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ABSTRACT

Anxiety and stress are both widely experienced responses, which has been linked to reductions
in well-being, daily functioning, as well as the development of psychological disorders when
unregulated and experienced chronically (Nutt et al., 2008). Both anxiety and stress cause
arousal, thereby sharing similar physiological and psychological responses (Shahsavarani et
al., 2015). Music therapy is a treatment method often used to quell stress and anxious responses,
which is rooted in the physiological and psychological impact of music. This physiological and
psychological impact is often attributed to auditory changes in musical characteristics, such as
changes in pitch, tempo, intensity and timbre, which has effects on both mood and autonomic
arousal (Arjmand et al., 2017). The present study used a scoping review to collate and
summarise the breadth of information available about musical characteristics and auditory
changes that affect both the physiological and psychological components of stress and anxious
responses. A combined and adapted scoping review design outlined by Arksey and O’Malley
(2005) and Levac et al. (2010) was used in the present study. The addition of a data extraction
tool (framework used from Bussiek et al. (2018)) was part of the adaptations to the outlined
methodology, as well as the final stage of the process being a review of rigor. The current study
found that there are 21 relevant studies that fit the scope of the research, which indicated that
recent research is limited and that no local South African research had occurred. Final
conclusions show that further research to expand the scope of recent research and to clear up

contradictions in the literature is necessary.

Keywords: Psychophysiology, anxiety, stress, auditory changes, musical characteristics
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CHAPTER 1: INTRODUCTION

1.1. Introduction
Auditory stimuli have been studied extensively across various domains in relation to its

effects on humans (Alagha & Ipradjian, 2017; Modeme & Sunday-Kanu, 2014; Morgenstern
& Auhagen, 2006; Osmanoglu & Yilmaz, 2019). Recorded effects have been emotional,
educational, psychophysiological or socio-cultural in nature, which consequently forms the
basis of music therapy (Morgenstern & Auhagen, 2006). The current research undertakes a
psychophysiological perspective, which is defined as a multidisciplinary approach to human
functioning and experience that considers the relationship between mental and physical
processes to understand the complexity of them (Cacioppo et al., 2007).

Anxiety is experienced psychophysiologically, which includes both psychological and
physiological arousal and symptoms usually caused by a state of apprehension (Mochcovich et
al., 2016). Due to this state of apprehension, current levels of anxiety resulting from an internal
or external stimulus, can cause high levels of tension and concern of approaching and future
situations, as well as complete avoidance of situations that can end up being maladaptive to the
human being in the long run (Maina, et al., 2016). Although everyone experiences anxiety in
some capacity, chronic states of it can extend into anxiety disorders that then affect general
wellbeing and quality of life. Cognitive escalation of anxiety also frequently occurs, which is
the increasing fearfulness that is perceived from the threat. Anxious thoughts result from the
initial sense of anxiety and is accompanied by somatic symptoms such as a rapid heartbeat and
breathing rate, cardiovascular irregularities, dizziness and general physical uneasiness (Moss,
2002).

The somatic symptoms of anxiety are those of an elevated heart rate, increased respiration
rate and excessive sweating (Nabi et al., 2010). These symptoms have been related to anxiety
in various studies with increased heart rate and respiration rate being connected to
hyperventilation, in instances of anxious apprehension, and feelings of panic. Furthermore,
sweating or increased skin conductance (due to the elevated moisture of skin causing it to
become more conductive) has also been continuously connected to uneasiness experienced
during anxious states (Pittig et al., 2012).

Associated with anxiety is stress, with evidence coming from both experimental and
clinical studies. These studies mentioned that stressful circumstances arising from
environmental and emotional factors can be the precursor to anxiety disorders (Ray et al.,

2017). A recent study conducted by Tanguy et al. (2018) described anxiety as a moderator of

10
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stress responses as well as the adaptation to stressors. Furthermore, the authors conversely
delineated that state anxiety acts as a mediator to stress responses, while suggesting that context
is not the only influencing factor. Much debate exists when considering the relationship
between stress and anxiety, however both influence physiological arousal in that there is a
decrease of heart rate variability (HRV) which is the variations in time between each heartbeat
(Chalmers et al., 2014; Kim et al., 2017).

Mottaghi et al. (2015) mention that music therapy is often used to treat mental disorders,
especially those of hyperarousal, such as those disorders or symptoms related to anxiety and
stress. Music therapy (MT) and music based intervention (MBI) taps into the emotional,
psychological and physiological changes that occur through different processes involved with
music (playing, creation or listening to music within a group or individualised setting)
(Hohmann et al., 2017). Further research has established links between correlates of anxiety
and stress and certain auditory characteristics, such as Bartlett’s (1996) research which found
that music with a fast tempo, rhythm and intensity resulted in increased tension and
physiological arousal. However, due to its dated nature this matter should be reinvestigated.

Chapter 1 provides insight into the rationale and motivation for conducting the present
research study. Providing further motivation for the current study, the aim and objectives are
described. Lastly, Chapter 1 includes a chapter outline, which indicates the expected content

for each chapter that follows.

1.2. Research Problem
Despite apparent psychophysiological symptoms of anxiety and stress, the Mental Health

Foundation (2014) indicate that anxiety is highly under-treated and under-diagnosed. The
authors suggest that anxiety might be under-diagnosed and under-treated due to its diverse
experience, and the subsequent verbalization of such experience (Mental Health Foundation,
2014). Similarly stress is also often under-treated, with Devi et al. (2019) mentioning that this
could be due to stress being a part of normal human life, however, stress in excess can become
maladaptive, much like anxiety (Devi et al., 2019; Mental Health Foundation, 2014). Negative
physical, emotional and cognitive effects may arise due to maladaptive anxiety and stress, such
as cardiac diseases, insomnia, agitation, disorganization, and a lack of concentration, among
others (Devi et al., 2019; Moss, 2002). Considering the severe effects that the symptoms of
stress and anxiety can have on an individual, it is important to have continual research and
investigation into treatment or intervention methods that may be more effective. The current

research study is therefore significant, whereby the research summarises and provides an
11
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analysis on recent results, and provides recommendations for future research to address anxiety
and stress from a music therapy perspective.

Furthermore, literature on the details of auditory changes in music therapy on a South
African population is limited. Pavlicevic (1999) investigated MT within a South African
context, by looking at how music therapy impacted children who have suffered trauma, such
as domestic violence. Pavlicevic (1999) concluded that individuals respond to auditory changes
that might not be musical in nature, such as changes in timbre, rhythm, tempo, phrasing and
intonation, because of the human disposition to communicate non-verbally. Although Calitz
(2017) investigated the effects of liturgy singing and music on grief, emotions, anger and
depression in South Africa, existing literature that looks into acoustic cues and its effects on
the arousal on anxiety in South Africa is limited and dated.

Further considering the need for additional research in the field, Panteleeva et al. (2017)
explain in their meta-analysis that the more recent research on the subject is conflicting in
nature, as well as much research being unquantified. Due to conflicting results, dated
information, and the need to identify effective ways to address anxiety and stress, current
research should be synthesised and collated to direct future research and recommendations.

1.3. Aims and objectives
The aim of the research study is to provide an overview and investigate the breadth of

information available about psychophysiological responses in anxiety or stress to auditory
changes in musical characteristics. The research also identifies population characteristics and
sample sizes included in the investigated of the stipulated scope. Finally, this research study
aims to identify research gaps and map conflicting results, so that it can be addressed by future

researchers.
The objectives of the research study are as follows:

e To identify population characteristics included in the investigated of the stipulated
scope.

e Uncover research gaps and map conflicting results, so that it can be addressed by future
researchers.

e To provide an overview of the amount of knowledge that is accessible about
psychophysiological responses in anxiety or stress to auditory changes in musical

characteristics.

12
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e To summarise, map and collate the available knowledge according to types of existing
evidence and populations.
e Recommend areas of focus for future researchers by identifying research gaps and

conflicting results.

1.4. Chapter outline
The first chapter of the current research study introduces the background context, research

problem, rationale and aims and objectives of the research study. Chapter two delves into the
relevant literature, exploring the different psychophysiological and musical characteristics
considered in the study. Chapter three follows and presents a step-by-step approach of the
adapted scoping methodology used to analyse the data. Chapter four states the results of the
scoping review conducted, broken down into a numerical description and content analysis.
Lastly, Chapter five includes the limitations to the current research study, recommendations

for future research and the conclusion based on the results uncovered.

1.5. Conclusion
Research investigating the psychophysiological responses in stress and anxiety of musical

characteristics is limited, dated and conflicting (lakovides, 2004). A scoping review presents
an optimal opportunity to examine the breadth of information available, firstly through a
numerical description and secondly, through a thematic description of results. Chapter 1
explored the research problem and rationale for the current research, which provided direction
for the aims and objectives. Lastly, this chapter outlined the structure and content of the
following chapters. The following chapter will focus on providing in-depth discussions of the

key constructs under investigation.

13
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CHAPTER 2: LITERATURE REVIEW

2.1. Introduction
Chapter 2 outlines the empirical basis of the research study by investigating the relevant

literature. The chapter focuses on the definitions and impacts of psychophysiology, with
specific attention paid to physiological arousal and emotions. An explanation of stress as a
psychophysiological process is provided, along with a description of the Diathesis-Stress
Theory. Furthermore, utilised within the study is the psychophysiological consideration of
anxiety and the State-Trait Anxiety Theory. A discussion of the use of music to alleviate stress
and anxiety, along with an analysis of its mapped origin and uses throughout time follows. The
auditory characteristics of music is analysed as a factor influencing an individual’s musical
experience and response due to the inherent musicality of human beings. Chapter 2 concludes
by considering research that relates to the role of music in alleviating psychophysiological
correlates of anxiety and stress.

2.2. Psychophysiology
As stated in Chapter 1, psychophysiology considers the relationship between the mental

and physical processes in humans, with the goal of understanding how they affect one another
as well as how they function together (Cacioppo et al., 2007). The following section discusses

how physiological arousal and emotions form part of the psychophysiological process.

2.2.1. Physiological arousal
Physiological arousal is defined as the activation of different bodily mechanisms,

resulting in a state of wakefulness and the ability to respond quicker (Beri & Reddy, 2019).
Shannahoof-Khalsa (2008) explicates that the hypothalamus and autonomic nervous system
(ANS) form a central part of the physiological responses that result from psychophysiological
states. The ANS is the division of the nervous system that regulates the parts of the body that
do not need voluntary control, these include; smooth muscles, cardiac muscles, and glands
(Ebnesshahidi, 2017). While previous research has indicated that the hypothalamus and ANS
regulate the physiological functions that influence reproduction, and thereby the survival of
species, research conducted during the twentieth century has found that the electrical
stimulation of the hypothalamus affects both of the established divisions of the ANS. These
established divisions include the sympathetic system, as well as the parasympathetic system
(Shannahoof-Khalsa, 2008).

According to Svorc (2018), the hypothalamus is a highly complex structure that
participates in regulating most bodily functions, these functions include; hunger, food intake,

14
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thirst, emotions, endocrine glands, and sexual functions. The hypothalamus is also involved in
controlling biological processes, these biological processes include the sympathetic and
parasympathetic division. Pop et al. (2018) also establish the hypothalamus as the regulatory
centre for the ANS, which by establishing connections to other parts of the brain, has certain
excitatory effects on certain biological processes. These biological processes include; the
regulation of breathing, the heart rate (HR), and the thermoregulation of the body through
sweating. Previous researchers, including Shannahoof-Khalsa (2008) and Svorc (2018), have
proven that autonomic responses are regulated through the hypothalamus. This was proven by
experimenting with electrical pulses. These experiments consisted of electrical pulses being
sent through different regions of the hypothalamus. These pulses resulted in changes in
salivation, HR, sweating, bladder contractions, and defecation (Shannahoof-Khalsa, 2008;
Svorc, 2018).

