristics on the impact of BgM on
cognitive task performance, only the level of extraversion yielded statistically significant
impacts. As can be seen in Table 2.9, compared to silence, introverts’ performance across
all types of cognitive tasks was significantly poorer in the presence of BgM in general (p =
.004; cf. Table 2.9, Test EXT3) and L-BgM in particular (p = .004; cf. Table 2.9, Test
EXT4), whereas the performance of extraverts was not affected by the presence of BgM.
Direct comparisons were also made between the performances of introverts and extraverts
in both the BgM and silent conditions. Interestingly, the results showed that, compared to
extraverts, introverts had a significantly superior performance in the silent condition (p =
.004; cf. Table 2.9, Test EXT7), but this impact disappeared in the presence of BgM (cf.
Table 2.9, Tests EXT3-EXT4).

No significant impacts were found for gender and music training because the sign tests
were non-significant, and an analysis was not conducted for working memory capacity due to
the low number of available tests. The full results of the vote counting and sign test analyses

for these factors are presented in Appendix E (Table E.6 - Table E.7).
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Figure 2.4
Tree-Map of the Number of Experiments Sampled for Each of the Siz Cognitive Domains, Task Difficulty, and the Corresponding
Cognitive Tasks

Codes. Imm.: immediate testing; Del.: delayed testing; PAL: paired-associates learning; V: verbal; NV: non-verbal; Cell inter...: cell interpretation task
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Table 2.2
Population Size For Each Individual Cognitive Task (i.e., Level 2 Classification), Organised
By Their Respective Cognitive Domains, Then By Verbal or Non-Verbal Properties

Cognitive tasks Total population Males Females

Memory-related tasks

(verbal)

Immediate free recall 494 152 342
Delayed free recall 409 106+ 253+
Immediate paired-associates learning 326 81+ 171+
Delayed paired-associates learning 146 26+ 439
Recognition 280 124 156
Serial recall 781 183+ 489+
Working memory 96 29 67

(non-verbal)

Immediate free recall 68 23 45
Delayed free recall 68 23 45
Immediate paired-associates learning 121 49 72

Delayed paired-associates learning - - -

Recognition 144 71 73

Language-related tasks

Language learning 32 12 20

Linguistic 733 223+ 248+

Reading comprehension 1544 409+ 546+

Reading speed 54 21 33

Writing fluency 73 9 64

Writing quality 73 9 64
Thinking

(verbal)

Verbal reasoning 283 180 103
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Table 2.2 (Continued)

Cognitive tasks Total population Males Females
(non-verbal)
Cell interpretation 34 9 25
Mathematics/arithmetics 1391 428+ 441+
Non-verbal reasoning 717 224+ 295+
(others)
Creativity 239 68 171
General IQ test 100 43 57
Attention
Non-verbal 533 198+ 277+
Verbal 649 281+ 349+
Inhibition
Colour Stroop 107 10+ 30+
Go-NoGo 193 98 95
Processing speed
Eye-hand coordination 303 125+ 82+
Task difficulty LYy 187+ 213+

Note. As some studies evaluated multiple types of cognitive tasks (e.g., abstract reasoning, reading
comprehension and mathematics) on the same group of participants, the population and sample size listed
above do not add up to the total population (n = 6246, males = 2009; females = 2949; not reported =

1288) of the review.

Plus signs (+) indicate the presence of missing data on gender distribution.
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Table 2.3
Population and Sample Sizes (Total and By Respective Cognitive Tasks) for Each Subgroup: Personality Traits, Gender, Music
Education, Working Memory Capacity, and Task Difficulty

Subgroup Total population Population size by sub- No. experiments No. experiments for each
groups cognitive task

Extraversion 799 Introverts: 255+ 31 - Reading comprehension=8
Extraverts: 268+ - Math=4

- Non-verbal reasoning=3
- Imm. free recall (NV)=2
- Imm. free recall (V)=2

- Del. free recall (NV)=2
- Language learning=2

- Del. free recall (V)=1

Ly

- Serial recall=1

- Imm. PAL (V)=1

- Imm. PAL (NV)=1

- Verbal reasoning=1

- Non-verbal attention=1
- Colour Stroop=1

- Eye-hand coordination=1
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Table 2.3 (Continued)

Subgroup Total population

Population size by

groups

No. experiments No. experiments for each

cognitive task

Gender 981

Music training 368

Working memory ca- 219

pacity

Males: 374+
Females: 339+

Musicians: 157+
Non-

musicians: 150+

High WMC: 42+
Low WMC: 39+

15 - Math=3
- Non-verbal reasoning=2
- Linguistics=2
- Reading comprehension=2
- Verbal attention=2
- Recognition (V)=1
- Recognition (NV)=1
- Non-verbal attention=1

- Go/No-Go=1

7 - Reading comprehension=3

- Non-verbal attention=2
- Writing quality=1
- Verbal attention=1

3 - Reading comprehension=2

- Math=1

Codes. Imm.: immediate; Del.: delayed; V: verbal; NV: non-verbal; PAL: paired-associates learning
Plus signs (+) indicate the presence of missing data in respect to the respective population distributions.
Population characteristics in relation to gender were extracted only from studies that reported summary statistics in relation to gender.
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Table 2.4
Sample of Fach Type of BgM Condition, Organised By the Respective Cognitive Task

Interventions/ BgM I-BgM L-BgM A&V GEN PREF TEM VOL LAN TONAL COMP FAM INST CONT

Cognitive tasks

Memory-related tasks

(verbal)

Immediate 8 7 3 4 1 - - 1 - - - - - -
free recall

Delayed 5 4 2 2 - - - - - - - - - 1
free recall

Immediate paired 6 5 1 1 - - 1 - 1 - 1 - - -
associates learning

Delayed paired 4 3 1 - - - - - 1 - - - - -
associates learning

Recognition ) 4 2 1 - - - - 1 - - 1 - -
Serial recall 13 10 7 - - 2 - - - - - - - -
Working memory, 1 1 - - - - - - - 1 - - - -
auditory

Working memory, 1 1 - - - - - - - 1 - - - -
visual

(non-verbal)

Immediate 2 - 2 - - - - - - - 1 - - _
free recall

Delayed 2 - 2 - - - - - - - 1 - - -
free recall

Immediate paired 2 2 1 - - - - - - - - - - -

associates learning
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Table 2.4 (Continued)

Interventions/ BgM I-BgM L-BgM A&V GEN PREF TEM VOL LAN TONAL COMP FAM INST CONT
Cognitive tasks
Delayed paired 0 - - - - - - - - - - _ - R
associates learning
Recognition 4 4 1 1 - - - - - - - - - -
Language-related tasks
Language learning 1 - - - - - - - - - - - R
Linguistics 7 5 4 2 1 - - - - - - - - -
Reading 21 12 15 - 3 2 1 1 1 - 1 1 - -
comprehension
Reading speed 1 - - - - - - - - - - - -
Writing fluency 2 1 - - - - - - - - - - -
Writing quality 1 - - - - - - - - - - -
Thinking
(verbal)
Verbal reasoning 3 3 2 - - - - - - - - - - -
(non-verbal)
Cell interpretation 1 - - - - 1 - - - - - - - -
Mathematics/ 15 9 10 1 3 - 2 2 1 - - 1 - -
arithmetics
Non-verbal reasoning 9 ) 7 - 1 - - - - - 1 - - -
(others)
Creativity 4 2 2 - - - - - 2 - - - - _
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Table 2.4 (Continued)

Interventions/ BgM I-BgM L-BgM A&V GEN PREF TEM VOL LAN TONAL COMP FAM INST CONT
Cognitive tasks

IQ tests 2 1 1 - - - - - - - - - - -
Attention

Non-verbal 13 1 2 - 1 - - - - 1 1 -

Verbal 7 1 1 - 1 1 - - 1 - - _
Inhibition

Colour Stroop 1 - 1 - - - 1 - - - _

Go/No-go 3 2 2 - 1 2 - - - - - - -
Processing speed 3 3 2 1 1 - - - - - - - - -
Total experiments 154 103 77 18 13 7 8 5 7 3 6 4 1 1

Codes. L-BgM: background music with lyrics; I-BgM: instrumental background music; A&V: arousal and valence; GEN: genre; PREF:
preference; TEM: tempo; VOL: volume; LANG: language of lyrics; TONAL: tonality /harmonicity; COMP: complexity; FAM: familiarity; INST:
type of musical instrument; CONT: context
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Table 2.5
Quality Assessment Criteria Rating For Fach Individual Experiment

No. Authors (Year) 1.1 1.2 1.3 14 1.5 2.1 2.2 3.1 3.2 3.3 4.1 4.2 4.3 5.1 5.2 5.3 54

1 Alley & Greene (2008) Y Y Y NA NAY Y Y NAY Y Y CTY N N

2 Amezcua, Guevara, & Ramos-Loyo Y Y Y NA NA Y Y Y NAY Y Y Y Y N N
(2005)

3 Angel, Polzella, & Elvers (2010) Y Y CT CT' Y Y Y Y NA'Y CT ¢CT' Y N N N

4  Avyila, Furnham, & McClelland (2011) 'Y Y Y NA NA Y Y CT NAY N CTY Y N N

5 Beauchene, Abaid, Moran, Diana, & Y Y Y NA NA CT CT Y NA Y Y Y Y Y N N
Leonessa (2016)

6  Begum, Uddin, Rithy, Kabir, Tewari, ¥ Y CT CT Y CT CT Y NAY N N Y Y N N
Islam, & Ashraf (2019)

7  Bonin & Smilek (2016) — study 1 Y Y Y NA NAY Y Y NAY N CT CT' Y N N

8  Bonin & Smilek (2016) — study 2 Y Y Y NA NAY Y Y NA Y N CT CT' Y N N

9 Bottiroli, Rosi, Russo, Vecchi, & Cav- Y Y Y NA NA Y Y Y NA Y Y CI'yYy Y N N
allini (2014)

10 Boyle & Coltheart (1996) — study 1 Y Y Y NA NAY Y Y NAY Y Y Y Y N N

11 Boyle & Coltheart (1996) — study 2 Y Y Y NA NAY Y Y NAY Y Y Y Y N N

12 Burkhard, Elmer, Kara, Brauchliy & Y Y Y NA NA Y Y Y NAY Y Y Y Y N N

Jéancke (2018)
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Table 2.5 (Continued)

No. Authors (Year) 1.1 1.2 1.3 14 1.5 2.1 2.2 3.1 3.2 3.3 4.1 4.2 4.3 5.1 5.2 5.3 54
13 Burton (1986) Y Y ¢CT' N Y Y Y N Y NAN N N Y Y N N
14 Cassidy & MacDonald (2007) Y Y Y NANAY Y Y Y NAY Y Y Y Y CT N
15 Cauchard, Cane, & Weger (2012) Y Y Y NANAY Y Y Y NAY Y Y Y Y N N
16 Chew, Yu, Chua, & Gan (2016) Y Y ¢cr ¢cry Y Y Y Y NAY Y Y Y N N N
17 Cho (2015) Y Y N N CTY Y Y Y CcIry Cr CcT N Y Y N
18 Chou (2010) Y Y Y NANAY Y Y Y NAY CT CTY Y Y N
19 Christopher & Shelton (2017) Y Y Y NANAY Y CTY NAY N CTY Y Y Y
20 Cockerton, Moore, & Norman (1997) Y Y Y NA NA Y Y N Y NA CT CT CT CT Y N N
21 Crawford & Strapp (1994) Y Y Y NANAY Y Y Y NAY CT CT CT' Y N N
22 Crust, Clough, & Robertson (2004) Y Y Y NANAY Y Y Y NAY Y Y Y Y N N
23 Daoussis & McKelvie (1986) Y Y T N Y Y Y Y Y NAY CT CTY Y N N
24 Darrow, Johnson, Agnew, Fuller, & Y Y Y NA NA Y Y Y Y NA Y CT CT'Y Y N N
Uchisaka (2006)
25 Davenport (1972) CT'Y Y NANAY Y Y Y NAY CT CTY Y N N
26 De Groot & Smedinga (2014) Y Y Y NANAY Y Y Y NAY Y Y Y Y N N
27 De Groot (2006) Y Y CT''Y NAY Y Y Y NAY Y Y Y Y N Y
28 Deng & Wu (2020) Y Y Y NANAY Y Y Y NAY Y CTY Y N N
29 Doyle & Furnham (2012) Y Y Y NANAY Y Y Y NAY Y CTY Y N N
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Table 2.5 (Continued)

No. Authors (Year) 1.1 1.2 1.3 1.4 1.5 2.1 2.2 3.1 3.2 3.3 41 4.2 43 5.1 5.2 5.3 54

30 Echaide, Del Rio, & Pacios (2019) - Y Y Y NA NA Y Y Y Y NAY Y Y Y Y N N
study 1

31 Echaide, Del Rio, & Pacios (2019) - Y Y Y NA NA Y Y Y Y NAY Y Y Y Y N N
study 2

32 Evered, Watt, & Perham (2017) Y Y Y NANAY Y Y Y NAY Y Y Y Y N N

33 Feizpour, Parkington, & Mansouri ' Y Y Y NA NA Y Y Y Y NA Y Y Y Y Y N N
(2020)

34 Fernandez, Trost, & Vuilleumier (2019) ' Y Y Y NA NA Y Y Y Y NA Y Y Y Y N

35 Ferreri, Bigand, Bard, & Bugaiska Y Y Y NA NA Y Y Y Y NAY Y Y Y Y N N
(2015)

36 Ferreri, Aucouturier, Muthalib, Bi- Y Y Y NA NA Y Y Y Y NAY Y Y Y Y N N
gand, & Bugaiska (2013)

37 Ferreri, Bigand, Perrey, Muthalib, ¥ Y Y NA NA Y Y Y Y NA Y Y Y Y Y Y N
Bard, & Bugaiska (2014)

38 Fontaine & Schwalm (1979) CT Y Y NANAY Y Y Y NAY N CTY N N N

39 Furnham & Allass (1999) Y Y Y NANAY Y Y Y NAY Y Y Y Y N N

40 Furnham & Bradley (1997) Y Y Y NANAY Y Y Y NAY Y Y Y Y N N

41 Furnham & Strbac (2002) Y Y Y NANAY Y Y Y NAY Y Y Y Y N N
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Table 2.5 (Continued)

No. Authors (Year)

1.1 1.2 1.3 1.4

1.5

21 2.2 3.1 3.2 3.3

4.1 4.2 4.3 5.1 5.2 5.3 54

42  Furnham, Trew, & Sneade(1999)

43 Geethanjali, Adalarasu, Jagannath, &
Rajasekaran (2016a)

44  Geethanjali, Adalarasu, Jagannath, &
Rajasekaran, (2016b)

45 Gonzalez & Aiello (2019)

46 Herath (2018)

47 Ho, Mason, & Spence (2006)

48 Huang & Shih (2011)

49 Iwanaga & Ito (2002)

50 Jancke, Brigger, Brummer, Scherrer,
& Alahmadi (2014)

51 JauSovec & Habe (2004)

52 Johansson, Holmqvist, Mossberg, &
Lindgren (2011)

53 Kang & Williamson (2013)

54 Kou, McClelland, & Furnham (2017)

Y Y Y NA
Y Y Y NA
Y Y Y NA
Y Y Y NA
Y Y CT CT
Y Y Y NA
Y Y Y NA

NA
NA

NA

NA
NA
NA
NA
CT
NA

NA
NA

NA
NA

<<z <

o

T T

=<

R e

o

NA
NA

NA

NA
NA
NA
NA
NA
NA

NA
NA

CT
NA

<o K KKK

o

cr ¢cT'y Y N N
Y Y Y Y Y N

cTr ¢cT'y Y N N

Y Y Y N N N
Y Y N N N N
Y Y Y N N N
¢cr N CT''¥Y N N
Y 'Y Y N N
Y Y Y CT N N

Y Y Y Y N N
CT ¢CT' Yy Y Y N
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Table 2.5 (Continued)

No. Authors (Year) 1.1 1.2 1.3 14 15 2.1 2.2 3.1 3.2 3.3 41 4.2 43 5.1 5.2 53 54

55 Kiissner, De Groot, Hofman, & Hillen Y Y Y NA NA Y Y Y Y NA Y Y Y Y Y Y N

9¢

(2016) — study 1

56 Kiissner, De Groot, Hofman, & Hillen Y Y Y NA NA Y Y Y Y NA Y Y Y Y N
(2016) — study 2

57 Lehmann & Seufert (2017) Y Y Y NANAY Y Y Y NAY CT Y CT Y

58 Liu, Huang, Wang, & Wu, (2012) Y Y ¢Cr ¢cr ¢cT' Y Y Y Y NAY Y Y Y C(CT

59 Mammarella, Fairfield, & Cornoldi Y Y Y NA NA Y Y Y Y NA Y Y Y Y Y
(2007)

60 Mansour, Acevedo, Illipparampil, ¥ Y Y NA NA Y Y Y Y NA Y Y CT Y Y
Fehring, Fitzgerald, & Jaberzadeh
(2017)

61 Mansouri, Fehring, Gaillarld, ¥ Y Y NA NA Y Y Y Y NA Y Y Y Y Y
Jaberzadeh, & Parkington (2016)

62 Manthei & Kelly (1999) Y Y N CT ¢CT' Y Y N Y NAY Y Y Y Y

63 Martin, Wogalter, & Forlano (1988) - Y Y Y NA NA Y Y Y Y NA Y Y CT Y Y
study 1

64 Martin, Wogalter, & Forlano (1988) - Y Y Y NA NA Y Y Y Y NA Y Y CT Y Y

study 2
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Table 2.5 (Continued)

No. Authors (Year) 1.1 1.2 1.3 1.4 1.5 2.1 2.2 3.1 3.2 3.3 41 4.2 43 5.1 5.2 5.3 54
65 Masataka & Perlovsky (2013) Y Y Y NANAY Y Y Y NAY Y Y Y Y Y N
66 Mayfield & Moss (1989) — study 1 CT' Y Y NANAY Y Y Y NAY CT CTY N N N
67 Mayfield & Moss (1989) — study 2 CT' Y Y NANAY Y Y Y NAY CT CT CT' Y N N
68 Miller & Schyb (1989) CT' y CT'Yy NAY Y CTY NAY Y CTY Y N N
69 Nguyen & Grahn (2017) — study 1 Y Y Y NANAY Y Y Y NAY Y Y Y N N N
70 Nguyen & Grahn (2017) — study 2 Y Y Y NANAY Y Y Y NAY Y Y Y Y N N
71 Nguyen & Grahn (2017) — study 3 Y Y Y NANAY Y Y Y NAY Y Y Y N N N
72 Nittono (1997) Y Y Y NANAY Y Y Y NAY Y Y Y Y N N
73  Parente (1976) CT Y Y NANAN Y N Y NAY N N Y Y N N
74 Patston & Tippett (2011) Y Y Y NANAY Y Y Y NAY CTCTY Y N N
75 Pavlygina, Sakharov, Davydov, & Av- Y Y CT CT C¢CT 'Y Y Y Y NA Y CTI ¢CT'Yy CT N N
donkin (2010)
76 Pavlyugina, Karamysheva, Sakharov, ¥ Y Y NA NA Y Y Y Y NA Y CT C¢CT'Y Y N N
& Davydov (2012)
77 Perham & Sykora (2012) Y Y Y NANAY Y Y Y NAY N N Y Y N N
78 Perham & Vizard (2011) Y Y Y NANAY Y Y Y NAY Y CTY CT N N
79 Perham & Currie (2014) Y Y Y NANAY Y Y Y NAY N N Y Y N N
80 Proverbio & De Benedetto (2018a) Y Y Y NANAY Y Y Y NAY Y Y Y Y N N
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Table 2.5 (Continued)

No. Authors (Year)

1.1 1.2 1.3 1.4

1.5

21 2.2 3.1 3.2 3.3

4.1 4.2 4.3 5.1 5.2 5.3 54

81 Proverbio, De Benedetto, Ferrari, &
Ferrarini (2018b)

82 Proverbio, Nasi, Arcari, De Benedetto,
Guardamagna, Gazzola, & Zani (2015)

83 Ransdell & Gilroy (2001)

84 Reynolds, McClelland, & Furnham
(2014)

85 Riby (2013)

86 Ritter & Ferguson (2017)

87 Roer, Bell, & Buchner (2014) — study
1

88 Roer, Bell, & Buchner (2014) — study
2

89 Roer, Bell, & Buchner (2014) — study
3

90 Salamé & Baddeley (1989) — study 1

91 Salamé & Baddeley (1989) — study 2

92 Salamé & Baddeley (1989) — study 3

Y Y Y NA

cCT' Yy N C(CT

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
NA

Y Y Y Y

NA

NA

NA

NA

NA

NA

NA

NA
NA

Y CI' ¢CT' Y N N N
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Table 2.5 (Continued)

No. Authors (Year) 1.1 1.2 1.3 1.4 1.5 2.1 2.2 3.1 3.2 3.3 41 4.2 43 5.1 5.2 5.3 54

93 Daud & Sudirman (2017) Y Y Y NANAY Y Y Y NAY CT ¢CT CT ' Y N N

94  Shih, Huang, & Chiang (2009) Y Y Y NANAY Y Y Y NAY Y Y CT'Y N N

95 Sogin (1988) CT Y Y NANAY Y Y Y NAY Y Y Y Y N N

96 Taylor & Rowe (2012) Y Y CT'Y NAY Y Y Y NAY CT CTY Y Y N

97 Thaut & De I'Etoile (1993) CT' Y Y NANAY Y Y Y NAY Y Y Y Y N N

98 Thompson, Schellenberg, & Letnic Y Y Y NA NA Y Y Y Y NA Y Y Y Y Y N N
(2012)

99 Threadgold, Marsh, McLatchie, & Ball ' Y Y Y NA NA Y Y Y Y NA Y Y CT Y Y Y Y
(2019) — study 1

100 Threadgold, Marsh, McLatchie, & Ball ' Y Y Y NA NA Y Y Y Y NA Y Y CTY Y Y Y
(2019) — study 2

101 Threadgold, Marsh, McLatchie, & Ball ' Y Y Y NA NA Y Y Y Y NA Y Y CTY Y Y Y
(2019) — study 3

102 Verga, Bigand, & Kotz (2015) Y Y Y NANAY Y Y Y NAY Y Y Y Y N N

103 Woo & Kanachi (2006) Y Y Y NANAY Y Y Y NAY Y Y CTY N N

104 Wolf & Weiner (1972) Y Y Y NANACTCTY Y NAY CT CTY Y N N

105 Wolfe (1983) Y Y Y NANAY Y Y Y NAY Y Y CT'Y N N

106 Wu & Shih (2019) Y Y Y NANAN N Y Y NAY CT CT CTY Y N
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Table 2.5 (Continued)

No. Authors (Year) 1.1 1.2 1.3 14 1.5 2.1 2.2 3.1 3.2 3.3 4.1 4.2 43 51 5.2 53 54

107 Xiao, Liu, Chen, & Chen (2020) Y Y Y NANAY Y Y Y NAY Y Y Y Y N N

108 Zhu, Zhang, Ding, Zhou, Ma, & Xu Y Y Y NA NA Y Y Y Y NA Y CTY Y Y N N
(2009)

109 Zhu, Zhao, Zhang, Ding, Liu, Ni, ... & Y Y Y NA NA Y Y Y Y NA Y Y Y Y Y Y N
Zhou (2008)
Y (%)* 100 109 94 10° 103 104 101 109 3 107 75 65 93 89 17 6
N/CT (n) 9 0 15 5¢ 6 5 8 0 2 2 34 44 16 20 92 103
NA (n) - - - 944 - - - - 104 - - - - - - -
Y (%) 92 100 86 67 94 95 93 100 60 98 69 60 85 82 16 6

Codes. Y: yes; N: no; CT: can’t tell; N/A: not applicable; 1.1: sampling criteria; 1.2: control condition; 1.3: extraneous variables; 1.4:
baseline comparability; 1.5: internal validity; 2.1: music selection rationale; 2.2: compliance to hypothesis; 3.1: task description; 3.2:

outcome measures; 3.3: objectivity of assessors; 4.1: timing of delivery; 4.2: intervention strategies; 4.3: replicability; 5.1: analyses
appropriateness; 5.2: reporting (direction of effect); 5.3: reporting (statistical significance); 5.4: reporting (effect magnitude).

Note. The “Y” response is a sign of good quality.

Y (%): nY / (nY 4+ nN/CT)]*100% (i.e., NA responses were discarded from the calculation).
®Outcome (n) for if either criterium 1.4 or 1.5 is “Y”.

“Outcome (n) for if both criteria 1.4 and 1.5 is either “N” or “CT”.

d0utcome (n) for only and only if criteria 1.4 and 1.5 are both “NA”.
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Table 2.6
Sign Test Results of BgM and Memory-Related Tasks, Performed on RStudio Version 4.1.0, Using the Function ‘binom.test’ (p =
0.5, alternative = “two.sided”)
95% CI*
. No. of successes! Total tests Proportion . )
Tests Comparisons ) Adjusted p Lower Upper
n n % % %
All memory tasks
M1 BgM vs S 62 152 40.79% .028 .210 33.30% 48.74%
M2 **L-BgM vs S 12 59 20.34% .000 .000 12.04% 32.27%
M3 I-BgM vs S 50 91 54.95% 402 1.000 44.73% 64.76%
M4 *L-BgM vs I-BgM 0 12 .00% .000 .009 .00% 24.25%
M5 HA-N vs S 4 14 28.57% 180 1.000 3.01% 56.35%
Me LA-P vs S 5 12 41.67% 774 1.000 19.33% 68.05%
M7 HA vs S 3 16 18.75% .021 198 6.59% 43.01%
M8 LA vs S 7 17 41.18% .629 1.000 21.61% 63.99%
M9 HA vs LA 3 17 1.27% 013 158 6.19% 41.03%
M10 PvsS 7 19 36.84% .359 1.000 19.15% 58.96%
Mi11 N vs S 7 20 35.00% 263 1.000 18.12% 56.71%
M12 PvsN 11 21 52.38% 1.000 1.000 32.37% 71.66%
Serial recall
M13 **BgM vs S 1 22 4.55% .000 6.03e-5 .80% 21.80%
M14 *L-BgM vs S 0 11 .00% .001 .003 .00% 25.90%
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Table 2.6 (Continued)

95% CI®
. No. of successes! Total tests Proportion . )
Tests Comparisons p Adjusted p Lower Upper
n n % % %
M15 *I-BgM vs S 1 11 9.09% .012 .021 1.60% 37.70%
Immediate free recall (verbal materials)
M16 BgM vs S 8 25 32.00% 108 .296 17.21% 51.59%
M17 L-BgM vs S 1 11 9.09% .012 .064 1.60% 37.70%
M18 I-BgM vs S 7 12 58.33% 174 1.000 31.95% 80.67%
Delayed free recall (verbal materials)
M19 BgM vs S 8 13 61.54% 581 - 35.52% 82.29%
Immediate paired-associates learning (verbal-verbal)
M20 *BgM vs S 22 29 75.86% .008 .012 57.90% 87.80%
M21 *I-BgM vs S 21 25 84.00% .001 .003 65.40% 93.60%
Delayed paired-associates learning (verbal-verbal)
M22 BgM vs S 8 12 66.67% 388 .582 39.06% 86.19%
M23 I-BgM vs S 8 10 8.00% .109 .328 55.20% 94.33%
Recognition (verbal materials)
M24 *BgM vs S 2 20 10.00% .000 .002 2.80% 30.10%
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Table 2.6 (Continued)

95% CI®
. No. of successes! Total tests Proportion . )
Tests Comparisons p Adjusted p Lower Upper
n n % % %
M25 *L-BgM vs S 0 9 .00% .004 .011 .00% 29.90%
M26 I-BgM vs S 2 11 18.18% .065 120 5.10% 47.70%

Codes. CI: confidence interval; BgM: background music; L-BgM: background music with lyrics; I-BgM: instrumental background

music; S: silence; HA: high arousing music; LA: low arousing music; P: positive valence music; N: negative valence music
*p < .05 **p < .001

[1] Successes in favour of the first listed condition. For example, the number of successes for a comparison L-BgM vs. I-BgM would

correspond to the successes in favour of L-BgM.
[2] p-values corrected for multiple comparisons, based on the Benjamini-Yekutieli False Discovery Rate.
[3] Confidence intervals are calculated based on Wilson’s CIL.
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Table 2.7
Sign Test Results of BgM and Language-Related Tasks, Performed on RStudio Version 4.1.0, Using the Function ‘binom.test’ (p =
0.5, alternative = “two.sided”)

95% CI®
. No. of successes! Total tests Proportion . )
Tests Comparisons ) Adjusted p Lower Upper
n n % % %
All language tasks
L1 BgM vs S 43 106 40.57% .064 474 31.71% 50.08%
L2 L-BgM vs S 17 50 34.00% .033 474 22.44% 47.85%
L3 I-BgM vs S 26 54 48.15% .892 1.000 35.39% 61.15%
L4 L-BgM vs I-BgM 9 21 42.86% .664 1.000 24.47% 63.45%
L5 Hip-hop/Pop vs S 6 13 46.15% 1.000 1.000 23.21% 70.86%
L6 Classical vs Hip- 4 10 40.00% 754 1.000 16.82% 68.73%
hop/Pop
Reading comprehension
L7 *BgM vs S 22 70 31.43% .003 .021 21.80% 43.00%
L8 *L-BgM vs S 9 34 26.47% .009 .038 14.60% 43.10%
L9 I-BgM vs S 13 34 38.24% .230 .638 23.90% 55.00%
L10 L-BgM vs I-BgM 5 11 45.45% 1.000 1.000 21.30% 72.00%

uorjo[do(] 083 puR 9OURULIONIDJ OAINUSO,) ‘OISNJ\ PUNOISIORY

Reading speed

L11 *BgM vs S 2 13 15.38% .022 - 4.30% 42.20%




99

Table 2.7 (Continued)

95% CI®
. No. of successes! Total tests Proportion . )
Tests Comparisons p Adjusted p Lower Upper
n n % % %
Linguistic
L12 BgM vs S 14 29 48.28% 1.000 1.000 31.40% 65.60%
L13 L-BgM vs S 7 15 46.67% 1.000 1.000 24.80% 69.90%
L14 I-BgM vs S 7 14 50.00% 1.000 1.000 26.80% 73.20%
L15 L-BgM vs I-BgM 4 10 40.00% 754 1.000 16.80% 68.70%

Codes. CI: confidence interval; BgM: background music; L-BgM: background music with lyrics; I-BgM: instrumental background

music; S: silence
*p < .05

[1] Successes in favour of the first listed condition. For example, the number of successes for a comparison L-BgM vs. I-BgM would

correspond to the successes in favour of L-BgM.

[2] p-values corrected for multiple comparisons, based on the Benjamini-Yekutieli False Discovery Rate.

[3] Confidence intervals are calculated based on Wilson’s CI
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Table 2.8
Sign Test Results of BgM and Cognitive Performances by Task Difficulty, Performed on RStudio Version 4.1.0, Using the Function
‘binom.test” (p = 0.5, alternative = “two.sided”)

. 95% CI®

T C . No. of successes! Total tests Proportion Ads d 2

ests omparisons D justed p Lower Upper

n n % % %
TF1 BgM vs S 11 24 45.83% .839 1.000 27.90% 64.90%
TF2 I-BgM vs S 10 18 55.56% 815 1.000 33.70% 75.40%
Easy

TF3 BgM vs S 11 24 45.83% .839 1.000 27.90% 64.90%
TF4 I-BgM vs S 8 17 47.06% 1.000  1.000 26.20% 69.00%

BgM (difficult - easy)

TF5 *BgM (difficult - easy) 6 24 25.00% .023 .046 12.00% 44.90%
TF6 *-BgM  (difficult - 4 18 22.22% .031 .046 9.00% 45.20%
easy)
Silence (difficult - easy)
TF7 S (difficult - easy) 4 14 28.57% 180 - 11.70% 54.70%

Codes. CI: confidence interval; BgM: background music; L-BgM: background music with lyrics; I-BgM: instrumental background music; S: silence
*p < .05

[1] Successes in favour of the first listed condition. For example, the number of successes for a comparison L-BgM vs. I-BgM would correspond to
the successes in favour of L-BgM. In the case of subgroup comparisons, the number of successes will be successes in favour of the first listed
subgroup, e.g., in a comparison of BgM (males - females), it would be successes in favour of males in the BgM condition (when compared to females
in BgM condition).

[2] p-values corrected for multiple comparisons, based on the Benjamini-Yekutieli False Discovery Rate.

[3] Confidence intervals are calculated based on Wilson’s CI.
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Table 2.9
Sign Test Results of BgM and Cognitive Performances by Level of Extraversion, Performed on RStudio Version 4.1.0, Using the
Function ‘binom.test” (p = 0.5, alternative = “two.sided”)

95% CI?
. No. of successes! Total tests Proportion . 9 %
Tests Comparisons Adjusted p
Lower Upper
n n % % %
Extraverts
EXT1 BegM vs S 18 33 54.55% 728 1.000 38.00% 70.20%
EXT2 L-BgM vs S 13 26 50.00% 1.000  1.000 32.10% 67.90%
Introverts
EXT3 *BgM vs S 8 34 23.53% .003 .004 12.40% 40.00%
EXT4 *L-BgM vs S 5 27 18.52% .002 .004 8.20% 36.70%
BgM (Introverts - Extraverts)
EXT5 BgM (introverts - ex- 10 33 30.30% .035 .053 17.40% 47.30%
traverts)
EXT6 L-BgM (introverts - ex- 7 26 26.92% .029 .053 13.70% 46.10%
traverts)
Silence (Introverts - Extraverts)
EXT7 *S (introverts - ex- 18 22 81.82% .004 - 61.50% 92.70%
traverts)

Codes. CI: confidence interval; BgM: background music; L-BgM: background music with lyrics; I-BgM: instrumental background music; S: silence; EXT:
extraverts; INT: introverts

*p < .05

[1] Successes in favour of the first listed condition. For example, the number of successes for a comparison L-BgM vs. I-BgM would correspond to the
successes in favour of L-BgM. In the case of subgroup comparisons, the number of successes will be successes in favour of the first listed subgroup, e.g., in
a comparison of BgM (males - females), it would be successes in favour of males in the BgM condition (when compared to females in BgM condition)

[2] p-values corrected for multiple comparisons, based on the Benjamini-Yekutieli False Discovery Rate.

[3] Confidence intervals are calculated based on Wilson’s CI.
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Table 2.10
Summary of the Detrimental, Facilitative and Inconclusive Impacts of BgM (With Corresponding Number of Tests) on Different
Cognitive Tasks and Individual Characteristics, Organised by BgM, L-BgM, I-BgM, Arousal and/or Valence and Genre

Interventions/ S BgM L-BgM I-BgM L-BeM HA LA HA HA-N LA-P
Cognitive tasks' (vs. I-BgM) (vs. LA)
. n . n . n . n . n . n . n . n . n . n
Memory-related tasks n/a nja @ 152@ 59 @ 91 @ 12 ® c ® 17 ® 17 ® 11« ® 12
(verbal)
Immediate free recall n/a njfa @ 25 ® 11 @ 12 - - - - - .o - - -
Delayed free recall n/a n/a ® 13 - - - - - - - - - oL - -
Immediate PAL n/a njfa O 29 - - O 25 - . - Lo S
Delayed PAL n/a njfa ® 12 - - @ 10 - - - - L .
Recognition n/a nfa @ 20 @ 9 ® 11 - - . - - -
Serial recall nfa nfa @ 22 @ 11 @ 11 - - - - - - - - -
Working memory n/a n/a - - - - - - - - - - - oL - - -
(non-verbal)
Immediate free recall n/a n/a - - - - - - - - - - - - - - -
Delayed free recall n/a n/a - - - - - - - - - - - - oL - - - -
Immediate PAL n/a n/a - - - - - - - - - - - oo - - .
Delayed PAL n/a n/a - - - - - - - - . o -
Recognition n/a n/a - - - - - - - - - - - oL - - -

Working memory n/a n/a - - - - - - - - - - - oo - - -
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Table 2.10 (Continued)

Interventions/ S BgM L-BgM I-BgM L-BgM HA LA HA
Cognitive tasks' (vs. I-BgM) (vs. LA)
® . . 6. & . O , ®. . 0 .
Language-related tasks n/a n/a ® 06® 50 ® 52« @ 2 - - - - - -
Language learning n/a n/a - - - - - - - - - - - oL
Linguistics n/a n/a ® 20 ® ;5 ® 1 ® - - - - - -
Reading comprehension n/a n/a ® 0 ® 32 ® 3 ©® u - - - - - -
Reading speed n/a n/a ® 3 - - - - - - - - -
Writing fluency n/a n/a - - - - - - - - - - - oL
Writing quality n/a n/a - - - - - - - - - - - -
= Thinking n/a nfa @ 93 @ 46 @ 11 @® 17 S
(verbal)
Verbal reasoning n/a n/a - - - - - - - - - - - oL
(non-verbal)
Math/arithmetics n/a n/a ® 51 ® 21 ©® 25 - - - - - - - -
Non-verbal reasoning n/a n/a ® 2 0 3 ® 10 - - - - - - -
Cell interpretation n/a nfa - - - - - - - - - - .-
(others)
Creativity n/a n/a - - - - - - - - - - -

IQ tests n/a n/a - - - - - - - - - - -
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Table 2.10 (Continued)

0.

L-BgM HA
Interventions/ S BgM L-BgM I-BgM HA LA
. (vs. I-BgM) (vs. LA)
Cognitive tasks'
® ». . . ©. 0 . ® . . O .
Attention n/a nja @ 45 @ 12 @ 28 - - .-
Verbal n/a n/a ® 3 @ 9 ® s - - - - - - oL
Non-verbal n/a n/a ® 17 - - ® 12 - - - - - - - -
Inhibition n/a n/a ® 2 - ® 13 - - - - - oL
Go-NoGo n/a n/a ® 2 - - 14 - - - - - - - -
Colour Stroop n/a n/a ® 9 - - - - - - - - oL
Processing speed n/a n/a ® 9 - - - - - - - -
Task difficulty
Difficult n/a n/a ® 2 - - ® 13 - - - - - _ _ -
Easy n/a n/a @ 24 - - @ 17 - L
Difficult — easy ® 14 @ 2 - - @ 18 - - - - - - - -
Level of extraversion
Introverts n/a n/a ® 3 ® o7 . - - - - - - _ _ _
Extraverts n/a n/a ® 330 % - - - - - - - oL
Introverts—extraverts O 22 ® 33 ® %6 - - - . .- - oL
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Table 2.10 (Continued)

L-BgM HA
Interventions/ S BgM L-BgM I-BgM HA LA HA-N LA-P
(vs. I-BgM) (vs. LA)

Cognitive tasks'

® . . 6. & . O ., ®. . 0., ® . O,

Music training

Musicians n/a n/a ® 10 - - - - - - - - - - s - - L

Nonmusicians n/a n/a ® 10 - - - - - - - - - oL - -
Gender

Males n/a nfa @ 3¢ @® 17 @ 14 - - - - - - - - - o

Females n/a njfa @ 3¢ @ 17 @ 14 - - - - - - - - - -

Males — females ® 11 ® 32 ® 0 ® 114 - - - - - .

Codes. S: silence; BgM: background music; L-BgM: background music with lyrics; I-BgM: instrumental background music; HA: high arousing
music; LA: low arousing music; P: positive valence music; N: negative valence music; PAL: paired-associates learning; @ detriment effect; O
facilitative effect; ®: 10 identifiable effect; dash symbol (-): no available/sizable analysis; n/a: not applicable

[1]Single-interventions displayed in the heading indicate comparisons with the control condition (i.e., silence/no music); unless when in
circumstances when two subgroups are compared (e.g., introverts — extraverts; males — females), it is the comparison between the two specified
subgroups within the corresponding condition (e.g., introverts — extraverts in L-BgM only)
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Table 2.10 (Continued)

¢l

Interventions/ S P N P Pop Classical
Cognitive tasks ! (vs. N) (vs. Pop)
@ n @ n @ n @ n @ n @ n
Memory-related tasks n/a n/a & 19 & 20 & 21 - - - -
(verbal)
Immediate free recall n/a n/a - - - - L] 9 - _ _ _
Delayed free recall n/a n/a - - - - - - - - - -
Immediate PAL n/a n/a - - - - - - . - - -
Delayed PAL n/a n/a - - - - - - - - - -
Recognition n/a n/a - - - - - - - - - _
Serial recall n/a n/a - - - - - - . - - -
Working memory n/a n/a - - - - - - - - - i}
(non-verbal)
Immediate free recall n/a n/a - - - - - - . - - -
Delayed free recall n/a n/a - - - - - - - - - -
Immediate PAL n/a n/a - - - - - - - - - -
Delayed PAL n/a n/a - - - - - - - - - -
Recognition n/a n/a - - - - - . - - - i
Working memory n/a n/a - - - - - - - - - ;
Language-related tasks n/a n/a - - - - - - & 13 @ 10

Language learning n/a n/a - - - - - - . - - _
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Table 2.10 (Continued)

Interventions/

Cognitive tasks !

(vs. Pop)

Classical

n

Linguistics

Reading comprehension

Reading speed
Writing fluency
Writing quality

Thinking
(verbal)

Verbal reasoning

(non-verbal)
Math/arithmetics
Non-verbal reasoning

Cell interpretation

(others)
Creativity
IQ tests
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Table 2.10 (Continued)

Interventions/

Cognitive tasks !

(vs. Pop)

Classical

n

Attention
Verbal

Non-verbal

Inhibition (all)
Go-NoGo
Colour Stroop

Processing speed

Task difficulty
Difficult
Easy
Difficult — easy

Level of extraversion
Introverts
Extraverts

Introverts—extraverts
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Table 2.10 (Continued)

P Classical
Interventions/ S P N Pop

vs. N vs. Po
Cognitive tasks ! ( ) ( p)

® n ® n ® n ® n ® n ® n

Music training

Musicians n/a n/a - - - - - - _ _ R -

Nonmusicians n/a n/a - - - - - - - - - -
Gender

Males n/a n/a - - - - - - - - R -

Females n/a n/a - - - - - - - - - -

Males — females - - - - - - - - - - _ _

Codes. S: silence; P: positive valence music; N: negative valence music; FAM: familiar music; UFAM: unfamiliar music; PAL: paired-associates
learning; @ detriment effect; O: facilitative effect; ®: 10 identifiable effect; dash symbol (-): no available/sizable analysis; n/a: not applicable
[1] Single-interventions displayed in the heading indicate comparisons with the control condition (i.e., silence/no music); unless when in
circumstances when two subgroups are compared (e.g., introverts — extraverts; males — females), it is the comparison between the two specified
subgroups within the corresponding condition (e.g., introverts — extraverts in L-BgM only)
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2.4 Discussion

This systematic review aimed to evaluate the impact of BgM on cognitive task perfor-
mances and to provide clarity to the findings in this field. Building upon the findings and
limitations of previous reviews, a task-specific approach towards evaluating BgM’s impact on
specific cognitive domains and tasks was adopted. To this end, a taxonomy was devised to
classify the cognitive tasks reported in 95 empirical articles (154 experiments) into one of six
cognitive domains: (1) memory; (2) language; (3) thinking, reasoning and problem-solving;
(4) inhibition; (5) attention; and (6) processing speed. Within each domain, task-specific
analyses were then performed on each type of cognitive task (e.g., within the memory do-
main: serial recall, free recall, recognition, etc.); and if the data were available, analyses
according to the difficulty levels of the cognitive tasks (as reported in each experiment).
A music-specific approach was also adopted to the task-relevant analyses, encompassing 13
music characteristics—the presence/absence of music (i.e., BgM vs. silence); and when the
information was available, the presence (L-BgM) and absence of lyrics (I-BgM) in the mu-
sic, arousal and valence, genre, tempo, volume, language of lyrics, tonality /harmonicity,
complexity, listeners’ preference, listeners’ familiarity to the music, types of musical instru-
ment used, and/or the context in which BgM was played (e.g., during encoding only, during
both encoding and recall, etc.). Further subgroup analyses based on population differences
(extraversion level, gender, and music training) were also performed.

Before discussing the findings, the first important observation to make concerning the
results was that, for the majority of the comparisons analysed (e.g., L-BgM vs. Silence),
cognitive performance with BgM did not differ from conducting the same tasks in silence
(see results summary in Table 2.10). Nonetheless, it is important to interpret this carefully:
many comparisons had a very low number of tests, which meant that achieving the level of

significance was very difficult even if the vast majority of them reported consistent direction
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of impact (e.g., consistently positive or negative impact of BgM). Indeed, among the compar-
isons analysed (those with nine or more tests), approximately one-third of them (38 out of a
total of 94 comparisons) had a sample size of 15 tests or less. In these circumstances, unless
less than 20% (or more than 80%) of the tests achieved positive signs, it was not possible to
achieve statistical significance (see critical values in Table 2.1). Furthermore, BgM’s impact
on a variety of cognitive tasks also could not be statistically analysed (see Table 2.10) due
to the small sample of research studies available (more research studies are needed for these
tasks).

It is also worth mentioning that the methodological quality of the experiments analysed in
this review is generally satisfactory and therefore, so is the quality of the evidence presented in
this review. Indeed, all research studies reported clear sample characteristics, had adequate
control condition(s), and used valid and reliable outcome measures. The majority of the
research studies also adequately controlled for the influence of possible extraneous variables,
and provided a clear procedural description and justification concerning the selection and
delivery of their interventions (i.e., BgM) and outcome measures (i.e., cognitive tasks). There
were nonetheless, several limitations that should be considered in future work. Firstly, there
was a lack of clear descriptions of the complete empirical procedures (which are crucial for
replicating the work). Secondly, many research studies did not report statistical data on
effect sizes and significance values, which are required for a better appraisal of the overall
magnitude of an intervention effect on an outcome measure. That being said, in the context
of this review, as these research studies mainly fall short in terms of the data being reported
rather than their methodological quality, the results did not pose a significant influence
on the overall confidence of the current review findings (especially considering the type of
analysis conducted).

In what follows, the research questions of this review are discussed in more detail. For

the sake of clarity, Table 2.10 summarises the results.
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2.4.1 Research Question 1

How does BgM impact performance in different types of cognitive tasks (i.e.,

tasks of different cognitive domains and levels of difficulty)?

Current results showed that the impact of BgM on cognitive performance differed for
different types of cognitive tasks as well as for tasks of different levels of difficulty; and when
significant impacts were identified, those impacts were mostly negative. Overall, L-BgM
(compared to silence and I-BgM) had a general detrimental impact in the memory domain
and was particularly evident in tasks involving memory recognition of verbal materials and
serial recall tasks (in the case of serial recall, instrumental music also had a detrimental
impact). Interestingly, [-BgM led to an improvement in the performance on immediate
paired-associates learning of verbal pairs (note that there were no research studies that used
L-BgM). Concerning language, the impacts were also task-specific, whereby BgM (with or
without lyrics) slowed down reading speed, and L-BgM hindered reading comprehension.
Regarding task difficulty, it was found that I-BgM (no experiments were using L-BgM) led
to a significant reduction in performance in difficult tasks (compared to easy tasks).

Clearly, the evidence showed that BgM seemed to impact a small range of domains
(language and memory), that the impacts of BgM on cognitive task performance depended

on the nature of the task and its difficulty, and that almost all impacts hindered performance.

2.4.2 Research Question 2

What are the music characteristics (e.g., lyrics, volume, tempo, etc.) that

contribute to the impact of BgM on cognitive task performance?

Whereas many different types of music characteristics have been manipulated (or identi-

fied by myself) in the research studies included in the review (e.g., presence of lyrics, music
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complexity, music genre, tempo, loudness, mood, etc.), the most common (and with adequate
sample sizes for the analyses) was the presence/absence of lyrics, followed by arousal-mood
and genre. Clearly, L-BgM seemed to hinder cognitive performance more often than I-BgM
and impacted particularly memory-related tasks and reading comprehension.

Concerning I-BgM, serial recall (memory domain) and difficult cognitive tasks, in general,
were hindered by its presence. This suggested that I-BgM was less likely to impact cognitive
task performance (at least in the context of the tasks evaluated in this review) unless they
were complex tasks that were more cognitively demanding. It is also worth mentioning
that the only positive impact of music on cognitive performance identified in this review
was related to [-BgM. In sum, there was clear evidence that L-BgM was more detrimental
towards cognitive task performance compared to I-BgM.

Taken together, both the task and music-specific findings largely agreed with the current
models of human working memory, specifically of a capacity and structural limit to the
working memory system (Baddeley, 2003, 2012; M. E. Eysenck & Keane, 2020). Firstly, due
to the limits of working memory capacity, tasks that require high levels of cognitive effort (to
the extent that they exhaust or overload working memory resources) will limit the quality
of cognitive performance (Kahneman, 1973; Norman & Bobrow, 1975). The fact that I-
BgM (there were no sufficient data on L-BgM) impaired performance in cognitive tasks that
were generally identified as being ‘difficult’ (regardless of them being verbal or non-verbal
tasks) could be a manifestation of an overall cognitive ‘overload’. It is also possible that the
results can be related to the structural limits of working memory, of which two tasks that
occupy the same working memory component (e.g., the phonological loop for the processing
of written texts as well as music) cannot be performed well together (M. E. Eysenck & Keane,
2020). This was evident in the findings that L-BgM impaired performance in cognitive tasks
involving serial recall (of verbal materials), reading comprehension and memory recognition

(of verbal materials). On top of that, serial recall performance was also impaired by I-BgM,
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and reading speed was significantly slower in the presence of music—all of which were tasks
related to verbal processing.

Nonetheless, it is worth noting that following the logic of a structurally limited working
memory system, it was expected that BgM should impair performance in all verbal tasks.
However, the results obtained revealed no impact of BgM on linguistic task performance
and no (to potentially weak) impact on the free recall of verbal materials. However, I-BgM
was found to facilitate performance in immediate paired-associates learning of verbal pairs.
Some of the precedents that may explain these findings could be other research studies on
patients with phonological deficits (Han & Bi, 2009; Hanley & McDonnell, 1997), as well
as research studies on the impact of articulatory suppression on paired-associates learning
of foreign and native language vocabularies (Papagno et al., 1991). These research studies
postulated that although phonological coding is integral in verbal processing (Leinenger,
2014; Slowiaczek & Clifton, 1980), verbal processing is not necessarily always phonologically
mediated (Baron, 1973; Han & Bi, 2009; Hanley & McDonnell, 1997; Levy, 1978; Papagno
et al., 1991). Particularly in Papagno et al. (1991), it was observed that when participants
underwent paired-associates learning in a native language, semantic access to verbal informa-
tion could be achieved by bypassing phonological coding. In other words, if one is sufficiently
familiar with a language, one may not need to rely entirely (or at all) on phonological coding
to comprehend written texts in that language.

All in all, the trends of behaviours identified through this review may be explained by
general models of working memory as well as findings related to the role of phonological
coding in various verbal tasks. Nonetheless, it must also be emphasised that given the
exploratory nature of the review and the fact that many BgM-performance relationships
remain unidentified due to limited samples (e.g., language learning, writing fluency, writing
quality, verbal reasoning), these discussions are attempted explanations, and should therefore

be investigated further (rather than used to affirm any existing theories).
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2.4.3 Research Question 3

What are the population characteristics (e.qg., personality traits, music education,

etc.) that contribute to the impact of BgM on cognitive task performance?

The population characteristics analysed in this review were the personality trait of ex-
traversion (extraverts vs. introverts; 31 experiments), gender (males vs. females; 15 ex-
periments) and self-reported level of music training (musicians vs. non-musicians; 7 exper-
iments). The results revealed that introverts’ cognitive task performance was hindered by
the presence of L-BgM (when compared to silence), whereas extraverts’ performance was not
affected (note that the impact of I-BgM is unknown due to insufficient tests). This impact
was also evident that, when directly comparing introverts’ and extraverts’ performance in
the presence and absence of BgM, introverts outperformed extraverts in silence, but this
advantage subsided when BgM was present.

Overall, the results related to extra/introversion cohered partially with Eysenck’s theory
of personality (H. J. Eysenck, 1967). This theory posited that introverts generally have
higher cortical arousal at rest, and therefore the presence of BgM during task performance
would tip their arousal off the optimal level, leading towards performance decline. On the
other hand, extraverts’ task performance should benefit from BgM due to their lower cortical
arousal at rest. The results are consistent with the former depiction. As for the latter, instead
of extraverts benefiting from BgM, it was observed that BgM did not impact extraverts’ task
performance. It is possible that the impact was not identified here due to methodological
limitations, or that the impact of BgM on extraverts’ task performance was only subtle such
that they could not be statistically identified in the context of this review. It is also worth
mentioning that current theorisations of how personality traits might moderate the influence
of BgM on task performance are still debatable (see Kiissner, 2017). Therefore, the specific

contribution of extra/introversion towards how BgM impacts cognitive task performance

81



Background Music, Cognitive Performance and Ego Depletion

remains an open-ended question and warrants further research.

2.4.4 Comparison with Past Reviews

Generally, results from this review confirmed the findings of Kampfe et al. (2010) and
Vasilev et al. (2018) regarding the detrimental impact of BgM (and particularly L-BgM)
on memory-related tasks and reading comprehension. The finding that BgM slowed down
reading speed is also consistent with that of Vasilev et al. (2018). Additionally, their find-
ings were also extended to the specific types of memory-related tasks affected by L-BgM,
and the fact that I-BgM generally did not affect cognitive task performance—except for its
detrimental impact on serial recall and complex cognitive tasks, and its positive impact on
the immediate paired-associates learning of verbal materials (all of which were not identified
in past reviews). Furthermore, the results also demonstrated that to obtain a comprehen-
sive understanding of how BgM impacts cognitive task performance, the contribution of

population (i.e., listeners’) characteristics should also be accounted for.

2.4.5 Limitations of Current Approach

There are some limitations of this review that must be acknowledged.

First, the use of a vote-counting approach to data analysis (imposed by the lack of
sufficient data to conduct a meta-analysis) imposes some limitations. Indeed, through vote
counting, all data were synthesised based solely on the directions of impacts derived from
mean differences and precluded the summation of significance values (i.e., p-values) and
effect sizes (as well as population sample sizes). Without data on the overall significance
and magnitude of impact, the findings were only demonstrations of the trends of findings
but not effect estimates. They should therefore be interpreted with caution. Nonetheless,

given the complexity of the field and the lack of consistent findings, the review functioned
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as a preliminary synthesis of available data that provided an exploratory overview of current
trends. On this account, the findings can be used by researchers to further the field—e.g., the
generation of more research questions and/or hypotheses about music listening and cognitive
performance.

Secondly, due to the analytical approach, the fact that some tasks, music and population
characteristics have been less studied meant that they could not be included in the analysis.
Moreover, of those included, a conservative interpretation of their results should be adopted
on two bases. For one, comparisons that contain only a small sample of tests (e.g., n < 15)
would require an extremely low (0% — 20%) or extremely high (80% — 100%) proportion of
success for any significant results to be observed. It is therefore possible that impacts of
BgM with weaker effect sizes were not detected with the small sample. With more research
studies published, and with our provision of the raw data used in this review, future reviews
should add more studies to this current sample to better identify whether the non-significant
results represented a true non-impact of BgM or otherwise. On the other hand, given the
large number of simultaneous analyses performed for each cognitive task, a correction for
false discovery rate was necessary to ensure the validity of the results. However, this also
meant that some comparisons would produce an initial significant result but become non-
significant after false discovery rate adjustment (e.g., the impact of L-BgM on immediate free
recall (verbal materials), cf. Table 2.6, Test M17; the impact of L-BgM on general language
task performance, Table 2.7, Test L2). As such, it should be noted that the outcomes of
this review are generated from and limited due to a highly conservative (and explorative)
data analysis approach. Results (i.e., p-values) that are non-significant in my report might
on one hand, suggest an actual no impact of BgM, but it is also possible that a true impact
was not identifiable due to the limited sample size. Readers are thus advised to interpret the
results while considering: (1) the total number of tests (cf. relevant sign test results table)

as well as the number of experiments (cf. Table 2.4) analysed for each comparison, (2) the
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number of comparisons (e.g., L-BgM vs. Silence; Pop music vs. Silence) analysed for each
outcome measure (the total number of comparisons will affect the outcome of the adjusted
p-values), (3) both the unadjusted and adjusted p-values, and (4) the corresponding CI for
each comparison (a narrower CI estimation (and one that does not involve the probability of
.50, i.e., 50%) would add favour to the tenacity of a particular result). These can be helpful

for data interpretation, as well as for identifying areas in need of further research.

2.4.6 Challenges for Future Reviews

Given that music listening and cognitive task execution are both highly individualised
processes, a review of relevant research studies on this topic has its challenges. For instance,
the generalisability of some findings (at least, in the context of this review) could be limited
due to methodological heterogeneities among research studies. As a starting point, the musi-
cal pieces used across research studies were (naturally) not the same. Unlike research studies
of the so-called Mozart effect, whereby there is a clear scope concerning the specific music
(Mozart’s K.448) and cognitive tasks involved (visuospatial tasks), the study of BgM and
cognitive task performance does not share this level of specificity. Although some prevalent
trends were observable, the unavoidable fact for research studies in this discipline is the lack
(and impracticality) of controlling or standardising the intervention stimuli beyond those of
general music characteristics (e.g., tempo, loudness, presence of lyrics, etc.). Other variables,
such as the complexity of the music, are less tangible and more complicated to quantify, but
eventually might also have an impact on cognitive performance (e.g., Furnham & Allass,
1999; Gonzalez & Aiello, 2019). For instance, the ‘complexity’ of music can be defined on
many levels (e.g., instrumental, melodic, harmonic, rhythmic). The constituent of com-
plexity is also multi-faceted (Streich, 2006), operating at different levels depending on the

genre (e.g., Classical vs. Pop music) as well as population differences (e.g., music training,
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level of exposure/familiarity, etc.), thereby making quantifying these aspects a complication
(see Downie, 2004). Furthermore, not all research studies attempted to control for other
possible population differences (e.g., personality traits, working memory capacity, etc.), of
which results from this review have shown at least the level of extraversion to be central to
the impact of BgM on cognitive performance. Therefore, the conclusions that can be drawn
from the current sample simply addressed the more prevalent trends in terms of (1) the types
of relationship between (particular) BgM and (particular) cognitive task performance that
were more robust to additional influences from population characteristics (e.g., serial recall
performance), and (2) the contributions of non-musical factors that prevailed regardless of
the types of cognitive task (e.g., levels of extraversion, task difficulty).

Another challenge in reviewing the evidence on this topic is synthesising cognitive tasks
with comparable levels of difficulty. In the context of this review, some types of tasks were
classified based on a collection of shared cognitive processes rather than by the specific tasks
per se. As such, there is the possibility that the associated results could be confounded by
differing levels of difficulties among the tasks. For example, the linguistic tasks assessed in the
review encompassed a broad category that consisted of different tasks such as proofreading,
matching consonants and vowels, and verbal fluency (to name a few). The execution of verbal
fluency and proofreading tasks may require more complex cognitive processes than a task of
matching consonants and vowels. However, a further classification by each specific linguistic
task was not feasible due to the limited sample. There were no means (at least in the context
of this review) to identify how comparable (or not) the difficulty levels among these tasks
were, and the extent to which they were susceptible to the influence of BgM. However as
analysis on the contribution of task difficulty demonstrated a detrimental impact of BgM on
difficult tasks, the findings with regards to the impact of BgM on linguistic tasks should be
considered with caution, especially in light of the possible confound of task difficulty.

On the other hand, the inconsistent situational and procedural contexts across research
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studies can also pose challenges to the generalisability of some results. For example, the
research studies on BgM and free recall performance differed in terms of when the BgM
was played. Some research studies played BgM only during the process of encoding (Ferreri
et al., 2015; Woo & Kanachi, 2006), and others from the encoding stage until the end of
the testing stage (Bottiroli et al., 2014; Furnham & Bradley, 1997). Some research studies
also started playing BgM seconds in advance of the start of the cognitive tasks (Bottiroli
et al., 2014; Echaide et al., 2019; Ferreri et al., 2015), whilst for others, both BgM and
tasks commenced together (Nguyen & Grahn, 2017; Woo & Kanachi, 2006). Past research
studies have suggested that in the context of memory consolidation if the same contextual
information (e.g., BgM) is presented during both the encoding and recalling stage, it could
enhance the formation of memory bonds and prompt better recall (Godden & Baddeley,
1975; Tulving, 1979). Although the research studies that set out to test this hypothesis
found no support for it (Echaide et al., 2019; Ferreri et al., 2015; Nguyen & Grahn, 2017),
the sheer difference in the learning and testing environment among the sample of research
studies is still a potential confound that could influence (however subtly) how BgM impacted
participants’ performance.

Another main challenge in conducting a systematic review on this topic is the trade-off
between having a representative sample of articles (but with less robust results) or con-
ducting an in-depth, informative and robust quantitative analysis (but with a smaller and
potentially less representative sample of articles). Quality assessment outcomes from the
154 experiments showed that only 3% reported effect sizes and only 14% reported the exact
significance values for all comparisons (both significant and non-significant). To that end, it
was not surprising that the meta-analysis conducted by Kampfe et al. (2010) identified only
less than a handful of cognitive domains, and each with a small number of experiments (8 for
reading performance and memory, 2 for mathematics/arithmetics; compared to this current

review that includes 21 experiments for reading, 53 for various memory-related tasks and 15
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for mathematics/arithmetics). However, Kdmpfe et al. (2010) (as well as Vasilev et al., 2018)
provided more in-depth reports on the effect sizes of BgM’s impact on each cognitive task
performance, whereas the data sampled in my review only allowed a surface-level evaluation
of potential trends. Concerning this, future research studies are also advised to consider

using the MCPAT in the design phase to provide high-quality contributions to this area.

2.5 Conclusion

With this systematic review, I have provided a structured approach to analysing previ-
ous works on the impact of BgM on cognitive task performance. By doing so, the results
shed light on this area by demonstrating that BgM’s impact on cognitive performance is
determined by music, task and population-specific factors. Based on the limited available
evidence, the results illustrated that BgM does not seem to have a generalised negative (nor
positive) impact on cognitive performance; but, when it does, the music tends to have lyrics
and they impair cognitive processes that involve verbal processing, as well as affecting dis-
proportionately individuals who display personality traits of introversion. Additionally, BgM
(including instrumental music) also has an overarching negative impact on performance in
difficult tasks.

However, although empirical research on BgM listening and cognitive performance has a
long-standing history and thus a vast collection of research findings, there is generally a lack
of attention to its adjacent real-world behaviours®. Notably, this has been a standing issue
in psychological research (Rozin, 2001, 2007), triggering comments such as “[t]he outcomes
of experiments may be clear, but their meaning and significance for the target phenomenon

are often questionable” (Rozin, 2001, p. 12), which Rozin urged that “psychologists should...

8There is an increasing number of research studies on people’s general music listening habits in real life
(e.g., Greasley & Lamont, 2011; Juslin et al., 2008; North et al., 2004; Randall & Rickard, 2016; Sloboda et
al., 2001), but not specific to the context of cognitive work.
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keep their eyes on the ‘big social phenomena’, and to situate what they study in the flow of
social life”.

The generalisability of research findings on BgM and cognitive performance to real-world
behaviours was called into question due to two key methodological settings among previous
research that deviated from the behaviour in real-life contexts. First was the use of synthet-
ically generated cognitive tasks that measured very distinctive types of cognitive functioning
(e.g., serial recall, focused visual attention, paired-associates learning, abstract reasoning,
etc.), when cognitive works in real life would encompass a myriad of cognitive functioning
all at once. For example, while studying, a student could be utilising verbal processing when
comprehending written texts, while involving serial memory to memorise the sentences read,
potentially abstract reasoning if analysing figures and graphs, while also upholding cognitive
inhibition when trying to prevent themselves mind-wandering or even giving up on the work
completely and doing another more enjoyable activity. Therefore, the cognitive function-
ing within a cognitive work session in real life is rarely as straightforward as the cognitive
functioning assessed in laboratory-based empirical research. Second, other (though limited)
research studies that examined people’s self-reported benefits of listening to BgM while per-
forming cognitive work in real-life (by both students and office workers; e.g., Haake, 2011;
Kotsopoulou & Hallam, 2010; Lesiuk, 2005) have demonstrated that people often pursue the
habit because of music’s benefits in regulating affective states (e.g., improving mood, en-
hancing motivation, promoting relaxation, regulating energy levels) during cognitive work,
which then led to better concentration, rather than because of any direct benefit of the BgM
on cognitive performance per se. However, whereas the main focus of empirical research thus
far has been on the direct interference (positive or negative) of BgM on specific cognitive
processes, researchers rarely assessed how task performance interacts with music-mediated
affective responses, or the relative importance of these affective states in influencing task en-

gagement, motivation, and ultimately, performance. Therefore, the interesting question here
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would be to what extent listening to BgM is helpful towards performance in a concurrent
task at all these levels.

From another perspective, despite the complexity of the topic, studying or working while
listening to BgM is a ubiquitous habit in people’s everyday lives (Calderwood et al., 2014;
Haake, 2011). This suggests that people are (intuitively) able to use music in advantageous
ways. Two inferences can be made from this. First, people are (to some extent) aware of
the ways in which BgM might impact their cognitive engagement, and, in response, they
can (intentionally or otherwise) use music strategically to optimise their study or work
performance. Correspondingly, examining real-world study or work habits with music could
reveal valuable information regarding the impact of BgM on cognitive performance that may
not be attainable through highly controlled laboratory settings.

Building on these premises, moving forward, my aims for the coming research study
were twofold. The first aim was to verify the generalisability of previous research findings
by exploring whether (and the extent to which) these findings were mirrored in real-life
behaviours that involve listening to BgM while performing cognitive work. The second aim
was to gain an overall better understanding of the true function of BgM in real life (i.e., how
they are utilised to achieve set goals during actual cognitive work sessions). To that end, in
the next experiment, I evaluated people’s BgM listening habits when performing cognitive

works in real life.
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Building on earlier premises, this chapter presents a research study that encompassed
the examination of real-world music listening habits during cognitive work.

To date, only a handful of research studies have addressed individuals’ music listening
habits during cognitive work in a real-world setting. In 2010, Adriano and DiPaola (2010)
sampled 793 high school students in the USA (grades 9 — 12) and examined the associations
between students’ frequency of listening to background music (BgM) while studying and
their final exam grades in mathematics and English. Then, focus groups were conducted to
gain insights into students’ reasons for studying with BgM and their preferred music genres
while doing so. Students reported often studying with BgM to facilitate their concentration
and to prevent mind-wandering during “boring or tedious” tasks, as well as to calm them-
selves down while studying. Given these responses, it is interesting to note that the results
showed associations between frequent BgM listening (of specific music genres) with poorer
grades. In particular, lower mathematics and English grades were associated with a higher
frequency of listening to Heavy Metal, Rap and Techno music. However, frequent listening
to Pop music while studying was also associated with higher English grades. In contrast, a
study by Coutinho and Lisser (2015) on university students’ (N = 92) music listening habits
while studying demonstrated different genre preferences, whereby students reported a higher
likelihood of listening to Classical music while studying than when they were not studying.
The age difference between the two samples might have played a role in influencing the
apparent contradiction in students’ preferred study music genres, which I will discuss more
later in the section.

Whilst these two research studies were more geared towards examining students’ preferred
music genres to listen to while studying, others also performed more in-depth examinations
of students’ listening habits and the motives behind those habits.

Kotsopoulou and Hallam (2010) conducted a survey among 1,200 students aged 12 to 21

(classified into age groups of 12 — 13, 15 — 16, and 20 - 21) from four countries: Japan, the

91



Background Music, Cognitive Performance and Ego Depletion

UK, Greece and the USA. The survey examined students’ frequency of listening to BgM while
studying, the types of study tasks typically accompanied by BgM, the types of music listened
to, and students’ reasons and perceived impacts of studying with BgM. Students’ responses
demonstrated consensus in their reasons and perceived impacts of studying with BgM, as
well as the types of study tasks commonly accompanied by BgM. Mood was identified as
a common determinant of the behaviour, whereby students often studied with BgM when
they felt happy or bored. Most students were likely to turn off the BgM when it started to
interfere with their concentration, but the reasons for turning off BgM also varied with age.
Younger students (ages 12 - 13) were more likely than older students (ages 20 — 21) to turn
off BeM when they were distracted by other noises or when someone else suggested that they
should. On the other hand, compared to younger students, older students were more likely
to turn off the BgM when they could not concentrate when the BgM made them nervous,
and when they were unable to learn under the presence of BgM. This suggested that older
students might be more sensitive to and/or more aware of the ways BgM might impact their
study performance, as well as being more prepared to take action when it negatively affects
them.

Concerning study tasks, students often listen to BgM while engaging with thinking and
writing tasks, mainly to facilitate relaxation, alleviate boredom, and for company. Students
were least likely to listen to BgM when memorising, learning a foreign language, studying
intensively or revising for exams. Across all age groups, Pop music was more commonly
listened to while studying compared to Classical music. However, compared to the older
age groups, younger students (ages 12 — 13) also reported a significantly higher likelihood
of listening to fast music and playing their favourite songs and less likelihood of listening to
instrumental or arousing music while studying. This indicated again, the potential contri-
bution of age to differences in BgM listening habits while studying, whereby older students

seemed to be more strategic and purposeful in selecting their BgM. In effect of studying
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with BgM, older students also perceived it as being significantly more relaxing than younger
students.

Similar findings were also observed by Goltz and Sadakata (2021). Here, the researchers
sampled 140 individuals (including non-students), asking for self-reports on their likelihood
of listening to BgM, reasons for listening to BgM (or not), and their preferred types of music,
while engaging in reading, writing, memorising, and critical thinking tasks, as well as in easy
and difficult tasks in general. Individuals’ beliefs about how BgM listening might impact
cognitive task performance were also examined in association with their habits, together
with individual characteristics including age, level of extraversion, and their background in
music training.

Overall, individuals’ beliefs about the impact of BgM on cognitive performance corre-
sponded to the frequency of its uses during cognitive work, whereby those who believed
that BgM is beneficial for cognitive work were more likely to engage with the habit, and
vice versa. But regardless of individual beliefs, the sample as a whole indicated a higher
likelihood of listening to BgM when writing, but less during critical thinking, memorising,
and performing difficult tasks. When BgM accompanied cognitive work, it was mainly to
improve mood, compared to other reasons such as improving concentration, performance, or
out of habit. Some also responded listening to BgM to mask other background noises, as
well as to keep them awake or motivated. The type of music listened to was influenced by
task difficulty, whereby while individuals were less critical of the type of music they listened
to when engaging with easy tasks, when a task increased in difficulty, their preferences for
Classical, calm and non-vocal music also increased. Similar to Kotsopoulou and Hallam
(2010), Goltz and Sadakata (2021) also reported associations between age and music listen-
ing habits. In this context, it was found that older individuals were less likely to listen to
BgM during cognitive work compared to younger individuals. No significant relationships

were observed between the frequency of the habit with either their level of extraversion or
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their level of music training.

In a more recent research study, Kiss and Linnell (2023) conducted a survey among
197 individuals (also including non-students) to examine their BgM listening habits during
cognitive works of varying levels of cognitive load (i.e., varying difficulty level): studying,
reading, driving, monotonous tasks, and others. Relatively, individuals were asked to identify
the extent to which they would perform each type of task while listening to BgM, the tasks
that they would perform without BgM, the types of music (vocal or instrumental or both,
fast or slow or both) listened to, their reasons for listening to BgM (or not) as well as their
perceived impact of BgM listening while engaging with each of these tasks. Age, background
in music training and biological sex were also examined for possible individual differences in
these listening habits.

The results demonstrated that individuals listened to BgM less while performing more
cognitive-loaded tasks—studying and reading; and more during tasks that require less cog-
nitive load—driving and monotonous tasks. However, of those who would listen to BgM
while studying or reading, instrumental (compared to vocal or both) music was preferred
regardless of the music’s tempo (i.e., both slow and fast music were preferred). In these con-
texts, BgM was used (and perceived as being effective) to calm themselves down, to mask
external noises, and to help with task-focus (i.e., concentration)’. Interestingly, there were
no significant contributions of age, level of music training or biological sex to any aspect of
the habit.

Collectively, this body of work demonstrated some consistencies as well as inconsistencies
in real-life BgM listening habits while engaging with cognitive work. In terms of consistencies,

it was clear that:

e people were generally aware of both the positive and negative impacts of performing

'In the context of driving and performing monotonous tasks, individuals responded listening more to
vocal music in both fast and slow tempo, predominantly for enjoyment and to feel more energised.
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cognitive work with BgM, and were able to identify the circumstances when they should

and would avoid it;

e BgM was typically used to create ideal mood states and/or environments for better
concentration during cognitive works. This included building a positive (i.e., happy)
and calm mood, alleviating boredom, and creating a better study environment by
using BgM to mask other more distracting surrounding noises. Other less-mentioned
but relevant reasons included preventing mind-wandering and keeping oneself awake

and motivated;

e the most common reason for not listening to (or turning off) BgM was when music

started to disrupt concentration;

e instrumental and calm music (that might or might not be Classical) were more common
to cognitive works. However, as delineated across several research studies, the type
of music listened to in this context can also vary with individual music preferences
associated with age and the type of cognitive task (e.g., level of difficulty; Coutinho
& Lisser, 2015; Goltz & Sadakata, 2021; Kiss & Linnell, 2023; Kotsopoulou & Hallam,
2010);

e both students and non-students were more likely to listen to BgM during less cognitively-
loaded tasks such as monotonous tasks or tasks that involved writing; but less likely
to listen to BgM during difficult and cognitively-loaded tasks, such as when reading,
memorising, and any tasks perceived as being difficult (which in fact, were all identified

in Chapter 2 as cognitive tasks that BgM can impair).

e age was seemingly an important determinant of individual differences in BgM listening
habits during cognitive work. Particularly, older age was associated with higher self-

awareness towards BgM’s impact as well as lesser (or more strategic) uses of it in the
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context of cognitive work.

On the other hand, several inconsistent results also emerged from previous findings.

The first inconsistency pertained to the types of music that commonly accompany cog-
nitive work, which can potentially be attributed to the different methodological approaches
previous research has used to identify music types. Some research studies identified these
music through acoustic features (e.g., vocal/instrumental, tempo; Kiss & Linnell, 2023) while
some focused solely on music genres (e.g., Classical, Pop, etc.; Adriano & DiPaola, 2010;
Coutinho & Lisser, 2015). These diverse approaches not only pose challenges to effectively
compare the findings across different research studies, but they might also trigger inaccurate
inferences. First and foremost, the identification of music genres alone does not provide
information on crucial acoustic features such as tempo, loudness, or the presence of lyrics, to
name a few. These are essential pieces of information that allow assessments of the extent to
which individuals’ music choices were adapted to different listening contexts. For example,
most people reported listening to calm and/or instrumental music during cognitive work
(Goltz & Sadakata, 2021; Kiss & Linnell, 2023), whereas other samples reported preferring
Pop over Classical music (Adriano & DiPaola, 2010; Coutinho & Lisser, 2015). At first
glance, these findings appeared contradicting due to common associations between calm and
instrumental music with the Classical genre, and upbeat and lyrical with Pop music, but
that is not always true. Pop music (or any other genres for that matter) can also sound calm
and can be instrumental, and Classical music can sound upbeat and contain lyrics. However,
these specific acoustic properties were not discernible from knowing only the music genres.