The parasympathetic nervous system is known to have an inhibiting effect on organs
and muscles; this results in the preservation of the body’s resources. The parasympathetic
nervous system is key to saving and restoring energy. It does so by reducing HR, blood
pressure, respiration rate (RR), and promoting digestive functions. The sympathetic division of
the ANS functions as the opposite of the parasympathetic division as it mobilises bodily
resources for emergencies, thereby enabling fast responses. This causes HR, blood pressure,
and RR to increase, while digestive functions are inhibited. Consequently, physiological
arousal is influenced by the activation of the sympathetic division on the ANS (Ebnesshahidi,
2017; Weiten, 2014).

There are various physiological indicators and measurements of arousal, the first of
which being changes in HR (Beri & Reddy, 2019). HR is measured by monitoring heartbeats
per minute (bpm), and is similarly affected by the ANS (Sacha, 2014). HR is related to HRV,
which has been established as a predictor for a number of life-threatening diseases. When there
is autonomic system arousal HR increases, consequently HRV decreases. HRV is an
increasingly new and non-invasive method of measuring an individual’s general wellbeing, as
well one’s cardiac function. This measure is often used in conjunction with fitness training in
order to determine an athlete’s wellbeing, however; it can also serve as an important indicator
of health deficiencies. These deficiencies include but are not limited to; lack of sleep, unhealthy
eating, and stress (Blascovich et al., 2011; Sacha, 2014).

According to Cretikos et al. (2008), RR is often neglected as a vital sign of serious
diseases such as, cardiac arrest and respiratory illnesses. RR is measured using breaths per
minute and relative changes in RR have been seen as an indicator of serious illness. This is

15
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significant when compared to changes in HR or blood pressure, as they do not serve as such a
notable indicator. Cretikos et al. (2008) suggest that RR can be a clear indicator as to whether
patients are stable, or if they are at risk of cardiac or respiratory illness.

Another effect of the sympathetic nervous system is electrodermal activity (EDA).
EDA is the term used to describe autonomic changes in the electrical characteristics of the skin.
The most frequently used property of the skin is skin conductance level (SCL). EDA consists
of SCL combined with skin conductance response (SCR). The difference between SCL and
SCR is that SCL measures the background tonic (muscular contraction) of the skin, while SCR
measures rapid phasic responses. EDA is considered a highly reliable indicator of sympathetic
system arousal caused by various emotional and cognitive states. The measurement of EDA is
quantified by calculating the current flow of an administered electrical potential between two
points of skin contact (Braithwaite et al., 2015; Rosebrock et al., 2017).

Physiological arousal of the ANS has also been linked to emotional experiences and
emotional processing. A subject’s mood has shown to have a positive correlated relationship
with biological functions. Similarly, healthy living through nutrition and physical activity has
been associated with mood arousal (Beri & Reddy, 2019). Extensive research has been
conducted regarding the relationship between emotion and physiological arousal. Particular

attention has been paid to physiological arousal caused by music.

2.2.2. Emotions and music
Emotional arousal refers to an individual’s reaction to an emotional stimulus, thereby

resulting in an affective state (Deckert et al., 2019). Valence forms part of affective states; it
refers to the pleasant or unpleasant experience of the emotional stimulus (Volkinburg &
Balsam, 2014). Emotions experienced during an affective state can be classified according to
specific categories, these categories include; happy, angry, sad, or surprised. For example, an
affective state can be derived from an emotional stimulus that causes high emotional arousal
of anger, which will also cause a negative valence.

Emotions are thought to be experienced subjectively when elicited by a stimulus, with
emotions also holding a function for humans. There is no one universal theory for this function,
but some researchers have hypothesized that emotions can create a picture of an individual’s
surrounding environment. Emotion can be viewed as ‘human data’ and can be used in
conjunction with other forms of data, such as sensory inputs (Mordka, 2016). Frijda and
Mesquita (1994) cite action readiness and appraisals as functions of emotions. Furthermore,

Frijda and Mesquita (1994) define emotions as appraisal processes that can lead to changes in

16
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actions or behaviours. While the term “appraisal’ is indicative of cognitive processes, emotions
are inferred from a subject’s self-reports when an event is experienced. While the function of
emotion is widely theorised, numerous research studies have determined that emotions can be
self-regulated to a certain degree (Weiten, 2014). Although most individuals possess a self-
regulating ability, the occurrence of emotional elicitations can hinder the biological processes
needed to regulate emotions (Weiten, 2014). Davidson (2006) notes that the human conscious
tends to be unaware of automatic emotional responses; an example being response timing,
which is rooted in the functioning of biological structures. The above theory is reinforced by
the previous statements by Shannahoof-Khalsa (2008) and Pop et al. (2018) regarding the
hypothalamus and its designated role in the management of emotions and the regulation of the
ANS.

Recent research on the psychophysiological responses of individuals to music and
acoustic characteristics has been focusing on the relation between emotions and valence. In a
study by Lundgvist et al. (2009), it was found that happier music tends to result in increased
facial muscle activity, lower finger temperature, and increased SCR. Ultimately, the results
suggest that emotions can be spread and induced through music. Congruent with this, a study
by Stevenson et al. (2016) also mentions that happy music results in an increased HR and EDA.
Furthermore, Stevenson et al. (2016) express that the opposite is true for sad music.

Similarly, Mori and Iwanga (2017) investigated the psychophysiology of emotion
evocating music, specifically music that elicits a teary or chill response. Furthermore, the
findings suggest that EDA and arousal increase when chills are experienced, while the presence
of tears results in slower respiration. Despite the physiological differences in responses, the
experience of tears and the experience of chills induced through music are both considered
pleasurable. These findings suggest that there exists a considerable difference between the
psychophysiology of both tear-, and chill-inducing music. It also suggests that
psychophysiological responses can be used to provide more information on beneficial auditory
stimuli.

In a similar vein, Ronan et al. (2018) conducted a study investigating the effects of the
quality of musical production on participants’ emotions. High quality production and low
quality production were differentiated according to a high and low quality mix. Participants
were given a questionnaire in order to measure experienced emotions as well as the various
physical physiological changes that presented themselves, these measures included; facial
expressions, head nodding, and shaking. The participants were divided according to their
degree of listening, which is defined as how critical they are when listening to music. The
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results indicated that critical listeners have a greater emotional response when considering
music production quality than the less critical listeners do. Conclusively, Ronan et al. (2018)
note that music with high production quality may only matter to a small subset of individuals;
the subset consisting of individuals who possess a trained ear for melody and lyrics. While
production quality may elicit a greater emotional response from the abovementioned subset,
many researchers have questioned the validity of music as a tool for communicating emotions
to listeners (Juslin, 2013).

In order to investigate the consistency of emotional communication, Juslin (2013)
identifies three distinct layers regarding the effect of musical expression on an individual’s
emotions. The separate layers each focus on the different forms of coding that affect emotional
meaning, which has proven to be linked to music and emotions. The first layer concerns iconic
coding. Iconic coding refers to the physiological responses and emotional expressions that
present themselves while an individual is listening to music (Juslin, 2001; Juslin 2013). Juslin
(2013) defines iconic coding as the base layer of musical communicative content. The reason
being that this layer, which is inferred from vocal expressions and basic sounds or
characteristics in music, allows listeners to express basic emotions rather than complex
emotions. The term ‘basic emotions’ refers to emotions that are experienced on a daily basis,
however; Juslin (2013) states that this definition of basic emotions should only be utilised in a
context where music invokes perceived emotions. Iconic coding is considered the ‘core’ layer
due to its global presence, as it does not differ drastically from culture to culture.

The second layer is concerned with intrinsic coding. Intrinsic coding refers to the basic
composition of music and how the various musical elements interact with one another. The
second layer is also concerned with how the relationship between the different musical
elements influences the human body, a few effects include; changes in tension, relaxation, and
emotional height. These effects have been linked to the arousal and perception of complex
emotions. For example, the arrangement of different musical elements can communicate
tension as an emotion, however; changes in time (tempo) and composition throughout a song
can change the variations of the tension (Juslin, 2013). Furthermore, Juslin (2013) notes that
variations between different cultures affect intrinsic coding more so than iconic coding due to
the variations in musical elements having a plethora of different meanings in different cultures.

The third layer is defined as associative coding. Associative coding refers to how
individuals derive meaning from different musical arrangements (Juslin, 2013; Sloboda, 1999).
Associative coding differs from intrinsic coding as it involves both general and personal

associations. It also focuses on how individuals link certain events to different musical
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compositions. General associations refer to connections made between different social
experiences and certain sound combinations. This is in contrast to personal associations, which
relate to the personalised connections individuals derive from certain musical compositions
which leads to the deduction that the third layer is responsible for invoking the most complex
of emotions (Juslin, 2013). The first layer of iconic coding is therefore the most relevant
regarding the current research study because it suggests that musical elements have the ability
to induce emotional responses without having to formulate complex meaning codes. It suggests
that basic sounds and inflections have the ability to affect human physiology, as well as the
most basic everyday emotions.

However, the theory that music has the ability to elicit emotion is contrary to what
Chuen et al. (2016) discover in previous research. Chuen et al. (2016) found evidence that
acoustic factors can have physiological effects on an individual without initiating changes in
emotion. The research was conducted by recording the participant’s physiological responses to
simple auditory changes and the changes occurring after periods of isochrony (also known as
rhythmic repetition). The study found that simple changes in certain acoustic characteristics,
specifically; timbre, intensity, and changes in time (tempo) increased SCR, while all
characteristics tested, namely; pitch, timbre, intensity, duration, and deviation from isochrony
affected HR. Hunter et al. (2010) reaffirm the results; finding that there is a relevant amount of
contention as to whether music can cause a genuine evocation of emotion. This contention,
similarly identified by Eerola and VVuoskoski (2012), is caused by the large amount of variation
in research approaches, definitions, and measurements of emotions that have been utilised by

various researchers.

2.3. Stress
Stress is a rather common occurrence in human psychology, therefore; it has become a

research topic frequently explored in several fields (McCraty & Tomasino, 2006). Stress’s
common occurrence is highlighted by the various models and definitions present within
modern research, which focusses on; the emotional, social, biological, and psychological
effects of stress (Shahsavarani et al., 2015). The following section explores the various

definitions and effects of stress through utilizing a psychophysiological approach.

2.3.1. Definition of stress

Stress can be defined as psychological and physiological pressure or tension, which can
be caused by an individual’s internal state of mind and external environment (Shahsavarani et
al.,, 2015). McEwen (2014) notes that stress is experienced both emotionally and

physiologically. McEwen (2014) also notes that chronic and recurrent stress can result in
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feelings of loss of control, as well as emotional and physical exhaustion. Furthermore, stress is
initiated by the activation of the sympathetic nervous system, which causes a physiological

response.

2.3.2 Stress as a psychophysiological process
Stress affects various aspects of human physiology; one physiological aspect being HRV.

A study conducted by Masaoka and Homma (1997) found an increase in RR when participants
completed a stress task, which also correlated with the participants’ state anxiety scores.
Additionally, Masaoka and Homma (1997) recorded a higher EDA response than that of the
baseline measurements when participants were confronted with a stressor. Interestingly, the
EDA response data showed different mean amplitudes for different types of stressors (Lutscher,
2016). Reviewing this evidence highlights the strong link between the physiological effects of
anxiety and the physiological effects of stress.