The second discrepancy pertained to a seemingly contradicting habit regarding the like-
lihood of listening to BgM while performing “thinking tasks”. Although individuals in
Kotsopoulou and Hallam (2010) reported often listening to BgM while thinking, the same

cognitive process was performed without BgM in the context of Goltz and Sadakata (2021).
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Notably, it is plausible that the conceptualisation of what constituted a “thinking task”,
and correspondingly individuals’ perception of its level of difficulty, differed between the two
samples. However, as data concerning task difficulty was not collected in either research
study, the cause of these findings which may or may not be contradictory, is unknown.

The third concerned a more general discrepancy between self-reported results and previ-
ous laboratory-based research findings, rather than among the findings from the five research
studies above. This discrepancy pertained to individual differences in the likelihood of lis-
tening to BgM during cognitive work. As identified in Chapter 2, previous findings have
identified the level of extraversion as a significant trait that influenced one’s susceptibility
towards the negative impact of BgM on cognitive performance. However, there was by far,
limited examination of whether this impact was mirrored in people’s real-life habits. For
instance, being more susceptible to the negative impact of BgM, introverts might reasonably
be expected to engage less with the habit compared to extraverts. However, this influence
of extraversion level was not observed in previous real-world examinations of BgM listening
habits during cognitive work (Goltz & Sadakata, 2021). In fact, not all research studies
examined the variable (Adriano & DiPaola, 2010; Kiss & Linnell, 2023; Kotsopoulou & Hal-
lam, 2010), and when they did, except for Goltz and Sadakata (2021), it was to explore
personality differences in music preferences for cognitive work Coutinho and Lisser (2015).

Other than these inconsistencies, previous research also shared a key limitation that po-
tentially restricted the reliability of their findings. This limitation was the use of single
(one-time) surveys that relied on participants recalling their behaviours in retrospect (retro-
spective surveys hereafter). Although a retrospective survey is relevant and informative in
many research contexts, responses based solely upon retrospective memories can be prone to
recall and misattribution biases, possibly stemming from personal beliefs towards situational
appropriateness and/or experimenter demands (Gibson et al., 2000; Sloboda et al., 2001).

Retrospective surveys can also fall short in accurately capturing the contextual subtleties
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and dynamic properties of real-life music listening episodes (Reis, 2012). For instance, al-
though most individuals reported listening to BgM to regulate various affective states (e.g.,
to improve mood, to feel more awake, etc.) during cognitive work, the actual impact of BgM
on these affective states was not verifiable (i.e., measuring whether, and the magnitude, of
affective changes in real-time) due to the retrospective nature of previous research studies.
Furthermore, people’s frequency of performing cognitive work with BgM, their music pref-
erences while doing so, and their perceived impacts of BgM on their performance, can vary
with mood (Kotsopoulou & Hallam, 2010; Randall & Rickard, 2016), the listening contexts
(Greb et al., 2018), the types of cognitive work (Goltz & Sadakata, 2021; Kiss & Linnell,
2023; Kotsopoulou & Hallam, 2010)), as well as the perceived difficulty level of the work
(Goltz & Sadakata, 2021; Kotsopoulou & Hallam, 2010)—most of which were also demon-
strated in Chapter 2. In all of these regards, retrospectively recalling music listening habits
during cognitive work would likely generate only an aggregation of (if not biased) past habits

rather than habits that cater to specific contextual markers.

3.1 About This Research Study

The goal of this research study was twofold. First, following the systematic review results
in Chapter 2, I aimed to examine whether (and the extent to which) previous laboratory-
based empirical findings on the impact of BgM on cognitive performance were reflected in
real-life behaviours. This involved exploring students’ BgM listening habits during real-life
contexts of studying. Second, within this framework, I also aimed to address the limitations
of retrospective surveys by examining students’ BgM listening habits through experience
sampling. This method allowed the collection of real-time self-reports on the behaviour, thus
providing more accurate representations of students’ BgM listening habits while studying

that were specific to various contextual markers. Correspondingly, my research questions
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(RQs) were as follows:

Research Question 1: Which (if any) individual characteristics is/are related to the like-
lihood of listening to music while studying (MWS frequency hereafter)?

Research Question 2: What are the characteristics of the music that individuals are more
likely to listen to while studying?

Research Question 3: Why do individuals choose to listen to music while studying and
what are the perceived effects of music on their intended study outcomes?

Research Question 4: Which study tasks are more often accompanied by music?

To answer these research questions, I designed two experiments.

Study 1 was an online survey among university students, collecting data on individ-
ual characteristics (e.g., personality, music training, music preferences and everyday music
listening behaviours), students’ likelihood of listening to BgM while studying (i.e., MWS
frequency), and the characteristics (both genres and acoustic features) of the music that
they usually listened to while studying (study-music hereafter) as well as in other everyday,
leisure contexts (everyday-music hereafter). The aim of Study 1 was to answer RQ1 and RQ2
by determining (a) whether MWS frequency can be predicted by any individual characteris-
tic(s) and (b) to determine whether (and how) the characteristics of students’ study-music
might or might not differ from the characteristics of everyday-music.

In Study 2, the experience sampling method (ESM) was employed to explore students’
real-time BgM listening behaviours while studying. Here, the pieces of information collected
were students’ self-reported mood (i.e., valence) and arousal levels before and after study
sessions, the music tracks students listened to while studying, the tasks that they were
performing in those moments, their reasons for listening to BgM in those moments, and

their perceived (affective and cognitive) impacts of the BgM on their study performance.
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The purpose of this study was to re-evaluate RQ2 more pragmatically, as well as to answer
RQ3 and RQA4.

This research has received ethical clearance from the University of Liverpool’s Research
Ethics Committees (reference number: 9866). The raw data for Experiments 1 and 2 are

publicly available on Zenodo (https://doi.org/10.5281 /zenodo.10085104).

3.2 Study 1

3.2.1 Methods

Target Participants

The targeted population was young adults (18 years old and above) enrolled in under-
graduate or postgraduate university studies. No other inclusion or exclusion criteria were

set. Further details of the sample are presented in the Results section.

Materials

Demographics. This section included questions about participants’ age and gender,
spoken languages, level of study (e.g., undergraduate, postgraduate), subject area (e.g.,
Medicine, Psychology, etc.), country of study, and type of accommodation during term
time (e.g., staying with family/relatives, staying alone, staying with housemates, etc.; cf.

Appendix F).

Personality. The Big Five taxonomy was used to identify participants’ personality
traits (Fiske, 1949; Goldberg, 1990). The five traits (extraversion: TIPI_E; conscientious-
ness: TIPI_C; emotional stability: TIPI_ES; agreeableness: TIPI_A; openness to experience:
TIPI.O) were quantified using the Ten-Item Personality Inventory (TIPI), a 10-item inven-

tory that provides brief evaluations of the Big-Five personality traits (Gosling et al., 2003).
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Each trait was assessed with two descriptors (all rated on a 7-Likert scale of 1 = disagree

strongly, 7 = agree strongly).

Music Preferences. The list of 23 music genres included in the revised Short Test of
Musical Preferences (STOMPR; Rentfrow et al., 2011) was used to determine the likelihood
of listening to specific music genres while studying and other everyday life contexts (in both
cases, a 7-point likelihood Likert scale ranging between 1 (very unlikely) and 7 (very likely)

was used).

Study Habits with Music. MWS frequency was examined using a 7-point Likert

scale ranging between 1 (very unlikely) and 7 (very likely; see Appendix F).

Music Characteristics. Given that genres may not be the key determinants of par-
ticipants’ music choices, nor does it define well the music characteristics underlying these
choices, participants were also asked about the likelihood of listening to BgM with certain mu-
sic characteristics irrespective of genre, while studying as well as during everyday-listening.
These characteristics are the presence of lyrics (with lyrics, instrumental), loudness (loud,
soft), tempo (fast, slow), and mode of listening (headphones, external speakers). All items
were rated using a 7-point Likert scale ranging between 1 (very unlikely) and 7 (very likely;

see Appendix F).

Music Use and Background Questionnaire (MUSEBAQ). Using the (MUSE-

BAQ; Chin et al., 2018) modules 1, 2 and 4 (respectively), participants were measured for:

e musicianship characteristics: formal training in music theory (FT_T) and music per-
formance (FT_P), knowledge of music structure (FT_S), professional (MM_P) and am-

ateur (MM_A) music making experience, and amount of practice (MM_R);

e musical capacities: emotional sensitivity to music (MC_E), personal commitment to
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music (MC_C), musical memories and imagery experiences (MC_M), listening sophis-

tication (MC_S) and indifference to music (MC_I); and

e music uses and motivations for musical engagement: Musical Transcendence (MU_T),
Emotional Regulation (MU_E), Socialise (MU_S), Musical Identity and Expression
(MU_I), and Cognitive Regulation (MU_C).

Procedures

Participants were recruited online through mailing lists and social media platforms. They
were asked to complete the full questionnaire online at their convenience (which would take
approximately 20 minutes). At the end of the questionnaire, participants were provided
with a brief description of the second part of the research study (Study 2) and were asked

to provide their email addresses if they also wished to take part.

3.2.2 Results

Ninety-eight students (female: 65%; male: 28%; non-binary: 6%; no answer: 1%) from
20 different countries participated in the survey. The majority were young adults (Mg =
24.60, SD,4. = 8.92, range = 18 — 67 years old) engaged in undergraduate studies (74%).

Other sample characteristics are shown in Table 3.1.

Table 3.1
Sample Characteristics From Ezxperiment 1 (N = 98), With Relevant Counts (n) and
Percentages (%)

Characteristics Details n (%)

Age 18 — 23 67 (68%)
24— 28 13 (13%)
29 33 6 (6%)
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Table 3.1 (Continued)

Characteristics Details n (%)
34 - 38 5 (5%)
39 43 3 (3%)
44 - 48 1 (1%)
49 ~ 53 1 (1%)
63 — 68 2 (%)

Country of study United Kingdom 40 (41%)
United States 10 (10%)
Malaysia 12 (12%)
Canada 9 (9%)
Germany 4 (4%)
Switzerland 4 (4%)
China, Cyprus, Finland, France, Spain 2 (3%) each
Australia, Brazil, India, Netherlands, 1 (1%) each
Poland, Portugal, Sweden, Turkey, United
Arab Emirates

Spoken languages Bi-/Multi-lingual 67 (68%)
Mono-lingual 31 (32%)

Accommodation type With family /relatives 37 (38%)
Private accommodation (shared) 31 (32%)
Private accommodation (alone) 16 (16%)
University halls of residence 13 (13%)
Own home 1 (1%)
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Figure 3.1
Distribution of Students’ Self-Reported MWS Frequency By a 7-point Likert Scale (N = 98)

25

Frequency (count)

Very Unlikely Somewhat Neutral Somewhat  Likely  Very likely
unlikely (<10%) unlikely (~50%) likely (~90%)
(~30%) (~70%)

Figure 3.1 shows the distribution of MWS frequency for all participants. On average,
students reported listening to BgM in more than 50% of their study sessions (M = 4.61; SD
= 1.89), and more than half (n = 57) indicated that they would listen to BgM in more than
70% of their study sessions. Only a minority (n = 27) indicated that they were unlikely to
listen to BgM when they study (i.e., only listening to BgM in less than 30% of their study
sessions), and 14 students indicated an equal likelihood of listening or not listening to BgM

when they study (i.e., only listening to BgM in 50% of their study sessions).

MWS Frequency and Individual Traits

The relationships between various individual traits and MWS frequency were examined

in two steps. First, I performed a correlational analysis (using Pearson’s Correlation Coef-
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ficients) to identify potentially relevant relationships between MWS frequency and partici-
pants’ individual characteristics (age, personality traits, and all the measured items in the
MUSEBAQ subscales). Then, dominance analysis® (DA; Azen & Budescu, 2003, 2006; Bude-
scu, 1993) was conducted on the individual characteristics that were significantly correlated
to MWS frequency. DA was adopted to enable the evaluation of each individual character-
istic’s relative importance for predicting MWS frequency. The process of DA encompassed
conducting a series of multiple regressions using individual predictors (i.e., each individual
characteristic) in all their possible combinations, and determining their relative importance
(ranked from strongest to weakest contribution) in predicting the target outcome (MWS
frequency). This modelling approach was deemed more robust for behavioural prediction
compared to standard multiple regression analysis, as it reduces the subjectivity and the
risk of generating biased predictors and inaccurate models (the risks commonly associated
with standard multiple regression analysis). Another strength of DA is that it offers a robust
evaluation of both the unique contribution of each predictor in explaining a measured out-
come (i.e., general dominance) as well as their relative importance when taking into account
the additional variances (in all possible combinations) that are explained by other predictors
(i.e., conditional dominance). Finally, the main advantage of this approach is that it miti-
gates the issue of multicollinearity that could occur in standard multiple regression modelling
when predictors are computed and evaluated simultaneously (see Azen and Budescu (2006)
and Setti and Kahn (2023) for more details).

The correlational analysis yielded significant negative correlations between MWS fre-
quency and age (r (96) = -.27, p = .008), the number of years of formal training in musical
instruments (FT_P; r (96) = -.22, p = .032) and the number of years of formal training in
musical theory (FT_T; r (96) = -.20, p = .048). Significant positive correlations were found

between MWS frequency and two music uses: emotion regulation (MU_E; r (96) = .38, p

2Dominance analysis was performed using the domir package in R (Luchman, 2023).
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< .001) and cognitive regulation (MU_C; r (96) = .56, p < .001). The full output of the
correlational analysis is included in Appendix G.

Next, DA was performed between MWS frequency and the variables age, FT_P, FT_T,
MU _E, and MU _C. The results obtained demonstrated that these five variables explained a
total of 8.6% (R? = .09) of the variance in MWS frequency. Nonetheless, age was by far the
most relevant predictor (R* = .07), showing both general (cf. Table 3.2) and conditional
dominance (cf. Table 3.3) over all other four variables. Together, all other variables explained
less than 2% of the variance of MWS frequency. In sum, age seemed to be the only relevant

predictor of MWS frequency, with MWS frequency decreasing as age increases.

Table 3.2
General Dominance Statistics of the Variables Age, MU_E, MU_C, FT_P and FT_T in
Predicting MWS' Frequency, With Output In Relation to the Unstandardised and

Standardised Dominance Value, and Ranking of Contribution From the Strongest
Dominance (Rank = 1) to the Weakest (Rank = 5)

Predictors General Dominance Standardised Ranks
Age .07 .81 1
MU_E .01 14 2
MU_C .00 .02 3
FT_P .00 .02 4
FT_T .00 .01 5

Codes. MU_E: use of music for emotion regulation, MU_C: use of music for cognitive regulation, FT_P:
years of formal training in music performance, FT_T: years of formal training in music theory
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Table 3.3

Conditional Dominance Statistics of the Variables Age, MU_E, MU_C, FT_P and FT_T in
Predicting MWS Frequency. The Column “IVs: 1”7 Presents the Fit Statistics of Each
Predictor by Themselves (With No Account For the Variances of Other Predictors). Then,
Columns “IVs: 2”7 until “IVs: 57 Represent Fach Predictor’s Fit Statistic When An
Additional Predictor (Irrespective of Which) is Incrementally Added to the Model, Until All
Predictors Are Eventually Added (Column “IVs: 57).

Predictors (IV) IVs: 1 IVs: 2 IVs: 3 IVs: 4 IVs: 5
Age .07 .07 .07 .07 .07
MU_E .01 .01 .01 .01 .01
MU_C .00 .00 .00 .00 .00
FT_P .00 .00 .00 .00 .00
FT_T .00 .00 .00 .00 .00

Codes. MU_E: use of music for emotion regulation, MU_C: use of music for cognitive regulation, FT_P:
years of formal training in music performance, FT_T: years of formal training in music theory

Note. Each value presented is interpreted row-wise. This means that all values across one row (i.e., all the
statistics for a single variable when new variables are incrementally added to the model) is compared to
those in other rows under the same column (e.g., value of Age in the column “IVs: 3” is compared with the
value of MU _E that is also under the column “IVs: 3”). If all values across a row is higher than all the
values of any other predictor of the same column in another row, then the higher value predictor is said to
“conditionally dominate” over the other predictor (in the case of this result, the predictor Age has greater
value than all other predictors in each column, indicating that Age conditionally dominates all other
predictors). Looking at the value of statistics, it also means that among all the five predictors above, Age
is the strongest and the only relevant predictor of MWS Frequency (accounting for 7% of the variance in
MWS Frequency).
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Study-Music Versus Everyday-Music

To explore potential differences between the characteristics of study-music and everyday-
music, paired-samples t-tests/Wilcoxon signed-ranked tests were conducted on participants’
likelihood of listening to (1) each of the 23 music genres and (2) music with specific music
features (e.g., lyrical/instrumental, loud/soft, etc.), between the contexts of studying and
everyday-listening. As the principal aim of this study was to understand the habits of
those who do listen to BgM when they study, for this particular analysis, only data from
participants who reported listening to BgM in at least 70% of their study sessions (i.e., MWS
frequency > 5) were included. This led to a sub-sample of 57 students (M,4e = 23, SDyge =
7.21, female: 70%, male: 21%, non-binary: 9%) for the analysis®.

As shown in Table 3.4, students were generally less likely to listen to BgM (regardless
of genre) while studying than in everyday life*. The exceptions were Classical, which was
listened to significantly more often while studying, and Jazz and Soundtrack/Theme Song,
with no significant differences between contexts. Furthermore, as shown in Table 3.5, com-
pared to everyday life, students were more likely to listen to instrumental (#(56) = -4.84,
p < .001), soft (£(56) = -5.43, p < .001) and slow music (¢£(56) = -3.17, p = .002) while
studying, and less likely to listen to music that was loud (¢(56) = 4.84, p < .001), fast (#(56)

= -4.40, p < .001), or has lyrics (¢£(56) = 6.81, p < .001)°.

3To validate an actual difference in reported MWS habit, an independent t-test of MWS frequencies
between the group who reported MWS frequency > 5 and those reporting MWS frequency < 4 was performed.
As expected, there was a significance difference in MWS frequency between both groups, ¢(72.48) = 15.19, p
< .001 (MMWSZ5 = 596, SDMWSZ5 = 89, MMW5§4 = 273, SDMWS§4 = 114) Gender distributions
were also examined and results from chi-square analysis suggested no difference in gender (male, female,
non-binary) between the two MWS groups, x2(2, N = 97) = 4.15, p = .126.

4Note that, due to the music preferences of the sample, several genres included in the survey received very
low ratings in both contexts. This suggests that these genres were unlikely to be listened to while studying
or in other everyday life settings and, as such, they were not relevant to the analysis. Therefore, whereas all
the results were included in the table, results pertaining to genres that were rated at “somewhat unlikely”
or less (rating < 3) will not be discussed. These are instead presented in the Table 3.4.

5¢f. Appendix H for assumption test output.
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Table 3.4

Means Comparisons (Paired-Samples t-tests/Wilcozon Signed-Rank Tests) of the Likelihood
of Listening to Different Music Genres Between Fveryday-Listening and While Studying,
Among Participants Who Scored MWS >5 (n = 57), Presented in Means (M), Standard
Deviations (SD) and Significance Value (p)

Genres M (SD) p
Everyday Studying

Alternative 3.53 (2.13) 2.33 (1.83) < .001
Bluegrass 1.86 (1.46) 1.40 (0.98) .005
Blues 2.91 (1.70) 2.95 (1.89) < .001
Classical 3.49 (1.81) 4.11 (2.37) .002
Country 2.33 (1.60) 1.74 (1.46) < .001
Dance 3.02 (1.83) 2.09 (1.81) < .001
Folk 3.02 (2.07) 2.26 (1.90) < .001
Funk 2.96 (1.81) 1.86 (1.60) < .001
Gospel 1.72 (1.24) 1.61 (1.42) 391
Heavy metal 2.61 (1.87) 1.81 (1.32) < .001
World music 2.47 (1.88) 1.88 (1.55) .001
Jazz 3.40 (2.13) 3.47 (2.31) 666
New world 2.26 (1.59) 1.82 (1.44) 023
Oldies 3.54 (2.06) 2.61 (1.98) < .001
Opera 2.18 (1.76) 1.84 (1.75) 014
Popular 5.25 (1.82) 3.53 (2.26) < .001
Punk 2.95 (2.00) 1.74 (1.46) < .001
Rap,/Hip-hop 3.98 (2.29) 2.60 (2.05) < .001
Reggae 2.65 (2.00) 1.95 (1.55) < .001
Religious 1.72 (1.47) 1.56 (1.32) 201
Rock 4.82 (2.04) 3.11 (2.12) < .001
R&B/Soul 4.05 (2.22) 3.05 (2.30) < .001
Soundtrack/Theme song 4.37 (1.92) 4.07 (2.39) 199
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Table 3.5

Means Comparisons (Paired-Samples t-tests/Wilcozon Signed-Rank Tests) of the Likelihood
of Listening to Music of Particular Features Between Everyday-Listening and While
Studying, Among Participants Who Scored MWS >5 (n = 57), Presented in Means (M),
Standard Deviations (SD) and Significance Value (p)

Music Features M (SD) p
Everyday Studying

Instrumental 3.98 (1.76) 5.12 (2.05) < .001
Lyrical 5.82 (1.24) 4.19 (2.07) < .001
Loud 4.58 (1.79) 3.19 (1.93) < .001
Soft 3.74 (1.69) 5.25 (1.67) < .001
Fast 4.88 (1.26) 3.82 (1.87) < .001
Slow 4.47 (1.48) 5.16 (1.62) .002

3.2.3 Summary of Findings

In this study, I aimed to determine whether individual characteristics can explain individ-
ual differences in the likelihood of listening to BgM while studying and to identify potential
differences in the types of music that university students would listen to when they study
(compared to everyday-listening).

The first key observation was that the results confirmed that listening to BgM while
studying is a very common habit, with more than half (59%) of the sample reporting a
likelihood of listening to BgM for at least 70% of the times when they study, 14% of the
sample listening to BgM in at least half of their study sessions, and only 28% if the sample
indicating a likelihood of listening to BgM in less than 30% of the times when they study.
When looking at individual characteristics, the results indicated that younger age predicted
a higher likelihood of music listening, but only subtly, with age accounting for approximately
7% of the variance in this habit.

In terms of musical choices, there was clear evidence of context-dependent selections
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related to genre and musical features. Concerning genre, comparisons between the likelihood
of listening to different music genres while studying and in everyday life showed that (a)
students were less likely to listen to most music genres while studying, with Pop music, Rock,
Rap/Hip-Hop and Alternative music showing the largest differences; (b) students were more
likely to listen to Classical music when studying than in everyday life, and (c) did not differ
in their likelihood of listening to Jazz and Soundtracks/Theme Songs in both contexts of
studying and everyday-listening. Concerning the music features, comparisons between both
contexts revealed a very clear picture: while studying, students listened more to instrumental
music (and less to music with lyrics) that was also softer and slower, compared to those
they listened to in everyday life (which were lyrical, fast and loud). Put together, these
results indicated students being purposeful and functional when selecting their study-music.
More in-depth analysis of the implications of these results will be presented at the General

Discussion at the end of the chapter.

3.3 Study 2

3.3.1 Methods

Target Participants and Design

The targeted population for Study 2 was the same as Study 1 (details of the sample are
presented in the Results section). Participants who expressed at the end of Study 1, an
interest in participating in this phase, were sent an email with a link to download MuPsych
(Randall & Rickard, 2013)—an app that allows the collection of real-time behavioural data
every time users start playing music on their mobile phones. For this study, I collaborated
with William Randall (MuPsych developer) to customise the app to prompt users with

questions relevant to my research study.
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Procedures and Materials

Participants who expressed their interest in taking part in this research study were sent an
email with instructions in both written and audio-visual formats (https://www.youtube.com/
watch?v=3c4601gF4EY) on how to set up the MuPsych app and participate. After installing
and setting up MuPsych, over six weeks, every time participants played music on their de-
vices, they were prompted by MuPsych® to answer two sets of questions (presented 30 minutes
apart).

At the first prompt, participants were asked about their mood (including valence and
arousal) at that specific moment, and if they were studying (or about to study). If they were
studying or were about to study, a series of questions followed, asking about their study
environment, the type(s) of study task(s), and whether or not they were going to play music
in the background. If they were, they were also asked about the reasons for doing so’. The
workflow, specific questions, and the associated answer options are shown in Figure 3.2.

At the second prompt (30 minutes after the initial prompt), participants were asked
another set of follow-up questions (see Figure 3.3). Once more, they were asked about their
mood (including valence and arousal) at that moment, if they were studying for most of
the previous 30 minutes, and, if so, whether they achieved their study goals. This process
ended with a question asking about participants’ perceived positive and negative impacts
of listening to BgM while studying, and finally, an option to insert any additional free text
answers if they had any other thoughts related to their study session with BgM during the

preceding 30 minutes.

6A maximum of three prompts per day was set to avoid intruding on participants’ daily routine if they
frequently played music throughout the day. A “Not now” option was also available in case participants were
unable to commit to the questionnaire upon receiving a prompt. They could also simply ignore the prompt.

If participants were neither studying nor about to study upon playing music, they were asked a different
set of questions, including who they were listening to music with, their environment, and the activity they
were engaging with at that moment. These data were collected for a different research study conducted
by Will Randall and were not used in my research. However, for a complete representation of the research
procedure, these questions and their associated answer options are presented in Figure 3.2.
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In addition to the above self-report data, MuPsych also logged the music tracks partic-
ipants were listening to on their mobile devices between both prompts. The data collected
included the track title, the artist name and if participants were using Spotify, the Spotify
ID of the music tracks they were listening to. These data were collected to perform feature
analyses on each music track, which will be described more in the Results section. MuPsych
was programmed to record these pieces of information at seven time points from the start
of the first prompt until eight minutes after the second prompt (rather than for every single

track played). These time points are:

1. at the time of the first prompt (once music playing started),

2. upon participants completing the questionnaire from the first prompt (see Figure 3.2),
3. two minutes after the first prompt,

4. four minutes after the first prompt,

5. upon participants receiving the second prompt,

6. upon participants completing the questionnaire from the second prompt (Figure 3.3),

and

7. eight minutes from the start of the second prompt.
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Figure 3.2

Ezperience Sampling Questionnaire Workflow: Prompt 1 (Upon Playing Music). A "Not
Now” Option Was Available If Participants Were Unavailable to Respond.

First prompt |

[Slider]
Mood (Negative — Neutral - Positive) — — — — — —
Energy (Very low =Very high)
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Stressed  Tired Unwell
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start studying in the new few minutes?

—— | — — e

[Singleoption] -

- At home l YES I

University (e.g., library) -
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o {plcaw spcc“:\.: T _
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[Single option]
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- Maths / arithmetics main 1(]){ task in the

- Computer programming

- Planning / organising work
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next 30 minutes?
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[Slider] Thinking of [task selected],
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it to be?
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- To reduce stress/anxiety while
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= To motivate myself
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- To focus/concentrate
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- To block out other noises

=To create the right study
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- Other reasons (please
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Thank you for your
r se. You will
receive another
prompt in 30
minutes where you
will be asked about
your study oute

[Slider]
Not at all -- Very

[Single option]

= Only me (speakers)

= Only me
(headphones)

- Parner/spouse

= Friend(s)
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€5

- Strangers/other
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Working (high effort)
Working (low effort)
Other
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Figure 3.3
Ezxperience Sampling Questionnaire Workflow: Prompt 2 (30 Minutes After Prompt 1). A
"Not Now” Option Was Available If Participants Were Unavailable to Respond.

| Second prompt |

[Slider]
Mood (Negative ~Neutral - Positive) What is your general mood and
Energy (Very low =Very high) energy level at the moment?
[Single option]
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- It created the right study atmosphere ct all that apply)
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. - . » 7Y g o Mz
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-1 studied less than intended comments about how music

- | made more mistakes in my task influenced your study in the
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- It disrupted my thought process

= It did not create the right study
atmosphere

- Other impact (please describe: )

You've reached the end of

115



Background Music, Cognitive Performance and Ego Depletion

3.3.2 Results

Ten participants (females: 60%, males: 20%, no answer: 20%) from Study 1 participated
in Study 2. The majority were young adults (Myge = 23, SD,y. = 5.88, range = 19 — 37
years old) engaged in undergraduate studies (70%) across different countries (Cyprus: 20%,
Switzerland: 20%, Malaysia, Canada, Australia and India: 10% each, no answer: 20%).
Other sample characteristics are shown in Table 3.6.
Table 3.6

Sample Characteristics From Experiment 2 (N = 10), With Relevant Counts (n) and
Percentages (%)

Characteristics Details n (%)
Age 18 — 23 6 (60%)
24— 28 1 (10%)
34 - 38 1 (10%)
nr 2 (20%)
Country of study Cyprus 2 (20%)
Switzerland 2 (20%)
Malaysia 1 (10%)
Canada 1 (10%)
Australia 1 (10%)
India 1 (10%)
nr 2 (20%)
Spoken languages Bi-/Multi-lingual 8 (80%)
nr 2 (20%)
Accommodation type With family /relatives 4 (40%)
Private accommodation (alone) 3 (30%)
Private accommodation (shared) 1 (10%)
nr 2 (20%)

Code. nr: not reported
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During the 6 weeks of participation, a total of 181 music episodes (first prompt) were
recorded among all participants. Forty-two of these episodes (23%) pertained to music
listening while studying (study-episodes hereafter) while the rest pertained to music listening
in other situations (everyday-episodes hereafter). Upon the second prompt, the number of

study-episodes dropped from 42 to 14.

Studying with Music: Doing What and Why?

As shown in Figure 3.4 (a and b), most often, participants were studying alone (95%)
and in their own homes (74%). The types of study tasks involved in these episodes varied
(cf. Figure 3.4c), with the most frequent ones involving writing (24%) and memorising
information (21%). In the vast majority of the study-episodes recorded, on a scale of -2
(very easy) to 2 (very difficult), the study tasks were perceived as being 1 (difficult; 48%) or
2 (very difficult; 26%; cf. Figure 3.4d).

Concerning the reasons that justified listening to BgM when engaging with these tasks
(see Figure 3.5a), approximately half of the times participants reported listening to BgM
as a source of company and/or to fill up the silence (52%). They also used BgM often
to block out other noises from the surroundings (33%), increase focus (33%), and improve
mood (31%). The less common reported reasons were: to be more alert (5%), to prevent

distraction (10%), to inspire/enhance creativity (10%), and to reduce stress/anxiety (10%).
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Figure 3.4
Descriptive Qutput of Associated Contexts, Environment and Task-Related Information When
Studying With Music (N = 10)

Study Alone? (episodes = 42) Study Location (episodes = 42)
[RELLE
100% 3% 100%
E 2 LLE;
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o -
R 2
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o b ’
= =
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= = 19
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Yes No Home Café University
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Study Tasks (episodes = 42)
100%
el
&
2 80%
B
= 60%
s
f 40%
z 24% 21%
= iy
2 20% 10% . 1205 0 148, 12%
B (1]
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(c)
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et 2%
]
= 0% L
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Codes. Search: searching for information; Plan: planning/organising work; Programme: computer programming.
Note. The perceived difficulty of study tasks was scaled from -2 (very easy) to 2 (very difficult).
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Figure 3.5
Mood-Related Changes and Perceived Impacts of Listening to Music While Studying (N = 10)

Reasons for Listening to Music Whilst Studying (episodes = 42)

Alert I 5%
Atmos NG 5%
Block I 5%
Bored I 1%
Company I 5206
Distract I 10%
Focus I 5%
Inspire NN 10%
Mood I 3 1%
Motivate NI 1%
Other I 14%
Productive I 25
Stress NN 10%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of Episodes
(@)
Perceived Positive Effects of Studying with BgM (episodes = 14)

Alert 0%
Atmos NN 7%
Better I 1%
Bored I )
Concentrate I 36%
Distract I 350
Inspire 0%
Longer NN 14%
Mood NN 217
Motivate NI |

.
%

Productive N 1%

Stress 0%
Other 0%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percentage of Episodes
(b)

Perceived Negative Effects of Studying with BgM (episodes = 14)

Bored N NN 7%
Distracted N NN 14%
Focus N I 11%
Intefere N I 7%
None N I 5706
Sleepy N HEEEEE 7%
Stress N I 7%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of Episodes

(©

Codes [a]. Alert: to be more alert, Atmos: to create the right study atmosphere, Block-noise: to block out
other noises, Bored: to reduce boredom, Company: to keep company/fill up the silence, Distract: to prevent
distraction, Focus: to focus/concentrate, Inspire: to inspire/enhance creativity, Mood: to improve mood,
Motivate: to increase motivation, Productive: to increase productivity, Stress: to reduce stress/anxiety
Codes [b]. Alert: more alert, Atmos: created right study atmosphere, Better: studies better, Bored: felt less
bored, Concentrate: concentrated better, Distract: less distracted, Inspire: felt more inspired/creative,
Longer: studied longer, Mood: improved mood, Motivate: improved motivation, None: no positive effects,
Productive: more productive, Stress: less stressed/anxious

Codes [c]. Bored_N: bored with study, Distracted_N: more distracted, Focus_N: couldn’t concentrate,
Interfere_N: interfere with text comprehension, None_N: no negative effects, Sleepy_N: more sleepy, Stress_N:
more stressed/anxious

Note. Refer to the Workflow in Figures 3.2 and 3.3 for the exact phrasing of each variable in the questionnaire.
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The Outcomes of Listening to Music While Studying

The perceived positive and negative impacts of listening to BgM during the study-
episodes are shown in Figure 3.5 (b and c, respectively). The most common positive effects
reported after studying with BgM were: improved concentration (36%), reduced proneness
to distractions (36%), less boredom (29%), improved mood (21%) and increased productivity
(21%). Moreover, in 57% of the study-episodes, participants reported no negative impact of
BgM. Concerning student’s affective states before and after studying with BgM, no signifi-
cant differences were found between both moments, in neither mood valence (¢(13) = .56, p

= .583) nor arousal (#(13) = .37, p = .720)5.

Characteristics of Study-Music and Everyday-Music

To analyse the characteristics of the music participants were listening to while studying,
Spotify’s API? (“Get Tracks’ Audio Features” method) was used to retrieve the following
music features for each track: mode (major/minor), energy (a measure of intensity and
activity—energetic tracks feel fast, loud, and noisy), loudness (measured in decibels), tempo
(measured in beats per minute (bpm)) and valence (estimated hedonic tone conveyed by the
track). Music features were analysed in two aspects. In the first analysis, each music feature
was compared between the contexts of studying and everyday-listening for an overview of
possible differences in types of music listened to between the two contexts. Next, among the
study-music, correlational analyses were performed between each feature and perceived level
of task difficulty, to assess whether these music features might further change with changes
to the level of perceived task difficulty.

Results that pertained to the first analysis are shown in Table 3.7. Here, independent ¢-

8cf. Appendix I for assumption test outputs.
9https://developer.spotify.com/documentation/web-api/reference/# /operations/get-audio-features
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tests'® were used to compare each music feature between everyday-music (323 music tracks)
and study-music (102 music tracks). As data pertaining to music modes (major or minor)
were recorded in binary form (0 = minor mode, 1 = major mode), a chi-square test was
utilised to analyse the difference between the number of major and minor tracks in the
study-music and the everyday-music. The results showed that, compared to everyday-music,
study-music was significantly lower in energy (£(423) = 4.10, p < .001, d = 0.47), valence
(t(423) = 2.07, p = .039, d = 0.24) and loudness (#(423) = 2.68, p = .008, d = 0.30). No
statistically significant differences were found for tempo (£(423) = -.70, p = .504) and mode
(x2(1,N = 425) = 0.53, p = .467).

Table 3.7

Independent t-tests of Music Features Between Everyday-Listening and While Studying,
Presented in Means (M), Standard Deviations (SD), Significance Value (p) and Effect Size

(d)

M (SD)
Music features p d

Everyday (n,, = 323) Study (n,, = 102)

Energy .65 (0.24) .54 (0.28) < .001 0.47
Loudness (dB) -8.08 (4.95) 29.66 (5.86) 008 0.31
Tempo (bpm) 118.49 (30.40) 120.86 (33.45) 504 —0.08
Valence A7 (0.25) A1 (0.27) .039 0.24

Codes. n,,: number of individual music tracks

10¢f. Appendix J for assumption test outputs. Note also that these analyses pertained to differences in
each music feature between the overall context of studying and everyday-listening. Given a larger sample
size, it would be ideal to also analyse each music feature against specific types of study tasks (e.g., reading,
writing, etc.), to explore whether any music feature was associated with a specific study task. However, this
was not performed in this research due to several factors. First, the very small sample (N = 10) was not
adequately representative of the population. Second, the small sample leading towards even smaller as well
as disproportionate study-episodes recorded for each study task (e.g., 27 recorded study-episodes for writing
but only 2 study-episodes for computer programming) would have created a disproportionate comparison
and ultimately non-meaningful results. However, the descriptive outputs of the music features concerning
each type of study task as well as the mean level of difficulty associated with each study task are presented
in Appendix K.
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Next, Spearman’s rank-order correlation coefficient was performed between perceived
level of task difficulty and energy, loudness, tempo and valence. The results demonstrated
a weak but significant negative correlation between the level of perceived task difficulty and
energy (p = -.22, p = .030), indicating that a higher level of perceived task difficulty was
associated with listening to music with lower energy (i.e., calmer music). There were no
significant correlations between the level of perceived task difficulty with either valence (p

= .783) or tempo (p = .953).

3.3.3 Summary of Findings

In this study, real-time, in-the-moment evidence about university students’ BgM listening
habits while studying was collected. The intention was to contrast some of these data with
the retrospective self-reports obtained in Study 1 (as well as previous retrospective research),
as well as to obtain new types of data about students’ engagement with BgM that can only be
retrieved during real-time study sessions. Unfortunately, a very low number of participants
took part in this study. This is often expected due to the high participant burden required
in ESM research studies (Scollon et al., 2003; Van Berkel et al., 2017), but in my research
study, according to feedback from potential participants, the low participation rate was also
because MuPsych was only available on Android smartphones. There were nonetheless, some
interesting points related to the findings to discuss (which were interpreted with caution).

Overall, students identified commonly listening to BgM while writing and memorising
information, tasks that they perceived as being “difficult”. While studying, students’ music
choices consisted of music with lower volume, lower valence (hedonic tone), and less energy
compared to their musical choices in other moments. Additionally, the music that students
listened to became progressively less energetic with increasing perceived task difficulty. The

most frequently reported reasons for listening to BgM while studying were related to af-
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fect and situational regulation during the study process. This included mood regulation
such as coping with boredom, coping with loneliness, and blocking out surrounding noises.
Interestingly, the only performance-specific reason for listening to BgM was to facilitate
concentration. Regarding the impact of BgM listening, students’ perceptions of how the
BgM impacted them and their study outcomes were largely positive. Specifically, BgM was
perceived as effective in preventing distraction, improving concentration, and alleviating
boredom. Nonetheless, it is interesting to note that although one of the common reasons
reported for listening to BgM while studying was mood elevation, no significant changes were

observed in students’ self-reported mood (nor arousal) during the 30-minute study period.

3.4 General Discussion

The overarching purpose of this research study was to explore university students’ BgM
listening habits while studying, and how they relate to previous laboratory-based empirical
findings on the impact of BgM on cognitive performance. In particular, I wanted to under-
stand the role of individual characteristics in determining the likelihood of listening to BgM
while studying, as well as details of the habit including students’ reasons for listening to BgM
while studying, the types of study tasks often accompanied by BgM, and the characteristics
of the music listened to in those circumstances. Moreover, given that all previous research
in this area has investigated these topics through retrospective surveys, I also intended to
explore them in real time. This allowed the capturing of more accurate study habits with
BgM, which may vary at the very least, across tasks of different difficulty levels. In what

follows, the results are discussed against each research question.
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3.4.1 Research Question 1

Which (if any) individual characteristics is/are related to the likelihood of

listening to music while studying?

The findings showed that age negatively predicted the likelihood of listening to BgM
while studying, with no contributions found concerning personality traits, music training,
everyday music uses, and music capacity. This negative predictive relationship between age
and listening to BgM while studying may be explained by age-related performance declines
in tasks that require the processing of two or more sources of information (Glisky, 2007). In
that respect, not only have studies shown an age decline in the efficiency of upholding divided
attention but it was reported that those between the ages of 7 and 29 years old are typically
most efficient in this process (potentially influenced by this age group’s early onset exposure
to media multitasking; Matthews et al., 2022). It is also possible that individuals across
all age groups are equally likely to engage with media multitasking, but with the younger
generation being more acclimated with media multitasking that involves music listening
(compared to older adults who might be more accustomed to other forms of media, e.g.,
radio or newspaper; Voorveld & Van der Goot, 2012).

From another perspective, the lesser uses of BgM to accompany cognitive work could
also be accounted for by a shift in life goals across age. A recent study by Hird and North
(2020) on individual differences in uses of music, musical tastes, age and life goals identified
that age negatively predicted (albeit weakly) uses of music for mood regulation. Seeing
that the current sample of students (as well as others, e.g., Kotsopoulou & Hallam, 2010)
tended to listen to BgM mainly for affect regulation while studying, this habit is likely to
be more prevalent among younger adults. Although, like the sample in Goltz and Sadakata
(2021), the current sample was also skewed towards younger students (68% aged between

18 to 23). Future research is thus advised to further explore the factor of age in influencing
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the likelihood of listening to BgM while studying with a sample of more equally distributed
age groups, as well as to collect more in-depth qualitative data to better understand the
motivations behind listening to BgM (or not) while studying (or other forms of cognitive
work).

Whereas no other individual characteristics and factors were found to predispose or dis-
incline students to listen to BgM while studying, it is important to highlight that there are
other factors to be considered. One important example, that emerged from the open-ended

comments at the end of the study from two participants, is neurodiversity:

“I never listen to music when studying; I find it too distracting. Admittedly, I'm
on the autism spectrum (formerly Asperger’s), so it’s likely that it’s simply too

much added stimuli for me.” (Participant 1)

“I typically listen to brown noise while studying—I tend to get easily distracted

by rhythm/lyrics when studying since I have ADHD.” (Participant 2)

Overall, the results confirmed previous findings concerning individual differences in the
likelihood of performing cognitive work with BgM, which was predicted by neither personality
traits nor musical experience (Goltz & Sadakata, 2021; Kotsopoulou & Hallam, 2010), but
declines with age (Goltz & Sadakata, 2021). This is interesting in the sense that although
the systematic review results in Chapter 2 have identified that BgM impacted introverts’
and extraverts’ cognitive performance differently, the level of extraversion was not (at least

in my current sample) a determinant of whether one listened to BgM while studying.

3.4.2 Research Question 2

What are the characteristics of the music that students are more likely to listen

to while studying?
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Students’ ratings across each music genre (in Study 1) suggested that regardless of genre,
they were less likely to listen to BgM while studying compared to everyday life. This finding
aligns with a recent research study that reported BgM listening being less common during
cognitive work compared to other (less cognitively demanding) contexts such as performing
monotonous tasks or driving (Kiss & Linnell, 2023). Nonetheless, when students did listen
to BgM while studying, there were important genre-specific differences. Students reported a
higher likelihood of listening to Classical music when studying and no differences regarding
Soundtrack/Theme Songs and Jazz. All other genres were significantly less likely to be chosen
for study sessions, with Pop and Rock music (the two top genres preferred by the current
sample) showing the largest difference between both contexts (together with Rap/Hip-hop).
These findings indicated that students adopted specific music selection strategies for the
context of study sessions, which also aligns with previous research studies that also reported
Soundtrack/Theme Songs (Coutinho & Lisser, 2015; Goltz & Sadakata, 2021) and Classical
music (Coutinho & Lisser, 2015; Goltz & Sadakata, 2021) as the preferred study-music genres
(at least among university students).

It is important to note that this pattern of genre preferences contrasts with the research
study by (Kotsopoulou & Hallam, 2010), which reported Pop music being the most preferred
genre of study-music, and Classical music the least preferred (Kotsopoulou & Hallam, 2010).
In this respect, age could be a likely contributing factor to the distinction. In Kotsopoulou
and Hallam (2010), younger students (age 12 - 13) demonstrated a trend of music selection
more accustomed to personal preference, and the variety of music selection was also reported
to increase with age. Additionally, there were also indications of older students being more
strategic and purposeful in their listening habits towards achieving study goals, demonstrated
by their higher likelihood of turning off music when it disrupted their concentration while
studying. Correspondingly, as my current sample of students consisted of young adults and

mature students (up to 67 years old), their preference for listening to Classical music while
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studying could potentially be a testament to this (older) age group being more strategic in
their music choices while studying.

That being said, genre classifications can also be misleading (Schéfer & Sedlmeier, 2009;
Silver et al., 2016; Van Venrooij, 2009) and mask the relevant music features that may de-
termine the reasons why students engage with particular music selections while studying (as
well as the limitations of using a limited set of music genres). Therefore, in Study 1, students
were also asked to rate their likelihood of listening to BgM that were characterised by a set of
music properties. Those results were clear: students chose more instrumental, soft and slow
music for studying; and less music with lyrics that were also loud and fast. Correspondingly,
the (limited) results from Study 2 also confirmed Study 1’s results, demonstrating that com-
pared to everyday-music, study-music was less loud (though not necessarily slower) and more
negatively valenced (features that are typical of soft and slow music). Moreover, it extended
the findings in Study 1 in that study-music was less energetic (which was expected given
the high correlation between loudness and energy; Coutinho & Cangelosi, 2011; Coutinho &
Dibben, 2012).

A noteworthy finding was that as students’ perceived task difficulty increased, the music
they listened to also became less energetic. This suggested that rather than evoking arousal,
maintaining calmness was seemingly more conducive to engaging with difficult study tasks.
Two (though not mutually exclusive) explanations are plausible. First, this behaviour is
relatable to Easterbrook’s (inverted U-shaped) arousal theory (Easterbrook, 1959), whereby
although an optimal level of arousal is needed to achieve optimum cognitive performance,
over-arousal beyond the optimal level can be detrimental to performance. This was demon-
strated by Bodner et al. (2007), who found that arousing BgM (dissonant music was used
in their research study) facilitated performance in easy cognitive tasks, whereas, in difficult
cognitive tasks, performance was better under silence compared to in the presence of arous-

ing BgM. Potentially, as performing a difficult cognitive task can by itself trigger arousal, the
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addition of arousing BgM could trigger over-arousal and consequently, performance decre-
ment. This trend of behaviour is also analogous to the self-reported behaviours presented in
Goltz and Sadakata (2021), whereby although individuals were generally less critical towards
the music that they listened to when performing easy tasks, with increasing task difficulty,
their preferences for Classical, calm and non-vocal music also increased

Second, the behaviour can also be explained as being students balancing the utilisa-
tion of a limited cognitive capacity (Kahneman, 1973) by prioritising their cognitive task
performance. From this perspective, the majority of one’s (limited) cognitive capacity was
already needed to perform a difficult cognitive task, therefore, in contrast to low energy/calm
BgM, high energy/arousing BgM might overload this limited capacity and cause performance
decrement (see Schellenberg & Weiss, 2013), an impact that students were potentially aware.

All in all, these results demonstrated that with respect to music choices, students’ be-
haviours aligned with results from my systematic review (i.e., previous laboratory-based
research studies), which demonstrated little harm of instrumental BgM (compared to mu-
sic with lyrics) on cognitive task performance, but except for difficult cognitive tasks (see
Chapter 2). Furthermore, the results also aligned with previous retrospective reports on peo-
ple’s preferred type of study-music during cognitive work (Coutinho & Lisser, 2015; Goltz
& Sadakata, 2021; Kiss & Linnell, 2023).

3.4.3 Research Question 3

Why do individuals choose to listen to music while studying and what are the

perceived impacts of music on their intended study outcomes?

The results indicated that when starting to listen to BgM during a study session, students’
primary reasons were to reduce loneliness, block out noises, focus, and improve mood. More-

over, the perceived impacts of BgM were mostly positive and primarily related to improving
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concentration levels, reducing distractions, and mitigating feelings of boredom. These find-
ings coincided with those of previous retrospective reports of the uses of BgM while studying
or performing other cognitive works for the same purposes (Adriano & DiPaola, 2010; Goltz
& Sadakata, 2021; Kiss & Linnell, 2023; Kotsopoulou & Hallam, 2010).

Three main indications can be made from these findings. First, students were conscious
of the affective and cognitive effects of BgM (retrospectively or in the moment) and chose to
use BgM in ways to support their study goals. Second, the findings also painted a clear pic-
ture whereby BgM listening was not only used for the benefit of cognitive performance (i.e.,
facilitating concentration), but it was also pivotal in promoting an ideal study state and envi-
ronment that included regulating personal affective states as well as blocking environmental
distractions.

Second, it is interesting to note that there were no significant differences in students’ self-
reported affect (mood valence and arousal) between the start and end of the 30-minute study
session (Study 2). Given that the sample size and the number of music episodes recorded
were very small, and thus strong assertions cannot be made about these results, but it is
also possible that rather than elevating mood, BgM helped maintain a positive mood and
steady level of arousal throughout the study session, and these, in turn, facilitated better
and/or longer task concentration.

Third, it is interesting to note that students’ reasons for listening to BgM in the context
of studying were by and large, closely aligned with the broader general reasons for listening
to music in everyday life. Indeed, multiple research studies on people’s self-reported everyday
music listening habits, including two ESM studies, have consistently revealed that people
listen to music primarily to relieve boredom (including to help pass the time), regulate mood
and arousal, and create a comfortable private space (e.g., setting a right atmosphere, blocking
out noises; Greasley & Lamont, 2011; North et al., 2004; Schéfer et al., 2013). To that end,

it is likely (though it warrants further research) that irrespective of the listening context,
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the reasons and goals for music listening remain consistent, but the specific types of music
that can be effective towards achieving these goals vary with contexts and their associated

activities/tasks.

3.4.4 Research Question 4

Which study tasks are more often accompanied by music?

With the important caveat of the small sample size and the possibility of the results not
being representative, results from Study 2 suggested that students engaged more often with
cognitive tasks that have been associated with the negative impact of BgM (i.e., memoris-
ing, difficult tasks in general; see Chapter 2). Additionally, these results also contradicted
previous retrospective research studies that, in coherence with the systematic review, identi-
fied memory-related and difficult tasks (among others) as the types of cognitive works least
accompanied by BgM (Goltz & Sadakata, 2021; Kotsopoulou & Hallam, 2010). However,
considering the answer to RQ3, this current finding is also a comprehensible behaviour. It
is possible that students’ priorities, at least in the context of this research, were to create
an environment and/or affective state that could better facilitate them in facing and sub-
sequently focusing on completing a difficult study task, rather than directly enhancing task
performance per se. Nonetheless, it is also possible that the students (aware or not of the
potential negative impact of BgM on their performance) still decided to listen to BgM for
other reasons that were only evident as well as relevant in a more ecological setting such as
the current ESM research, but not through laboratory-based experiments nor retrospective
survey results. For instance, most laboratory research that reported negative impacts of BgM
listening on cognitive task performance often measured cognitive tasks that lasted only a
short duration (e.g., approximately or less than 15 minutes; Gonzalez & Aiello, 2019; Salamé

& Baddeley, 1989) and their focus was not the interplay between mood and performance over
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time. Indeed, in a real-life context, it is reasonable to expect that students would study for
longer periods, in which case persistent task engagement is potentially a (more) important
determinant of performance. In that line, research studies on cognitive effort and mental
fatigue have suggested that prolonged and/or intense cognitive effort is mentally tiring (i.e.,
cognitively depleting; Lin et al., 2020; Shamosh & Gray, 2007), but this can be counteracted
(or delayed) if one is being induced with or feeling enjoyment while engaging with the task

(Polman & Vohs, 2016; Vohs et al., 2008).

3.4.5 Limitations

The central limitation of this work was the small sample size and recorded music episodes
in Study 2, potentially because only users of an Android mobile device can be recruited.
Moreover, a number who participated did not engage with the full 30 minutes of the data
collection process, which resulted in reduced responses in the second prompt. Various reasons
could have contributed to the decreased responses: participants might have simply missed
or ignored the notification to respond when it occurred, they might have stopped studying
by that time, or the app may have malfunctioned (especially if participants’ phones were
not updated).

Another limitation was the time-point-based music tracking in the experience sampling
app. The app only logged the music at specific time points throughout the 30 minutes,
rather than each music track played throughout the 30-minute study sessions. Although this
approach to tracking the music provided a general idea of the types of music participants
were listening to, it was not comprehensive. For instance, the data collected did not inform
whether each of the logged music was listened to in its entirety (participants could be skipping
through their playlist when a music piece happened to be logged). Clearly, careful thought

has to be placed on the application of mobile experiencing sampling in future studies, in
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terms of universal accessibility, user engagement, as well as the reliability of collected data.

3.5 Conclusion

In conclusion, the findings from this chapter suggested that university students listened
to BgM while studying to create a positive environmental and affective state that facili-
tated task engagement, rather than focusing only on enhancing cognitive performance per
se. Nonetheless, there was an obvious strategic music selection process happening, which
involved listening to music genres that may or may not be already favoured in everyday life,
but more importantly, being mindful of the music characteristics that were conducive for cog-
nitive work performance. This resulted in a complex yet interesting behaviour of students
listening to BgM while performing cognitive tasks that previous research has suggested BgM
can impair (memorising and difficult tasks), but at the same time, being purposeful and
strategic in their music selection. This encompassed listening to less energetic music with
increasing levels of perceived task difficulty, as well as generally, appropriating the character-
istics of the music that they listened to to those that potentially do not harm performance.
In the context of this research study and this sample of participants, these music were: soft
and slow instrumental BgM with lower valence and energy level.

Overall, it seemed clear from this research study that while studying with BgM, achiev-
ing a balance between optimal affective (motivation and mood) and cognitive (attention and
optimal performance) states was of paramount importance. As such, isolated analyses of the
direct impact of BgM on individual cognitive skills, as often examined in previous research
studies related to BgM and cognitive performance (cf. Chapter 2), may not provide the best
context for understanding the role of BgM during cognitive work. Indeed, considering long
hours of cognitive engagement as the typical duration of study sessions (which brings its

challenges such as mental fatigue), empirical research that encompasses situational charac-
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teristics of real-life cognitive works, such as the contextual factors (e.g., background noise),
individual characteristics (e.g., age) and affective states (e.g., mood) that might affect study
engagement, as well as cognitive tasks that utilise multiple cognitive domains, may provide a
more ecologically valid platform for studying these issues. To that end, the critical next step
was a focus on evaluating the affective and cognitive functions and impacts of BgM listening
in longer study sessions. This may reveal key information regarding the interplay among
motivation, mood and cognitive performance in realistic study (or work) settings. In the
next and final experiment for my thesis, I aimed to explore these impacts of BgM listening
under a more realistically simulated study setting, incorporating the type of study task and

duration that, as closely as possible, mirrored real-life study sessions.
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This chapter presents the final experiment for my thesis, one which explored the cognitive
as well as affective impacts of listening to background music (BgM) under a more realistically
simulated study session.

In Chapter 2, I have shown that previous empirical evidence suggested no significant
impact of listening to BgM on a wide range of cognitive tasks. Nonetheless, when there was
an impact, the impact was often detrimental, and associated with memory-related tasks,
reading, and difficult tasks in general. Then, in Chapter 3, I explored whether these findings
were mirrored by university students’ real-world music listening habits while studying. The
answer was complex. On one hand, the results revealed habits that deviated from what
would have been predicted from the systematic review findings. Specifically, since BgM was
found to impair performance in memory, reading and difficult tasks, it was reasonable to ex-
pect that in real life, people would avoid listening to BgM when performing cognitive tasks of
these natures. Nonetheless, the results from Chapter 3 showed students often engaging with
memory-related and difficult tasks while listening to BgM. That being said, there was also
an obvious music selection process, suggesting that students were also aware (consciously
or otherwise) that some music may be more conducive to cognitive work than others. In
particular, while studying, students would listen more to instrumental music that was also
slower, softer, less energetic, and of lower emotional valence; mainly using it to create posi-
tive environmental and affective states that could potentially facilitate their cognitive/task
engagement. Moreover, the energy level of their music also decreased as the level of per-
ceived task difficulty increased, indicating that students tended to listen to calmer BgM
during more difficult study tasks. These results raised an important question: if students
were using BgM in ways that helped them regulate affective and cognitive processes, and
were careful enough to adapt their listening habits to achieve those goals, why did they listen
to BgM during tasks that were prone to be negatively affected by it?

There are at least a couple of reasons that can explain this apparent contradiction. First,
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affect regulation may be generally more relevant than the impact that BgM can have on the
performance quality in specific activities. Therefore, even though some negative impacts can
be perceived, emotional needs are more pressing. For instance, without mitigating boredom
and stress, students may not be able to study. So, even if BgM can reduce performance
to some extent, it makes task engagement possible in the first place. Second, there is the
neglected issue of task duration and mental fatigue. In the experience sampling study (cf.
Chapter 3), arguably, students were engaging in longer sessions of cognitive work (compared
to the short duration of tasks used in previous laboratory research; cf. Chapter 2). This,
especially in the context of performing (self-perceived) difficult tasks, typically requires high-
level cognitive control and self-regulation. One not only has to maintain their focus and
cognitive engagement over a long period, but it also involves resisting off-task thoughts
and persisting even if the task holds little to no intrinsic interest to them. This is an
effortful and fatiguing process that will progressively exhaust one’s willingness as well as the
ability to self-regulate, which ultimately can lead to self-regulatory failure. Some associative
behavioural responses to self-regulatory failure include negative mood, increased perceived
difficulty of the task, reduced motivation to elicit cognitive effort, subjective fatigue (Hagger
et al., 2010, 2016), even impaired cognitive functioning (Schmeichel et al., 2003; Schmeichel,
2007)—a phenomenon dubbed as ego depletion'. In that interest, listening to BgM becomes
an effort to counteract the adversities of ego depletion by promoting better and longer task

engagement.

!'Note that there were recent debates against using the term “ego depletion”, due to Freudian theories
(which included his definition of ”ego”) being increasingly less acceptable as scientific (Forestier et al., 2022).
Instead, Forestier et al. (2022) proposed that “self-control fatigue” is now a more accurate term to reflect the
underlying psychological mechanism of this process. However, Forestier’s stand was published very recently
in 2022 and the term “ego depletion” remained in use in most related publications. Therefore, in the interest
of maintaining consistency and avoiding confusion, I preserved the use of the term “ego depletion” in my
thesis.
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4.1 Ego Depletion, Affect and Cognitive Performance

in Prolonged Study Sessions

Ego depletion stipulates a phenomenon whereby a prior act of self-control decreases one’s
physiological and psychological capacity in the forms of glucose (the body’s “fuel”) and mo-
tivation. Intense and prolonged acts of self-control, if not regulated, deplete these resources
and undermine subsequent acts of self-control (Baumeister et al., 1998, 2018; Baumeister
& Vohs, 2016; Inzlicht & Schmeichel, 2012). Self-control behaviours depict a conscious act
of overriding impulses, dominant behaviours or habits. Although overriding impulses and
habits sound unnatural, it is in fact, a common behaviour in our everyday life. Every day,
we face instances when we need to challenge our existing skill sets, elicit greater effort and
strive to achieve beyond the comfort level of our cognitive and/or physical standards. For
instance, resisting the temptation to eat junk food and keeping a healthy diet (Baumeister
et al., 1998), suppressing emotions (Baumeister et al., 1998) and prejudice (Muraven, 2008),
making decisions and choices (Polman & Vohs, 2016; Vohs et al., 2008), engaging with high-
level cognitive functioning by maintaining constant cognitive effort (e.g., logical reasoning,
deduction, problem-solving, making inferences from complex written texts, learning a new
language; Schmeichel, 2007), or more commonly, forcing ourselves to work and/or study
while resisting the temptation to engage in more preferable and enjoyable activities.

Successful self-control is necessary not only for achieving specific goals or task stan-
dards in everyday life but also for maintaining general well-being (e.g., resisting violent acts,
maintaining a positive mindset and behaviour, resisting addiction, etc.; DeLisi et al., 2008;
Gottfredson & Hirschi, 1990). However, prolonged and constant control is taxing and also
physiologically impossible. Deliberative behavioural control, especially if a task is cognitively
demanding and/or less gratifying, consumes bodily energy in the form of glucose. When a

certain threshold is reached, to protect the physiological entity and to prevent further ex-
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haustion, the brain will signal energy preservation by limiting one’s cognitive capacity to per-
form further demanding tasks (Gailliot et al., 2007). Correspondingly, constant self-control
also progressively reduces motivation and consequently shifts one’s attention away from a
demanding and less desirable task, and towards tasks that are more personally enjoyable,
interesting and rewarding (Inzlicht & Schmeichel, 2012). The behavioural adversities of ego
depletion include increased succumbency to temptation (Hofmann et al., 2007) and mental
shortcuts Fennis et al., 2009; Pohl et al., 2013), reduced endurance to physical strain and pain
(Muraven et al., 1998; Schmeichel & Vohs, 2009), weakened impulse and emotional control
(Critcher & Ferguson, 2014), and impaired high-level cognitive functioning such as working
memory and inhibition (Schmeichel, 2007; Schmeichel et al., 2003). These occurrences are
commonly witnessed in real life. For example, binge eating following extreme dieting (failure
to resist temptation), a reluctance to perform more mental work after a 3-hour exam (failure
to elicit cognitive effort), or feeling more short-tempered and easily frustrated after a long
and challenging day at work (failure to control negative emotions). Concurrent with these
behavioural interruptions, when experiencing ego depletion, one will also perceive a task
being more difficult than when they started out (even when the difficulty level remains the
same), feel increases in negative affect (i.e., negative mood) and subjective fatigue; as well
as a progressive decline in willingness to elicit more cognitive effort (Baumeister et al., 1998;
Bieleke et al., 2021; Hagger et al., 2010; Price & Yates, 2010).

On these bases, in an empirical setting, researchers commonly studied and identified the
presence/absence of ego depletion using a sequential task paradigm (Hagger et al., 2010).
This involves having individuals perform an initial self-control task to induce ego depletion,
and subsequently, measuring the extent of ego depletion with a second (different) self-control
task. These tasks range from emotional control (Gailliot et al., 2007) to acts of altruism
(Fennis et al., 2009; Gailliot et al., 2007), measures of physical/pain endurance (Muraven

et al., 1998; Vohs et al., 2008), or complex cognitive tasks that occupy working memory
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and/or inhibition—e.g., the incongruent colour-word Stroop task (Garrison et al., 2019),
or more straightforwardly, a measure of glucose level before and after a self-control task
(Gailliot et al., 2007; see also Hagger et al., 2010). On top of that, signs of depletion
can also be determined through self-reported levels of perceived task difficulty, positive and
negative moods, feelings of subjective fatigue and elicited effort, and willingness/motivation
to perform cognitive effort (Baumeister et al., 1998; Bieleke et al., 2021; Hagger et al., 2010;
Price & Yates, 2010).

Although ego depletion is inevitable, especially after long-duration acts of self-control,
there are means to counteract it. One of the effective approaches is, naturally, through re-
plenishing the nutrients needed for energy restoration, that is, by consuming glucose (i.e.,
sugar; Gailliot & Baumeister, 2007; Gailliot et al., 2007). Apart from sleep and taking a
break from the task (e.g., performing moderate physical activities in-between self-control
tasks; Jacquet et al., 2021), research studies have found successes in counteracting ego de-
pletion by having participants eat/drink sugary food/drink (but not placebos of artificial
glucose; Gailliot et al., 2007), or even by hinting the brain with potential future glucose
intake (by swishing sugary/carbohydrate drinks in the mouth without swallowing; Carter &
McCullough, 2013; Molden et al., 2012). However, given the health risks associated with ex-
cessive sugar, glucose replenishment is not the most practical solution for counteracting ego
depletion. Fortunately, as the occurrence of ego depletion is partly contributed by decreased
motivation after an effortful task of self-control, the same counteracting effect of glucose can
be achieved by mitigating motivational decline. Recent research studies have found affect
regulation to be effective for this purpose. This includes inducing positive mood in-between
tasks (e.g., watching a funny video; Ren et al., 2010; Tice et al., 2007) and inducing feelings
of enjoyment during tasks (Polman & Vohs, 2016; Vohs et al., 2008)—which could involve
music listening.

Based on these premises as well as previous findings on students’ reasons for studying with
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BgM, it is possible that listening to BgM while studying affords a similar situational incentive
that induces (or at least regulates) a positive mood as well as creates a more enjoyable
study process. The maintenance of a positive mood could, in turn, mitigate the progressive
decline in motivation, decline in willingness to exert cognitive effort, and the increase of ego
depletion; ultimately facilitating overall task endurance and possibly performance quality.
This is even more relevant considering modern-day study habits and work culture, which
often involve long hours of cognitive engagement with few to no breaks (Ackerman & Kanfer,
2009; Lee & Larson, 2000; McGee-Thompson, 2022; Rhodes College, 2016; The National
Archives, 1998; Think Student Editor, 2021).

Yet, BgM’s efficacy in preserving task endurance during prolonged cognitive work has
never been directly examined. The majority of previous methodological approaches (i.e.,
experimental design, procedures, test materials, targeted behaviours, etc.) were dissociated
from the situational characteristics exemplary of realistic study or work sessions (cognitive
work hereafter). First, the duration of task engagement in many previous research was often
not true to what would be expected of the duration of cognitive works in real life. Indeed, in
contrast to real-world cognitive works, which typically are expected to last at least 30 minutes
(Ackerman & Kanfer, 2009; Lee & Larson, 2000; McGee-Thompson, 2022; Rhodes College,
2016; The National Archives, 1998; Think Student Editor, 2021), most research reported
in Chapter 2 (49 out of the 95 articles) had participants engage in cognitive tasks that
lasted between 0.13 minutes (i.e., 8 seconds) to 10 minutes (e.g., Cassidy & MacDonald,
2007; Ferreri et al., 2014; Furnham & Allass, 1999), whereby 29 out of these 49 articles
implemented cognitive tasks that lasted 7 minutes or less (e.g., Begum et al., 2019; Darrow
et al., 2006; Mammarella et al., 2007), all of which were too short-lived for adverse mood
changes and ego depletion to occur, and for the affective benefits of BgM (if any) to be
observed in that context. On the other hand, only a minority (13 out of the 95) administered

cognitive tasks of longer duration (at least 30 minutes; e.g., Angel et al., 2010; Fontaine &
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Schwalm, 1979; Mayfield & Moss, 1989), with the longest being 150 minutes (e.g., De Groot,
2006)%. Clearly, based on task duration alone, there was limited research that adequately
simulated the real-world context of cognitive works.

Second, although some research studies did administer cognitive tasks of longer duration,
the majority of them only assessed the direct impact of BgM on cognitive task performance,
rather than BgM’s impact on task endurance (which can include mood, level of ego deple-
tion, as well as actual cognitive performance). Based on the systematic review, of the 13
research studies that did administer longer cognitive tasks, four examined the impact of
BgM on arousal and/or mood—in one way or another, through physiological responses such
as heart rate (Fontaine & Schwalm, 1979), self-reported mood scales (Burkhard et al., 2018;
Riby, 2013), and interviews (Cho, 2015)—alongside cognitive performance. Out of those
four research studies, three reported a significant impact of BgM (compared to control) on
increasing arousal levels (Burkhard et al., 2018; Fontaine & Schwalm, 1979; Riby, 2013).
Out of these three, two observed facilitated cognitive performance (quicker reaction time in
Riby (2013), mitigation of performance decrement in Fontaine and Schwalm (1979), both
in visual vigilance/attention tasks) in tandem with increased arousal. However, as we now
know from Chapter 3 as well as other similar research (Adriano & DiPaola, 2010; Goltz &
Sadakata, 2021; Kiss & Linnell, 2023; Kotsopoulou & Hallam, 2010) about people’s reasons
and perceived impact of listening to BgM during cognitive work, elevating arousal alone is
not an adequate (in fact, based on previous findings, it might not even be a relevant) un-
derlying mechanism that mirrors the true function and impact of BgM listening in everyday
cognitive work.

Third, in most instances, cognitive performance was quantified based on very distinctive

and isolated mental processes and was measured using synthetically generated cognitive tests

2These data were revisited post-hoc upon analysis of the experience sampling research findings in Chapter
3. Analysis of task duration was not within the scope of the systematic review at its initiation, and therefore
these data were not extracted nor reported in Chapter 2.
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such as memorising a list of singular items (e.g., serial/free recall), focused or peripheral
attention, or paired-associates learning (Alley & Greene, 2008; De Groot & Smedinga, 2014;
Gonzalez & Aiello, 2019; Salamé & Baddeley, 1989). This contrasts with actual cognitive
works which typically involve a myriad of different cognitive processes, from simple, short-
term verbal processing and memory (e.g., while reading) to abstract reasoning (e.g., when
analysing graphs and images) and potentially, inhibition (e.g., the exert of control to stay

¢

focused on a task and away from distractions).

4.2 About This Research Study

Building on the above premises, this chapter reports a novel research study that examined
how instrumental BgM (compared to a no-music control) impacts cognitive task performance,
ego depletion, and mood during a prolonged study session. The experiment was designed to
recreate (as much as possible) a potential study session with a study task that was sufficiently
complex that it induced ego depletion. Very often, the process of studying involves reading
and analysing written information. Therefore, for this experiment, I selected a series of
complex reading comprehension tasks to recreate the study session. The study session itself
was also preceded by and/or ended with a set of questionnaires and a behavioural measure
aimed at measuring participants’ subjective mood states and level of ego depletion; as well
as to obtain some background characteristics of the sample.

The research questions were as follows:

Research Question 1: What is the impact of listening to instrumental BgM during a
prolonged study session on cognitive task performance?

Research Question 2: What is the impact of listening to instrumental BgM during a
prolonged study session on mood changes over the period of study?

Research Question 3: What is the impact of listening to instrumental BgM during a
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prolonged study session on ego depletion levels over the period of study?

Based on the previous chapter showing students’ frequent use of BgM for affect regulation
while studying, I speculated that in this current experiment, instrumental BgM will be
effective in mitigating both the decline in mood and the increase in the level of ego depletion
along the study session. Consequent to these mitigations, instrumental BgM will effectively
facilitate better cognitive performance. In particular, my hypotheses were that compared to

those who do not listen to BgM, those who listen to instrumental BgM will:
e perform significantly better in the reading comprehension task (Hypothesis 1);
e maintain their mood along the reading comprehension task (Hypothesis 2);

e exhibit less depletion after the reading comprehension task (Hypothesis 3).

4.3 Methods

4.3.1 Design

For this experiment, I implemented a between-subjects design with two experimental
conditions: a music group and a control group. Participants in the music group listened to
BgM while performing the reading comprehension task, whilst participants in the control
group did not listen to music. The measured outcomes were: reading comprehension task
performance (number of questions answered, test score), level of ego depletion (Stroop task
performance, self-reported motivation for cognition), and mood (positive affect, negative

affect). Descriptions of each measure are presented in more detail in the following sections.
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4.3.2 Target Participants

The targeted population was undergraduate and postgraduate (Master’s) students who
were at least 18 years old, with neither hearing difficulties nor colour vision deficiency (i.e.,

colour blindness). Further details of the sample are presented in the Results section.

4.3.3 Materials

Music Stimuli

The music stimuli used in this research study considered two factors. First, the music
characteristics should be conducive for reading (based on the systematic review results,
one that does not strongly interfere with the process of reading, i.e., instrumental BgM);
and second, the music should be commonly used for studying. On these bases, the music
stimuli for this research study were sourced from existing Spotify playlists created by users
(and not Spotify algorithms) to be used as background for study sessions. To do so, the
Spotify API was used to search for the most popular playlist (i.e., the one with the highest
number of followers) using the search string “study + music”, while also filtering for playlists
that contained only instrumental music. The selected playlist was one named “Lofi Fruits
Music”?, which has 7,310,197 followers and 455 music tracks (on 9th May 2022). A set of 17
instrumental music tracks were then randomly selected to create a playlist of approximately
35 minutes (https://open.spotify.com/playlist /3Ftqaw ATrZImCPTooF13zg7si=9940e0fc786
34cca) that was then used in the experiment. Based on Chapter 3’s results, the acoustic
features of the 17 music stimuli were analysed for their energy level, valence and tempo.
The results confirmed that these music tracks have on average, low energy (M = .17, SD =

0.10), low valence (M = .15, SD = 0.07), and a mean tempo of 104.55bpm (SD = 30.50)".

3https://open.spotify.com /playlist /3LFIBAP7eZXJKqf3guepZ1

4The same Spotify API (the “Get Track’s Audio Features” method) used in Chapter 3 was used for
these feature analyses. The values for energy and valence levels range from 0.0 to 1.0, whereby lower values
indicate respectively, lower energy and lower valence.
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Mood

Mood states were measured using the Positive and Negative Affect Schedule (PANAS;
Watson et al., 1988). The scale contained 20 descriptors of either a positive or negative mood
state, and participants were to rate the extent to which they felt (at that specific moment)
each of the individual moods. These were rated along a 5-point Likert scale (1 = very
slightly or not at all, 5 = extremely). Both the levels of positive and negative affects were
determined by calculating the mean ratings across the specific descriptors that represented
each mood state. Ultimately, for both states, a higher mean score indicated a higher level

of each affective state.

Ego Depletion

The level of ego depletion was measured using two complementary measures that measure
respectively, the behavioural and affective dimensions of ego depletion: (1) a measure of
inhibition using the incongruent colour word Stroop task (MacLeod, 1991; Stroop, 1935),
which is a common behavioural measure for ego depletion (Gissubel et al., 2018; Hagger et
al., 2016, 2010), and (2) self-reported willingness to invest further cognitive effort (motivation

for cognition).

Stroop task. The Stroop task consisted of a series of words, each describing a specific
colour (e.g., blue, green, red, yellow, etc.) and presented in either the same (congruent)
or different (incongruent) ink colours. Each word was presented in separate displays at the
centre of a computer screen (font: Arial, font size: 20), and remained on the screen until
participants responded. Other than the coloured words, all texts were presented in light grey
colour [R: 145, G: 143, B: 143] against a black colour background.

Here, participants were tasked to identify the ink colour and not the word itself by pressing

one out of four pre-assigned keys on a keyboard. In the effort to adapt the original Stroop task
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whereby ink colours were identified through verbal responses, participants were prompted to
engage in a similar cognitive process by responding through keys that corresponded to the
first letter of each colour (i.e., “B” for blue, “G” for green, “R” for red, and “Y” for yellow; see
MacLeod, 1991). The task commenced with five practice trials (three incongruent trials, two
congruent trials), followed by the main task with three blocks of 40 trials each (10 congruent,
30 incongruent; total 120 trials). Based on Garrison et al. (2019), the level of ego depletion
was measured using the generic Stroop effect based on response interference (i.e., reaction
time (RT) in the congruent trials subtracted by RT in the incongruent trials), whereby a
higher response interference (i.e., greater subtracted RT) indicated poorer performance and
correspondingly, higher level of ego depletion.