A meta-analysis conducted by Kim et al. (2017) found substantial neurobiological
evidence that stress affects HRV to a substantial enough degree for it to be a suitable
measurement. Following upon the previous finding, HRV is also associated with multiple stress
factors, these include; an individual’s coping mechanisms and abilities, lifestyle choices, and
stressful situations and their duration. Furthermore, physiological factors such as breathing,
posture, and sleep cycles can also affect stress (Kim et al., 2017).

A recent measurement of stress is that of the Cardiac Stress Index (CSI), which utilises
HRV data collected through the observation of electrocardiography (ECG) and converts it into
CSI. HRV and CSlI are therefore considered analogous, which then provides a current measure
of cardiac stress load on the heart (Henning, 2014). CSI greater than 20% is indicative of above
average cardiac stress (Aghamohamadi et al., 2010). However, while HRV is considered an
accurate measure of autonomic arousal, Persad et al. (2012) state that more peer review and
research is needed in order to establish the relevancy of CSI.

The physiological symptoms of hyperarousal associated with stress is accompanied by
a psychological toll, which influences general wellbeing (Spielberger & Reheiser, 2009). Stress
can cause various emotional responses, and while there is a large variety of emotional
correlates, some are more likely to be experienced than others are. Typically, stress can cause
feelings of annoyance, anger, anxiety, apprehension, sadness, and grief. A psychophysiological
perspective of the emotions experienced during stress leads to the conclusion that stress is
initiated by the perception of a stimulus perceived as threatening. Furthermore, emotions

resulting from this perception can go unmanaged, which will then result in maladaptive stress
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responses (Lazarus, 1993; McCraty & Tomasino, 2006; Weiten, 2014). The recurring emotions
caused by stress can disrupt internal emotional processes, cognition, and attitudes. Such
disruptions include; the manifestation of self-doubt, unhappiness, discontentment, and
insecurity (McCraty & Tomasino, 2006).

Research conducted by Du et al. (2018) found that academics agree that there exists a
relationship between stress and negative emotions. The research also found that negative
emotions experienced by university students increases when there is an increased level of
stress. Furthermore, there search investigated the concept of rumination. Rumination is the
thoughts that individuals have about stressful events or feelings. An increased level of
rumination during a high level of stress was also observed by Du et al. (2018). Consequently,
it was established that a higher level of negative emotions is experienced during high levels of
stress.

Researchers have also investigated the impact of stress on an individual’s academic
performance. A recent study conducted by Pascoe et al. (2020) investigated the effect of stress
on students in secondary school and in higher education. Pascoe et al. (2020) concluded that
stress formed by an increase in academic demands should be considered a major concern for
both tertiary and secondary educators. The research shows that continuous stress will have a
negative impact on; academic performance, learning capacity, sleep quality, sleep quantity,
physical health, mental health, and the ease of employment. Furthermore, Pascoe et al. (2020)
assign significant importance to instilling stress-management skills for the reduction of stress.

While stress is an unpleasant experience from both a physiological and psychological
standpoint, stress can also be the cause of positive emotions. For example, the presence of
gratitude during a stressful period is defined as a positive emotion. The heightened sense of
relief, or any other positive emotion, can help students cope with stress. It can also help
promote a higher level of resilience through stressful periods. The transformative abilities of
positive emotions have long been documented through religious, medical, artistic, and
psychological explications. Therefore, in a movement towards reducing stress, positive

emotions are often the target of transformation (Lazarus, 1993; McCraty & Tomasino, 2006).

2.3.3. Managing Stress

The mechanism of ‘coping’ refers to the efforts individuals make to reduce, or tolerate,
stress levels; this is known as a common behavioural response to stress. The management of
stress can be helpful and beneficial to an individual’s health, however; it may also have a

maladaptive effect. While healthy coping mechanisms can better both the situation and oneself,
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it can also lead the habit of blaming others and indulging oneself (Weiten, 2014). Research
has indicated that indulging in certain activities is directly linked to stress, these activities
include; the excessive drinking of alcohol, under or over-eating, smoking, and over-spending
of money (Park & lacocca, 2013; Weiten 2014). Furthermore, Park and lacocca (2013) indicate
that while individuals have the ability to note that these overindulgent activities are unhealthy;
a stressful situation still tends to deplete the availability of the willpower needed to resist such
behaviours.

Schneiderman et al. (2005) state that a stressful situation can elicit different responses
based on the intensity of the stressors and the controllability of the situation. Stanton et al.
(2001) also mention that different facets of stress can have additive effects that are more intense
and more difficult to control. While the type and number of stressors are two factors to consider,
stress-related outcomes are also dependent on personal and environmental factors. One such
factor includes personal risk. Personal risk may be the result of a psychopathological state or
previous trauma. An individual’s personal situation can influence the amount and nature of the
available coping resources (Schneiderman et al., 2005). Furthermore, Kendler et al. (2003)
indicate that stressful life events, meaning those that fall within the domains of loss, danger,
and humiliation, are related to developments of major depressive and generalised anxiety
disorders.

Various studies have determined that anxiety is linked to stress; with recent studies
suggesting that anxiety as a trait can function as a moderator in stressful situations; therefore
influencing how individuals alter their behaviour in these situations. Tanguy et al. (2018)
explain that anxiety is often considered a part of an individual’s personality; which will then
affect whether or not that individual will have a certain response to a stressful situation. Tanguy
et al. (2018) also discuss that state anxiety, as an experienced mood, will modulate the response
once there exists a response to the stressor. These responses can influence the intensity of the
behavioural, physiological, emotional, and cognitive responses an individual may have to the
stressor in question (Hainaut & Bolmont, 2005; Tanguy et al., 2018).

McLaughlin and Hatzenbuehler (2009) discuss anxiety sensitivity. Anxiety Sensitivity is
defined as the fear of experiencing symptoms of anxiety that have resulted from the belief that
the social, physiological, and psychological effects are harmful. Among adolescents, anxiety
sensitivity is shown to increase panic-like and anxious symptoms. A significant factor
influencing the development of anxiety sensitivity is the presence of stressors, particularly

unpredictable stressors. Additionally, research has indicated that stressful life events increase
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the development of anxious symptomatology in children and adolescents (McLaughlin &
Hatzenbuehler, 2009; Nolen-Hoeksema, 2017).

Another factor to consider is that increased anxiety and stress may exacerbate other
psychological issues, these issues include an increased risk of post-traumatic stress disorder, or
generalised anxiety disorder (Mills et al., 2014). A study conducted by Zarbova and
Karabeliova (2016) identified no significant differences in stress responses based on gender,
age, or education. Nevertheless, negative correlations between levels of stress and wellbeing,
happiness, and life satisfaction are still observed.

2.3.4. Diathesis-Stress Theory
The Diathesis theory was initially used in the medical field and was first adopted into

the domain of psychology by Paul Meehl in the 1960s. ‘Diathesis’ itself refers to a certain
predisposition. In the context of psychology, the theory relates to the development of
psychopathological states initiated by stressful situations (Van Ameringen & Pollack, 2012).
As previously mentioned, stress is defined as mental and physiological pressure or tension,
which can be caused by an individual’s internal state of mind, or by the external environment
(Shahsavarani et al., 2015).

Barlow (2002) established a model indicating how stress can cause chronic states of
anxiety. The model denotes the diatheses as ‘vulnerabilities’, more specifically; biological and
generalised psychological vulnerabilities. Biological vulnerabilities are the genetic
predispositions that increase the chance for an individual to develop psychopathology. The
generalised psychological vulnerabilities are formed by an individual’s experiences of stressful
events, these experiences foster preconceived perceptions of uncontrollability; which are based
on the after-effects of those stressful events. Both biological and psychological vulnerabilities
influence an individual’s ability to tolerate stressful situations. They can also affect one’s
chance of developing an anxiety disorder. Ultimately, the Diathesis-Stress Theory defines
stress as an acting catalyst; a catalyst that leads to the inherent vulnerabilities that modulate
whether a chronic state of anxiety will be reached and maintained. The Diathesis-Stress Theory
has spurred research; which has determined that stress, as well as stressful life events,
commonly precede anxiety disorders (Schneiderman et al., 2005).

Utilising a non-specific Diathesis-Stress Model, Joiner and Schmidt (1995) investigated
the wvulnerability among male undergraduates, with specific focus on the presence of
perfectionism, life stress, and the symptoms of depression or anxiety. The research found that

males who experienced high levels of life stress and socially imposed perfectionism were at an
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increased risk to develop depressive symptoms. Furthermore, a confirmatory factor analysis
was conducted from the general negative events composite. The analysis concluded that
socially imposed perfectionism has the ability to cause an increase in both depressive and
anxious symptoms (Joiner & Schmidt, 1995). These findings were later confirmed by Wang
and Saudino, (2011), who conducted a longitudinal study on a cognitive based Diathesis-Stress
Theory of peer victimisation, depression, self-esteem, and anxiety among adolescents. A
Structural Equation Modelling analysis approach was utilised in order to investigate the
mediators of the stress theory. The results indicated that self-esteem mediates the relationship
between depressive symptoms and both overt and relational peer-victimisation (Wang &
Saudino, 2011). Furthermore, it indicated that self-esteem exists as a mediator regarding the
relationship between peer-victimisation (both overt and relational), and anxiety symptoms
(Wang & Saudino, 2011).

In another study, Reinelt et al. (2013) identify childhood emotional maltreatments, as
well as the serotonin transporter (5-HTTLPR), as vulnerabilities that increase the risk of Social
Anxiety Disorder. The reconsideration of vulnerabilities is spurred on by research that links
childhood emotional maltreatment to Social Anxiety Disorder (Kuo et al., 2011). Furthermore,
additional research was considered, which stated that anxiety is modulated by 5-HTTLPR,
therefore suggesting that anxiety is a biological vulnerability (Grigrich, 2002). The research
concluded that the genotype (genetic composition) 5-HTTLPR (which includes being female,
being of a younger age, and having experienced childhood maltreatment) are all risk factors
that increase the chance of developing Social Anxiety Disorder (Reinelt et al., 2013). The
Diathesis-Stress Theory is most relevant to the current research as it defines stress as a

vulnerability that can lead to the development and maintenance of chronic states of anxiety.

2.4. Anxiety
Anxiety exists as a commonly experienced negative emotion that motivates both

defensive and coping behaviours. D’ Avanzato et al. (2013) express that unregulated anxiety
can develop into psychological disorders. As a result, it is important that more attention should
be paid towards developing new and effective treatments. The following section investigates
anxiety through a psychophysiological basis.
2.4.1. Definition of anxiety

Schmidt et al. (2018) delineate anxiety as a fear involving the expectation of a harmful
agent in either the present or the future. Additionally, Dieleman et al. (2010) state that
physiological arousal is also evident in anxiety. Anxiety is a normal experience that has the

adaptive function of motivating individuals to take action against certain situations or anxiety
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causing stimuli. However, anxiety can become maladaptive and reduce an individual’s daily

functioning if it is chronic or of severe intensity (Nutt et al., 2008).

2.4.2 Anxiety as a psychophysiological process
Vitasari et al. (2011) studied reduced academic performance resulting from anxiety,

and therefore explored physiological arousal experienced by identifying the fluctuation in
heartbeat and RR experienced by individuals with anxiety. Other than an increased RR, other
researchers have identified higher EDA in individuals with anxiety (Smith, 1976). Croft et al.
(2004) have further investigated SCL and its function as a predictor of anxiety caused due to
speech related events. Croft et al. (2004) have also investigated HR in relation to public
speaking anxiety. It has been mentioned that both situational and chronic anxiety caused by a
fear of public speaking show an increased state of arousal.