The Stroop task was hosted and administered on PsyToolkit (Stoet, 2010; Stork & Ginis,
2017). A demonstration of the task is available on https://www.psytoolkit.org/c/3.4.4/

survey?s=a8nWN.

Motivation for Cognition (MFC). It was expected that ego depletion would also
reduce one’s motivation and willingness to invest more cognitive effort in a subsequent cog-
nitive task. Therefore, participants’ self-reported willingness to invest more cognitive effort
was examined as a proxy measure for ego depletion, as well as to complement the data ob-
tained from participants’ Stroop task performance. This was measured using the 10-item
Motivation for Cognition (MFC) State Scale (Blaise et al., 2021), whereby the applicability
of each statement in the scale to participants’ state at the moment of completing the scale
was rated along a 7-point Likert scale (1 = does not apply at all, 7 = applies exactly). Mean
scores were calculated to determine the level of MFC, whereby a higher mean score indicated

a higher level of MFC.
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Reading Comprehension

In reference to Schmeichel et al. (2003)—an ego depletion study among university stu-
dents—a series of complex reading comprehension tests from published versions of past
Graduate Record Examinations (GRE; The Princeton Review, 2019) were retrieved (verba-
tim) for use as the study task in this experiment. All texts were presented in black colour
texts against a light grey colour [R: 238, G: 238, B: 238] background.

A total of 18 passages (each between 117 and 314 words; 5 to 14 sentences) comparable
in language complexity were selected for the task. FEach passage contained two to four
multiple-choice questions (totalling up to 45 questions), of which the number of answer
choices ranged from three to five. The total estimated reading time for all passages (including
the questions, but excluding the time needed to think and work out the correct answers) was
25.11 minutes. As such, it was expected (and intended) that participants would not be able to
complete the entirety of the test within the 30-minute time limit®. The language complexity
of the passages and their estimated reading time were assessed using the Hemingway Editor
(https:/ /hemingwayapp.com/).

Participants’ cognitive performance was measured in two aspects: the number of ques-
tions answered, and their total test score in the reading comprehension task. One score was
awarded for each correct answer, with a higher total score indicating better performance.
While most questions had only one correct answer (and thus the maximum achievable score
for each of those questions was “1”), some contained two to three correct answers. In these

instances, one score was awarded for each correct answer, and the maximum score achievable

5Before this experiment, a pilot study was conducted among a group of six—one post-doctoral individual,
three doctoral students, and two undergraduate students (two native English speakers and four who speak
English as a second language)—to verify the difficulty level of the reading tasks as well as the adequacy
of the 30-minute time allocation. Effectively, all participants did not manage to complete the questions in
30 minutes—the highest completion rate was 58% out of the 45 questions. All participants also responded
(through informal feedback) that they found the reading task very difficult. Altogether, these responses
verified the reliability of the arrangements used in the main experiment.
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for those questions corresponded to the number of correct answers they contained. To that
end, the maximum score that participants were able to achieve in this test totalled up to 52,
whereas the total number of questions they were able to answer was 45.

The breakdown of each passage’s details and their locations in The Princeton Review

(2019) is tabulated in Appendix L.

Working Memory Capacity (WMC)

Participants’ baseline working memory capacity was measured to ensure comparability
across the sample (particularly between the two experimental conditions). As the cognitive
task (reading comprehension) involved verbal processing, and the process of listening to
BgM while performing the task required the working memory to carry out two concurrent
cognitive processes, participants’ working memory was measured with their verbal working
memory and divided attention capacity. The specific tasks used were modified versions of
the Reading Span Task (verbal working memory; Daneman & Carpenter, 1980; Oswald et
al., 2015) and the Category Switch Task (divided attention; Friedman et al., 2016; Mayr
& Kliegl, 2000). Both tasks were created using PsychoPy (Peirce et al., 2019) and hosted
online on Pavlovia (https://pavlovia.org/). All corresponding texts and images in both tasks
were presented in white colour text against a dark grey [R: -0.4824, G: -0.4902, B: -0.4824]

background. The full records of both working memory tasks are available on GitLab:
e Reading Span Task: https://gitlab.pavlovia.org/Yiting93/reading-span-final
e Category Switch task: https://gitlab.pavlovia.org/Yiting_liverpool/category_switch_copy

Reading Span (verbal working memory). Figure 4.1 presents the general workflow
of the Reading Span Task. This task entailed participants recalling letters while completing a
background sentence reading task. In this task, sets of sentences between 10 and 16 words in

length (font: Arial, letter height: 0.5) were displayed at the centre of a computer screen. The
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sentences were either understandable (e.g., “A person should never be discriminated against
based on his race.”) or nonsensical (e.g., “Andy was stopped by the policeman because he
crossed the yellow heaven.”), and participants were tasked to judge whether each sentence
made sense. After each sentence, a letter (e.g., “T”, “H”, “K”, etc.; font: Arial, letter
height: 0.1) was presented for 1000ms at the centre of the screen. Participants were required
to memorise the letters, and at the end of each set, to recall the letters in the sequence they
were presented in by clicking on a 3 x 3 letter matrix.

The task commenced with three sets of practices: a letter practice, a sentence practice,
and a joint practice. In the letter practice, participants memorised and recalled only the
letter sequences. This was administered in two blocks with set sizes of two and four letters
respectively. In the sentence practice, participants practised five sentences by indicating
whether each made sense or not. Finally, in the joint practice, participants practised with
both the sentence and letter tasks combined (3 blocks x set sizes of two; i.e., a total of
six sentence-letter pairs). In the main task, participants worked on a shortened Reading
Span Task (Oswald et al., 2015) that consisted of two blocks of set sizes four, five and six
(i.e., a total of 30 sentence-letter pairs) presented in random order. Task performance was
measured using the partial-credit unit scoring by calculating the sum of the proportion of
letters accurately recalled in each set (Conway et al., 2005), whereby a higher score indicated

better performance (i.e., better verbal working memory).

Category Switch (divided attention). Figure 4.2 presents the general workflow of
the Category Switch Task. In this task, at the centre of the computer screen, participants
saw a word (alligator, bicycle, cloud, coat, goldfish, knob, lion, lizard, marble, mushroom,
oak, pebble, shark, snowflake, sparrow, or table; font: Open Sans, letter height: 0.1) below
one of two cues: a heart symbol or an arrow cross symbol. In each trial, a cue was first

presented, and after a 350ms delay, a word. Both stimuli remained on the screen until a
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Figure 4.1

General Workflow of the Reading Span Task (Main Task)
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Figure 4.2
General General Workflow of the Category Switch Task (Main Task)
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response was given. Depending on the cue, participants were to determine by pressing a
corresponding pre-assigned key on the keyboard, whether each word represented a living
being or a non-living object (if cued by a heart symbol), or whether it was bigger or smaller
than a basketball (if cued by an arrow cross).

The task began with three sets of practices (each with 16 trials): the living task, followed
by the size task, and finally a joint practice combining both tasks. In the joint practice,
each single trial progressed in a pseudorandom order such that half of them were switch
trials (from living task to size task or vice versa) and half were non-switch trials (living
task to living task, or size task to size task). The main task consisted of four blocks of 32
trials each (i.e., a total of 128 trials), which was also pseudorandomly presented for an equal
distribution of switch and non-switch trials. Performance quality (the dependent measure)
was determined through calculation of the local switch cost: difference in the average RT (in

milliseconds) between the switch trials and non-switch trials (Friedman et al., 2016), whereby
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a lower average RT difference indicated better performance (i.e., better divided attention).

Individual Traits and Characteristics

Measures of individual differences included basic demographic information (e.g., age,
gender, course of study, self-identified English language proficiency), personality traits, trait
boredom, level of music education, and self-reported music listening habits in everyday life.

Personality traits were measured using the 44-item Big Five Inventory (BFI; John et al.,
1991, 2008): extraversion (8 items), agreeableness (9 items), conscientiousness (9 items),
neuroticism (8 items) and openness (10 items). Ratings were performed along a 5-point
Likert scale (1 = strongly disagree, 5 = strongly agree). Trait boredom proneness was
measured using the eight-item Short Boredom Proneness Scale (SBPS; Struk et al., 2017),
along a 7-point Likert scale (1 = strongly disagree, 7 = strongly agree). The final mean
ratings were calculated for each of the above traits, whereby a higher mean rating indicated
a higher intensity of the trait.

Musicianship was measured using the 6-item Musicianship module from the MUSEBAQ
(Chin et al., 2018), which contained two subscales measuring (1) formal music training: years
of training in musical theory and musical instruments, and (along a 5-point Likert scale of
1 = Nothing and 5 = A great deal) knowledge of music structure and theory; and (2) music
making ability: frequency of engaging in professional music making, amateur music making,
and music practices and rehearsals (along a 5-point Likert scale of 1 = Never and 5 = All
the time).

Participants’ music listening habits were identified using 13 isolated questions. Specif-
ically, participants were asked about the typical frequency at which they would listen to
music when they are (as well as when they are not) studying, while reading, and when doing
other activities (e.g., travelling, cooking, running, doing house chores, etc.); whether they

listen to music more or less while studying compared to everyday life; and finally, the extent
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to which they think listening to music would help or disrupt their mood, interest, motivation

and concentration while studying (see Appendix M).

4.3.4 Procedure

The experiment was divided into two parts, either individual or group sessions. Each
session was arranged based on participants’ availability and as such, the number of partici-
pants per session varied between one to seven. The experiment took place in the computer
rooms (not soundproofed) at the University of Liverpool, on HP E233 (23-inch) monitors.

In Part 1, participants were randomly allocated into either a music (n = 20) or a control
group (n = 21). The experiment commenced with a demographic questionnaire, followed
by the PANAS and the MFC (pre-task measurements). Next, based on research findings
suggesting the adequacy of 30-minute depleting tasks to induce depletion (Mangin et al.,
2021; Van Cutsem et al., 2017), participants in this experiment also engaged in a 30-minute
reading comprehension task. Those in the music group listened to the study-music playlist
mentioned earlier via headphones (Sony MDR-V150). Participants were allowed to adjust
the sound level to a comfortable volume before the reading task started. Those in the control
group were also asked to put on headphones, but no sounds were played. After the reading
task, participants responded again to the PANAS and the MFC (post-task measurements).
Finally, participants in the music group were asked three additional questions related to
the BgM: the extent to which they (1) enjoyed the music, (2) were distracted by the mu-
sic, and (3) felt that the music helped them perform better in the reading task. Each of
these final questions was rated on a five-point Likert scale (1 = not at all, 5 = very much)
with an additional option, “I don’t know”. Finally, participants were instructed to take off
their headphones and complete the colour-word Stroop task. Part 1 lasted approximately
45 minutes. Notably, it would be ideal to perform a baseline behavioural measure of ego

depletion (the Stroop task) before the reading task as well as after. However, doing so would
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have risked inducing ego depletion among participants (Hagger et al., 2010) before the com-
mencement of the main reading task. Therefore, the Stroop task was administered only
at the end of the reading task, and a (shorter) proxy measure of ego depletion—the MFC
questionnaire—was implemented to complement the post-task-only behavioural measure of
ego depletion.

In Part 2, participants completed a series of questionnaires and tests in the following
sequence: the BFI, SBPS, MUSEBAQ and then questions about their everyday music lis-
tening habits. Finally, in a counterbalanced sequence, participants completed the Reading
Span and the Category Switch tasks. Part 2 of the experiment lasted approximately 30
minutes.

In Parts 1 and 2, all the questionnaires as well as the reading comprehension task were
hosted online in Qualtrics. Then, at the end of the questionnaire, participants were redirected
to either PsyToolkit (in Part 1) or Pavlovia (in Part 2) to complete the Stroop task and
working memory tasks respectively.

Participants’ compensation consisted of a raffle that awarded five participants one of five
shopping vouchers (one of £150, one of £100, and three of £50).

The design, procedures and analyses of this experiment followed the recommendation of
the Music and Cognitive Performance Appraisal Tool (MCPAT; cf. Appendix D) and the
research has received ethical clearance from the University of Liverpool’s Research Ethics
Committees (reference number: 11532). The raw data of this experiment are publicly avail-

able on Zenodo (https://doi.org/10.5281/zenodo.8421227).

154


https://doi.org/10.5281/zenodo.8421227

Background Music, Cognitive Performance and Ego Depletion

4.3.5 Missing Data

There were six missing data from Part 2 of the experiment, due to participant absentees®.
However, the data collected from Experiment 2 pertained only to measures of individual traits
and characteristics—everyday music listening habits and self-perceived impacts of studying
with BgM, working memory capacity, personality traits, trait boredom proneness, and level of
music training—which were used only for sample description and homogeneity tests between
the two experimental groups. To that end, the analyses that pertained to these sample
characteristics were conducted based on available data (n = 35, music group: 18, control
group: 17). As these variables were not incorporated in the main analyses of the impact of
BgM on cognitive performance, ego depletion and changes in positive and negative affects,

sensitivity analyses and data imputation were irrelevant and hence were not performed.

4.4 Results

4.4.1 Participants

Forty-one undergraduate and postgraduate (Master’s) students (37% males, 58% females,
5% non-binary/third gender) aged between 18 and 32 years old (M = 21.00, SD = 2.62)
participated in the experiment. The sample consisted of both musicians and non-musicians,
ranging from 0 to 18 years of training in musical theory (M = 2.12, SD = 3.78) and 0 to
20 years of training in one or more musical instruments (including voice; M = 4.38, SD =
5.17)"Results for years of music education were obtained from a sample of 35, due to six
incomplete data.|. Participants’ self-rated level of English proficiency ranged between 5 and

10 (M = 9.22, SD = 1.09) on a scale ranging from 0 to 10. A complete overview of the

6Efforts were made in keeping attendance records and following up with absent participants to rearrange
alternative sessions. The six absentees were individuals who either did not respond to the follow-ups or

decided not to proceed with Part 2 (but consented to their data from Part 1 being used for analysis).
il
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sample characteristics is presented in Table 4.1.

Table 4.1
Sample Characteristics (N = 41) With the Associated Counts (n) and Percentages (%) for
Each Characteristic

Characteristics Details n (%)
Gender Female 24 (58.54%)
Male 15 (36.59%)
Non-binary / third gender 2 (4.88%)
Self-reported/ No 34 (82.92%)
diagnosed neurodiversities'! =~ ADHD (of various types) 5 (12.20%)
Asperger’s 1(2.44%)
Suspected dyslexia 1(2.44%)
Yes, but not specified 1 (2.44%)
English as first language Yes 34 (82.93%)
No 7 (17.07%)
Programme of study Accounting, Finance and Economics 1(2.44%)

Archaeology, Classics and Egyptology, 1 (2.44%)

Communication, Film and Media, Politics

Architecture, Building and Planning 1(2.44%)
Biological and Biomedical Sciences 3 (7.32%)
Business and Management 1(2.44%)
Chemistry 1(2.44%)
Computer Science 3 (5.71%)
Electrical Engineering and Electronics 1 (2.44%)
Engineering, Mechanical Engineering 1(2.44%)
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Table 4.1 (Continued)

Characteristics Details n (%)

Electrical Engineering and Electronics, 1 (2.44%)

Mechanical Engineering

English 2 (4.88%)
English, Game Design 1(2.44%)
Languages and Cultures 1(2.44%)
Mathematics 2 (4.88%)
Medicine 3 (7.31%)
Music 3 (7.31%)
Music, Philosophy 1 (2.44%)
Philosophy 2 (4.88%)
Philosophy, Politics 1(2.44%)
Politics 1 (2.44%)
Psychology 4 (9.76%)
Sociology, Social Policy and Criminology 1 (2.44%)
Veterinary Science 5 (12.20%)

Code. ADHD: Attention-Deficit / Hyperactivity Disorder

Note. The breakdown between the number of undergraduate and postgraduate students was not available.
They were deemed not relevant to the ultimate goal of this experiment (sample heterogeneity in the
self-perceived level of English proficiency, verbal working memory, and divided attention capacity were
more relevant), thus these data were not collected at the onset.

[1] The percentages for neuro-diversities do not add up to 100% as some participants identified with more
than one.

Sample Characteristics and Experimental Groups Homogeneity

To map out more detailed sample characteristics as well as to verify whether the samples
in the music and control groups differed in their characteristics, I performed independent one-
way ANOVAs between the music and control groups in relation to their age, self-reported
English language proficiency, trait boredom proneness, personality traits, level of music

training (years of training in musical instruments and musical theory), and working memory
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capacity (verbal working memory and divided attention capacity).

Then, I performed a mixed model MANOVA (between-subjects factor: condition (music,
control); within-subjects factor: context (studying, reading, not studying, other activities))
with Bonferroni corrected post-hoc analyses to examine: (1) differences in participants’ self-
rated music listening frequencies across all the listening contexts, and (2) group differences in
respect to the listening frequencies under each context. An independent one-way MANOVA
with Bonferroni corrected post-hoc analyses were also performed between the music and
control groups to examine: (1) differences in participants’ mean level of perceived positive
and negative impacts of studying with music, and (2) group differences in respect of each
perceived impact®. Prior to this analysis, the ratings across each perceived positive impact
(improves mood, reduces boredom, increases motivation to study, improves concentration,
study for longer) were averaged to generate one score that represented a “mean level of the
perceived positive impact of studying with music”. The same calculation was applied to
each of the perceived negative impacts (music being distracting, disrupting concentration,
and disrupting mood), producing one score that represented a “mean level of the perceived
negative impact of studying with music”.

First, the results revealed no significant group differences in terms of age (F'(1, 39) =
0.17, p = .681), self-reported English language proficiency (F (1, 39) = 0.03, p = .871), trait
boredom proneness (F(1, 33) = 0.15, p = .704), levels of extraversion (F(1, 33) = 0.08, p
= .778), agreeableness (F(1, 33) = 0.33, p = .572), conscientiousness (F'(1, 33) = 1.42, p =
.242), neuroticism (F (1, 33) = 2.31, p = .138), and openness to experience (F (1, 33) = 1.61,
p = .213), years of training in music theory (F'(1, 33) = 0.93, p = .342) and instruments
(F'(1, 33) = 0.35, p = .557), verbal working memory (F(1, 33) = 0.14, p = .708), and divided
attention capacity (F'(1, 33) = 0.63, p = .432).

The breakdown of participants’ music listening frequencies in each of the four listening

8cf. Appendix N for assumption tests output.
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contexts (studying, reading, not studying, and other activities) is shown in Figure 4.3. In
line with earlier results (cf. Chapter 3), participants’ responses demonstrated a significant
main effect of context on listening frequencies (F(1.94, 63.87) = 39.52, p < .001, partial n?
= 0.55), showing clear trends of music being listened to less frequently in any study contexts
compared to not studying. Specifically, music was listened to more frequently in a general
everyday life context (M = 4.37 £ 0.12 (SE)) as well as while doing other routine activities
(e.g., travelling, cooking, exercising, house chores, etc.; M = 4.41 £+ 0.14 (SE)) compared to
while studying (M = 3.43 £ 0.23 (SE); ps < .001) or reading (M = 2.48 £+ 0.23 (SE); ps
< .001)". No significant difference in listening frequency was identified between everyday
listening and during routine activities (p = 1.000). No significant interactions between the
experimental groups (music vs. control) and listening contexts were found (F(1.94, 63.87) =
1.26, p = .290)%, indicating homogeneity across participants between the two experimental
groups in terms of everyday music listening habits (cf. Figure 4.3(b)).

The breakdowns of participants’ ratings of the perceived positive and negative impacts
of studying with music are shown in Figure 4.4. As can be seen (cf. Figure 4.4(a)), overall,
the highest ratings were attributed to the positive impacts that music has on affective (im-
proves mood, reduces boredom, and increases motivation to study) and cognitive (improves
concentration) states, as well as endurance (study for longer). Conversely, the lowest ratings
were attributed to the potential negative impacts (the music being distracting, disrupting
concentration, and disrupting mood) of studying with music.

Looking at Figure 4.4(b), further analysis showed a significant difference between overall

mean level of perceived positive and negative impacts of studying with music (F(1, 33) =

9Greenhouse-Geisser correction was applied to the degrees of freedom due to the violation of sphericity,
W = .42, x%(5) = 27.49, p < .001.

10This was mirrored in participants’ responses to the question of whether they would listen to music more
or less while studying, compared to everyday listening. Here, of the 35 responses obtained, the majority of
participants (42.86%) responded listening to music less while studying, 37.14% responded listening to about
the same amount of music during both contexts, and 20% responded listening to music more while studying
than during everyday listening.
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Figure 4.3

(a) Mean Frequencies of Music Listening By Contexts: In General, While Doing Other
Activities (e.g., Travelling, Cooking, House Chores, etc.), While Studying, and While
Reading, (b) Group Differences in Mean Frequencies of Music Listening By Contexts (n =

35)
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Note. Ratings were made based on a 7-point Likert scale of 1 = Never, 7 = Every time.
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21.72, p < .001, partial 7> = 0.40), whereby participants perceived the impact of music
listening while studying as being more positive (M = 3.51 £+ 0.16(SE)) than negative (M =
2.27 + 0.14(SE)). There were no significant group differences for each perceived impact (F(1,
33) = 0.04, p = .867), indicating that both groups were homogeneous in their perception of

the positive and negative impacts of studying with music.

4.4.2 Reading Performance, Ego Depletion and Mood: Music vs.

Control

Independent one-way ANOVAs were conducted to determine the impact of the experi-
mental group (music vs. control) on each reading performance measure (number of questions
answered, total score), and post-reading ego depletion level. Then, mixed model ANOVAs
(between-subjects factor: condition (music vs. control); within-subjects factor: time (pre-
and post-reading)) with Bonferroni corrected post-hoc analyses were conducted to determine
whether there were any significant main impacts of time as well as interactions between time
and condition on changes in MFC and mood (positive and negative affect). Due to violations
of normality and homogeneity of variances in the variable negative affect (cf. Appendix O),
related-samples Wilcoxon Signed Rank tests were used to analyse this dependent variable.

Concerning reading performance, there was no statistically significant difference between
the two experimental groups in terms of the number of questions answered (F (1, 39) = 1.29,
p = .263), but there was a significant difference in reading comprehension score (F (1, 39)
= 4.80, p = .034, n* = 0.11 (95% CI [.00, .30]), whereby those in the music group achieved
higher score (M = 25.65 + 1.44 (SE)) than those in the control group (M = 21.00 + 1.55
(SE)).
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Figure 4.4
(a) Overall Self-Rated Perceived Impacts of Studying With Background Music, (b)

Between-Group Differences (Music vs. Control) In Mean Frequencies of Students’
Self-Reported Perceived Positive and Negative Impacts of Background Music on Study

Performance (n = 35)
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Codes. Pos. mood: positive impact of music — improves mood, Less bored: positive impact of music — reduces
boredom, Motivates: positive impact of music — increase motivation to study, Concentrates: positive impact of
music — improves concentration, Study longer: positive impact of music - study for longer, Distracts: negative
impact of music — distracting, Dec. concentration: negative impact of music — disrupts concentration, Neg.

mood: negative impact of music — disrupts mood
Note. The perceived impacts were rated on a 5-point Likert scale of 1 = Almost Never, 5 = Almost Always.
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The two experimental groups also diverged in their ego depletion levels. This was demon-
strated firstly, with a significant between-group difference in Stroop task performance after
the reading test (F(1,39) = 4.24, p = .046, n* = 0.10 (95% CI [.00, .29]), with those in the
music group performing better (M = 25.65 + 1.44 (SE)) compared to those in the control
group (M = 21.00 £ 1.55 (SE)). In terms of participants’ self-rated changes in MFC (cf.
Figure 4.5(a)), the analyses showed a significant main impact of time on MFC (F(1, 39) =
18.02, p < .001, partial n* = 0.32), whereby overall MFC was significantly lower at the end
of the reading session (M = 0.01 £+ 0.22(SE)) compared to before the start of the session
(M = 0.82 + 0.15(SE)). There was also a significant interaction between condition and time
(F(1, 39) = 5.52, p = .024, partial > = 0.12). In this respect, those in the control group
showed a significant decrease in MFC (M, = 0.81 £ 0.21 (SE), Mp,s: = -0.45 + 0.31 (SE);
p < .001), whilst there were no significant changes in the music group (M,,. = 0.83 £ 0.21
(SE), Myost = 0.47 £ 0.32 (SE); p = .193).

Concerning positive affect (cf. Figure 4.5(b)), the analyses showed a significant main
impact of time on positive affect (F (1, 39) = 12.26, p = .001, partial n? = 0.24), whereby
overall post-reading positive affect was significantly lower (M = 23.17 £ 1.49(SE)) compared
to pre-reading positive affect (M = 27.51 £ 1.33(SE)). There was also a significant interaction
between condition and time (F(1, 39) = 6.21, p = .017, partial n* = 0.14). In this respect,
those in the control group showed a significant decrease in positive affect (M,,. = 27.57 £
1.86 (SE), M, = 20.14 £ 2.08 (SE); p < .001) while there were no significant changes in
the music group (M, = 27.45 + 1.91 (SE), M,,s+ = 26.20 £ .2.13 (SE); p = .485).

Finally, the analysis of negative affect (cf. Figure 4.5(c)) did not reveal any significant
difference in overall negative affect from pre- to post-reading (¢ = 319.00, p = .947). There
were also no significant differences in pre- to post-reading negative affect in the music group

(t = 72.00, p = .553) nor the control group (¢t = 89.50, p = .537).
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Figure 4.5

Changes From Pre- to Post-Reading in (a) Mean Motivation for Cognition (MFC), (b)
Mean Positive Affect, (¢) Mean Negative Affect, Between the Music Group (n = 18) and
the Control Group (n = 17)
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Figure 4.6

Manipulation Check: Mean Perceived Impact of Background Music of Participants in the
Music Condition, Rated in Respect to the Extent to Which They Find the Music Enjoyable,
Distracting, and Helped Their Reading Task Performance (n = 16)

= Observed Grand Mean

Mean Ratings
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Note. The perceived impacts were rated on a 5-point Likert scale of 1 = Not At All, 5 = Extremely.

Perceived Impact of BgM

The mean ratings of participants’ perceived impact of the BgM are shown in Figure 4.6.
As can be seen, the data demonstrated that overall, participants in the music group (n =
16)'! found the BgM enjoyable (M = 3.56 + 0.38 (SE)) and not distracting (M = 2.50 + 0.34
(SE)), albeit also not perceiving the BgM as particularly helpful to their study performance
(M = 2.65 + 0.42 (SE)). This implied that the BgM used in this experiment fulfilled the

purpose of being an enjoyable and not distracting auditory accompaniment.

HUTwo data from the music group were excluded from this particular descriptive output due to non-
completion.
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4.5 Discussion

In this experiment, I set out to examine the impact of instrumental BgM (specifically,
Lo-Fi music that was also low in energy, valence and tempo) on cognitive performance, level
of ego depletion, and mood during a prolonged study session. The experiment was designed
to investigate a previously neglected impact of BgM on cognition: the mitigation of ego
depletion and maintenance of a stable mood along a prolonged study session. The results
and analyses revealed a consistent picture. Compared to the control group, those in the
music group performed significantly better (more correct answers) in the reading task, were
less depleted at the end of the session, maintained their MFC, and maintained their positive
affect throughout the study session. Conversely, compared to the music group, those in the
control group performed significantly worse (fewer correct answers) in the reading task and
were more depleted at the end of the session. Their positive affect and MFC also decreased
significantly from before to after the study session.

Overall, these results strongly indicated that instrumental BgM (at least those used in this
experiment) were effective in regulating positive mood and mitigating ego depletion during
prolonged studying, which, in turn, may have facilitated cognitive performance. Nonetheless,
some interesting aspects deserve further consideration.

First, the participants in the music group maintained their level of positive affect through-
out the study session (whereas those in the control group did not). This meant that the BgM
may have provided a means for mood regulation, which was corroborated by the fact that
participants in the music group found the music enjoyable (and not distracting). Overall,
this aligned with previous research on ego depletion and mood, which found that inducing
positive mood and feelings of enjoyment helped overcome the deleterious impacts of ego
depletion (Tice et al., 2007), which in turn also facilitated executive functioning during pro-

longed cognitive work (Jacquet et al., 2021; Ren et al., 2010). Nonetheless, it should be noted
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that BgM only maintained rather elevated positive mood, of which could be attributed to
the interactive effects of ego depletion. Ego depletion is unavoidable in most circumstances
of prolonged and effortful high-order cognitive functioning (Ackerman & Kanfer, 2009), even
when the task is personally meaningful, engaging and/or enjoyable to the performer (Hockey,
2013). Constant cognitive effort is a process that is progressively exhaustive, and depleting,
and might also impact mood negatively. In this context, arguably, BgM made the study
session relatively more enjoyable and while doing so, it counteracted this depletion and its
negative impact on positive mood. In other words, music mitigated (or possibly only de-
layed) the negative impact of ego depletion on mood and cognitive performance (which might
eventually occur if the study session lasted longer than 30 minutes) rather than prevented
their occurrence completely.

In addition, interestingly, no significant changes in negative moods were observed in either
experimental condition, which suggested that in the context of this experiment, ego depletion
was not associated with negative mood. This was unexpected due to previous reports of the
associations between ego depletion and feelings of frustration and irritability (Hagger et
al., 2010)—which are some of the facets of negative mood. There is no clear explanation
in this context as to their dissociation, but in speculation, it is possible to attribute it to
the low-stake nature of the reading task, whereby in the experimental context, there were
no consequences to poor performance. This might change in real-life situations when poor
performance could potentially lead to adverse consequences (e.g., failing a course/module).
Notably, decreased positive mood is also not always proportionate to increased negative
mood. On that note, and corresponding to the low-stake argument, it is plausible that
both the difficulty level and duration of the current reading task were, although adequate
to induce observable depletion and decline in positive mood, not sufficient to significantly
trigger an increase in negative mood.

Second, participants in the music group did not perceive the music as helpful to their task
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performance, even though the advantage existed. Participants were likely less (or not) aware
of the cognitive impact of the BgM (compared to its affective impact), due to the indirect
influence of BgM in aiding task performance through reducing the level of ego depletion and
regulating positive mood, rather than a direct impact on cognitive performance. Addition-
ally, it is also possible that compared to mood changes, the quality of cognitive performance
was more difficult to appraise unless using objective measures with tangible scoring systems
(which participants in this experiment did not have access to). However, these assertions

remain to be further confirmed in future studies.

4.5.1 Limitations

At this stage, it is also important to highlight three main limitations of this research
study.

First, as mentioned earlier, due to methodological constraints, the baseline behavioural
measure of ego depletion (i.e., the Stroop task) was not administered before the reading task.
This arrangement was implemented due to a practical concern that prior engagement with
the Stroop task (which can also induce ego depletion; Hagger et al., 2010) might introduce
a nuisance to the behavioural data, making it difficult to isolate the impact of ego depletion
caused by the reading task from that potentially caused by a pre-reading Stroop task. To
complement this shortcoming, a proxy measure of ego depletion was administered at the two
time points (pre- and post-reading) using the MFC scale. Correspondingly, participants’ pre-
to post-reading changes in MFC aligned with the Stroop task results, thus suggesting pre- to
post-task MFC measures as a potential reliable indicator of ego depletion level. That being
said, this did not eliminate the possibility that participants’ responses were (ever so slightly)
biased due to demand characteristics. In hindsight, it could be plausible to administer pre-

and post-reading behavioural measures (typically with a low risk of biased response) of ego
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depletion by reducing the number of trials in the pre-reading Stroop task (so that it was
not adequate to induce but enough to measure depletion) and increasing the number of
trials in the post-reading Stroop task. Relatively, future studies could explore this option,
although the challenge then will be in determining the minimum number of trials necessary
to adequately measure baseline ego depletion and yet not inducing it.

Second, the current findings were limited to only the type of music used in the context of
this experiment, which was instrumental BgM (more precisely, slow instrumental Lo-Fi music
with low energy, valence, and tempo). This type of music was selected based on the criteria
that instrumental music was expected to not impair reading performance (cf. Chapter 2),
and that the music was commonly listened to by the general public when they were studying
in everyday life. Nonetheless, some music with different acoustic features (e.g., with lyrics,
fast, and/or loud) will be expected to impact cognitive performance, level of depletion and
mood differently.

Finally, on the spectrum of ecological validity, the experiment was designed to be eco-
logical to the extent that they mirror essential properties of real-life cognitive work sessions,
i.e., by extending the duration of cognitive work and using an ecologically valid cognitive
task—reading comprehension, rather than a fully ecological context. Given the novelty of
this research and hence the lack of predecessors, to yield precise and valuable research data
that are transferrable to real-life settings, a controlled experiment is a necessary step before
a full ecological research study is possible. This level of empirical control allows the identifi-
cation (with minimal obscureness from other confounding variables) of the direct impacts of
BgM on affect, task performance and ego depletion. However, due to the nature of the ex-
perimental design, I advise a more conservative approach when inferring the generalisability
of the findings. The results of this experiment may at this point, be generalisable within the
context of laboratory-based behavioural experiments of similar nature, but further research

is warranted to determine the extent to which they can be replicated in real-life (i.e., a fully
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ecological) context.

4.6 Conclusion

To the best of my knowledge, this was the first empirical study that explicitly examined
the impact of BgM on mood, ego depletion, and cognitive performance over longer peri-
ods of cognitive work. This is important because, in real-life scenarios, a typical cognitive
work session lasts for more than just a few minutes. Such prolonged cognitive engagement
requires sustained effort and attention as well as strong cognitive control to stay engaged
with the task, a process that also feeds on a limited pool of cognitive resources and men-
tal ‘strengths’ that exhaust over time. Therefore, prolonged cognitive engagement without
measures being employed to mitigate its adversities will likely progressively reduce cogni-
tive performance (Van Cutsem et al., 2022). By looking at the impact of BgM on study
performance from this perspective, I introduced a paradigm change that potentially helped
clarify the discrepancies found in previous findings between real-world cognitive work habits
with music and laboratory-based findings on BgM’s (short-term) impact on performance (in
isolated cognitive tasks). In that respect, the results from my thesis presented one of many
possible missing links that bridged the disparity between laboratory findings (i.e., Chapter
2) and real-life behaviours (i.e., Chapter 3), demonstrating that slow instrumental (Lo-F1i)
BgM with low energy, valence, and tempo potentially counteracts the affective and cognitive
adversities (that could be but not limited to ego depletion, see Limitations) of prolonged

cognitive engagement.
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5.1 Thesis Overview

Understanding the impact of music listening on cognitive processes and performance has
a long empirical history, dating back to at least the 1920s (Gatewood, 1921). In this realm,
one of the most popular areas of enquiry has been the study of how listening to background
music (BgM) while engaging with other tasks impacts performance on those same tasks.
Given the extended history of this interest, it is not surprising that the number of research
studies published in this area is vast, encompassing the examinations of various specificities
of the phenomenon ranging from the minute facets of musical features (e.g., tempo, loud-
ness, presence of lyrics, etc.), to tasks (e.g., reading, writing, abstract reasoning, etc.), and
individual-specific (e.g., personality traits, working memory capacity, level of music train-
ing, etc.) impacts, as well as the intricate interactions among these variables in impacting
cognitive performance. Despite the extensive research, this discipline has produced many
inconsistent findings and explained very little of the questions that it has posed.

My doctoral pursuit commenced with the goal of thoroughly and systematically examin-
ing all past research in this discipline. Given the vast amount of data available, it was clear
that the immediate necessity was to synthesise all related findings for a more comprehensive
overview of the available evidence. This resulted in the most comprehensive systematic re-
view on the topic, encompassing a total of 95 research articles that empirically investigated
the impact of BgM listening on a variety of cognitive tasks (cf. Chapter 2). Overall, the
results obtained highlighted that the impact of BgM on cognitive performance was circum-
stantial upon music, task and individual-specific characteristics. For the majority of the tasks
and conditions analysed, the results revealed no impact of BgM on cognitive performance.
In some cases, this lack of observable impact was attributed to the limited empirical research
(and thus no derivable conclusions) within many of the assessed cognitive domains (see Table

2.10). Nonetheless, some clear-cut findings also emerged from my analyses. Results from this
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review demonstrated that (different types of ) BgM could even differently impact performance
in cognitive tasks from the same cognitive domain. For instance, BgM, especially those with
lyrics, has a (potentially short-term) negative impact on memory-related and reading task
performance, but instrumental BgM was seemingly less detrimental in comparison, impairing
performance in memory-related tasks but not reading, and even facilitating performance in
the paired-associates learning of verbal materials. Beyond that, task difficulty and individ-
ual differences could further determine how BgM impacted task performance. Irrespective
of the cognitive domain or type of task, BgM was found to negatively impact performance in
difficult but not easy tasks; as well as to negatively impact introverts’ (but not extraverts’)
cognitive performance.

Note that the impact of (various) music, task and listeners’ characteristics should not
be reduced to only those found in this review due to the limited data in some areas, which
correspondingly limited the capacity to thoroughly evaluate other relevant impacts (e.g., the
interaction between BgM’s impact and working memory capacity, level of music training,
etc.). However, the key message that can be confirmed from the current results is that
human cognition is a complex system, and distinctive cognitive tasks are also functionally
different (M. E. Eysenck & Keane, 2020). Consequently, the impact of (different types of)
BgM on cognitive performance can vary with different populations and different types of
cognitive tasks, a point that needs to be taken into consideration in all future research.

Based on the review findings, it was logical to speculate that in real life, people would
not listen to BgM while performing cognitive tasks that can be negatively impacted by BgM.
Therefore, I decided to explore the extent to which these empirical findings were reflected
in people’s real-life habits when performing cognitive work with music. This led to a new
research study that employed the combination of both a retrospective survey and an ex-
perience sampling method (ESM) approach in exploring students’ real-world study habits

with music (cf. Chapter 3). Contrary to my expectations, the (limited) data obtained
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showed that students often performed difficult study tasks (that also involved memorising,
amongst others) while listening to music. Nonetheless, while doing so, they were seemingly
aware (consciously or otherwise) of the type of music conducive to performing these cogni-
tive works, and adapted their music listening habits to optimise their study outcomes. This
was evident by students reporting in the survey, higher likelihoods of listening to slow and
soft instrumental BgM while studying, compared to everyday listening. This was further
confirmed in the ESM findings, whereby feature analyses of the music students listened to
while studying demonstrated that study-music had lower valence, slower tempo and lower
energy level compared to everyday-music. The energy level of study-music also decreased
with increased perceived task difficulty, further supporting my assertion that students were
indeed aware of BgM’s impact, and adapted the music that they listened to to fit their study
goals. Correspondingly, one important piece of evidence from the ESM research (which also
confirmed previous research) was that students’ central reason and goal for studying with
BgM (especially during tasks that research has shown to be affected by BgM) were affect
regulation (e.g., reduce boredom, improve mood), which seemed to subsequently facilitate
concentration. This triggered my speculation that the direct cognitive benefit of BgM lis-
tening on task performance (which was the main focus of analysis in most of the previous
research) might be less relevant than the impact of BgM on regulating affective states during
cognitive work. But more importantly, it posed the question of why affect regulation was
important, how important it was during the process of cognitive engagement, and why were
there little research on how music-regulated affective states mediate cognitive performance.

Considering these findings and the fact that the length of students’ study duration (30
minutes) in the ESM study was quite different from the task duration implemented in pre-
vious laboratory-based research (the majority of which examined performance in cognitive
tasks that lasted less than 10 minutes), it became apparent that task duration may be a key

factor to understand the impact of BgM on cognitive performance. Specifically, it is possible
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that when engaging in longer tasks, it is maintaining the balance between both the affective
and cognitive impacts of music listening that ultimately determines the final study outcomes.
Indeed, in the context of prolonged cognitive work, when the quality of task performance
is contingent upon one’s capacity to maintain a consistent level of cognitive engagement,
focus and motivation over a long time, analysis of BgM’s impact should incorporate both
its potential direct interference (positive, negative or no impact) with cognitive processing,
but also, its indirect impact on cognitive processing through influencing affective states. In
this context, I proposed that ego depletion—a state similar to (but encompasses more than)
mental fatigue—is often unavoidable (Ackerman & Kanfer, 2009), and the affective impact
of BgM may counteract it. This would in turn facilitate cognitive performance. It is even
possible that the impact of BgM on affect regulation might be more relevant in determining
better cognitive performance compared to its direct (and potentially short-term) impact on
cognitive functioning.

These hypotheses were tested in a novel experiment in Chapter 4. In this experiment,
I explored the interplay between the cognitive and affective impacts of BgM on cognitive
endurance and performance, under an environment that closely simulated real-world study
environments. This experiment encompassed the examination of the impact of (instru-
mental) BgM on cognitive performance, mood and ego depletion level during a prolonged
(30-minute) study session. As reading and comprehending written texts is a process integral
to most forms of cognitive work (especially studying), during the experiment, university
students’ cognitive performance was assessed using a set of complex reading comprehension
tests. To select BgM that was conducive for studying, the music stimuli were sourced from
existing (popular) playlists from Spotify, created by users specifically for the purpose of
studying and further filtered for only instrumental music (based on the systematic review
results in Chapter 2 and students’ self-reported preferred study-music in Chapter 3).

Although previous research found no impact of instrumental BgM on reading compre-
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hension performance in comparison to silence (cf. Chapter 2), I speculated that this might
change in the context of prolonged cognitive work, whereby instrumental BgM could mitigate
the performance decrement that would otherwise occur during prolonged (complex) studying.
Indeed, the results revealed that participants who studied with BgM performed significantly
better in the reading task compared to those who did not listen to BgM. Additionally, those
who studied with BgM showed no changes in their mood or ego depletion states from before
to after the reading task. Those who studied without BgM however, not only performed
poorer in the reading task, they also showed deteriorated mood and increased ego depletion
level at the end of the study session. These findings suggested that BgM (at least the ones
used within the context of the experiment) can regulate positive mood and mitigate the
depleting effects of intense and prolonged cognitive work. The regulated states of mood and
ego depletion in turn afford better capacity (cognitively and/or affectively) to perform better
in the cognitive task. Notably, the results here do not suggest that BgM elevates mood or
negates the occurrence of ego depletion, but rather, BgM may help to maintain a consistent
positive mood and mitigates ego depletion that would otherwise deteriorate in its absence.
Altogether, my research demonstrates that the impact of BgM on cognitive task perfor-
mance is dependent upon four main factors: type of music, type of cognitive task, individual
characteristics, and most importantly, the duration of the cognitive work. It also highlights
an important disparity between laboratory-based experimental results and students’ actual
study habits with music. Specifically, rather than the direct impact of BgM on cognitive task
performance (which was often the main topic of focus in most previous research), a more
relevant impact of BgM (at least of Lo-Fi instrumental BgM that is low in energy, valence
and tempo) is, potentially, to regulate affective states, particularly in maintaining a positive
mood and mitigating ego depletion. This in turn facilitates cognitive performance. The
results obtained also imply the importance of BgM’s impact on affect regulation during a

prolonged duration of (complex) cognitive work when progressive mood decline and ego de-
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pletion tend to occur. These properties, however, were rarely examined in previous research,
and those that did only examined BgM'’s impact on arousal level and cognitive performance,
but not from the aspect of mood valence and ego depletion (e.g., Fontaine & Schwalm,
1979; Riby, 2013). Ultimately, my research emphasises the theoretical and methodological
concerns and standards that were often neglected in previous research. Regardless of the
specificities in research aims, conceptual frameworks and/or methodological designs, future

research concerning music listening and cognitive performance should:

1. weigh the relative cognitive and affective impacts of BgM together with the contribu-

tions of relevant music, task and individual-specific impacts; and

2. be examined under (simulated) settings true to real-life circumstances of cognitive

work, including realistic work duration and the type of cognitive work.

5.2 Summary of Contributions

The contributions of my dissertation are manifold.

5.2.1 Contributions of the Systematic Review

First, the systematic review I conducted is one of the largest in the discipline (along-
side the 97 articles reviewed in Vasilev et al. (2018), but with my review accounting for
a wider scope of analysis), which identified the most prevalent impacts of BgM—on either
performance in specific types of cognitive task or performance among specific populations
of individuals—and also the areas that are lacking. A lot has been done, especially in the
last 10 years. But most research studies have concentrated on the domains of memory (and
especially those concerning verbal materials), language and thinking tasks, with particular

focus on serial recall, reading comprehension and mathematics/arithmetics test performance;
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whilst lacking in cognitive tasks including (but not limited to) non-verbal memory, language
learning, writing quality, writing fluency, reading fluency, working memory, verbal reasoning,
and creativity (see summary results in Table 2.10).

Another important contribution is the Music and Cognitive Performance Appraisal Tool
(MCPAT), a new tool for appraising the methodological and reporting qualities of experi-
ments related to music listening and cognitive task performance. Given the challenges in this
area, this tool offers a relevant quality assessment framework for future systematic reviews.
Ultimately, the MCPAT can also benefit the development of the discipline in the long run
by supporting the production of high-quality empirical research studies.

Furthermore, the methodological and analytical approaches are also important contri-
butions. For methodological contribution, the current review findings have demonstrated
that to obtain informative results, domain- and task-specific mappings of the cognitive tasks
should be performed before data synthesis and analysis. Concerning analytical contribution,
the analysis approach (i.e., vote counting and sign test analysis) also testify to the Synthesis
Without Meta-analysis (SWiM) guidelines that in circumstances when a meta-analysis is
not plausible, there are next-best alternatives available that generate meaningful statistical
inferences using a lesser amount of data from the reported summary statistics (although
the corresponding limitations of this alternative should be considered when interpreting the
results). Altogether, these approaches will serve informative as examples and/or guidelines

for future reviews.

5.2.2 Contributions of the Survey and ESM Research

Next, the research presented in Chapter 3 is, to the best of my knowledge, the first
that has examined students’ real-life music listening habits while studying using ESM.

The findings obtained, particularly concerning the digression of realistic behaviours from
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laboratory-based (i.e., Chapter 2) research findings, emphasise the importance of real-world
examinations of the function and relevance of BgM towards cognitive work. Potentially, this
research study will instigate future research of a similar nature, ultimately expanding current

knowledge of how BgM might impact performance during cognitive work.

5.2.3 Contributions of the Ego Depletion Experiment

Finally, the experiment in Chapter 4 is, again to the best of my knowledge, the first that
suggests the function and efficacy of BgM in facilitating task endurance and cognitive perfor-
mance during prolonged cognitive work through regulating positive mood and mitigating ego
depletion. The results prompt the reconsideration that first, the ability to maintain consis-
tent high-level cognitive functioning and performance (especially across a long time) might
depend, at least partially, on maintaining a positive affective state throughout the cognitive
engagement. Second, it also suggests that the motivation to maintain concentration, as well
as the quality of cognitive performance, can to some extent be proactively controlled. Third,
listening to certain types of BgM (in this case, slow instrumental music with low energy
and valence) is an effective strategy for these purposes. Finally, task duration is a critical
factor that can influence how BgM might impact cognitive performance, and should be ac-
counted for in future research when forming research aims, research questions, hypotheses

and methodological designs, as well as when making inferences from empirical results.

5.3 Future Directions and Outlook

The many as well as diverse contributions of my thesis have offered new insights, per-
spectives, theoretical directions and research tools that will effectively advance future works

in this research area. In what follows, I suggest some relevant directions moving forward.
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5.3.1 Prospects for Systematic Reviews and Meta-Analyses

Concerning the systematic review, as many areas of research concerning BgM listening
and cognitive performance are still lacking (see Table 2.10), I recommend researchers build
upon my current work using the raw data and review protocol that have been made publicly
available and update the systematic review regularly with new research findings. Another
possibility is to adapt the current analytical approach (i.e., incorporating all task, music and
individual-specific analysis), including the taxonomy of cognitive domains I adopted (i.e.,
classifying cognitive tasks by domains, e.g., memory, language, thinking, etc., and within
each domain, by specific types—e.g., serial recall, free recall and paired-associates memory
within the “Memory” domain) and perform a meta-analysis with updated research findings.
A meta-analysis will ultimately contribute more informative results than a systematic review
as it encompasses more detailed data synthesis that includes significance values, effect sizes,

and population sizes (Chaimani et al., 2021; Deeks et al., 2021).

5.3.2 Prospects for Investigating Real-World Music Listening

Habits While Performing Cognitive Work

Next, as results from the ESM research that I conducted revealed a dissociation between
laboratory-based research findings and real-world functions and impacts of BgM towards
cognitive work, my findings have changed the current paradigm in this area and opened up
new directions for future research. First, future research must replicate my current research
on a larger sample size (thereafter increasing the generalisability of findings obtained). This
could be achieved by advertising the research study to a wider population across different
countries, and/or to develop a more inclusive mobile application that caters to different op-
erating systems. As mentioned in Chapter 3, one of the main limitations leading to the small

sample size in my research was that the MuPsych app is only available on Android devices.
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Therefore, future research should consider building on the current app and developing im-
proved versions that account for at least, both the dominant operating systems—Android
and i0S.

The second prospect is to revise a more improved music tracking system that records all
individual music tracks participants listen to, as well as the duration each track is played
(the system used in my research only tracked music across seven different time points, and
was not able to identify the duration each track was played). This will ensure that the music
data obtained, and ultimately analysed, can be filtered to include only the music that one
truly uses to accompany their cognitive work.

Third, future research should explore individual differences in music listening habits and
behaviours through an ESM study. This might involve (but is not limited to) exploring the
possibility of various individual differences in predicting the number of music episodes while
studying (i.e., the frequency of listening to BgM while studying).

Last but not least is the exploration of music listening habits beyond my current target
population as well as the current cognitive work context, i.e., beyond university students
and beyond the context of studying. For instance, given that my research findings, as well
as Kotsopoulou and Hallam (2010) and Goltz and Sadakata (2021), have demonstrated age
differences in music listening habits (in the frequency of the habit and the reasons for listening
to music), it will be insightful to perform an ESM research study examining study/work
habits with music among, for instance, teenagers across different age ranges, and working
adults across different age ranges. Additionally, future research can also examine real-time
music listening behaviours in other settings that demand cognitive work (of varied levels of
complexity), such as in a working office, production line in factories, and construction sites,

to name a few.
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5.3.3 Prospects for Controlled, Behavioural Experiments

The new paradigm contributed by my research regarding the interplay between the cog-
nitive and affective outcomes of BgM listening (especially from Chapter 4) is also a catalyst

for more innovative and novel research prospects concerning behavioural experiments.

Other Music Stimuli

First, future research should extend the experiment in Chapter 4 by examining the impact
of other types of music stimuli. Although current findings have shown positive impacts of
instrumental BgM (that has low energy, valence and tempo) towards task endurance and
cognitive performance during prolonged cognitive work, it is unknown how or to what extent
music of other acoustic attributes (e.g., fast tempo, loud, arousing, lyrical, or music of
different emotional qualities) would have similar or differing effects. The available evidence
that is relevant to this conundrum is thus far mixed. Previous research has demonstrated
a general detrimental impact of BgM with lyrics on reading comprehension performance
regardless of the listeners’ preference (Perham & Currie, 2014), indicating that the cognitive
impact of certain acoustic features, in this case, lyrics, are profound beyond that mitigatable
by any affective benefits of the music. However, it is unknown whether this would apply to
prolonged (complex) cognitive work (the cognitive task in Perham and Currie (2014) was 15
minutes), where results from my study have suggested affect regulation to be more relevant
to mediating better cognitive performance.

Furthermore, given the significance of BgM in regulating mood during prolonged cogni-
tive work, it also calls into question the impact of BgM of varying emotional properties (e.g.,
each combination of low and high energy levels with positive and negative mood valence) on
both task endurance and cognitive performance. Previous research has suggested potential

benefits of arousing (i.e., high energy) BgM towards prolonged cognitive work performance
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(Fontaine & Schwalm, 1979; Riby, 2013). But, firstly, these research studies examined only
the impact of BgM concerning its energy level, without accounting for mood valence. There-
fore, it is unknown whether the benefits of arousing BgM would stand when the music differs
in mood, or if low arousal music is paired with differing mood valence. Secondly, the cognitive
tasks implemented in these research studies were simple visual attention tasks (though they
lasted an extended duration) rather than complex tasks involving high-level cognitive func-
tioning (e.g., logical reasoning, problem-solving, etc.). Although BgM may not be conducive
to complex task performance, as demonstrated throughout my thesis (also see Gonzalez &
Aiello, 2019), it is not unlikely for the relationship between BgM and task complexity to
change in the context of prolonged cognitive work. There are several possibilities. On one
hand, if considering the impact of arousing BgM, on the grounds of the arousal-and-mood
hypothesis (see Chapter 1), it is possible that the BgM may in fact, promote task motivation
and consequently, facilitate better task endurance and performance. On the other hand, the
mitigation of ego depletion during prolonged complex cognitive engagement might rely on
energy preservation that is achieved through maintaining a stable positive mood throughout
the session (as demonstrated in Chapter 4). In this instance, it is not unlikely that feelings of
arousal might lead to more energy dispensed and in effect, quicker depletion, such as sprint-
ing at the start of a marathon although gives one a satisfactory head-start, will ultimately
exhaust energy quicker, leaving little to no energy to complete the race.

All in all, given that the examination of BgM’s impact on prolonged cognitive engagement
is at its early stages, there are many open questions and thus many warranted research

opportunities, particularly in the examination of different types of music.

Other Constructs of Ego Depletion

In the Chapter 4 experiment, ego depletion was determined using two complementary

measures: the colour-word Stroop task and the state Motivation for Cognition (MFC) scale.
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The Stroop task is a verified (with a large effect size) and frequently used dependent measure
for ego depletion, as demonstrated by Hagger et al. (2010) in their meta-analysis of ego
depletion studies. Nevertheless, the state MFC scale was also used as a supporting measure
to counter the possible limitation of implementing the Stroop task only after the 30-minute
reading task (see Chapter 4 Limitations), as well as to complement the behavioural construct
of ego depletion with the measure of its corresponding affective construct. The state MFC
results obtained were consistent with participants’ Stroop performance and thus implied
a high possibility that ego depletion was at stake in this experiment. Nonetheless, given
that the dependent measures used in my experiment were two out of many other possible
measures, replications of this experiment with other constructs and measures of ego depletion
are also warranted.

In that respect, for a more comprehensive evaluation of the topic, future research should
extend Chapter 4’s experiment by measuring other facets of ego depletion. For instance, on
top of mood (i.e., positive and negative affect) and behavioural performances, future research
could include progressive measures of self-reported levels of frustration, boredom, fatigue,
effort elicited, and perceived task difficulty, all of which have been shown to increase in the
event of ego depletion (Hagger et al., 2016). Correspondingly, self-reported measures could
also be integrated with more rigorous approaches to data collection, such as eye-tracking,
especially of changes in pupil size, which if measured under controlled lighting, is an effective
indicator of cognitive effort (see Que et al., 2023); and/or measuring another physiological
aspect of ego depletion, such as glucose level Gailliot and Baumeister (2007); Hagger et al.
(2010).

Another interesting measure of the cognitive aftermath of ego depletion (apart from
the incongruent colour-word Stroop task used in my research) is the Cognitive Reflection
Test (CRT; Frederick, 2005). As mentioned in Chapter 4, the aftermath of ego depletion

is associated with various cognitive decrements, including a stronger reliance on intuitive
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thinking and a weaker ability to engage in logical thinking (Fennis et al., 2009; Pohl et al.,
2013). In this respect, an interesting and more direct measure (apart from the incongruent
colour-word Stroop task used in my experiment) is the CRT (Frederick, 2005). The CRT is
essentially a test encompassing individual questions that are intentionally designed to trigger
heuristic thinking (of which application of this form of thinking will result in a wrong answer

for the questions). Examples of such questions are:

“A bat and a ball cost $1.10 in total. The bat costs §1.00 more than the ball.
How much does the ball cost?”?!
“If it takes 5 machines 5 minutes to make 5 widgets, how long would it take 100
machines to make 100 widgets?”?

Collectively, findings across each of these alternative measures of ego depletion will be
able to contribute a more comprehensive (and if the findings are consistent, more convincing)
knowledge of the impacts of (different types of) BgM on affective and cognitive regulation
during prolonged cognitive work, and how these impacts mediate task endurance and (dif-

ferent aspects of) cognitive performance.

Other Cognitive Tasks

As the experiment in Chapter 4 implemented a specific set of complex reading com-
prehension tasks, naturally, future research should also examine other domains of cognitive
functioning and /or different cognitive tasks. This could include (but is not limited to) solving

mathematical problems, writing essays, and creativity tasks (both convergent and divergent).

!The correct answer is 5 cents. Here, the first (intuitive) answer one might think of is “10 cents”. But, if
one would reflect on the answer logically, they would realise that 10 cents (the “intuitive” cost of the ball)
and $1.10 (the cost of the bat is it is $1.00 more than the ball) totals up to $1.20, which will make 10 cents
for the cost of the ball the wrong answer.

2The correct answer is 5 minutes.
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In light of earlier mentions regarding the influence of different moods on logical and in-
tuitive thinking, it will be interesting and insightful to examine BgM’s impact on cognitive
performance beyond that of the standard cognitive taxonomies (e.g., memory-related tasks,
language-related tasks, creativity, etc.), and target more generally, the processes of logical
thinking and intuitive thinking. Specifically, recent human cognition studies have suggested
that logical and analytical cognitive processing benefit from increased cognitive effort, ten-
sion and/or negative mood; whereas heuristic processing (i.e., intuitive thinking, creativity,
mental shortcuts, etc.) occurs in tandem with reduced cognitive effort, calamity and/or
positive mood (Amer et al., 2016; Bolte et al., 2003; Mitchell & Phillips, 2007). Correspond-
ingly, Ritter and Ferguson (2017) indeed found a positive impact of happy (high arousing
positive valence) BgM on divergent (based on intuition) but not convergent (based on logic)
creativity. To that end, BgM of different affective/emotional properties (i.e., varied combi-
nations of energy level and mood valence) can be a double-edged sword to cognitive task
performance, depending on the nature of the thought process demanded by a cognitive task.

Altogether, the complications between the interaction of different types of music and
task, coupled with the additive cognitive effort and affective toll required in prolonged cog-
nitive work, the music-task relationship becomes more intricate. These complications thus
warrant in-depth systematic examinations in future research studies. This could include
examining the impact of BgM with different combinations of affective properties (e.g., high
and low energy vs. positive and negative valence) on diverse cognitive tasks, including vari-
ations in difficulty levels and cognitive processing methods (e.g., analytical vs. heuristic;
the CRT mentioned in the earlier section could serve as a possible measure). Furthermore,
future research studies could also extend these examinations to include different durations
of cognitive work, from short-term to long-term.

Last but not least, in Chapter 2, I proposed the possibility that in some instances, verbal

processing can be achieved by bypassing the phonological loop (the working memory system
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that is, in theory, responsible for all forms of verbal-related processing, including compre-
hending written texts and processing heard music). In these instances, it is possible that
BgM can potentially benefit cognitive performance. This is evident by the positive impact
of instrumental BgM on the paired-associates learning of verbal materials (cf. Chapter 2;
see also Papagno et al., 1991)—a cognitive functioning that can be associated with language
learning. Therefore, it will be interesting for future research to explore how and the extent
to which different forms of verbal processing can be achieved without (or with less) reliance
on the phonological loop, and whether (and how) different types of BgM might facilitate

performance in these tasks.

Time-Sensitive Measures of Affect and Ego Depletion

In Chapter 4, participants’” mood changes and ego depletion levels were determined
through related measures at two time points during the experiment—before and after the
reading task. This has successfully demonstrated that in the absence of BgM, changes to
mood and ego depletion indeed occurred during the experiment. However, this form of
measure does not show the specific instance in which the changes occurred. Building on
this, future research can venture towards more time-sensitive data collection approaches and
analyses that calibrate time-specific changes to these affective states, providing data on the
exact instances in which mood and ego depletion deteriorate, as well as the rate of dete-
rioration. Previous ego depletion research has implemented this by asking participants at
multiple time points during an experiment, questions about subjective feelings proxy to the
feeling of being depleted (e.g., level of boredom, frustration, perceived difficulty of task; Hag-
ger et al., 2010). However, in the context of prolonged and focused cognitive work, this is
potentially disruptive and can potentially impair performance. Therefore, it is necessary to
explore less disruptive means of data collection. Some of these means include examining the

progressive increase in Heart Rate Variability (HRV) and reduced BOLD signal of response
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inhibition-associated brain activity (corpus callosum, somatosensory association cortex and
anterior cingulate cortex), both of which have been demonstrated as being respectively, the
physiological and neurophysiological indices of ego depletion/mental fatigue (M. R. Smith et
al., 2019; Van Cutsem et al., 2022). Other possible approaches apart from self-reported pos-
itive and negative affect include facial electromyography (i.e., analysis of facial expressions),

electrodermal activity (i.e., skin conductance), and blood pressure.

Compare BgM Against Other Mitigators of Ego Depletion

Another interesting approach towards examining the effectiveness of BgM in mitigating
ego depletion, is through contrasting BgM’s impact against other means that have been
shown to counteract ego depletion, such as consuming glucose (Carter & McCullough, 2013;
Gailliot & Baumeister, 2007; Gailliot et al., 2007; Molden et al., 2012), carrying out mod-
erate physical activities in-between tasks (Jacquet et al., 2021), inducing positive mood
in-between tasks (Ren et al., 2010; Tice et al., 2007), or even the promise of monetary re-
ward (Muraven & Slessareva, 2003). Potentially, this can be examined empirically through

different experimental conditions, with different mitigators administered to each condition.

Agency, Individual Differences and Personal Beliefs

Another important question for future research concerns the role of individual differ-
ences in shaping how (different types of) BgM might impact cognitive performance and task
endurance during a prolonged session of cognitive work. Previous research has identified
higher susceptibility to ego depletion among individuals with higher trait boredom prone-
ness (Bieleke et al., 2021) and fluid intelligence (Shamosh & Gray, 2007). Research on BgM
and cognitive performance also identified the susceptibility of individuals lower in extraver-
sion (i.e., higher introversion) towards the (possibly short-term) detrimental cognitive impact

of BgM (see Chapter 2). In Chapter 4, due to the novelty and hence the exploratory nature
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of this research topic, as well as the small sample size, the main purpose of the research
was to identify a general function and impact of BgM isolated from individual differences.
Therefore, although trait boredom proneness, working memory capacity (which is associated
with fluid intelligence) and levels of extraversion were measured, they were used as analyses
for between-group homogeneity rather than as interacting or moderating variables. It will be
interesting for future research to explore the collective interplay of these traits in the context
of prolonged cognitive effort, the weights in which each of these individual traits (or others
yet identified) contribute to individual differences in susceptibility towards ego depletion, as
well as the extent to which music listening facilitates their self-regulation during prolonged
cognitive work.

Furthermore, although my thesis has demonstrated the various impacts of music from
the perspective of music as an active agency that causes behavioural changes, the role of
the people as active agents that choose their music, that decide to listen to music, have
specific beliefs about the impact of music, and that consciously respond to music, should
not be neglected. Kiss and Linnell (2020) demonstrated through their survey results that
the majority of those who habitually listen to BgM while performing cognitive work are
people who believe that listening to music benefits cognitive work performance. On these
bases, future research should take into account the agency within the relationship of music
listening and task performance, whether and the extent to which music functions as the
agency impacting behaviours, as well as whether and the extent to which the listeners’
behaviours were the function of them being an active user of music and/or a believer of
music’s impact. In these regards, it would be interesting to replicate my research studies
(especially the experiment in Chapter 4) on the population who never listen to music during
cognitive work, those who do not like music, and/or those who strongly believe that listening
to music would distract them and impair their task performance. Another possible scenario

is to extend on the ego depletion experiment in Chapter 4, but this time, giving participants
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the choice to bring and navigate their music, and observe how they manage their music

listening and music choices, and how that might correlate with their performance.

Extending the Duration of Cognitive Work

Based on BgM possibly delaying rather than preventing the occurrence of ego depletion
and decrement in cognitive functioning, future research may also consider extending the
study duration (e.g., 4 to 6 hours; see Ackerman & Kanfer, 2009) to explore the limit of
BgM’s benefit. It is reasonable to expect the average number of hours one spends working
or studying to be significantly longer than 30 minutes. For instance, in the U.K., work times
that are over six hours are legally entitled to only a 20-minute break (The National Archives,
1998), whereupon a regular nine-to-five job might have a 1-hour lunch break in the middle
of the day. This constitutes at least two (potentially up to four) hours of work without
rest. Similarly, for studying, the common advice given for an effective study outcome is
to engage in blocks of uninterrupted studying for at least 25 — 30 minutes (and up to 2
hours) per session, totalling up to four hours per day or approximately 20 hours per week
(Blackman, 2018, January 8; McGee-Thompson, 2022; Rhodes College, 2016; Think Student
Editor, 2021). Therefore, extending the tested study duration in future research will also
provide an even more ecological insight into the impact of BgM listening on mood regulation,

ego depletion and cognitive functioning in a realistic setting.

More Pragmatic Methodologies

Another important note for future research is to develop more pragmatic research method-
ologies for the topic, potentially with the integration of both laboratory-based experiments
and examinations of behaviours in real life, as well as of quantitative and qualitative methods.
These methodological integrations could potentially afford findings that are more compre-

hensive, in-depth, and generalisable to real-life practices.

190



Background Music, Cognitive Performance and Ego Depletion

In Chapter 4, although the experiment was designed to contain the essential properties
of an ecological setting, namely by using a more realistic task length and a type of cognitive
task that is more common to everyday cognitive work, it was nevertheless, a controlled
laboratory-based experiment. As there was no predecessor to the study of BgM and ego
depletion, this design is an important first step to examine very specific hypotheses and
to obtain results that will be informative for the development of more innovative research
questions and more robust future studies. Notwithstanding, the nature of the experiment
also means that the generalisability of findings obtained needs to be inferred with some level
of conservation. Specifically, the generalisability is currently limited to only laboratory-based
behavioural experiments of a similar nature. To that end, building on the current findings,
future research should integrate more ecological approaches into the investigation of this
topic. This could include incorporating the main concepts of the experiment, particularly
the measure of ego depletion, into an experience sampling study. This will provide a more
ecological context for the analysis of the possible correlations among the type of music,
cognitive tasks, affective states, and ego depletion in real life.

Moreover, as mentioned earlier, the (non-)occurrence of ego depletion in Chapter 4 was
inferred through quantitative measurements of participants’ responses in the Stroop task and
the state MFC scale. However, as mentioned earlier, this method also introduces a potential
uncertainty (however minute) of the extent to which their behaviours fully reflected ego de-
pletion and nothing else. In this regard, one possible approach would be for future research
to complement quantitative dependent measures with qualitative data. For example, follow-
up interviews that examine each participant’s specific experiences and perceptions of their
cognitive performances, the justifications behind their reported affective states, as well as
their interpretations of how the environment they are exposed to (e.g., the presence of mu-
sic, different types of music) might have influenced their overall experience. Qualitative data

is an extremely informative (but surprisingly, rarely adopted in this field of research) data
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collection method, given that musical experiences and working habits with music are individ-
ualised processes. This approach, however, comes with its own set of logistical challenges.
Involving participants in too many and/or lengthy examinations might either discourage
participation at the onset or lead to higher levels of attrition. Alternatively, the progression
of this topic also warrants the build-up of evidence through multiple single research studies,
each effectively building on the findings of its predecessor with cross-examinations of the

same sets of behaviours through different methodologies.

Prospects Beyond the Context of Studying

Finally, beyond the setting of studying and office work, similar examinations can also be
applied to other situations that demand cognitive effort. The process of prolonged cognitive
work is observable in many situations in life, including long-distance driving and performing
surgical procedures, of which ego depletion and cognitive endurance are both relevant (and
important) elements. For instance, in long-distance driving (such as those performed by
coaches and cross-city truck drivers), fatigue is often identified as one of the factors affecting
driver distraction while driving, and in some cases, traffic accidents (Haberka & Jurecki,
2022). It is arguable that listening to certain types of music while driving can to some extent,
increase drivers’ mental load and hence impair concentration (Miao et al., 2021; Millet et al.,
2019). Nonetheless, when used strategically, music can also make the process more enjoyable,
consequently reducing boredom and fatigue, regulating positive mood, ultimately facilitating

safer driving and minimising the risk of accidents.

5.4 Final Remarks

In my PhD thesis, I explored the impact of BgM on cognitive task performance from two

distinct stances: controlled laboratory research, and real-world research. Initially, the results
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obtained revealed a dissociation between laboratory-based findings of BgM’s impact and its
real-world uses, functions, and perceived impacts. This dissociation was predominantly con-
tributed by the neglect among most previous laboratory-based research to simulate cognitive
work contexts true to real-world settings, of which the duration of the cognitive work and
BgM’s impact on affect regulation (especially during prolonged cognitive work) play perti-
nent roles in determining the ultimate impact of the music on cognitive performance. After
a series of empirical investigations, my results demonstrate that the regulation of positive
mood and ego depletion is central towards the facilitation of task endurance and cognitive
performance, especially during prolonged (at least 30 minutes) cognitive work, and instru-
mental BgM (that is low in energy, valence and tempo) is effective in realising this purpose.
It is also important to note that my findings are currently accountable only towards the
context of the variables and materials used in my research (e.g., the music stimuli, com-
plex reading comprehension task as a measure of cognitive performance, a 30-minute study
duration, etc.).

Nonetheless, these discoveries have successfully advanced our understanding of the true
(real-world) function and impact of BgM towards cognitive task performance. On top of
that, they also serve to reconceptualise the empirical approaches and methodologies towards
examining BgM and cognitive task performance, which have remained stagnant for at least
the past century. From a practical standpoint, my current findings will be able to con-
tribute to a set of advice for individuals who prefer working with BgM, specifically, on how
BgM influences cognitive performance through affect regulation, and correspondingly, how
to strategically select suitable study-music to benefit specific study goals. From a theoretical
standpoint, the methodologies and findings from my research, together with the open ques-
tions they instigate, effectively unveiled a range of new directions and prospects for future
research studies.

In conclusion, listening to BgM while performing cognitive tasks is a ubiquitous habit.
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In correlation to this ubiquity, the effect of BgM listening on cognitive task performance
has been widely studied. The ample research findings produced have demonstrated a highly
contextual impact of BgM that varies with the type of music one listens to, the type of
cognitive task, and the individual characteristics of the listener. Despite the strong focus
among previous studies on the consequences (positive, negative or no impact) of BgM lis-
tening on cognitive performance, interestingly, it appears that in real life, people not only
behave in contradiction to what previous findings might suggest as being the most effective
or ineffective uses of BgM, their priorities when deciding to listen to BgM while performing
cognitive work is also much simpler and straightforward, and vary from the priorities of
empirical research. In reality, it appears that people’s priorities when working with BgM
have little to do with whether and how BgM would impact the efficiency and quality of their
cognitive functioning. Rather, people often use BgM as a form of company or a tool to help
keep them in a positive mood when a prolonged session of complex cognitive work has to
be done. In fact, the results from my thesis suggest that people’s reasons for listening to
music during cognitive work are no different from the general reasons for listening to music
in everyday life (see Randall & Rickard, 2016). This puts forward the intriguing possibility
that the listening context does not determine the reason people listen to music, but it might
determine the specific type of music they listen to (e.g., low-energy music with complex
cognitive tasks, high-energy music with simple and routine tasks). This inference, however,
does not negate the importance of the cognitive impact of music. BgM should be avoided
under circumstances when it would markedly impair performance. But beyond this, music
is potentially one of many catalysts that help create a more enjoyable and endurable work
environment, thereafter affording a better capacity to persist longer with a would-be unde-
sirable task. When ideal affective states are kept, then only is quality cognitive performance

possible.
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Section and Topic

Item Checklist item

Reported on
page

TITLE
Title 1 Identify the report as a systematic review. p. 20
ABSTRACT
Abstract 2 See the PRISMA 2020 for Abstracts checklist. -
INTRODUCTION
Rationale Describe the rationale for the review in the context of existing knowledge. p. 21
Objectives Provide an explicit statement of the objective(s) or question(s) the review p. 23
addresses.
METHODS
Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies p. 24
were grouped for the syntheses.
Information sources 6 Specify all databases, registers, websites, organisations, reference lists p. 26

Search strategy

and other sources searched or consulted to identify studies. Specify the
date when each source was last searched or consulted.
7 Present the full search strategies for all databases, registers and websites,

including any filters and limits used.

Appendix B (Table
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Section and Topic Item Checklist item Reported on
page
Selection process 8 Specify the methods used to decide whether a study met the inclusion p. 29
criteria of the review, including how many reviewers screened each record
and each report retrieved, whether they worked independently, and if
applicable, details of automation tools used in the process.
Data collection process 9 Specify the methods used to collect data from reports, including how p. 29
many reviewers collected data from each report, whether they worked
independently, any processes for obtaining or confirming data from study
investigators, and if applicable, details of automation tools used in the
process.
Data items 10a List and define all outcomes for which data were sought. Specify whether p. 29
all results that were compatible with each outcome domain in each study
were sought (e.g. for all measures, time points, analyses), and if not, the
methods used to decide which results to collect.
10b List and define all other variables for which data were sought (e.g. par- p. 30, Appendix D
ticipant and intervention characteristics, funding sources). Describe any (Table ?7?)
assumptions made about any missing or unclear information.
Study risk of bias assess- 11 Specify the methods used to assess risk of bias in the included studies, p. 37 + Appendix
ment including details of the tool(s) used, how many reviewers assessed each C
study and whether they worked independently, and if applicable, details
of automation tools used in the process.
Effect measures 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean p. 33

difference) used in the synthesis or presentation of results.
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Section and Topic Item Checklist item Reported on
page
Synthesis methods 13a Describe the processes used to decide which studies were eligible for each p. 33
synthesis (e.g. tabulating the study intervention characteristics and com-
paring against the planned groups for each synthesis (item 5)).
13b Describe any methods required to prepare the data for presentation or p. 33
synthesis, such as handling of missing summary statistics, or data con-
versions.
13c Describe any methods used to tabulate or visually display results of in- pp. 30, 33, Table
dividual studies and syntheses. 2.1
13d Describe any methods used to synthesize results and provide a rationale p. 33
for the choice(s). If meta-analysis was performed, describe the model(s),
method(s) to identify the presence and extent of statistical heterogeneity,
and software package(s) used.
13e Describe any methods used to explore possible causes of heterogeneity pp. 32, 33
among study results (e.g. subgroup analysis, meta-regression).
13f Describe any sensitivity analyses conducted to assess robustness of the N/A
synthesized results.
Reporting bias assess- 14 Describe any methods used to assess risk of bias due to missing results p. 37 4+ Appendix
ment in a synthesis (arising from reporting biases). C
Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body p. 37 + Appendix
C

of evidence for an outcome.
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Section and Topic Item Checklist item Reported on
page
RESULTS
Study selection 16a Describe the results of the search and selection process, from the number p. 26 + Figure 2.1
of records identified in the search to the number of studies included in
the review, ideally using a flow diagram.
16b Cite studies that might appear to meet the inclusion criteria, but which Appendix B (Table
were excluded, and explain why they were excluded. B.1)
Study characteristics 17 Cite each included study and present its characteristics. p. 38 + Tables 2.1,
2.3,24, 2.5, + Fig-
ures 2.3, 2.4
Risk of bias in studies 18 Present assessments of risk of bias for each included study. Table 2.6
Results of individual 19 For all outcomes, present, for each study: (a) summary statistics for p. 41 + Tables 2.7
studies each group (where appropriate) and (b) an effect estimate and its pre- - 2.10 + Appendix
cision (e.g. confidence/credible interval), ideally using structured tables D (Tables 7?7 - 77)
or plots.
Results of syntheses 20a For each synthesis, briefly summarise the characteristics and risk of bias p. 40
among contributing studies.
20b Present results of all statistical syntheses conducted. If meta-analysis p. 41 + Tables 2.7

was done, present for each the summary estimate and its precision (e.g.
confidence/credible interval) and measures of statistical heterogeneity. If

comparing groups, describe the direction of the effect.