As previously discussed (see 2.2.1) various researchers have concluded that HR and
HRV are related. Sacha (2014) found this relation based off a physiological dependence. In a
study conducted by Chalmers et al. (2014), it was found that the presence of a lowered HRV
in individuals with anxiety can be indicative of future cardiovascular disease. While the
relationship between anxiety and cardiovascular disease is not yet clear, the findings of
Chalmers et al. (2014) is consistent with those of Smith and Blumenthal (2011), as well as that
of Allgulander (2010) who state that anxiety disorders, which are related to the experience of
severe anxiety, increase the risk for cardiovascular issues.

Broadly considering the behavioural changes resulting from anxious states, Nolen-
Hoeksema (2017) identifies an increase in avoidance and escape behaviours, as well as
aggression and freezing as the main behavioural changes that result from anxious states.
Behavioural changes can depend on the anxiety-causing issue; an example being anxiety
resulting from an individual’s physical appearance. Nechita et al. (2018) found that an
appearance-based anxiousness can cause individuals to alter eating and exercising behaviours.
In the same vein, Davis and Fischer (2012) found that personality traits, such as anxiety or
anger, can also be affected if an individual adapts to a situation in a certain manner; an example
being if an individual reacts in a confrontational or avoidant manner (Nechita et al., 2018;
Nolen-Hoeksema, 2017). Davis and Fischer (2012) further investigated the influence of
personality traits in a previous research study, which concluded that trait anxiety, as well as the
inclination to act carelessly when distressed, influences compulsive eating (avoidant

behaviour) in participants.
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Anxiety has also been shown to affect an individual’s cognition through distortions of
perception, losing conception of time and space, lowering concentration, reducing learning
ability, and hindering the capability of forming connecting relationships and associations.
Furthermore, the negative emotions associated with anxiety, such as dread, terror, irritability,
and restlessness, can affect an individual’s attention. The associated negative effects of anxiety
can cause selectivity issues by focusing attention on aspects of the environment that exacerbate
anxious thoughts and feelings rather than focusing on what may de-escalate anxiousness.
Therefore creating a loop in behaviour and emotions that ultimately increases anxiety. Other
cognitive distortions can include; focusing on personal inadequacies rather than situational
explanations, selectively focusing on the negative, making excessively pessimistic future
predictions, and drawing negative conclusions about oneself from insignificant events (Nolen-
Hoeksema, 2017; Sadock et al., 2015; Weiten, 2014).

2.4.3. Managing anxiety
There are various treatments targeting anxiety, however; it is often difficult to control

physiological arousal as it is rooted in the ANS, whereby the responses are automatic and
reflexive. One treatment includes the use of medication to return bodily functions to a
homeostatic state. Due to RR usually increasing during times of stress and panic, medication
is usually used in conjunction with breathing techniques (Jerath et al., 2015). Jerath et al. (2015)
explain why breathing exercises are effective. First, there exists the possibility that meditation
can shift the focus from the sympathetic system to the parasympathetic system due to the ANS
being moderated by breathing. Second, breathing techniques can possibly serve as a
supplement treatment to anxiety, stress, and emotional disorders. Although not a primary
treatment, breathing techniques are increasingly used to quell the symptoms of anxiety; an
example being the breathlessness experienced during panic attacks (American Psychiatric
Association [APA], 2021).

Other treatments take a cognitive-behavioural approach, whereby individuals confront
negative and challenging thoughts in order to develop healthy coping strategies. The treatment
utilises behavioural techniques, such as monitoring behaviour and behavioural rehearsals, to
change maladaptive patterns of thinking. Cognitive-behavioural treatment has proven to last
longer than other forms of treatments. Furthermore, due to the comorbid nature of anxiety,
cognitive-behavioural intervention is beneficial in that it can also be useful for tackling other

present issues (Nolen-Hoeksema, 2017; Weiten, 2014). As mentioned in the start of this
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chapter, musical treatment has also proven effective, and will be discussed further in the

chapter.

2.4.4. The State-Trait Anxiety Theory
This research study is based on the State-Trait Anxiety Theory that was conceptualised

by Spielberger et al. (1970). The State-Trait Anxiety Theory delimits two different types of
anxiety; the first being state anxiety, and the second being trait anxiety. State anxiety is a
temporary emotional state that varies in strength over different lengths of time. The cognizant
emotions include; tension, trepidation, and the arousal of the ANS (Spielberger et al., 1970).
Such arousal is evident through fluctuations in HR and blood pressure, which is indicative of
dysfunction within the cardiovascular system and even intense anxiety (Spielberger &
Reheiser, 2009). State anxiety is perceived as situational. This is due to the temporary nature
of state anxiety, whereby threatening and stressful situations can cause an individual’s
emotional state, and arousal, to rise in intensity. Conversely, while trait anxiety encapsulates
the same emotional state and autonomic arousal as state anxiety, it is perceived as relatively
stable. Individuals with trait anxiety are said to have higher state anxiety, as well as a more
deprecating view of themselves. In order to monitor these anxieties, the State-Trait Anxiety
Inventory (STAI) has been created as a method of measuring the different types of anxiety
experienced (Spielberger et al., 1970; Spielberger & Reheiser, 2009).

Following the conceptualisation of the State-Trait Anxiety Theory, Magnusson (1980)
utilises the empirical relation between state and trait anxiety to bolster the theory. It is argued
that a trait measure of anxiety consists of situational measurements, which is similar to state
anxiety; therefore suggesting that both anxieties require the same content factor. More
specifically, Magnusson (1980) defines state anxiety as the measurement of a threatening
situation and the subsequent reaction to it, trait anxiety concerns the general level of anxiety
across all situations. The content of the measurement for the two types of anxiety is the same,
however; the two exist on different dimensions. Where state anxiety accounts for intensity
experienced, while trait anxiety accounts for the frequency. Lastly, Magnusson (1980)
mentions that it would be beneficial for the scale to include other personality fields, such as
anger.

Building on the State-Trait Anxiety Theory, Spielberger and Reheiser (2003) have
created an instrument that considers other factors responsible for influencing wellbeing, and
thereby behaviour as well. The State-Trait Personality Inventory was designed to consider

anxiety, anger, depression, and curiosity as emotional states in terms of their intensity and
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frequency; therefore matching up with what Magnusson (1980) discussed previously. The scale
evaluates emotional states in the same divide of dimension, namely state and trait, while
accessing the same content (Magnusson, 1980; Spielberger & Reheiser, 2003).

While reflecting upon the above-mentioned theory, Spielberger and Reheiser (2009)
determine that anxiety as an emotional state is central to psychological wellbeing (PWB), due
to its overarching effect on cognitive functioning, behaviour, and physiological arousal.
Therefore justifying the psychophysiological approach for the research; as it highlights that
anxiety as an emotion leads to physiological arousal, which can cause behavioural changes.

2.5.  Understanding music
Music has been beneficial to humankind throughout all of history, whether socially or

cognitively, the benefits have not dissipated over time. However, before investigating how
music can be used to alleviate stress and anxiety, it is necessary to gain a certain level
understanding of music. Besides the most common use of music, namely as entertainment,
music has always been used for various beneficial purposes. These purposes link to both
personal cathartic releases, and therapeutical functions. The following section focuses on the

origin, use, development, and elements of music.

2.5.1 Origin of music
The evolutionary origin of music is shrouded in uncertainty, however; it is fascinating

to note that music is present throughout multiple human cultures, regardless of the uses and
musical behaviours that accompany it (Wallin et al., 2000). Juslin (2013) theorises that music
might have evolved from the vocal expression of basic emotions, these emotions including;
anger, happiness, and sadness. Furthermore, Juslin (2013) suggests that the vocalisation of
basic emotional expressions might have combined with musical vocalisations. The inference
extrapolated from this theorised origin is that basic emotions have to be tied to effective
communication and to an inherent musicality that is ingrained in humans from an evolutionary
viewpoint.

In line with Juslin’s (2013) theory, it has been found that the earliest recorded use of
music was rooted in cultural and social functions; these functions facilitating communication
between people, as well as portraying community values and identity (Boer, 2009). While the
previously mentioned functions of music are evidenced throughout time, the exact origins and
adaptive functions are practically unknown. Despite the lack of knowledge regarding its origin,
music is ingrained in various cultures and societies. One current popular use of music includes

its appearance at social, religious, and cultural events. Throughout history, these social,
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religious, and cultural events entailed group activities that would range from war- to courtship
rituals. Ultimately, the essence of music is to facilitate group cohesion. This tradition is still
intact in today’s modern times, however; it is also evident that the function of music has
evolved from simply facilitating social events, to also being beneficial in solitude (Killin, 2017;
McDermott & Hauser, 2005).

Killin (2017) notes that musical developments have dated as far back as one million
years. Throughout the ages, music has proven to facilitate cognitive and social advancements
significant to cultural progression, and consequently significant to musicality (Killin, 2017).
Boer (2009), Killin (2017), and McDermott and Hauser (2005) express that these social and
cognitive advancements relate to the various uses of music throughout history. Historically,
music has served as a social facilitator for both courtship and group socialisation; which has in
turn led to the development of various cultures, social functioning, and the facilitation of
communication within groups. In terms of cognitive advancements, music has impacted
cognitive processes linked to memory, these cognitive processes include the mechanisms used
for perceiving melodies and musical structures, as well as those necessary for encoding music
to memory (Killin, 2017).

2.5.2. Benefits of music in current society
A study conducted by Sloboda (1999) investigated the everyday uses of music. The

most common identified uses of music fall within four main functions, namely; aiding memory,
providing sensorial or mood effects, creating a spiritual experience, and entertainment during
activities. In terms of memory, the participants of the study explained that music has often
served as an associated trigger or reminder of a valued past event. Sloboda (1999) further
indicated that participants also considered music to be a mood enhancer, changer, or a sensorial
evoker. Additionally, music is used for the betterment of moods, thus including; the creation
of cathartic release, motivating, exciting, and comforting the listener (Sloboda, 1999).
Participants identified various activities wherein music is most commonly utilised. These
activities each fit certain personal lifestyle preferences. To mention a few activities,
participants listened to music when; waking up, bathing, working, cleaning, eating, driving,
and reading. Additional benefits of music have been linked to psychological and physical
functioning.

Habibzadeh (2015) discusses the effect of music on mental and physical performance
by establishing that music has a wide range of psychological and physiological benefits evident

across diverse populations, benefits that include; enhancing memory, improving learning
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strategies, focusing attention, and bettering physical coordination. Habibzadeh (2015) further
discusses the impact that music can have on physical performance; an example being the
increase in endurance that music can encourage. Research has illustrated that certain types of
music can have an improving effect, which in turn causes the release of immune-boosting
hormones (Kuhn, 2002).

The cognitive effects of music have been investigated as well. One investigational
review considers how musical training, or education, affects cognitive development
(Miendlarzewska & Trost, 2014). The review indicates that music proves beneficial for
children; specifically by improving verbal memory, secondary language pronunciation,
executive functions, and reading ability. The review establishes music as a modulating variable
to cognitive development, as it can have differing effects on individuals, depending on when
and what musical intervention is initiated. Furthermore, research indicates that musical
training, or education, is beneficial because of the inherent musicality present in humans
(Chuen et al., 2016; Juslin, 2013; Miendlarzewska & Trost, 2014; Pavlicevic, 1999).

2.5.3 Elements of music
The composition of a musical arrangement can have a direct impact on its beneficial

nature, as certain elements of music can be used to promote certain therapeutic functions.
Musical compositions are built out of smaller components, or elements, that comprise the
entirety of musical experience (Murrock, 2016). These elements include the composition’s

auditory and acoustic characteristics. The elements of music will be discussed next.

2.5.3.1 Tempo
One specific auditory characteristic pertaining to this study is tempo. In its simplest

definition, tempo is the speed of at which a sound arrangement is set (Schmidt-Jones, 2003).
Tempo is largely used in musical pieces to set or convey a specific mood such as; sadness,
happiness, excitement, delight, or depression. Within a musical composition, tempo is often
conducted through the use of Italian terms that describe the stylistic manner in which the tempo
should be incorporated (Cook, 2012; Lui et al., 2018; Pilhofer & Day, 2007). One example
would be the term Andante, which means ‘at a walking tempo’.

Tempo is measured in beats per minute (bpm). Bpm constitutes a specific speed and
mood. For example, a very slow tempo will range from 40-50 bpm and can express either a
stately or a solemn mood. The mood can then be reinforced by the use of other appropriate

musical elements. A moderate tempo can range from 100-120 bpm, with 120 bpm being
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considered the preferred listening pace as it conveys feelings of pleasantness. Lastly, a very
fast tempo is defined by a bpm of 160-200, and is associated with different moods, such as
excitement or stress, however; it is influenced by the composition of the musical piece
(Schmidt-Jones, 2003; Moelants & McKinney, 2004; Lui et al., 2018).

2.5.3.2 Pitch
Pitch is an auditory element that corresponds to how high or low a musical note is

(Schmidt-Jones, 2003). Using a scientific definition, music is comprised of sound waves that
cause vibrations of air particles, which are then picked up by the eardrums. Pitch is determined
by the frequency of these sound waves. It is then measured in Hertz (Hz), which is the number
of sound waves per second. High frequencies produce high notes while low frequencies
produce low notes. To the human ear, audible sounds range from 20-20 000 Hz, which can also
be associated with specific moods (Petersen, 2001). Higher pitched sounds are often
experienced as happy and positive, and may even convey immediacy, whereas lower pitched
sounds evoke feelings of sadness, dread, or suspense (Pilhofer & Day, 2007).

When considering the musical composition, Huron (2006) states that utilising musical
composition structures in certain ways can result in positive responses. Pitch proximity is an
important structure, as it leads to music eliciting a more pleasant response from a person. Pitch
proximity can be described as the listener’s expectation of the next pitch sequence in a musical
arrangement. The closer the pitches are to each other, the more predictable, and consequently
the more positive, the response will be. The positive response is due to the listener’s
expectations being met according to how they think music is generally structured (Huron,
2006).

2.5.3.3 Intensity
The intensity of a musical piece refers to the loudness or volume of a sound. It is similar

to tempo and pitch in the sense that it can have an impact on the mood of the piece (Pilhofer &
Day, 2007). Crusius (2018) mentions that changes in intensity during a musical composition
should be essential in order to ensure that there is no stagnation in sound, therefore keeping
songs interesting.

Intensity is similar to pitch as it is also influenced by the characteristics of a sound
wave, however; intensity is measured in decibels (dBA) and is affected by the amplitude of a
sound wave (i.e. its height). The intensity of a sound will not impact, nor will it be impacted,

by the pitch or frequency of a soundwave. While two different sounds can have the same
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frequency (pitch), the sound may differ in dBA (intensity). For example, a sound of 60 dBA
can hold the same frequency as that of a sound of 40 dBA (Petersen, 2001).

Certain sounds with an excessively high dBA can be harmful to the human ear.
Consequently, Petersen (2001) classifies specific sounds on a scale of average dBA, for
example; rustling leaves fall near a 20 dBA range. General conversation falls around 60-70
dBA, which is deemed an acceptable level of intensity as volumes painful to the human ear
only start at 120 dBA. It is important to note that not everyone agrees with Petersen (2001)’s
classification. An example being Schmidt-Jones (2005). Schmidt-Jones (2005) argues that
rustling leaves should rather fall in the 10 dBA range. Nevertheless, researchers agree that
comfortable and safe listening ranges fall within 60-75 dBA. However, The Hearing Health
Foundation (n.d.) notes that extended periods (over 24 hours) of listening to music at this
intensity can cause hearing damage.

In music theory, intensity is changed throughout compositions to affect the mood of
listeners, and is utilised in conjunction with tempo in order to convey the emotion of a musical
composition. Examples include an increased intensity for agitation or excitement, or a

decreased intensity for sadness and sorrow (Pilhofer & Day, 2007).

2.5.3.4 Timbre
Timbre is considered the ‘colour of music’ because it is the description of the

distinguishing element of different sounds. For example, a sound being played at the same pitch
by two different instruments will sound different. Timbre is the unique quality of a sound or
instrument. Rather than having a formal measurement, as observed for the previously
mentioned elements of music, timbre is identified using language. Some words used to describe
timbre include; flat, warm, piecing, harsh, dark, light, and clear. As expected, these types of
descriptions have a large impact on the mood or emotion conveyed by instruments. How these
instruments are played tends to influence tone quality (Schmidt-Jones, 2003). Inferred musical
excitement, which is commonly used in cinematographic productions, is an example of timbre
utilised for the creation of a mood. One example being how a violin can be used to create a
sense of urgency (McAdams & Giordano, 2008; Pilhofer & Day, 2007). Tension is most often
conveyed through the use of piano or violin, as piano tones are most commonly used to convey
spontaneous excitation while violin tones infer a continuous excitation (McAdams &
Giordano, 2008).
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2.5.4. Using music to alleviate stress and anxiety
Based off the established role of music in historic society, it is evident that music still

functions as a form of therapy and cathartic release. There are different forms of music-based
therapy with various studies proving the effectiveness and beneficial nature of each music-
based therapy.

2.5.4.1. Music to alleviate the psychological impact of stress and anxiety
As mentioned in Chapter 1 (see 1.1.), MT is a process where therapists provide musical

intervention. MT can be compared to MBI, in that there is no therapist involved in the process.
MT and MBI can be utilised by means of the following processes; listening to music, creating
music within a group or individually, or by therapist and client participating in various musical
activities (Hohmann et al., 2017). When it comes to anxiety, musical treatment is used to treat
the effects of different types of anxiety, such as; test anxiety, pain anxiety, social anxiety,
performance anxiety, and generalised anxiety (Zarate, 2012).

Pain anxiety and its reaction to MT is a widely studied topic. Pothoulaki et al. (2008)
conducted a study to investigate the effect of music on anxiety and pain perception of patients
undergoing haemodialysis treatment. The participants selected were those experiencing anxiety
and pain due to renal failure. As an intervention method, the participants were given a variety
of music from which they could choose. Pre-test and post-test measures were administered by
using the STAI. The control group did not listen to any music, but rather took part in other
activities, such as; reading, sleeping, and watching television. The results indicated that the
state anxiety of the participants improved significantly after musical intervention. Furthermore,
there was a significant increase in the intensity of the perceived pain for those in the control
group. Pothoulaki et al. (2008) concluded that music can be used as an effective intervention
within medical settings where anxiety and pain is experienced.

Similarly, Imran et al. (2017) considered the effect of music therapy on anxiety, blood
pressure, and respiratory rate in patients undergoing chemotherapy for the first time. The
study’s experimental group was scheduled to have a session of music therapy for 60 minutes.
This session entailed the subjects selecting what music they preferred and listening to it while
laying on a musical pillow; which is a pillow connected to a portable music player. Anxiety
level was measured by using the STAI, with the findings indicating that music has a positive
significant impact on state anxiety, blood pressure, and RR. Imran et al. (2017) concluded that
music holds the potential to improve therapeutic intervention, especially within an oncological
setting (Imran et al., 2017).
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Another study investigated the effect that music would have on test anxiety, test
performance, and grade consequences for undergraduate learners, citing that most students
experience a higher level of anxiety than normal during tests (Lilley et al., 2014). A
mathematical test was utilised in order to measure performance. Participants were split into
two groups, with each group listening to different types of music. One group listened to calming
music while the other listened to disruptive music. The results indicated that the group listening
to calming music displayed a reduction in systolic blood pressure and HR when listening to
music while studying and completing the test. Furthermore, it was found that test performance
was significantly reduced in the group that listened to the disruptive music. Test performance
reduced even further for the participants who were told that the test would have a large impact
on their grade. It was concluded that the act of listening to certain types of music while studying
can be utilised as a tool to reduce test anxiety and better test performance. Additionally, it was
noted that harsh music increases HR, with the possibility that it increases a student’s focus on
the grade consequences as well, therefore reducing overall performance (Lilley et al., 2014).

Further research on the response that university students have to classical music in
terms of well-being and anxiety has been conducted by Osmanoglu and Yilmaz (2019).
Participants were given a listening schedule. This schedule stipulated that participants should
spend a certain amount of time listening to classical music every day for an uninterrupted 60-
day period. The State-Trait Anxiety Inventory and the PWB Scale were administered both
before and after the musical intervention. The results indicated no significant impact on state
anxiety scores, however; there was a significant statistical change in trait anxiety scores and
PWB. Regarding well-being, a noteworthy change was found in environmental mastery,
personal growth, purpose in life, and self-acceptance (Osmanoglu & Yilmaz, 2019).

In a study where anxiety and stress was induced in participants by utilising a mental
arithmetic test, Jiang et al. (2016) consider musical preference a mediator when it comes to
reducing anxiety and stress. Music was chosen according to the level of valence it elicited as
well as its familiarity to the participants. The research study was based on self-reports of
participants’ levels of arousal, valence, state anxiety, tension, music preference, and familiarity.
Participants listened music on headphones. The results defined the degree of musical
preference as a mediator in the levels of tension and anxiety experienced by participants. Jiang
et al. (2016) cited the most important factor allowing for the reduction in stress to be the degree
to which participants like the music, not the degree of familiarity. It was concluded that both

stress and anxiety are partially mediated by musical preference.

34

© University of Pretoria



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(02’&

O’Hagan (2016) researched the relationship between the act of listening to music and
the feelings of anxiety and happiness present in young adults. By utilising a correlational
method, O’Hagan (2016) investigated the effects of music on an individual’s mood. This was
explored by administering a self-made questionnaire that measured the effects of music on
participant’s moods, as well as by the Burns Anxiety Inventory [BAI] (1999) in order to
indicate a level of anxiety. For the study, the type of music was not considered as a factor
influencing anxiety. This lack of consideration was accounted for by the self-made
questionnaire, as well as by allowing participants to specify what musical genre they listen to
while experiencing certain moods. The results found a decrease in anxiety levels in both male
and female participants while they were listening to their chosen music (O’Hagan, 2016).

In another study, Crusius (2018) investigated the musical effect on anxiety by creating
a piece of music that followed the Therapeutic Function of Music (TFM) Plan worksheet. The
TFM worksheet was initially created by Hanson-Abromeit (2015) to guide the composition of
musical elements and other components for therapeutic functions. The TFM recommends that
a composer consider the nature of the wanted change and the listener’s need for auditory
changes during a musical piece during composition. In combination with the musical
composition, Crusius (2018) reviewed extensive literature, concluding that the optimum tempo
for anxiety reduction is between 60 and 80 bpm. Crusius (2018) also notes that sounds not
exceeding 60 dBA are preferable, and that gentle or mild timbres should be utilised to alleviate
anxiety, the timbres include; piano, flute, and string instrumental sounds.