- 2.10 + Appendix
D (Tables ?7 - ?7)
+ SM(p. 33)
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Section and Topic Item Checklist item Reported on
page
20c Present results of all investigations of possible causes of heterogeneity p. 42
among study results.
20d Present results of all sensitivity analyses conducted to assess the robust- N/A
ness of the synthesized results.
Reporting biases 21 Present assessments of risk of bias due to missing results (arising from pp. 40, 77
reporting biases) for each synthesis assessed.
Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence p. 77
for each outcome assessed.
DISCUSSION
Discussion 23a Provide a general interpretation of the results in the context of other pp. 76, 78
evidence.
23b Discuss any limitations of the evidence included in the review. p. 82
23c Discuss any limitations of the review processes used. p. 82
23d Discuss implications of the results for practice, policy, and future re- p. 177 - 178
search.
OTHER INFORMATION
Registration and proto- 24a Provide registration information for the review, including register name p. 24
col and registration number, or state that the review was not registered.
24b Indicate where the review protocol can be accessed, or state that a pro- p. 24

tocol was not prepared.
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Section and Topic Item Checklist item Reported on
page
24c Describe and explain any amendments to information provided at regis- N/A

tration or in the protocol.
Support 25 Describe sources of financial or non-financial support for the review, and -
the role of the funders or sponsors in the review.
Competing interests 26 Declare any competing interests of review authors. -
Availability of data, code 27 Report which of the following are publicly available and where they can p. 33
and other materials be found: template data collection forms; data extracted from included
studies; data used for all analyses; analytic code; any other materials

used in the review.

Codes. p. /pp.: page number(s); SM: supplemental material; N/A: not applicable
Notes. Some items in this checklist are not relevant in the context of this dissertation, but are available and declared in the published article (see ?7?).
These items are Abstract (Item 1), Support (Item 25), and Competing interests (Item 26).
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music stints creativity: Evidence from compound remote associate tasks.

60 Turner, M., Fernandez, J. E., & Nelson, K. (1996). The effect of music amplitude
on the reaction to unexpected visual events.

61 Wolf, R. H., & Weiner, F. F. (1972). Effects of four noise conditions on arithmetic
performance.

62 Wolfe, D. E. (1983). Effects of music loudness on task performance and self-report
of college-aged students.

63 Woo, E. W., & Kanachi, M. (2006). The effects of music type and volume on
short-term memory.

64 Woods, K. J. P., Hewett, A., Spencer, A., Morillon, B., & Loui, P. (2019). Modula-
tion in background music influences sustained attention.

65 Wu, C. C., & Shih, Y. N. (2019). The effects of background music on the work
attention performance between musicians and non-musicians.

66 Yang, L., & Yu, R. (2018) Effects of background music on visual lobe and visual
search performance.

67 Yang, J., McClelland, A., & Furnham, A. (2015). The effect of background music

on the cognitive performance of musicians: A pilot study.
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Table B.2

Filters and Limits Used Across Databases

Criteria/ Scopus Web of Science PsycINFO PubMed Google
Database Scholar
Search fields Article title, Abstract, Topic Abstract Title / Ab- n/a
Keywords stract
Population n/a n/a n/a Human n/a
Language English English English English (manually
screened)
Publication type Journal articles Journal articles Journal articles Journal arti- (manually
cles screened)
Year range 1960 — 2020 1960 — 2020 1960 — 2020 1960 — 2020  (manually
screened)
Methodology n/a n/a o Field study n/a n/a
e (linical
e Trial

e Scientific simulation

e Experimental replication
e Longitudinal study

o Interview

e Qualitative study

e Brain imaging

e Quantitative study

e Empirical study
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Table B.2 (Continued)

Web of Science

PsycINFO

ave

Criteria/ Scopus

Database

Subject area/ e Arts and humanities
Classification/ e Multidisciplinary
Categories

e Neuroscience
e Psychology

e Social sciences
e Undefined

Acoustics
Art
Behavioural sciences

Education educational re-
search

Education scientific disciplines
Health care sciences services
Humanities multidisciplinary
Language linguistics
Linguistics

Multidisciplinary sciences
Music

Neuroscience

Psychology

Psychology applied
Psychology developmental
Psychology educational
Psychology experimental
Psychology multidisciplinary
Psychology social

Public environmental
occupational health

Social  sciences interdisci-
plinary
Sociology

Academic learning & achieve-
ment

Auditory & speech perception

Classroom dynamics & stu-
dent adjustment& attitudes

Cognitive & perceptual devel-
opment

Cognitive processes

Curriculum & programs &
teaching methods

Development
Developmental psychology
Educational psychology

Health & mental health treat-
ment & prevention

Human experimental psychol-
ogy
Learning & memory

Linguistics & language &
speech

Literature & fine arts
Motivation & emotion

Motor processes
Neuropsychology & neurology
Personality traits & processes

Physiological processes

uorjo[do(] 083 puR 9OURULIONIDJ OAIIUSO.) OISN\ PUNOISIORY




9¥¢

Table B.2 (Continued)

Criteria/ Scopus
Database

Web of Science

PsycINFO PubMed Google
Scholar

Research areas n/a

Acoustics

Art

Arts humanities other topics
Behavioural sciences

Education educational re-
search

Heath

Linguistics

Music

Neurosciences neurology
Psychology

Public environmental occupa-
tional health

Social sciences other topics

e Physiological psychology &
neuroscience

e Psychophysiology
e Psychosocial & personality
e Sensory perception

e Visual perception

n/a n/a n/a

Note. Search was performed on 2nd July 2020.

uorjo[do(] 083 puR 9OURULIONIDJ OAIIUSO.) OISN\ PUNOISIORY



Background Music, Cognitive Performance and Ego Depletion

Appendix C

Master List of Extracted Data:
Population (Sample Size, Age,
Gender, Other Individual
Characteristics), Study Design,
Experimental Conditions, Types of
Cognitive Tasks, and Other
Moderating Variables (e.g., Task
Difficulty, Personality Traits, Music
Training, etc.)
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Table C.1

Master List of Extracted Data: Population (Sample Size, Age, Gender, Other Individual Characteristics), Study Design,
Ezperimental Conditions, Types of Cognitive Tasks, and Other Moderating Variables (e.g., Task Difficulty, Personality Traits,
Music Training, etc.)

8¥¢

Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
1 Alley & Greene (2008) 60 10 50 n/a M=18.6 RM 1. L-BgM - MEM/SR
9. I-BgM
3. Control
2 Amezcua, Guevara, & 12 nr nr n/a M=27.9 RM 1. Slow BgM - ATT/NV
Ramos-Loyo (2005) (+/-2.5) 2. Fast BgM
3. Control
3 Angel, Polzella, & 56 28 28 n/a UG MIXED 1. I-BgM TF LANG/LG;
Elvers (2010) 2. Control THINK/NVR
Avila, Furnham, 58 22 36 nr M=16.8 RM 1. L-BgM EXT LANG/RC;
McClelland (2011) 2. I BgM THINK /MATH;
3. Control THINK/NVR
Beauchene, Abaid, 28 16 12 n/a M=27.6 RM 1. Classical I-BgM - MEM/REC-
Moran, Diana, 2. Pure tone NV
Leonessa (2016) 3. Control
Begum, Uddin, Rithy, 280 155 125 n/a .Range:18-25 IDP 1. LA-P L-BgM GEN LANG/LG;
Kabir, Tewari, Islam, 2. HA-P L-BgM ATT/V
& Ashraf (2019) 3. HA-N L-BgM
4. Control
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Appendix C (Continued)

Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
7 Bonin & Smilek (2016) 48 16 32 n/a M=19.5 RM 1. Harmonic - MEM/WM
— experiment 1 SD=1.8 I-BgM
2. Inharmonic
I-BgM
3. Control
8 Bonin & Smilek (2016) 48 13 35 n/a M=19.0 RM 1. Harmonic - MEM/WM
— experiment 2 SD=1.6 I-BgM
2. Inharmonic
-BgM
3. Control
9 Bottiroli, Rosi, Russo, 65 14 51 n/a M=69.0 RM 1. P I-BgM - MEM/I-FR-V;
Vecchi, & Cavallini SD=5.8 2. N I-BgM LANG/LG;
(2014) 3. Control PS
10 Boyle & Coltheart 40 nr nr n/a .Range:18-54 RM 1. I-BgM TF LANG/LG
(1996) — experiment 1 2. L-BgM
3. Control
11 Boyle & Coltheart 35 nr nr n/a .Range:18-52 RM 1. I-BgM TF MEM/SR
(1996) — experiment 2 2. L-BgM
3. Control
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Appendix C (Continued)

No. Reference Population characteristics Design Experimental Other Domain/
N M F Others Age conditions var. tasks
12  Burkhard, Elmer, 25 8 17 n/a M=23.0 RM 1. HA-P I-BgM - INH/G-NG
Kara, Brauchli, & SD=2.9 2. LA-P I-BgM
Jéancke (2018) 3. Control
13  Burton, L. 1986) 64 32 32 n/a .Range:18-21 IDP 1. I-BgM - THINK/NVR
2. Control
14  Cassidy & MacDonald 40 10 30 INT=12 INT: IDP 1. HA-N L-BgM EXT MEM/I-FR-V;
(2007) EXT=28 M=21.0 2. LA-P L-BgM MEM/D-FR-
EXTs: 3. Control V; INH/STRP
M=21.0
15 Cauchard, Cane, & 30 9 21 n/a M=21.7 RM 1. I-BgM - LANG/RGC;
Weger (2012) SD=2.6 2. Speech LANG/RS
3. Control
16 Chew, Yu, Chua, & 165 71 94 n/a M=21.9 IDP 1. FAM English GEN MEM/REC-V;
Gan (2016) SD=2.4 L-BgM LANG/RC;
2. Ttalian version THINK/MATH;

of (1)

3. UNFAM Italian

L-BgM

4. English version

of (3)
5. Control
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Appendix C (Continued)

Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
17 Cho (2015) 28 2 26 n/a M=24.0 RM 1. L-BgM - LANG/WQ;
SD=1.6 2. Control LANG/WF
18 Chou (2010) 133 nr nr n/a M=31.8 IDP 1. Classical I-BgM - LANG/RC
.Range:early 2. Hip-hop L-BgM
20s to mid 3. Control
50s
19  Christopher & Shelton 138 nr nr nr M=19.0 RM 1. L-BgM WMC LANG/RC;
(2017) 2. Control THINK/MATH
20 Cockerton, Moore, & 30 17 13 n/a M=24.0 RM 1. I-BgM - THINK/IQ
Norman (1997) .Range:18-32 2. Control
21 Crawford & Strapp 61 29 32 nr .Range:18-21 IDP 1. L-BgM EXT MEM/I-
(1994) 2. I-BgM PAL-NV;
3. Control THINK/NVR,;
THINK/VR
22  Crust, Clough, & 57 38 19 n/a M=21.6 RM 1. L-BgM GEN ATT/V
Robertson (2004) SD=3.0 2. I-BgM
3. Control
23 Daoussis & McKelvie 48 nr nr INT=24 UG IDP 1. L-BgM EXT LANG/RC
(1986) EXT=24 2. Control
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Appendix C (Continued)

No. Reference Population characteristics Design Experimental Other Domain/
N M F Others Age conditions var. tasks
24  Darrow, Johnson, 87 26 61 mus=43; UG/PG RM 1. BgM MT ATT/V
Agnew, Fuller, & non-mus=44 2. Control
Uchisaka (2006)
25  Davenport (1972) 48 24 24 n/a UG RM 1. I-BgM GEN  ATT/NV
2. Control
26 De Groot & Smedinga 41 nr nr n/a UG/PG RM 1. UNFAM EXT; MEM/I-PAL-
(2014) LANG L-BgM TF V; MEM/D-
2. FAM LANG PAL-V
L-BeM
3. Control
27  De Groot (2006) 36 nr nr n/a UG/PG IDP 1. I-BgM TF MEM/I-PAL-
2. Control V; MEM/D-
PAL-V
28 Deng & Wu (2020) 30 18 12 INT=15 M=21.3 RM 1. L-BgM EXT ATT/NV
EXT=15 SD=1.6 2. Control
29 Doyle & Furnham 56 13 43 n/a M=27.0 RM 1. L-BgM - LANG/RC
(2012) SD=12.0 2. Control
30 Echaide, Del Rio, & 60 15 45 n/a .Range:18-35 1DP 1. I-BgM - MEM/I-FR-V;
Pacios (2019) — experi- 2. Control MEM/D-FR-

ment 1

\Y
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Appendix C (Continued)

Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
31 Echaide, Del Rio, & 60 15 45 n/a .Range:18-35 1DP 1. I-BgM - MEM/I-FR-V;
Pacios (2019) — experi- 2. Control MEM/D-FR-~
ment 2 \%
32 Evered, Watt, & Per- 34 9 25 n/a Males: RM 1. PREF L-BgM - THINK/CELL
ham (2017) .Range:19-47 2. NON-PREF
Females: L-BgM
.Range:18-37 3. Control
33  Feizpour, Parkington, 70 40 30 n/a .Range:19-28 RM 1. L-BgM GEN; THINK/NVR
& Mansouri (2020) 2. Control TF
34  Fernandez, Trost, & 46 nr nr Young=18 Young: RM 1. HA-P I-BgM - ATT/NV
Vuilleumier (2019) 0ld=28 M=26.0 2. HA-N I-BgM
SD=4.2 3. LA-N I-BgM
Old: 4. LA-P I-BgM
M=68.0 5. Control
SD=6.0
35  Ferreri, Bigand, Bard, 19 6 13 n/a M=21.7 RM 1. I-BgM - MEM/I-FR-V
& Bugaiska (2015) SD=3.2 2. Control
36  Ferreri, Aucouturier, 22 11 11 n/a M=23.5 RM 1. I-BgM - MEM/REC-V
Muthalib, Bigand, & SD=4.3 2. Control

Bugaiska (2013)
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Appendix C (Continued)

Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
37 Ferreri, Bigand, Per- 16 6 10 n/a M=64.5 RM 1. I-BgM - MEM/REC-V
rey, Muthalib, Bard, & SD=2.5 2. Control
Bugaiska (2014)
38 TFontaine & Schwalm 35 27 8 n/a UG IDP 1. FAM Rock - ATT/NV
(1979) BgM
2. FAM Easy-
listening BgM
3. UNFAM Rock
BgM
4. UNFAM Easy-
listening BgM
5. Control
39 Furnham & Allass 48 14 34 INT=24 INT: RM 1. Complex EXT MEM/I-FR-
(1999) EXT=24 M=22.3 L-BgM NV; MEM/D-
EXT: 2. Simple FR-NV;
M=214 L-BgM LANG/RGC;
3. Control THINK/NVR
40 Furnham & Bradley 20 9 11 INT=10 INT: RM 1. L-BgM EXT MEM/I-FR-
(1997) EXT=10 M=20.4 2. Control NV; MEM/D-
EXT: FR-NV;
M=23.3 LANG/RC
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Appendix C (Continued)

Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
41 Furnham & Strbac 76 33 43 INT=38 INT: RM 1. L-BgM EXT MEM/SR;
(2002) EXT=38 M=17.4 2. Control LANG/RC;
EXT: THINK/MATH
M=16.8
42  Furnham, Trew, & 142 111 31 INT=71 M=16.9 RM 1. L-BgM EXT LANG/RGC;
Sneade (1999) EXT=T71 .Range:16-18 2. I-BgM THINK/VR;
3. Control PS
43  Geethanjali, 20 12 8 n/a M=20.0 RM 1. PREF/NON- - INH/G-NG
Adalarasu, Jagan- SD=0.4 PREF I-BgM
nath, & Rajasekaran 2. Control
(2016a)
44  Geethanjali, 10 7 3 n/a M=20.0 RM 1. LA-P BgM - INH/G-NG
Adalarasu, Jagan- SD=0.4 2. HA-N BgM
nath, & Rajasekaran, 3. Control

(2016b)
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Appendix C (Continued)

No. Reference

Population characteristics
Design

N

M F Others Age

Experimental

conditions

Other

var.

Domain/

tasks

45  Gonzalez
(2019)

&  Aiello 150

46  Herath (2018) 20

47  Ho, Mason, & Spence 34
(2006)

M=21.2 IDP
SD=3.4

38 112 n/a

10 10 mus=10 .Range:18-23 RM

non-mus=10

M=20.0 RM
.Range:18-23

13 21 n/a

1. Simple,
soft I-BgM
2. Simple,
loud I-BgM
3. Complex,
soft I-BgM
4. Complex,
loud I-BgM
5. Control

1. Classical I-BgM
2. Jazz I-BgM

3. Pop L-BgM

4. Control

1. Classical I-BgM
2. Classical I-BgM
(reversed)

3.

Control

MT

MEM/I-PAL-
V; ATT/V

LANG/RC

ATT/V
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Appendix C (Continued)

Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
48 Huang & Shih (2011) 89 37 52 n/a M=24.0 IDP 1. Pop L-BgM - ATT/NV
.Range:19-28 2. Classical Western
I-BgM
3. Classical Chinese
I-BgM
4. Control
49 Iwanaga & Ito (2002) 47 21 26 n/a M=19.0 IDP 1. L-BgM - MEM/REC-V;
.Range:18-23 2. I-BgM MEM/REC-
3. Control NV
50  Jancke, Briigger, 199 66 133 n/a Control: IDP 1. HA L-BgM - MEM/I-FR-V;
Brummer, Scherrer, & M=25.6 2. LA L-BgM MEM/D-FR-
Alahmadi (2014) SD=5.9 3. HA I-BgM A%
Vocal: 4. LA I-BgM
M=25.2 5. Control
SD=5.4
Instrumental:
M=26.7
SD=6.8
51 JauSovec & Habe 20 5 15 n/a M=20.2 RM 1. I-BgM - ATT/NV
(2004) SD=0.6 2. Control
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Appendix C (Continued)

Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
52  Johansson, Holmqvist, 24 12 12 nr M=27.9 RM 1. PREF BgM EXT LANG/RGC;
Mossberg, & Lindgren SD="7.7 2. NON-PREF LANG/RS
(2011) BgM
3. Control
53 Kang & Williamson 32 12 20 Learn Ara- Arabic-mus: IDP 1. I-BgM - LANG/LL
(2013) bic=16 M=234 2. Control
Learn Chi- SD=4.5
nese=16 Arabic-non-mus:
M=22.5
SD=2.8
Chinese-mus:
M=25.5
SD=6.2
Chinese-non-mus
M=28.8
SD=12.0
54 Kou, McClelland, & 92 33 59 nr M=25.6 RM 1. Pop L-BgM EXT LANG/RC;
Furnham (2017) SD=3.9 2. Control THINK/MATH,;

THINK/NVR
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Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
55 Kiissner, De Groot, 31 13 18 INT=16 M=21.1 RM 1. I-BgM EXT MEM/I-PAL-
Hofman, & Hillen EXT=15 SD=3.5 2. Control V;  MEM/D-
(2016) — experiment 1 PAL-V
56 Kiissner, De Groot, 38 13 25 INT=20 M=20.5 RM 1. I-BgM EXT MEM/I-PAL-
Hofman, & Hillen EXT=18 SD=4.2 2. Control V; MEM/D-
(2016) — experiment 2 PAL-V
57 Lehmann & Seufert 81 15 66 High WMC: M=21.5 IDP 1. I-BgM WMC LANG/RC
(2017) (scores SD=4.3 2. Control
485)=42
Low WMC:
(scores
2&3)=39
58 Liu, Huang, Wang, & 22 11 11 n/a M=22.3 RM 1. I-BgM - ATT/V
Wu, (2012) SD=1.5 2. Control
59  Mammarella, Fairfield, 24 nr nr n/a M=81.0 RM 1. Classical - BgM - MEM/SR;
& Cornoldi (2007) SD=4.5 2. Control LANG/LG
60 Mansouri, Acevedo, 73 36 37 n/a .Range:18-32 IDP 1. Fast L-BgM - INH/G-NG
Ilipparampil, Fehring, 2. Slow L-BgM
Fitzgerald, & 3. Control

Jaberzadeh (2017)
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Appendix C (Continued)

Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
61 Mansouri, Fehring, 39 19 20 n/a Males: RM 1. L-BgM GEN INH/G-NG
Gaillard, Jaberzadeh, M=21.2 2. Control
& Parkington (2016) SD=0.3
Females:
M=20.7
SD=0.3
62 Manthei & Kelly 72 nr nr n/a .Range:18-22 RM 1. Classical I-BgM - THINK/MATH
(1999) 2. Pop L-BgM
3. Control
63 Martin, Wogalter, & 36 nr nr n/a UG RM 1. I-BgM - LANG/RC
Forlano (1988) — ex- 2. Control
periment 1
64  Martin, Wogalter, & 36 nr nr n/a UG RM 1. I-BgM - LANG/RC
Forlano (1988) — ex- 2. L-BgM
periment 2 3. Control
65 Masataka & Perlovsky 25 nr nr Child=25 .Range:65-75 RM 1. Consonant TF INH/STRP
(2013) (data not ex- I-BgM
tracted) 2. Dissonant
Older I-BgM
adults=25 3. Control
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Appendix C (Continued)

No. Reference

Population characteristics

F

Others

Age

Design

Experimental

conditions

Other

var.

Domain/

tasks

&  Moss
(1989) — experiment 1

66  Mayfield

67 Mayfield &  Moss

(1989) — experiment 2

68  Miller & Schyb (1989)

&  Grahn
(2017) — experiment 1

69 Nguyen

& Grahn
(2017) — experiment 2

70 Nguyen

44

70

198

30

30

nr

nr

nr

15

15

nr

nr

nr

15

15

n/a

UG

UG

College stu-

dents

M=20.0
SD=2.3

M=21.1
SD=2.9

IDP

IDP

IDP

RM

RM

Fast I-BgM
Slow I-BgM
Control
Fast I-BgM
Slow I-BgM
Control

A S o

Classical

t
o2
=

Pop L-BgM
Pop I-BgM
Control
HA-P I-BgM
HA-N I-BgM
LA-P I-BgM
LA-N I-BgM
Control
HA-P I-BgM
HA-N I-BgM
LA-P I-BgM
LA-N I-BgM
Control

AR R A T e B . A

GEN

GEN

THINK/MATH

THINK /MATH

LANG/LG;
LANG/RGC;
THINK/MATH,;
THINK/NVR

MEM/I-FR-V

MEM/REC-V
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Appendix C (Continued)

Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
71 Nguyen &  Grahn 30 17 16 n/a M=19.3 RM 1. HA-P I-BgM - MEM/I-PAL-
(2017) — experiment 3 SD=2.8 2. HA-N I-BgM v
3. LA-P I-BgM
4. LA-N I-BgM
5. Control
72 Nittono (1997) 24 9 15 n/a M=22.1 RM 1. I-BgM - MEM/SR
SD=2.2 2. Control
73 Parente (1976) 42 nr nr n/a university IDP 1. PREF BgM - INH/STRP
freshman 2. NON-PREF
BgM
3. Control
74 Patston & Tippett 72 27 45 mus=36 mus: RM 1. Correct MT LANG/RGC;
(2011) non-mus=36 M=23.5 I-BgM ATT/NV
SD=4.9 2. Control
non-mus:
M=24.1;
SD=7.1
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Appendix C (Continued)

No. Reference

Population characteristics

F Others

Age

Design

Experimental

conditions

Other

var.

Domain/

tasks

75 Pavlygina, Sakharov, 19
Davydov, & Avdonkin
(2010)

76  Pavlyugina,
sheva, Sakharov, &
Davydov (2012)

Karamy- 15

nr

nr n/a

10 n/a

.Range:18-47 RM

M=30.0

RM

1. Classical,
soft I-BgM

2. Classical,
loud I-BgM
3. Rock, soft
L-BgM

4. Rock, loud
L-BgM

5. Control

1. Classical,
soft I-BgM

2. Classical,
loud I-BgM
3. Rock, loud
L-BgM

4. Rock, very
loud L-BgM
5. Control

ATT/V

THINK/MATH

uorjo[do(] 083 puR 9OURULIONIDJ OAINUSO,) ‘OISNJ\ PUNOISIORY



79¢

Appendix C (Continued)

Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
77 Perham & Sykora 25 nr nr n/a .Range:18-30 RM 1. PREF L-BgM - MEM/SR
(2012) 2. NON-PREF
L-BgM
3. Control
78 Perham & Vizard 25 nr nr n/a .Range:18-30 RM 1. PREF L-BgM - MEM/SR
(2011) 2. NON-PREF
L-BgM
3. Control
79 Perham & Currie 30 15 15 n/a .Range:19-65 RM 1. PREF L-BgM - LANG/RC
(2014) 2. NON-PREF
L-BgM
3. I-BgM
4. Control
80 Proverbio & De 15 7 8 n/a M=254 RM 1. Classical I-BgM - MEM/REC-
Benedetto (2018a) SD=6.7 2. Control NV
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Appendix C (Continued)

Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
81  Proverbio, De 50 25 25 INT=25 M=22.9 RM 1. HA-N tonal EXT; THINK/MATH
Benedetto, Ferrari, EXT=25 SD=2.5 L-BgM TF
& Ferrarini (2018b) 2. HA-N,atonal
I-BgM
3. HA-P,tonal
I-BgM
4. HA-P,atonal
I-BgM
5. HA-N,tonal
I-BgM
6. HA-N,atonal
I-BgM
7. Control
82 Proverbio, Nasi, Ar- 54 27 27 n/a M=22.2 RM 1. HA-P I-BgM GEN  MEM/REC-
cari, De Benedetto, .Range:18-28 (tonal & atonal) NV
Guardamagna, Gaz- 2. HA-N I-BgM
zola, & Zani (2015) (tonal & atonal);
3. Control
83 Ransdell & Gilroy 45 7 38 nr UG RM 1. I-BgM MT LANG/WQ;
(2001) 2. L-BgM LANG/WF

3. Control

uorjo[do(] 083 puR 9OURULIONIDJ OAINUSO,) ‘OISNJ\ PUNOISIORY



99¢

Appendix C (Continued)

Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
84  Reynolds, McClelland, 70 26 44 n/a M=16.7 RM 1. Pop L-BgM - LANG/LG;
& Furnham (2014) SD=0.7 2. Control THINK/IQ;
THINK/MATH;
THINK/NVR
85 Riby (2013) 17 8 9 n/a M=21.1 RM 1. IBgM (1) - ATT/NV
SD=4.2 2. LBgM (2))
3. LBgM (3)
4. I-BgM (4)
5. Control
86 Ritter & Ferguson 155 34 121 n/a M=22.3 IDP 1. HA-P I-BgM - THINK/CRT
(2017) SD=5.2 2. LA-N I-BgM
3. LA-P I-BgM
4. HA-N -BgM
5. Control
87 Roer, Bell, & Buchner 113 25 88 n/a M=23.0 RM 1. I-BgM - MEM/SR
(2014) — experiment 1 2. Control
88  Réer, Bell, & Buchner 123 30 93 n/a M=23.0 RM 1. I-BgM - MEM/SR
(2014) — experiment 2 2. Control
89 Roer, Bell, & Buchner 204 50 154 n/a M=23.0 RM 1. I-BgM - MEM/SR
(2014) — experiment 3 2. Control
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Appendix C (Continued)

Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
90 Salamé & DBaddeley 24 2 22 n/a M=19.0 RM 1. L-BgM - MEM/SR
(1989) — experiment 1 2. I-BgM
3. Control
91 Salamé & Baddeley 24 24 0 n/a .Range:25-40 RM 1. L-BgM - MEM/SR
(1989) — experiment 2 2. I-BgM
3. Control
92 Salamé & Baddeley 24 0 24 n/a .Range:19-22 RM 1. I-BgM - MEM/SR
(1989) — experiment 3 2. Control
93 Daud & Sudirman 60 20 40 n/a M=23.0; RM 1. Classical I-BgM  TF MEM/I-PAL-
(2017) SD=1.6 2. Control NV
94  Shih, Huang, & Chi- 32 14 18 n/a .Range:20-27 1DP 1. I-BgM - ATT/NV
ang (2009) during task;
9. I-BgM
before task;
3. Control
95  Sogin (1988) 96 nr nr n/a UG IDP 1. Classical I-BgM - PS
2. Jazz I-BgM
3. Pop L-BgM
4. Control
96 Taylor & Rowe (2012) 128 103 25 n/a UG IDP 1. I-BgM - THINK/MATH
2

. Control
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Appendix C (Continued)

No. Reference

Population

characteristics

N

F

Others

Age

Design

Experimental

conditions

Other

var.

Domain/

tasks

97 Thaut & De I’Etoile
(1993)

Schellen-
berg, & Letnic (2012)

98 Thompson,

50

16

25

nr

nr

10

16

n/a

n/a

mus=12

non-mus=13

UG

M=23.9
.Range:19-48
M=19.7
.Range:17-26

IDP

N/A

RM

1. I-BgM
during encoding
2. I-BgM
during recall

3. I-BgM
during encoding
and recall

4. I-BgM
before encoding,
music before recall
5. Control
Control

1. Slow,soft
I-BgM
2. Slow,loud
I-BgM
3. Fast,soft
I-BgM
4. Fast,loud
I-BgM

MT

MEM/D-FR-
%

LANG/RC

LANG/RC
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Appendix C (Continued)

Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
99  Threadgold, Marsh, 30 15 15 n/a M=22.0 RM 1. L-BgM in TF THINK/CRT
McLatchie, & Ball SD=2.8 foreign language
(2019) — experiment 1 2. Control
100 Threadgold,  Marsh, 18 6 12 n/a M=25.0 RM 1. I-BgM TF THINK/CRT
McLatchie, & Ball SD=9.3 2. Control
(2019) — experiment 2
101 Threadgold, @ Marsh, 36 13 23 n/a M=24.0 RM 1. L-BgM in TF THINK/CRT
McLatchie, & Ball SD=8.4 familiar language
(2019) — experiment 3 2. Control
102 Verga, Bigand, & Kotz 80 40 40 n/a M=24.9 IDP 1. I-BgM TF THINK/VR
(2015) SD=2.6 2. Control
103 Woo & Kanachi (2006) 21 11 10 n/a .Range:18-25 RM 1. Classical, - MEM/I-FR-V

loud I-BgM

2. Classical,

soft I-BgM

3. FAM, loud BgM
4. FAM, soft BgM

5. Rock, loud L-BgM
6. Rock, soft L-BgM
7. Control
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Appendix C (Continued)

Population characteristics Experimental Other Domain/
No. Reference Design
N M F Others Age conditions var. tasks
104 Wolf & Weiner (1972) 15 0 15 n/a college stu- RM 1. BgM - THINK/MATH
dents 2. Control
105 Wolfe (1983) 200 110 90 n/a M=20.9 IDP 1. Soft I-BgM - THINK/MATH
2. Moderately
loud I-BgM
3. Loud I-BgM
4. Control
106 Wu & Shih (2019) 103 24 79 mus=>56 mus: RM 1. BgM MT ATT/NV
non-mus=47 M=22.9 2. Control
SD=2.2
Non-mus:
M=23.0
SD=24
107 Xiao, Liu, Chen, & 26 16 10 n/a M=19.5 RM 1. Slow I-BgM - INH/G-NG
Chen (2020) SD=14 2. Medium pace
I-BgM
3. Fast I-BgM
4. Control
108 Zhu, Zhang, Ding, 13 6 7 n/a M=22.0 RM 1. Gugin I-BgM - ATT/NV
Zhou, Ma, & Xu SD=1.6 2. Piano I-BgM
(2009) 3. Control
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Appendix C (Continued)

Population characteristics Experimental Other Domain/
No. Reference Design .
N M F Others Age conditions var. tasks
109 Zhu, Zhao, Zhang, 16 8 8 n/a M=22.8 RM 1. I-BgM - ATT/NV
Ding, Liu, Ni, ... & SD=1.3 2. Control

Zhou (2008
Total population size 6246 2009+ 2949+

Codes [population characteristics]. M: means; SD: standard deviation; UG: undergraduates; PG: graduates; mus: musicians; non-mus: non-musicians;
INT: introverts; EXT: extraverts

Codes [design]. RM: repeated measures; IDP: independent design (i.e., between-subjects); MIXED: combination of repeated measures and
independent design

Codes [experimental conditions]. BgM: background music; I-BgM: instrumental background music; L-BgM: background music with lyrics; HA: high
arousal music; LA: low arousal music; P: positive valence music; N: negative valence music; FAM: familiar music; UNFAM: unfamiliar music; LANG:
language of lyrics; PREF: preferred music; NON-PREF: non-preferred music

Codes [other variables]. EXT: extraversion level; WMC: working memory capacity; MT: music training; TF: task difficulty; GEN: gender

Codes [cognitive domain/tasks]. MEM: memory; LANG: language; THINK: thinking, reasoning and problem-solving; ATT: attention; INH: inhibition;
PS: processing speed; SR: serial recall; I-/D-FR: immediate/delayed free recall; I-/D-PAL: immediate/delayed paired-associates learning; REC:
recognition; WM: working memory; RC: reading comprehension; RS: reading speed; LG: linguistic; LL: language learning; WQ: writing quality; WF:
writing fluency; MATH: mathematics/arithmetics; VR: verbal reasoning; NVR: non-verbal reasoning; 1Q: general 1Q tests; CRT: creativity tests;
CELL: cell interpretation task; G-NG: No-NoGo task; STRP: colour Stroop task; PS: processing speed; V: verbal; NV: non-verbal
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Background Music, Cognitive Performance and Ego Depletion

Appendix D
Music and Cognitive Performance Appraisal Tool (MCPAT)

Codes Domain Signalling questions Responses
1. Experimental design

1.1 Sampling criteria Are the population characteristics of the Y, N, CT
study described in sufficient detail?

1.2 Control condition Is there an adequate control condition? Y, N, CT

1.3 Extraneous  vari- Is the research adequately designed (e.g., Y, N, CT

ables random allocation, counterbalancing, etc.)
to eliminate the impact of extraneous vari-
ables (e.g., individual differences, order ef-
fects, etc.)?

1.4 Baseline compara- [If answer to 1.3 is N or CT] Are partic- Y, N, CT,

bility ipants comparable at baseline with re- NA
spect to descriptive characteristics that
may affect the outcomes of the study?

1.5 Internal validity [If answer to 1.4 is N or CT| Are par- Y, N, CT,
ticipant characteristics with a potential NA
impact on the outcomes of the study
statistically controlled for?

2. Music selection and characteristics

2.1 Music selection ra- Is the process of music selection underpinned Y, N, CT

tionale by a clear rationale?

2.2 Compliance to hy- Are the characteristics of the selected music Y, N, CT

pothesis relevant to the research question(s) and/or
hypotheses?
3. Cognitive tasks and outcome measures
3.1 Task description Is there a clear description of the cognitive Y, N, CT

task(s) being studied?
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Appendix D (Continued)

Codes Domain Signalling questions Responses
3.2 Outcome measures  Are the methods for measuring the outcomes Y, N, CT
appropriate?
3.3 Objectivity of as- If the outcomes are subjectively measured, Y, N, CT,
Sessors are the scoring of these outcomes conducted NA
by at least two independent assessors blind
to the research aims and the hypotheses?
4. Procedures
4.1 Timing of delivery  Is there a clear indication of when the music Y, N, CT
is played?
4.2 Intervention strate- Is there a clear indication of how the musicis Y, N, CT
gies accommodated to the length of the cognitive
task?
4.3 Replicability Is the description of the experimental pro- Y, N, CT
cedures sufficiently clear to allow for a full
replication of the experiment(s)?
5. Results and data analysis
5.1 Analyses appropri- Are the statistical methods used to analyse Y, N, CT
ateness the data appropriate?
5.2 Reporting  (direc- Are the direction of effects across all tested Y, N, CT
tion of effect) conditions reported?
5.3 Reporting (statisti- Are the exact significant values across all Y, N, CT
cal significance) tested conditions reported?
5.4 Reporting  (effect Are the magnitude of effect across all tested Y, N, CT
magnitude) conditions reported?
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Appendix D (Continued)

Codes Domain Signalling questions Responses

Codes. Y: yes; N: no; CT: can’t tell; N/A: not applicable
Note. Items with “N/A” as one of the responses are optional criteria (i.e., they might not be applicable for
some studies).
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Table E.1
Taxonomy of Cognitive Domains and Their Respective Tasks, Critical Values Table, and Non-Significant Sign Tests
Results
Domains Codes Cognitive tasks and definitions Examples Remarks
- vV /NV NOTE. The acronyms ”V” or "NV” that verbal materials - e.g., words, -
comes after any particular cognitive domain nonsense syllables, pseudowords
or task ID represents either verbal materials non-verbal materials - e.g., geo-
(V) or non-verbal materials (NV). metric shapes, objects
Memory SR Serial recall tasks. Recalling list of items in  e.g., digits, words, letters, writ- -
their exact presentation order. ten texts (i.e., prose recall)

I-FR Immediate free recall tasks Recalling list of e.g., words, geometric shapes, -
items (regardless of their presentation order) objects, nonsense syllables, writ-
immediately after item presentation. ten texts

D-FR Delayed free recall tasks. Recalling list of -
items (regardless of their presentation order)
after a delayed time period (e.g., 6 minutes,

24 hours, 48 hours, 2 weeks).