In addition to research on the relationship between music and anxiety, the effect of
music on stress has also been widely researched. Rita and Adaobi (2014) define music as an
enhancer of well-being that alleviates life’s daily worries and problems. The process of learning
how to play a musical instrument, or the process of playing a musical instrument, has been
found to improve mathematical understanding and social skills. It has also been established to
stimulate both sides of the brain. With this in consideration, Rita and Adaobi (2014)
investigated the effect that music performance therapy, namely the act of performing music,
had on the ability of academics working at Nigerian federal universities to manage stress. The
research defined ‘the act of performing music’ as a form of therapy involving the playing of
musical instruments, vocalising musical tones, fingering musical instruments to produce
sounds, and public art performances. The study’s findings indicate that musical performance
should be considered a significant mood-changer, which acts as a stress relief activity that
promotes the relaxation of muscles and engages the brain in a meditative state. The findings

also indicate that musical performance increases the chance for an individual to focus on
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positive emotions. Additionally, study participants listed strategies perceived as the most useful
for stress management, these strategies included; performing and watching musical
performances, singing songs that they are comfortable with, dancing to appealing music, and
playing certain musical instruments (Rita & Adaobi, 2014).

While the process of performing music is helpful with reducing stress, the sedatory
effect of music through slow tempos has also been used to quell anxiety and stress responses
(Lehrer et al., 2007). A study conducted at Mindlab International (n.d.) investigated
individuals’ physiological responses to certain songs while completing a puzzle. Ultimately,
ten songs were defined as ‘extremely relaxing’; therefore reiterating the possibility that certain
underlying components of these songs affect individuals (Curtin, 2017). Arjmand et al. (2017)
reaffirm this suggestion by allowing participants in a separate study to select their own song,
which fit in with a specific emotion. Hereby the researchers addressed various questions related
to individuals’ subjective responses to music. In conclusion to the study, Arjmand et al. (2017)
propose that the manipulation of basic auditory characteristics is a main trigger for both
negative and positive emotions.

Panteleeva et al. (2017) summarise the research conducted on the effects of music,
anxiety, and the physiological symptoms of anxiety by stating that research on the arousal
effects of music is largely conflicting, as some studies find that participants show no arousal,
while other studies find an increase in arousal. Furthermore, little research has been quantified
in terms of anxiety and music. The research that does exist is informal in nature with a lack of
universal psychological and physiological measurements that provide comparative capabilities.
Therefore, this research study is justified as it aims to address the large amount of information
that should be scoped in order to understand research gaps and future areas of focus within this
field.

2.5.4.2. Music to alleviate the physiological impact of stress and anxiety
As early as 1974, Landreth and Landreth studied the physiological effects of music by

utilising auditory tapes or repeated listening sessions that used isolated tones on participants’
HR response. Ultimately, a mirror effect was found in relation to tempo and intensity, whereby
fast and dynamic tempo resulted in fast and dynamic HR. Similarly, Bartlett (1996) studied
states of arousal induced by music. It was concluded that faster tempos and louder intensities
result in increased HR, muscle tension, and skin conductance.

In addition to the research focusing on physiological arousal, the effects of differing

musical genres and participant preferences has also been investigated. Kelley et al. (2014)
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found that participants’ musical preferences did not impact levels of arousal, which is contrary
to the original hypothesis. The results led the researchers to conclude that habituation of what
music participants often listened to had occurred. Habituation occurs when instinctive
responses to a repeated stimulus is diminished (Mauss et al., 2003). Huron (2013) describes
habituation as a simple learning process that results from familiarity with a stimulus, which
includes the filtering out of daily noises that are of low priority. Furthermore, Huron (2013)
indicates that the rate of habituation is influenced by factors including; a stimulus’s humber of
presentations, the rate of its repetition, its predictability, and its intensity. Huron’s (2013)
explanation of habituation accounts for the results found by Kelley et al. (2014), where it was
found that participants’ familiarity with certain musical preferences was high, therefore
indicating that it was most likely the repetition rate of the musical pieces was high as well.

Similarly, Carpentier and Potter (2007) investigated physiological arousal by
measuring SCR in relation to different tempos and genres. The researchers utilised two
different genres, namely classic and rock, in order to investigate the interaction between genre
and tempo. The excerpts of the two genres were compared to silence and it was found that SCR
increases whenever there is any form of music playing. Additionally, faster paced songs
showed similar results. The investigation into the interaction between genre and tempo yielded
the conclusion that there is a quicker activation of an SCR increase for fast tempo classical
songs than for fast tempo rock songs (Carpentier & Potter, 2007).

Significantly, Stevenson et al. (2016) acknowledge the discrepancy between results
from the various investigations of the arousal of the ANS due to music. It is mentioned that the
observation of HR has often produced conflicting results, while RR has been considered the
most consistently affected physiological aspect. The study in question attempted to address the
differing results by using the song “The Rite of Spring”, which was composed Russian
composer Igor Stravinsky in 1913. The musical composition contained specific intervals within
its harmonic structure. These intervals can be classified as either consonance or dissonance.
Consonance occurs when a combination of intervals within a musical composition is
experienced as pleasant, while dissonance is the opposite (Stevenson et al., 2016). The results
indicate that the appearance of consonance leads to an increase in HR, a decrease in EDA, and
no change for RR. The opposite is true for dissonance, which decreased HR and increased
EDA, with there still being no change in RR. Furthermore, a fast tempo from the same musical
piece showed an increase in HR, RR, and EDA (Stevenson et al., 2016). Stevenson et al. (2016)
consequently conclude that physiological changes are evident in relation to the introduction of

music, however; due to music’s complex nature, the specific structures and changes of musical
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compositions and their physiological effects needs to be investigated further. The research
conducted by Stevenson et al. (2016) identifies the various conflicting results between studies

conducted thus far.

2.6. Conclusion
The discussions presented above established that physiological arousal and emotional

changes shape the main characteristics of stress and anxious responses. It further illustrated
that music has the ability to influence physiological arousal and emotional changes, therefore
also influencing an individual’s level of stress and anxiety. Furthermore, the exploration of the
origin of music, its functions (from early to modern times), and the elements thereof
highlighted why music can affect stress and anxiety levels. The argument established to justify
the importance of the present study cited the large body of research and literature available on
anxiety, music and stress, and the conflicting results thereof. The following chapter focuses on
the research methodology used during the course of this research study in order to collate and
understand the breadth of the information available.
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CHAPTER 3: RESEARCH DESIGN AND METHODOLOGY

3.1. Introduction
The following chapter explores the methods applied in order to meet the aim of this

research study, the aim being to investigate the breadth of information available regarding
psychophysiological responses in anxiety or stress to auditory changes in musical
characteristics. Furthermore, this chapter explores the processes of the methodological
approach, its design, and its purpose. A description of the methods and stages undertaken to
complete the research study has been included. This description addresses the procedures
utilised in order to accomplish the study objectives. The objectives in question include; the
clarification and mapping of population characteristics and sample sizes, as well as identifying
research gaps and research conflicts. As a conclusion, this chapter discusses the ethical

considerations born from the applied methodology.

3.2. Methodological Framework
In order to address this study’s research aims and objectives, a scoping review has been

conducted. The main aim of scoping reviews are to determine and analyse research gaps that
may exist within a body of literature (Munn et al., 2018). Scoping reviews include a useful
framework to employ when faced with an abundance of literature with a complex nature, as
well as when the existence of a new area of research that requires review has been discovered
(Mays et al., 2001). The methods employed when investigating the aims of the research study
have followed the basic steps identified by Arksey and O’Malley (2005), which have further
been explained and summarised by Levac et al. (2010). While this study follows the core
outline provided by Arksey and O’Malley (2005), the scope of the study is limited. This

limitation has prompted an adapted approach, which will be explained in the following section.

3.2.1. Identifying the research question
The initial step of a scoping study includes the establishment of a broad research

question, from which the aim and objectives of the research study are derived (Arksey &
O’Malley, 2005). The research question and the following definitions of its factors should be
clearly defined from the outset, as this helps to establish boundaries of inclusion and exclusion
within the scoping study (Levac et al., 2010). Most notably, according to the enhancements
stipulated by Levac et al. (2010), the planning of the output of the scoping review should occur

within this stage.
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The original research question for this study was formulated during the initial proposal
stage. It is important to note that the proposal stage occurred prior to the current COVID-19
pandemic that originated in 2019. The study aimed to investigate the following research
question: “Do basic auditory changes of musical characteristics have a significant impact on
the psychophysiological responses in anxiety or stress of university students?” The research
question was designed according to a quantitative design; and would have included a study
involving 50 participants. Due to the manipulation of basic auditory characteristics within the
experiment, the question was considered experimental in nature (Gravetter & Forzano, 2012).
Due to the COVID-19 restrictions implemented after the time of initial conception, along with
the evaluated risks to participants from the planned data collection process, the methodology
and nature of the research has been reconsidered.

Therefore, the methodological approach of the research study has changed to that of a
scoping review. In order to accommodate the new methodology, the refinement of the original
research question is required. The research question has been broadened; it now avoids the
need for a population group, and allows for a larger literature search (Arksey & O’Malley,
2005). The following research question has been utilised, “What is the psychophysiological
impact of auditory changes in anxiety or stress?” The new research parameters
(psychophysiological impact, anxiety, stress and auditory changes) originated as the
preliminary inclusion and exclusion criteria for this study. These parameters have ultimately
been refined as the data collection process continued.

In accordance with the suggestions of Levac et al. (2010), the research study output was
also considered during the stage of defining preliminary inclusion and exclusion criteria. The
final output produced has been planned as a descriptive numerical result which counts the
results of the searches based on specific themes unearthed. The output has also been planned
to include a content analysis of the research, which has been based on the themes discovered
within the numerical descriptive result.

3.2.2. Identifying relevant studies

The second step regarding identifying relevant studies entails the development of a plan
aimed at collecting information. This stage will detail which sources will be researched, and
concerns decision making relating to time span, language, and population (Arksey & O’Malley,
2005). This step is imperative when striving for an understanding of the breadth of information
that is available. Levac et al. (2010) expands on this step, and suggests that any limitation of

the scope should be acknowledged and limitations to the results should be considered.
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During the proposal phase for the current study, preliminary decisions were made

regarding the language, time span, and population group that would be included within the

research study. During the second step of the scoping review, these criterions were

reconsidered in order to ensure extensive thoroughness regarding the research process. As with

the nature of scoping reviews, the inclusion and exclusion criteria has continually evolved as

the search strategies were conducted (Arksey & O’Malley, 2005).

Table 3.1.

Inclusion and exclusion criterions

Criteria Inclusion criteria Exclusion criteria Justification

Anxiety Definitions of anxiety | Music or performance | Investigate the
that fall within the anxiety responses that | psychophysiological
psychophysiological do not include the field of the impact of
field based on the investigation of the auditory characteristics
following definition: impact of auditory on anxiety.
A fear or anxious characteristic changes.
response that involves
the expectation of a Perceived emotions
harmful agent whether | from musical
in the present or future | characteristics or
(Schmidt et al., 2018). | music as a whole.
Psychophysiological
correlates of anxiety.
Felt emotion
experienced due to
musical characteristics.

Stress Definitions of stress Music or performance | Investigate the
that fall within the anxiety responses that | psychophysiological
psychophysiological do not include the field of the impact of
field based on the investigation of the auditory characteristics
following definition: on stress.
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A mental and
physiological pressure
or tension that is either
caused internally or by
the external
environment
(Shahsavarani et al.,
2015).

Psychophysiological
correlates of stress.

impact of auditory

characteristic changes.

Physical stress caused

due to exercise.

Auditory

characteristics

Publications including
the impact of tempo,
pitch, intensity, and
timbre on stress and

anxiety.

Publications wherein
the effects of
subjective music
listening is

investigated.

The investigation of
full music

compositions or songs.

The investigation of
the effects of singing
on

psychophysiological

aspects.

The auditory
characteristics of voice

and speech.

Studies examining

Autonomous Sensory

Focusing solely on
studies that investigate
the effect of specific
auditory
characteristics, and not
subjective descriptions

of music.

© University of Pretoria

42



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Meridian Response
(ASMR) asitis a
visual and audio

stimulus.

Film stimuli (the
combination of audio

and visual stimuli).

Investigations into
perceived emotion or

emotion recognition in

music.
Time span All publications All publications Excluding dated
published between published before 2010. | research studies and
2010 and 2021. information.
Design  and | Experimental designs | Qualitative enquiries. Investigating

methodology

(including true
experimental and
quasi-experimental

designs).

Meta-analyses.

Systematic reviews.

Content analyses.

quantifiable and
measurable aspects of
music, anxiety and

stress.

Language English. All other languages. Researchers’ main
home language.
Outcome Outcomes regarding Outcomes that report To examine studies

the impact that
auditory changes have
on the experience of
stress and anxious

responses or

on genres of music or

self-selected music.

Outcomes that do not

explicitly indicate the

that answer the aims
and objectives of the

research study.
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psychophysiological effect that tempo,
correlates of anxiety or | timbre, pitch or
stress. intensity have on
participants.
Outcomes that report
on the effects of
tempo, pitch, intensity,
and timbre on stress

and anxiety.

3.2.3. Study selection
Levac et al. (2010) describe the process of study selection as an iterative process. The

study selection process involves searching for sources according to certain inclusion and
exclusion criteria, which are continually refined as the search proceeds. The starting point for
study selection involves the consideration of the research question, which is followed by
familiarising oneself with the subject matter through reading and composing a literature review
(Arksey & O’Malley, 2005).

The enhancements that have been suggested by Levac et al. (2010) to further clarify
study selection involves conducting team meetings at the outset, with the aim of discussing
inclusion and exclusion criteria. Additionally, when study selection is occurring, two
independent reviewers are needed in order to review article abstracts and full text articles, while
a third reviewer should also be available when conflicting views are present (Colquhoun et al.,
2014; Levac et al., 2010). The last addition mentioned by Levac et al. (2010) states that
reviewer meetings should be held at the start, middle, and end of the study selection process in
order to clarify any challenges, decisions, and ways forward (Colquhoun et al., 2014; Levac et
al., 2010).

For the current research study, in order to understand the scope of research within its
context, a preliminary search was conducted during the literature review stage.
“Psychophysiology”, “emotion”, “music”, “auditory characteristics”, “psychology”, and
“physiology” were used as keywords during the preliminary search. It produced one study,
which was then added to the data charting document, as it met the inclusion criteria.

Following the preliminary search, a systematic investigation of PsycINFO,

PsycAtrticles, Agriculture Science, Google, Google Scholar, and Sage Journals (Psychology of

44

© University of Pretoria



fﬂal*

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA

PRETORIA

Music) was conducted in accordance with the Boolean operators mentioned in Table 3.2. The

chosen sources of investigation were selected because they provide a comprehensive overview

of the different subject areas, including areas within the physiological, psychological, and

musical domain. The main data collection process transpired from May 2021 to July 2021.

Table 3.2.

Results found per database and Boolean operators

EBSCO Host APA Psyclnfo

Boolean operators

Date range

Number
of results

found

Number of
studies
meeting
inclusion

criteria

Search strategy: stress, auditory characteristics, and psychophysiology

psychophysiology AND music
AND stress

psychophysiology AND music

characteristics AND stress

psychophysiology AND auditory
changes AND stress

psychophysiology AND tempo
AND stress

psychophysiology AND timbre
AND stress

psychophysiology AND intensity
AND stress AND music

psychophysiology AND volume
AND stress AND music

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

© University of Pretoria

32

2

1 (duplicate)
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EBSCO Host APA PsycArticles

psychophysiology AND pitch AND
stress

psychophysiology AND auditory
characteristics AND stress

psychophysiology AND music

elements AND stress

psychophysiology AND music
AND stress

psychophysiology AND music
characteristics AND stress

psychophysiology AND auditory
changes AND stress

psychophysiology AND tempo
AND stress

psychophysiology AND timbre
AND stress

psychophysiology AND intensity
AND stress AND music

psychophysiology AND volume
AND stress AND music

psychophysiology AND pitch AND

stress

psychophysiology AND auditory

characteristics AND stress

IT VAN PRETORIA
Y OF PRETORIA

HI YA PRETORIA

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

© University of Pretoria

No results
found

No results

found

No results
found

No results

found

No results

found

No results
found

No results

found

No results

found

No results

found

No results

found

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
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Sage Journals: Psychology of Music

psychophysiology AND music
elements AND stress

psychophysiology AND music
AND stress

psychophysiology AND music

characteristics AND stress

psychophysiology AND auditory
changes AND stress

psychophysiology AND tempo
AND stress

psychophysiology AND timbre
AND stress

psychophysiology AND intensity
AND stress AND music

psychophysiology AND volume
AND stress AND music

psychophysiology AND pitch AND

stress

psychophysiology AND auditory
characteristics AND stress

psychophysiology AND music
elements AND stress

Effect of music on stress

IT VAN PRETORIA
Y OF PRETORIA

ITHI YA PRETORIA

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

© University of Pretoria

No results  N/A

found

8 1

8 1 duplicate
3 1 duplicate
5 1 duplicate
1 0

7 1 duplicate
3 0

1 1 duplicate
3 1 duplicate
2 0

278 3 (2 duplicates)
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ProQuest Agriculture

Google Search

Google Scholar

Sage Journals: Psychology of Music

Science Database

psychophysiology AND music
AND stress

"psychophysiology" AND "music
elements™ AND "stress"

"psychophysiology" AND "music

characteristics" AND "stress"

“psychophysiology" AND "music

characteristics" AND "stress"

"psychophysiology" AND "music
elements™ AND "stress"

SITEIT VAN PRETORIA
ITY OF PRETORIA

ITHI YA PRETORIA

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

181

91

27

72

36

3 duplicates

3 (1 duplicate)

Search strategy: anxiety, auditory characteristics, and psychophysiology

psychophysiology AND music
AND anxiety

psychophysiology AND music

characteristics AND anxiety

psychophysiology AND auditory
changes AND anxiety

psychophysiology AND tempo
AND anxiety

psychophysiology AND timbre
AND anxiety

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

© University of Pretoria

9

2 (1 duplicates)

2 duplicates

2 duplicates

2 duplicates

1 duplicate
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EBSCO Host APA Psyclnfo

psychophysiology AND intensity
AND anxiety AND music

psychophysiology AND volume
AND anxiety AND music

psychophysiology AND pitch AND

anxiety

psychophysiology AND auditory
characteristics AND anxiety

psychophysiology AND music
elements AND anxiety

Effect of music on anxiety

psychophysiology AND music
AND anxiety

psychophysiology AND music
characteristics AND anxiety

psychophysiology AND auditory
changes AND anxiety

psychophysiology AND tempo
AND anxiety

psychophysiology AND timbre
AND anxiety

psychophysiology AND intensity
AND anxiety AND music

© University
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N Y OF PRETORIA
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| YA PRETORIA

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

of Pretoria

266

38

No results

2 duplicates

1 duplicate

1 duplicate

2 duplicates

2 duplicates

N/A
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EBSCO Host APA PsycArticles

psychophysiology AND volume
AND anxiety AND music

psychophysiology AND pitch AND

anxiety

psychophysiology AND auditory

characteristics AND anxiety

psychophysiology AND music
elements AND anxiety

psychophysiology AND music
AND anxiety

psychophysiology AND music

characteristics AND anxiety

psychophysiology AND auditory
changes AND anxiety

psychophysiology AND tempo
AND anxiety

psychophysiology AND timbre
AND anxiety

psychophysiology AND intensity
AND anxiety AND music

psychophysiology AND volume
AND anxiety AND music

psychophysiology AND pitch AND

anxiety

SITEIT VAN PRETORIA
ITY OF PRETORIA

ITHI YA PRETORIA

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

2010-2021

© University of Pretoria

No results

found

No results

found

No results

found

No results

found

No results

found

No results

found

No results

found

No results

found

N/A

N/A

1 duplicate

N/A

N/A

1 duplicate

N/A

N/A

N/A

N/A
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psychophysiology AND auditory 2010-2021  Noresults  N/A

characteristics AND anxiety found
psychophysiology AND music 2010-2021  Noresults N/A
elements AND anxiety found
® psychophysiology AND music 2010-2021 161 2 duplicates
|-
> [«B) .
= g AND anxiety
L ®
2
o &
S 0
(Al
"psychophysiology” AND "music ~ 2010-2021 120 2 duplicates
S elements” AND “anxiety"
S
(9]
E psychophysiology” AND "music ~ 2010-2021 119 2 duplicates
3 characteristics" AND "anxiety"
“psychophysiology" AND "music ~ 2010-2021 56 1 duplicate
3 characteristics™ AND "anxiety"
2
a
2 "psychophysiology” AND "music ~ 2010-2021 30 3 duplicates
(% elements” AND "anxiety"

TOTAL 1519 17

In total, 1519 search results were investigated across all utilised databases. Once the
search strategy was finalised, and sufficient rigorous analysis had been ensured, the sources
consulted within the reference lists of the relevant articles were reviewed for additional study
selection. This yielded three more studies that met the inclusion criteria.

3.2.4. Data charting

As the next step, the data charting step utilises a narrative review method that is

implemented in order to extract the necessary process and contextual information from each

individual study. In order to achieve a narrative review, a data charting document is required
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(Arksey & O’Malley, 2005). Levac at al. (2010) expands on the data charting step by
establishing the need for a research team to collectively clarify the variables included in the
data charting document in order to ensure the relevancy to the research question. Much like the
study selection process, data charting is an iterative process whereby the data charting
document is continually updated. Furthermore, Levac et al. (2010), stress the importance of
piloting the charting document to determine whether the document is adequately extracting the
correct variables of the research question. As an additional step to enhance the data charting
process, Levac et al. (2010) indicate that complex data may necessitate a qualitative content
analysis approach.

In order to track the study selection for the current research study, a data charting
document was created in Excel. The initial charting document included the title, author,
publication date, methodology, population, sample size, and URL link of the selected study.
As the study selection process continued, the search strategy and database from which the study
was acquired was added to the document for tracking purposes. The final charting document

has been included as Appendix C.

3.2.5. Data extraction, summarisation and reporting the results
The original fifth step mentioned by Arksey and O’Malley’s (2002) scoping review

outline includes the collating, summarising, and reporting of results. The step entails various
outputs, the first being a numerical analysis of the breadth of the available information
pertaining to the research question. From the numerical analysis, an analytical framework is
utilised in order to provide an overview of the literature collected (Arksey & O’Malley, 2002;
Colquhounetal., 2014). Levac et al. (2010) indicate three imperative steps for this stage. First,
analysis, this includes both the descriptive numerical analysis and the qualitative content
analysis. Second, the reporting of results, which must align with the outputs described during
the first research stage. Third, the discussion step, which must relate back to the study purpose
and aim to unearth research gaps and recommendations for future research (Colquhoun et al.,
2014; Levac et al., 2010).

The current study diverges from the original methods relayed by Arksey and O’Malley
(2005), by including a data extraction tool, which assisted with the summarising and reporting
phase. The data extraction framework used in Bussiek et al. (2018) was adapted in order to be
utilised in the current research study. Table 3 illustrates the criteria extracted, and the

justification for each aspect.