I-PAL Immediate paired associates learning e.g., word-word, object-digit, -
tasks. Encoding pairs of items, and recalling pattern-digit
one item from the pair when the other was
shown, immediately after learning the materi-
als.

D-PAL Delayed paired associates learning -

tasks. Encoding pairs of items, and recalling
one item from the pair when the other was
shown, immediately after a delayed time

period (e.g., 1 week).
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Table E.1 (Continued)

Domains Codes Cognitive tasks and definitions Examples Remarks
REC Recognition tasks. Encoding a list of items, e.g., words, visual patterns, faces n/a
and determining whether an item was pre-
sented before when shown a new list with a
mixture of presented and not presented items.
WM Working memory span tasks. Tasks in- e.g., digit n-back task n/a
volving maintaining information temporarily
in memory for a later use / manipulation.
Language RC Reading comprehension. (i.e., perfor- n/a n/a
mance accuracy) Involves reading text pas-
sages and answering questions relative to the
content read.
RS Reading speed. Behaviours that inform the e.g., (Re)reading time, num- n/a
efficiency of the reading process during read- ber of fixations, fixation dura-
ing comprehension tasks (measured through tion, (first-pass & second-pass)
eye tracking). forward fixation time, first-pass
rereading fixation time, gaze du-
rations.
LG Linguistic tasks. Tasks that assess e.g., Typo Revealing Test, Cri- The nature of some tasks

linguistic-related knowledge

terion Task Set’s Linguistic Pro-
cessing Task, Phonemic Fluency
Task

may overlap with read-
ing comprehension and as-
sociative memory tasks,
but are categorised as lin-
guistic task due to the
stronger linguistic proper-

ties of the tasks.
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Table E.1 (Continued)

Domains Codes Cognitive tasks and definitions Examples Remarks
LL Language learning tasks. Tasks that mea- e.g., word and sentence transla- n/a
sures learning of a new and foreign language. tion, pronunciation
WwQ Writing quality. Essay writing tasks, n/a n/a
whereby the quality of the essays was scored
by independent reviewers based on predeter-
mined scales.
WF Writing fluency. Measures of writing effi- e.g., writing speed - number n/a
ciency, which includes writing speed, break- of words generated per minute;
down dysfluency and repair dysfluency. total writing time; pause fre-
quency; mean pause time; re-
pair dysfluency (total number of
times the following keys were
used: delete, backspace, copy-
and-paste)
Thinking, MATH Mathematics / arithmetics tasks. Any n/a n/a
reason- tasks that involve calculations of any form (ad-
ing and dition, subtraction, multiplication, division)
problem- or mathematical reasoning.
solving
VR Verbal reasoning tasks. Tasks that assess e.g., Deciphering of Language n/a
logical reasoning using language-related codes Task, Checkerboards and
Pseudo-words
NVR Non-verbal reasoning tasks. Tasks that e.g., Criterion Task Set’s Spatial n/a

assess abstract reasoning

Processing Task, Diagrammatic
test, Group Embedded Figures
Test
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Table E.1 (Continued)

Domains Codes Cognitive tasks and definitions Examples Remarks
1Q General IQ tests. See example e.g., Wonderlic Personnel Test n/a
CRT Creativity tasks. Inclusive of both conver- e.g., Alternative Uses Task, Idea n/a
gent and divergent thinking Selection Task, Remote Asso-
ciates Task, Creative Insight
Task, Compound Remote Asso-
ciate Task
CELL Cell interpretation task. Interpretation of n/a This task is singled out be-
cell patterns in the lab cause it cannot be associ-
ated with other thinking-
related tasks above.
Inhibition G-NG Go/NoGo task [see Remarks] n/a All inhibition-related
tasks involved measure of
the ability to refrain from
instinctive behavioural
responses.
STRP Stroop task [see Remarks] n/a
Attention ATT Attention tasks. Tasks that assess focused e.g., Chu’s Attention Task, Vi- All attention tasks were

/ selective attention

sual Oddball Task, Visual Pur-
suit Test, Visual Vigilance Task,
Numeral Finding Test

presented visually. Task
materials labelled as ”pat-
included

X
terns shapes,

lines, arrows, symbols
(e.g., *), sine waves, and
light signals (i.e., flashes

of lights).
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Table E.1 (Continued)

Domains Codes

Cognitive tasks and definitions

Examples

Remarks

Processing PS
speed

A test of eye/hand coordination

e.g., coding task, Symbol Digit
Modalities Test

The execution of the tasks
are closely similar, despite

the different naming.
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Table E.2
Sign Test Results of BgM and Problem-Solving, Thinking and Reasoning Tasks, Performed on RStudio Version 4.1.0, Using the
Function ‘binom.test” (p = 0.5, alternative = “two.sided”)

3

Test C . No. of successes! Total tests Proportion Adiusted p? 95% C1
ests omparisons P justed p Lower Upper

n n % % %

All thinking
T1 BgM vs S 46 93 49.46% 1.000  1.000 39.53% 59.44%
T2 L-BgM vs S 16 46 34.78% .054 .340 22.68% 49.23%
T3 I-BgM vs S 27 41 65.85% .060 .340 50.55% 78.44%
T4 L-BgM vs I-BgM 8 17 47.06% 1.000  1.000 26.17% 69.04%
T5 Pop vs S 9 14 64.29% 424 1.000 38.76% 83.66%
Mathematics/arithmetics tasks
T6 BgM vs S 26 51 50.98% 1.000  1.000 37.70% 64.10%
T7 L-BgM vs S 8 21 38.10% .383 1.000 20.80% 59.10%
T8 I-BgM vs S 16 25 64.00% .230 1.000 44.50% 79.80%
Non-verbal reasoning

T9 BgM vs S 14 23 60.87% 405 1.000 40.80% 77.80%
T10 L-BgM vs S 6 13 46.15% 1.000  1.000 23.20% 70.90%
T11 I-BgM vs S 8 10 80.00% .109 .602 49.00% 94.30%

Codes. CI: confidence interval; BgM: background music; L-BgM: background music with lyrics; I-BgM: instrumental background music; S: silence

[1] Successes in favour of the first listed condition. For example, the number of successes for a comparison L-BgM vs. I-BgM would correspond to the
successes in favour of L-BgM.

[2] p-values corrected for multiple comparisons, based on the Benjamini-Yekutieli False Discovery Rate.

[3] Confidence intervals are calculated based on Wilson’s CIL.
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Table E.3
Sign Test Results of BgM and Inhibition Tasks, Performed on RStudio Version 4.1.0, Using the Function ‘binom.test’” ‘binom.test’
(p = 0.5, alternative = “two.sided”)

3
. No. of successes! Total tests Proportion . 2 95% C1
Tests Comparisons Adjusted p
Lower Upper
n n % % %
All inhibition
11 BgM vs S 13 31 41.49% AT3 1.000 26.42% 59.23%
12 L-BgM vs S 4 9 44.44% 180 1.000 18.88% 73.33%
13 I-BgM vs S 7 18 38.89% 481 1.000 20.30% 61.40%
Go-NoGo task
14 BgM vs S 9 22 40.91% .524 1.000 23.26% 61.27%
15 I-BgM vs S 6 14 42.86% 791 1.000 21.40% 67.40%
Stroop task
16 BgM vs S 4 9 44.44% 1.000 - 18.90% 73.30%

Codes. CI: confidence interval; BgM: background music; I-BgM: instrumental background music; S: silence

[1] Successes in favour of the first listed condition. For example, the number of successes for a comparison L-BgM vs. I-BgM would correspond to the
successes in favour of L-BgM.

[2] p-values corrected for multiple comparisons, based on the Benjamini-Yekutieli False Discovery Rate.

[3] Confidence intervals are calculated based on Wilson’s CI.
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Table E.4
Sign Test Results of BgM and Attention Tasks, Performed on RStudio Version 4.1.0, Using the Function ‘binom.test’ ‘binom.test’
(p = 0.5, alternative = “two.sided”)

3
. No. of successes! Total tests Proportion . 2 95% C1
Tests Comparisons Adjusted p
Lower Upper
n n % % %
All attention
Al BgM vs S 25 45 55.56% .552 1.000 41.20% 69.10%
A2 L-BgM vs S 6 12 50.00% 1.000 1.000 25.40% 74.60%
A3 I-BgM vs S 16 28 57.14% .b72 1.000 39.10% 73.50%
A4 PvsN 2 9 22.22% .180 1.000 6.30% 54.70%
Verbal materials
A5 BgM vs S 18 28 64.29% 185 .b78 45.80% 79.30%
A6 L-BgM vs S 6 9 66.67% .508 931 35.40% 87.90%
A7 I-BgM vs S 11 16 68.75% .210 .b78 44.40% 85.80%
Non-verbal materials
A8 BgM vs S 7 17 41.18% 629 1.000 21.60% 64.00%
A9 I-BgM vs S 5 12 41.67% 174 1.000 21.60% 68.10%

Codes. CI: confidence interval; BgM: background music; L-BgM: background music with lyrics; I-BgM: instrumental background music; S: silence; P:
positive valence music; N: negative valence music

[1] Successes in favour of the first listed condition. For example, the number of successes for a comparison L-BgM vs. I-BgM would correspond to the
successes in favour of L-BgM.

[2] p-values corrected for multiple comparisons, based on the Benjamini-Yekutieli False Discovery Rate.

[3] Confidence intervals are calculated based on Wilson’s CI.
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Table E.5

Sign Test Results of BgM and Processing Speed Tasks, Performed on RStudio Version 4.1.0, Using the Function ‘binom.test’ (p =

0.5, alternative = “two.sided”)
3
. No. of successes! Total tests Proportion . 2 95% CI
Tests Comparisons Adjusted p
Lower Upper
n n % % %
PS1 BgM vs S 3 9 33.33 .508 - 12.10% 64.60%

Codes. CI: confidence interval; BgM: background music; S: silence

[1] Successes in favour of the first listed condition. For example, the number of successes for a comparison L-BgM vs. I-BgM would correspond to the
successes in favour of L-BgM.

[2] p-values corrected for multiple comparisons, based on the Benjamini-Yekutieli False Discovery Rate.

[3] Confidence intervals are calculated based on Wilson’s CI.
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Table E.6

Sign Test Results of BgM and Cognitive Performances By Music Training, Performed on RStudio Version 4.1.0, Using the
Function ‘binom.test” (p = 0.5, alternative = “two.sided”)

3
. No. of successes! Total tests Proportion . 2 95% C1
Tests Comparisons Adjusted p
Lower Upper
n n % % %
Musicians
MT1 BgM vs S 4 10 40.00% 754 - 16.80% 68.70%
Non-musicians
MT2 BgM vs S 3 10 30.00% .344 - 10.80% 60.30%

Codes. CI: confidence interval; BgM: background music; S: silence

[1] Successes in favour of the first listed condition. For example, the number of successes for a comparison L-BgM vs. I-BgM would correspond to the
successes in favour of L-BgM.

[2] p-values corrected for multiple comparisons, based on the Benjamini-Yekutieli False Discovery Rate.

[3] Confidence intervals are calculated based on Wilson’s CIL.
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Table E.7

Sign Test Results of BgM and Cognitive Performances By Gender, Performed on RStudio Version 4.1.0, Using the Function

‘binom.test” (p = 0.5, alternative = “two.sided”)

3
. No. of successes! Total tests Proportion . 2 95% C1

Tests Comparisons Adjusted p

Lower Upper

n n % % %
Males
GD1 BgM vs S 14 34 41.18% 392 1.000 26.40% 57.80%
GD2 L-BgM vs S 5 17 29.41% 144 .789 13.30% 53.10%
GD3 I-BgM vs S 8 14 57.14% 791 1.000 32.60% 78.60%
Females
GD4 BgM vs S 20 34 58.82% .392 1.000 42.20% 73.60%
GD5 L-BgM vs S 8 17 47.06% 1.000  1.000 26.20% 69.00%
GD6 I-BgM vs S 10 14 71.43% .180 .988 45.40% 88.30%
BgM (Males - Females)
GD7 BgM (males - females) 15 34 44.12% .608 1.000 28.90% 60.60%
GDS8 L-BgM (males - fe- 9 20 45.00% .824 1.000 25.80% 65.80%
males)
GD9 I-BgM (males - fe- 6 14 42.86% 791 1.000 21.40% 67.40%
males)
Silence (Males - Females)

GD10 S (males - females) 9 14 64.29% 424 - 38.80% 83.70%

Codes. CI: confidence interval; BgM: background music; L-BgM: background music with lyrics; I-BgM: instrumental background music; S: silence

[1] Successes in favour of the first listed condition. For example, the number of successes for a comparison L-BgM vs. I-BgM would correspond to the

successes in favour of L-BgM.
[2] p-values corrected for multiple comparisons, based on the Benjamini-Yekutieli False Discovery Rate.
[3] Confidence intervals are calculated based on Wilson’s CI.
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Appendix F
Demographics Questionnaire

1. What is your subject area of study (e.g., psychology, music, medicine, nursing, law)?

[Free text]

2. In which country are you studying?

[Dropdown list of countries]

3. In which type of accommodation do you live in at the moment?

University halls of residence

Private accommodation (alone)

Private accommodation (shared)

With family /relatives

Other (please specify)

4. What is your age?
[Free text]

5. How would you describe your gender?

e [emale

e Male

Non-binary

Prefer not to say

Other (specify, if you wish)

6. Which language(s) do you speak? (select all that apply)
[Radio button: multiple selections, including the option “Others”]
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Listening Habits

Rating scale to use for each statement:

Very  un- | Unlikely Somewhat | Neutral Somewhat | Likely Very likely
likely (in less | unlikely (in about | likely (in | (in about

than 10% | (in about | 50% of | about 90% of

of the | 30% of | the times | 70% of | the times

times the times | when I | the times | when I

when I | when I'| could when I'| could

could could have) could have)

have) have) have)
1 2 3 4 5 |6 7

1. Using the rating scale provided, please indicate how likely are you to choose to listen
to music from the genres listed below in your EVERYDAY LIFE.

Alternative
Bluegrass
Blues
Classical
Country
Dance/Electronica
Folk

Funk

Gospel
Heavy Metal
World

Jazz

New Age
Oldies

Opera

Pop

Punk
Rap/hip-hop
Reggae

Religious
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e Rock
e Soul/R&B

e Soundtracks/theme song

2. Think about the music that you usually listen to in your EVERYDAY LIFE. How
likely...
... would you play them loudly (in high volume)
.. would you play them softly (in low volume)
.. would you listen with external speakers
.. would you listen with headphones
.. would the music be instrumental
.. would the music have lyrics
.. would it be fast music

.. would it be slow music

3. Is there anything else about the music you typically listen to in EVERYDAY LIFE
(and the way you listen to it) that you would like to mention? If so, please include

your answer below.
[Free text]

4. How likely would you STUDY WITH MUSIC playing in the background?

5. Using the rating scale provided, please indicate how likely are you to choose to listen
to music from the genres listed below WHEN YOU ARE STUDYING.

e Alternative
e Bluegrass

e Blues

e (lassical

e Country

e Dance/Electronica
e Folk

e Funk

e Gospel

e Heavy Metal
e World

o Jazz

e New Age
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e Oldies

e Opera

e Pop

e Punk

e Rap/hip-hop
o Reggae

e Religious

e Rock

e Soul/R&B

e Soundtracks/theme song

6. Think about the music that you usually listen to WHILST STUDYING. How likely...
.. would you play them loudly (in high volume)
.. would you play them softly (in low volume)
.. would you listen with external speakers
.. would you listen with headphones
.. would the music be instrumental
.. would the music have lyrics
.. would it be fast music

.. would it be slow music

7. Is there anything else about the music you typically listen to WHILST STUDYING
(and the way you listen to it) that you would like to mention? If so, please include
your answer below.

[Free text]
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Appendix G
Correlation Coefficients (Pearson’s Coefficient) Between MWS Frequency and Age, and All
Measured Traits from TIPI and MUSEBAQ

Traits Correlation coefficient (r) D
Age =27k .008
TIPI_E -.03 750
TIPI_A .09 374
TIPI C -.16 114
TIPI_ES -.08 425
TIPI O -.03 794
FT_T -.20* .048
FT_S -.11 .290
FT P -.22% .032
MM_P -.19 064
MM_R -.07 497
MM_A -.02 .853
MC_E A3 216
MC_C A1 .268
MC_-M .07 491
MC_S .03 793
MC1I .00 984
MU_T .16 121
MU_E Riioog < .001
MU_S 18 .079
MU_1 10 .345
MU_C Bl < .001

*p < .05 ¥*p < .01 ***p < .001

Codes. p: significance value (p-value); TIPI_E: extraversion; TIPI_A: agreeableness; TIPI_C:
conscientiousness; TIPI_ES: emotional stability; TIPI_O: openness; FT_T: formal training in musical theory
(years); FT_P: formal training in practical instrumental playing (years); FT_S: formal training in music
structure; MM _P: professional music making; MM_R: music rehearsal; MM_A: amateur music making;
MC_E: emotional sensitivity to music; MC_C: personal commitment to music; MC_M: music memory and
imagery; MC_S: listening sophistication; MC_I: indifference to music; MU_T: use of music for musical
transcendence; MU_E: use of music for emotion regulation; MU_S: use of music for social; MU_I: use of
music for music identity and expression; MU_C: use of music for cognitive regulation
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Assumption Tests (Standard
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Tests Performed For Each Contextual
Pair
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Appendix H
Assumption Tests (Standard Deviations, Skewness, Normality) of Data Pertaining to the
Listening Likelihood for Specific Genres and Music Features between Everyday Listening

(E) and While Studying (S) and The Corresponding Inferential Tests Performed For Fach
Contextual Pair

Conditions Normality, p Skewness SD Inferential test
E1_Alt < .001 0.33 2.13

Paired-samples £
S1_Alt < .001 1.02 1.83 aired-samples {-test
E2 Blg < .001 1.80 1.46

Paired-samples {-test
S2_Blg < .001 2.64 0.98 Alrec-sanplies tes
E3_Blu < .001 0.43 1.70

Paired- les t-test
S3_Blu < .001 1.34 1.89 atred-samupies t=hes
E4_Cla < .001 0.10 1.81

il igned-rank test
S4_Cla < .001 -0.09 2.37 Wilcoxon signed-rank tes
E5_Cou < .001 1.09 1.60 Patredosamoles fotest
S5_Cou < .001 1.87 1.46 P
3 001 . 1.

E6_Dan <00 0.68 83 Paired-samples t-test
S6_Dan < .001 1.52 1.81
E7_Fol < .001 0.57 2.07

Paired-samples {-test
S7_Fol < .001 1.32 1.90 aired-samples ¢-tes
E8 Fun < .00l 0.56 1.81 Paired-samples t-test
S8_Fun < .001 1.93 1.60 P
E9_Gos < .001 2.21 1.24 Bt e os fotost

1T -Salm -

S9_Gos < 001 2.72 1.42 P
E10_Hea < .001 0.84 1.87

Paired-samples ¢
S10_Hea < .001 1.30 1.32 aired-samples {-test
E11_Wor < .001 1.08 1.88

Paired-samples £
S11_Wor < .001 1.89 1.55 aired-samples {-test
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Appendix H (Continued)

Conditions Normality, p Skewness SD Inferential test
~ .001 . 2.1
Bl2 Jaz <0 0.30 3 Paired-samples t-test
S12_Jaz < .001 0.30 2.31
E13_N .001 1.16 1.59
3-New <0 Paired-samples t-test
S13_New < .001 1.88 1.44
E14_Old < .001 0.23 2.06 .
Paired-samples t-test
S14_01d < .001 1.05 1.98
_ . 1.4 1.
B15-Ope <00l 0 7 Paired-samples t-test
S15_Ope < .001 1.97 1.75
El16_P .001 -0. 1.82
6-Pop <10 070 Wilcoxon signed-rank test
S16_Pop < .001 0.29 2.26
E17 Pun < .001 0.68 2.00 i
Paired-samples t-test
S17_Pun < .001 2.09 1.46
_ . -0. 2
E18 Rap <001 0.07 2.29 Wilcoxon signed-rank test
S18_Rap < .001 0.97 2.05
E19_ .001 0.85 2.00
9-Reg <00 Paired-samples t-test
S19_Reg < .001 1.37 1.55
E20_Rel .001 2.07 1.47
0-Re <10 Paired-samples t-test
S20_Rel < .001 2.36 1.32
B21 Roc <001 0.7l 2.0 Wilcoxon signed-rank test
S21_Roc < .001 0.41 2.12
_ .001 -0. 2.22
E22 RnB <10 0.07 Wilcoxon signed-rank test
S22 RnB < .001 0.57 2.30
. -0. 1.92
23 Sou < 001 0.36 ) Paired-samples t-test
S23_Sou < .001 -0.08 2.39
E-loud 002 “0.37 179 Wilcoxon signed-rank test
S_loud < .001 0.44 1.93
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Appendix H (Continued)

Conditions Normality, p Skewness SD Inferential test
E_soft .009 0.01 1.69
il i -rank
S soft < 001 078 167 Wilcoxon signed-rank test
E _spea < .001 0.12 2.06
Paired- les t-test
S_spea < .001 0.36 2.28 ared-sampies 1-Les
E_head < .001 -1.23 1.74 Paired los {test
S_head < .001 -0.96 1.81 aurec-sampies fries
E_inst .012 -0.91 2.05 .
) Paired-samples t-test
S_inst < .001 -0.87 1.24
E_lyri < .001 -0.87 1.24
S,l}}/’:il < 001 0.00 907 Wilcoxon signed-rank test
E_fast < .001 0.41 1.26 Paired los t-tost
aired-samples t-tes
S_fast 004 0.04 1.87 P
E_sl : . 1.4
SowW 007 0.05 8 Wilcoxon signed-rank test
S_slow < .001 -0.60 1.62

Codes. Alt: alternative; Blg: bluegrass; Blu: blues; Cla: classical; Cou: country; Dan: dance/electronica;
Gos: gospel; Hea: heavy metal; Wor: world music; New: new age; Old: oldies; Ope: opera; Pop: popular
music; Rap: rap/hip-hop; Reg: reggae; Rel: religious; R&B: R&B/Soul; Sou: soundtrack/theme song; lyri:
music with lyrics; inst: instrumental music; head: listening through headphones; spea: listening through

speakers; p: significance (p-value); SD: standard deviation

Note. The types of analysis used were determined based on normality, skewness and the standard
deviations of the variables. For non-normal data (p > .05), a parametric test was employed if the two
variables in each pair of comparison are skewed in the same direction and their standard deviations are
proximately equal (Havlicek & Peterson, 1974). In the instances when the any pair of non-normal variables
were not skewed in the same direction, non-parametric tests (Wilcoxon signed-rank test) were used.
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Assumption Tests (Standard
Deviations, Skewness, Normality) of
Data Pertaining to Self-reported
Arousal and Valence in the First and
Second QQuestionnaire Prompt
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Appendix I
Assumption Tests (Standard Deviations, Skewness, Normality) of Data Pertaining to
Self-reported Arousal and Valence in the First and Second Questionnaire Prompt

Outcomes n Normality, p Skewness SD
Pre-study valence 14 < .001 -1.65 0.80
Post-study valence 14 .004 -0.89 0.73
Pre-study arousal 14 .049 -0.09 0.98
Post-study arousal 14 .070 -0.32 1.17

Codes. n: number of music episodes; p: significance (p-value); SD: standard deviation

Note. Although the assumption of normality was violated across all variables, the skewness for each set of
comparison are in the same direction and the standard deviations are proximately equal. Thus, it is
estimated that there will be little distortion to the obtained ¢ distribution and parametric means
comparisons (independent t-tests) were performed.
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Assumption Tests (Normality,
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Appendix J
Assumption Tests (Normality, Skewness and Standard Deviations) of Data Pertaining to
the Music Features of Study- and Everyday-FEpisodes

Outcomes (features) Episode Type n Normality, p Skewness SD
Energy Everyday 323 < .001 -0.90 0.24
Study 102 < .001 -0.28 0.28
Loudness Everyday 323 < .001 -1.85 4.95
Study 102 < .001 -1.30 5.86
Tempo Everyday 323 < .001 0.32 30.40
Study 102 .005 0.17 33.45
Valence Everyday 323 < .001 0.22 0.25
Study 102 < .001 0.32 0.27

Codes. n: number of individual music tracks; p: significance (p-value); SD: standard deviation

Note. Although the assumption of normality was violated across all variables, the skewness for each set of
comparison are in the same direction and the standard deviations are proximately equal. Thus, it is
estimated that there will be little distortion to the obtained ¢ distribution and parametric means
comparisons (independent ¢-tests) were performed.
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Appendix K

Number of Music Episodes, Mean
(M) and Standard Deviation (SD) of
Perceived Difficulty Level of Reading
Task and Each Music Feature
(Energy, Valence, Tempo, Number of
Music Tracks in Each Major and
Minor Mode, and Number of Music
Tracks With and Without Lyrics) for
Each Study Task (Writing,
Memorising, Doing Maths, Searching
for Information, Programming
(Coding), Reading, and Organising
Work)
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Appendix K

Number of Music Episodes, Mean (M) and Standard Deviation (SD) of Perceived Difficulty Level of Reading Task and Each Music
Feature (Energy, Valence, Tempo, Number of Music Tracks in Each Major and Minor Mode, and Number of Music Tracks With
and Without Lyrics) for Each Study Task (Writing, Memorising, Doing Maths, Searching for Information, Programming (Coding),
Reading, and Organising Work)

Episodes Difficulty  Energy Valence Tempo Major Minor Lyrics No Lyrics

Study Task
Level Mode Mode

count M (SD) M (SD) M (SD) M (SD) count count count count
Writing 10 1.33 (1.27)  0.49 (0.31)  0.39 (0.26) 113 (35.70) 16 11 9 18
Memorising 9 1.26 (0.62)  0.55 (0.30)  0.58 (0.30) 128 (29.30) 14 9 16 7
Maths 6 0.83 (1.19)  0.71 (0.16)  0.49 (0.27) 112 (28.10) 5 7 11 1
Searching 5 0.16 (0.83)  0.40 (0.23)  0.30 (0.22) 117 36.40) 10 9 8 11
Programming 5 1.00 (0.00)  0.86 (0.11)  0.32 (0.12) 160 (14.10) O 2 2 0
Reading 4 1.00 (0.68)  0.56 (0.25)  0.30 (0.19) 129 (33.10) 8 6 12 2
Organising 3 -0.60 (0.89) 0.65 (0.15)  0.31 (0.22) 128 (37.50) 3 2 5 0
Total 42 - - - - 56 46 63 39

Notes. For each mean value, a higher number indicates the higher intensity of the outcome, i.e., higher perceived difficulty, higher energy level,
higher (more positive) valence and faster tempo.

It is interesting to note that despite students reporting a higher likelihood of listening to instrumental background music when they study (cf.
Experiment 1, Results section in Chapter 3), real-time tracking of the music students listened to in Experiment 2 revealed more music with lyrics
being listened to than instrumental music. As data collection in Experiment 1 relies on retrospective recall, it is not unlikely that participants
were influenced by individual biased misattributions due to beliefs of situational appropriateness. But it is also possible that as most modern-day
music (of any genre) contains lyrics, the results merely reflect the disproportionate distribution between modern-day instrumental and lyrical
music. The true reason behind students listening to music with lyrics while studying is not attainable from the current data but it warrants future
examinations, ideally through qualitative approaches to gain better insights.

uoro[do(] 085 purR 9OURULIONDJ OAINUSFO)) OIS\ PUNOISIORY




Background Music, Cognitive Performance and Ego Depletion

Appendix L

Breakdown of Each Reading Passage
(Listed Following Their Sequence of
Presentation in the Experiment) By
Number of Words, Number of
Sentences, Number of Questions
Associated with Each Passage,
Estimated Reading Time (mm:ss),
Estimated Readability (Grade), and
Their Location in the Referenced
Source By Chapter, Section and Page
Number
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Appendix L

Breakdown of Fach Reading Passage (Listed Following Their Sequence of Presentation in the Ezperiment) By Number of Words,

Number of Sentences, Number of Questions Associated with Each Passage, Estimated Reading Time (mm:ss), Estimated

Readability (Grade), and Their Location in the Referenced Source By Chapter, Section and Page Number

Location in Source (The Princeton Review, 2019)

Passages No. words No. sentences No. questions Time (mm:ss) Grade
Chapters Sections Page

1 256 14 01:40 10 6 Reading Comprehension Drill 104
(1st passage, Questions 1 - 4)

2 168 7 01:32 13 19 Section 5 (5th passage, Ques- 464
tions 19 - 20)

3 133 6 00:57 16 19 Section 5 (1st passage, Questions 461
7-8)

4 314 10 02:05 post- 17 Section 4 (1st passage, Questions 412

graduate 7-9)

5 158 8 01:14 12 6 Reading Comprehension Drill 104
(3rd passage, Questions 7 - 8)

6 117 5 00:55 15 6 Reading Comprehension Drill 105
(4th passage, Questions 9 - 10)

7 250 10 02:23 14 17 Section 6 (1st passage, Questions 425
7 - 10)

8 150 6 00:54 16 19 Section 3 (4th passage, Ques- 455
tions 19 - 20)

9 150 9 00:56 13 17 Section 6 (2nd passage, Ques- 426
tions 11 - 12)

10 272 12 01:51 15 17 Section 4 (4th passage, Ques- 415
tions 17 - 18)

11 189 6 01:14 post- 17 Section 6 (4th passage, Ques- 428

graduate tions 18 - 20)
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Appendix L (Continued)

Location in Source (The Princeton Review, 2019)

Passages No. words No. sentences No. questions Time (mm:ss) Grade
Chapters Sections Page

12 179 6 01:13 16 19 Section 3 (3rd passage, Ques- 454
tions 17 - 18)

13 283 12 02:20 15 19 Section 3 (1st passage, Questions 451
7 - 10)

14 143 6 00:50 13 17 Section 4 (5th passage, Ques- 416
tions 19 - 20)

15 139 7 00:57 12 19 Section 5 (3rd passage, Ques- 462
tions 10 - 11)

16 259 12 01:34 14 19 Section 3 (2nd passage, Ques- 452
tions 11 - 12)

17 155 8 01:12 14 19 Section 5 (4th passage, Ques- 463
tions 16 - 18)

18 149 7 01:24 13 6 Reading Comprehension Drill 104

(2nd passage, Questions 5 - 6)

Notes. The Readability grading indicates how understandable a passage is. The grade levels indicate an estimation based on the U.S. grade level on
which level of education is required to understand the text, based on an Automatic Readability Index in the Hemingway Editor

(https://hemingwayapp.com/).
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Everyday Music Listening Habits
Questionnaire in Music Listening and
Ego Depletion Experiment (Chapter
4)
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Appendix M
Fveryday Music Listening Habits Questionnaire

Questions 1 - 3 and 5 - 6 are based on the following rating scale:

Almost never | Seldom About half the | Usually Almost always
time
! 2 3 4 5 |

1. Think about your everyday music listening habits. How frequently do you usually listen to
music?
2. Some people listen to music whilst doing other things (e.g., whilst travelling, cooking, running,

doing house chores, etc.). How frequently do you usually listen to music in these situations?

3. Some students listen to music when they study. How frequently do you usually listen to
music in these situations (irrespective of the task)?

4. Compared to your general music listening habits in everyday life, how much more or less do
you listen to music whilst studying?
e Much less
e Less
e About the same
e More
e Much more
5. Think of study sessions when you read (e.g., an article, a book chapter, lectures notes,

etc.) with the aim of carefully processing the information and understand its meaning. How
frequently do you listen to music in these moments?

6. Think about your study sessions in general. How frequently do you think listening to music
in these moments. ..

e ... allows you to set the right mood to study?

e ... makes studying tasks less boring?

e ... motivates you to study?

e ... increases your concentration levels?

e ... allows you to study for longer periods of time?

e ... distracts you from your studying tasks?

e ... decreases your concentration levels?

e ... changes your mood in ways that negatively impact your studying?
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Assumption Tests (Standard
Deviations, Skewness, Normality) of
Data Pertaining to the Measured
Outcomes: Everyday Music Listening
Habits and Perceived Positive and
Negative Impacts of Studying with
Music
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Appendix N

Assumption Tests (Standard Deviations, Skewness, Normality) of Data Pertaining to the
Measured Outcomes: Fveryday Music Listening Habits and Perceived Positive and Negative
Impacts of Studying with Music

Outcomes Condition n SD Normality, Homogeneity
p of Variances, p
mwg Control 17 0.72 < .001
.b87
Music 18 0.67 .001
mw_other_act Control 17 0.59 < .001
.004
Music 18 1.02 < .001
mws Control 17 1.50 .011
375
Music 18 1.25 .054
mwr Control 17 1.12 .059
071
Music 18 1.58 .003
mean_pi_pos Control 17 0.83 .394
157
Music 18 1.06 .216
mean_pi_neg Control 17 0.65 .088
.031
Music 18 0.97 .008
mws_pi_mood - 35 1.12 .004 .264
mws_pi_less_bored - 35 1.34 < .001 .004
mws_pi_motivates - 35 1.25 < .001 728
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Outcomes Condition n SD Normality, Homogeneity
p of Variances, p
mws_pi_concentrate - 35 1.40 < .001 .398
mws_pi_longer - 35 1.29 < .001 .269
mws_ni_distracts - 35 0.951 < .001 170
mws_ni_dec_concentrate - 35 1.039 < .001 .696
mws_ni_neg_mood - 35 1.14 < .001 .190

Codes. SD: standard deviation; p: significance (p-value); mwg: frequency of music listening in general
context (i.e., when not studying): mw_other_act: frequency of music listening when when doing other
activities (e.g., traveling, cooking, running, doing house chores, etc.); mws: frequency of music listening
when studying; mwr: frequency of music listening when reading; mean_pi_pos: mean level of perceived
positive impacts of studying with music; mean_pi_neg: mean level of perceived negative impacts of studying
with music; mws_pi_mood: improves mood while studying; mws_pi_less_bored: reduces boredom while
studying; mws_pi_motivates: increase motivation to study; mws_pi_concentrate: improves concentration
while studying; mws_pi_longer: study longer; mws_ni_distracts: distracts the study process;
mws_ni_dec_concentrate: disrupts concentration; mws_ni_neg_mood: disrupts mood

Notes. Most violations of normality above were coupled with met assumptions of homogeneity of variances
and thus deemed not detrimental towards robustness of their associated F-tests (Blanca et al., 2017). In
cases when homogeneity of variance was violated (mws_pi_less_bored), the violation was not severe and
hence parametric test was maintained.
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Assumption Tests (Normality,
Homogeneity of Variances) and
Standard Deviations of Data
Pertaining to the Measured
Outcomes: Number of Questions
Completed in the Reading Task,
Number of Correct Answers in the
Reading Task, the Stroop Response
Interference (Level of Ego Depletion),
Pre- and Post-Reading Positive
Affect, Pre- and Post-Reading
Negative Affect, and Pre- and
Post-Reading Motivation for
Cognition
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Appendix O

Assumption Tests (Normality, Homogeneity of Variances) and Standard Deviations of Data
Pertaining to the Measured Outcomes: Number of Questions Completed in the Reading
Task, Number of Correct Answers in the Reading Task, the Stroop Response Interference
(Level of Ego Depletion), Pre- and Post-Reading Positive Affect, Pre- and Post-Reading
Negative Affect, and Pre- and Post-Reading Motivation for Cognition

Outcomes Condition n SD Normality, p Homogeneity

of Variances, p

rc_no_completed Control 21 10.09  .140
.236
Music 20 8.13 .304
rc_acc Control 21 7.11 725
575
Music 20 6.43 .622
stroop_res_interference!’  Control 21 75.02 .073
.299
Music 20 157.12 < .001
pre_pa Control 21 8.60 .b87
.843
Music 20 8.48 114
post_pa Control 21 8.89 .033
.930
Music 20 10.11  .604
pre_na’ Control 21 3.94 .002
.078
Music 20 2.46 < .001
post_na? Control 21 6.55 < .001
.001
Music 20 2.70 < .001
pre_mfc Control 21 0.80 .676
.370
Music 20 1.08 .888
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post_mfc Control 21 1.36 .164
Music 20 1.48 015

.604

Codes. SD: standard deviation; p: significance (p-value); rc_no_completed: number of questions completed
in the reading task; rc_correct: number of correct answers in the reading task; pre_pa: pre-reading positive
affect; post_pa: post-reading positive affect; pre_na: pre-reading negative affect; post_na: post-reading
negative affect; pre_mfc: pre-reading motivation for cognition; post_mfc: post-reading motivation for
cognition; stroop_res_interference: Stroop interference

[1] The violation of normality in the Music condition was deemed to have little impact towards the overall
validity of the associated F-tests due to the assumption of homogeneity of variances being met (Blanca et
al., 2017). Therefore, parametric analysis was administered in regards to this variable. Notably,
Kruskal-Wallis (K-S) H was performed to verify this decision and indeed, the results obtained were the
same as that of the parametric test.

[2] Non-parametric tests (K-S test followed by Wilcoxon Signed-Rank test for within-subjects means
comparison) used as alternate to a factorial mixed ANOVA due to severe violations of both homogeneity of
variances and normality.
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