52

© University of Pretoria



Table 3.3.

Data extraction tool

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Year of publication

Criteria Justification
Title To determine the frequency of
Author publications per year, as well as seminal

authors.

Sample size

To understand the frequency of sample

sizes investigated.

Population (age, gender, specification, or

Documenting the frequency of ages,

diagnosis) gender, and diagnosis investigated in the
research studies.
Objective To understand the purpose of the research

study, which will allow for a content

analysis.

Physiological measurement (CSI, HRV,
heart rate, respiration rate and skin

conductance)

To determine the frequency, and to focus
areas of physiological measurement in

relation to auditory characteristics.

Psychological measurement (anxiety and

stress measures)

To determine the frequency and focus
areas of psychological measurement in

relation to auditory characteristics.

Auditory characteristic (tempo, timbre,

pitch and intensity)

To determine the frequency of the
investigation of each auditory
characteristic.

The data extraction tool was also utilised with the aim of calculating the frequencies

for the numeric descriptive results (Appendix D). It also allowed the data to be in a

comparable format, form which themes could be extrapolated for the content analysis. White

and Marsh (2006) describe content analyses as a research method that is flexible and can be

utilised in qualitative, quantitative and mixed methodologies. It is a systematic method used

to analyse and summarise a scope of research. Ultimately, the data extraction tool was used

as a step of the scoping review and content analysis to inform the recommendations of the

current study by highlighting key elements of each study.
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3.2.6. Rigor
As a further adaptation to Arksey and O’Malley (2005), the current research study

deviates in the last step by replacing the consultation stage with rigor. Cypress (2017) defines
rigor as a process that should be conducted by the researcher during inquiry and investigation,
rather than it being an external evaluation. Rigor of research is ensured by providing a well-
documented data collection process in order to identify measures taken to gain a descriptive
numerical and understanding of the literatures content. Furthermore, the documentation of the
full scoping process will allow for the replication of the research study (Leedy & Omrod, 2015).

A detailed and systematic process was also implemented during study selection process.
First, once a search was completed, each article or search result title was reviewed. It was then
determined whether a title was relevant to the inclusion and exclusion criteria. If the study was
deemed relevant, the abstract was reviewed in order to verify whether the study should be
charted on the charting document. If the abstract was unclear, the entire article was consulted
with the aim of understanding whether the full scope of the study met the inclusion criteria.
Considering Levac et al.’s (2010) suggestions for scoping reviews, it has been understood that
there was no research team available for the current research study. Thus, consultations and
meetings with teams were not possible; however, the researcher’s supervisor was available for

consultation when necessary.

3.3. Ethical Considerations
Information obtained with the aim of informing the scoping review will be dependent

on publicly available sources and information; therefore, due to the lack of participants, this
method of research poses a reduced ethical risk. Irrespective of the reduced ethical risk, ethical
approval has been obtained from the Psychology Research Ethics Committee at the University
of Pretoria. Due to the previously mentioned lack of human participants, informed consent
forms have not been necessary.
3.4. Conclusion

The above chapter discussed the methodology that was used in order to explore the
breadth of information regarding psychophysiological responses in anxiety or stress to basic
auditory changes of musical characteristics. In accordance with the aims and objectives of the
research, Arksey and O’Malley (2005), and Levac et al.’s (2010) scoping review methods were
discussed and adapted within the current research in order to better extract and summarise the

data. The adapted data collection process was also documented thoroughly, thereby ensuring
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rigor and replicability. Finally, the chapter discussed rigor and ethical considerations that were

undertaken during the research.
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CHAPTER 4: RESULTS

4.1. Introduction
Chapter 4 delves into the descriptive numerical results that were unearthed during the present

scoping study. The purpose of which is to highlight key areas and points of interest, while
simultaneously providing an overview of the research gaps present within the analysed
literature. Chapter 4 also provides a content analysis of the results from the included research
studies. The content analysis is based on established themes relating to each musical
characteristic that has been included in the current research study. Furthermore, the chapter
includes a summary and discussion of the results and musical characteristic themes.
Additionally, the chapter discerns certain domains within the current research field that need
further investigation. Highlighted points from Chapter 4 are also used in Chapter 5 in order to
discuss possible research gaps and to inform recommendations and suggestions for future

research.

4.2. Descriptive numerical results
A total of 21 research studies have met the inclusion criteria (see 3.2.2). These research

studies are further discussed according to; 1) the number of publications, 2) participant
characteristics, 3) the physiological correlates of stress and anxiety investigated, 4) the
psychological correlates of stress and anxiety investigated, and 5) the auditory/musical
characteristics investigated.

4.2.1. Number of publications
The number of publications released within the established 12-year period peaks in

2014 and then again in 2017, with four publications issued in both 2014 and 2017 (Figure 4.1.).
The low number of research studies published during the 12-year period is indicative of a
scarcity in the current research material, therefore highlighting a large gap in general research.
The research gaps, along with specific areas and aspects within the subject matter, is further
discussed in Chapter 5.
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Figure 4.1.

Number of publications per year

Number of publications

4 4
2 2 2 2 2
1 1 1
i : i1 :
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Year

4.2.2. Participant characteristics
The following section reveals relevant findings regarding; summed gender, mean age,

age range, and summed participant population as per the country sample.

4.2.2.1. Gender
With the inclusion of a meta-analysis comprising of 9 617 participants (Figure 4.2), a

total of 10 743 individuals participated in the examined research studies. As an outlier, the
previously mentioned meta-analysis might skew the results of participant characteristics,
therefore; the total number of participants has been calculated with the exclusion of the meta-
analysis. Once the meta-analysis has been removed from consideration, the number of total
participants goes from 10 743 to 1 126.

Due to the lack of demographic information available regarding the meta-analysis,
further analysis of participant characteristics excludes the meta-analysis and rather focuses on
the experimental studies. When considering the gender of participants; the majority was female
(n= 589), with the minority being male (n= 390) (Figure 4.2.). Additionally, Figure 4.2.

indicates that 174 participants’ gender was not specified in the experimental studies.
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Figure 4.2.

Gender of participants in experimental studies

Gender not
specified , 147

Male, 390

= Male =Female = Gender not specified

4.2.2.2. Age

Eight research studies did not specify the mean age of participants. However, by
analysing the research studies that did specify the mean age of participants, the mean age is
estimated to be between 19 and 29 (Figure 4.3.). Two studies had a mean age higher than that
of the rest of the research studies. These two studies had a mean age between 45 and 47.
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Figure 4.3.

Mean age of participants in experimental studies

Mean age

Hernandez-Ruiz et al. (2020) N '

Stith (2015) NN o

Brownlow (2017) N >
Shoda et al. (2016) NG
Chuen et al. (2016) INIEE
Jacquet et al. (2014) NG 03
Juslin et al. (2014) GG >
Tamaliunaite (2017) N 03
Ooishi et al. (2017) GG (>

Tanetal. (2012) NN
Foldes etal. (2017) NN

van der Zwaag et al. (2011) NG 5
Le Groux & Verschure (2012) NN >

Publication

The age range established by the studies that included participants’ age is presented in
Table 4.1. One study included children as participants, while another included adolescents. A
few select studies (n=3) only specified that the participants’ ages were above 18, while two
other studies did not specify any age.

Table 4.1.

Age range of participants in experimental studies
Kazymov et al. (2014) | 15-18
Kim et al. (2018) Above 18
Tamaliunaite (2017) 18-35
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Wang (2014) Not specified
de Witte et al. (2019) Above 18
Berger (2011) 8-12
Goldschmidt (2020) Above 18
Hunter et al. (2010) Not specified

4.2.2.3. Population (country)
Out of the 21 included research studies, seven studies comprised of participant samples

from the United States of America (U.S.A). Furthermore, two studies were conducted with
participant samples from Germany, while two studies included participant samples from Japan
(Figure 4.4.).

Figure 4.4.

Participant sample population (country) in experimental studies
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4.2.3. Physiological correlates of stress and anxiety investigated
As previously discussed (see 2.3.2 and 2.4.2), anxiety and stress have physiological

correlates that affect autonomic functioning. Extensive research has suggested that HR, RR,
SCL/SCR/EDA and HRYV are to be seen as indicators of physiological arousal during times of
stress and anxiety (Aghamohamadi et al., 2010; Croft et al., 2004; Kim et al., 2017; Lutscher,
2016; Masaoka & Homma, 1997; Sacha; 2014; Smith, 1976; Vitasari et al., 2011). Commonly,
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fluctuations in HR, RR and SCL/SCR/EDA have been linked to states of stress and anxiety
(Croft et al., 2004; Lutscher, 2016; Masaoka & Homma, 1997; Vitasari et al., 2011).
Furthermore, HRV as a stress measure of the heart is increasingly being considered as an
accurate measurement of autonomic arousal present within individuals with anxiety
(Aghamohamadi et al., 2010; Quintana & Heathers, 2014).

When considering the research studies included in the scoping review, nine studies
investigated the effects of musical characteristics on HR. Furthermore, HR has been established
as the most common studied physiological correlate regarding stress and anxiety. SCL/SCR
and HRV are the second most common physiological correlates studied, with five studies each
investigating SCL/SCR and HRV's response to certain musical characteristic. Lastly, RR is
established as the least studied measure, with only two studies investigating its response to
music (Figure 4.5.).

Figure 4.5.
Number of publications investigating types of physiological correlates of stress and anxiety

9
5 5
I I 2
HR SCL/SCR HRV RR
Physiological correlates

Number of publications

4.2.4. Psychological correlates of stress and anxiety investigated
Anxiety and stress have been linked to both physiological and psychological processes

(see 2.3.2 and 2.4.2), whereby behavioural and emotional effects are evident as psychological
correlates (Nolen-Hoeksema, 2017). As previously established, the psychological impacts of
stress and anxiety have been associated with; negative emotions, feelings of unpleasantness

(valence), negative behavioural changes, and effects on cognition (Davis & Fischer, 2012; Du
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et al., 2018; Nechita et al., 2018; Pascoe et al., 2020; Nolen-Hoeksema, 2017; Sadock et al.,
2015; Weiten, 2014).

Emotional valence is the most studied psychological aspect amongst the studies
included (n=10). It is followed closely by emotional arousal, in which there are nine published
studies. Stress and anxiety are not studied as commonly when compared to emotional arousal
and valence. There are three studies with scales investigating stress, and two studying anxiety.

Perceived relaxation is also studied in one research study (Figure 4.6.).

Figure 4.6.

Number of publications investigating types of psychological concepts of stress and anxiety
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4.2.5. Auditory/musical characteristics investigated
Music exists as an established treatment for various psychophysiological issues, these

issues include anxiety and stress; which have been discussed in Chapter 2 (see 2.5.4.1. and
2.5.4.2). Different musical characteristics have been investigated, and consequently revealed
to have certain positive effects on physiological and psychological correlates of anxiety and
stress (Arjmand et al., 2017; Carpenter & Potter, 2007; Curtin, 2007; Crusius, 2018; Jiang et
al., 2016; Lehrer, 2007; Mauss et al., 2003; O’Hagan, 2016; Stevenson et al., 2016)

When considering the research studies analysed within the current scoping review, it is
concluded that tempo was the most frequent studied musical characteristic. Studies researching

the effects of tempo account for 20 of the 21 included research studies. Where intensity, pitch
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and timbre are concerned, two studies have been published for each individual characteristic,

therefore amounting to six studies in total (Figure 4.8.).

Figure 4.7.

Number of publications investigating types of musical characteristics

20
2
2
g
IS
>
o
©
g
S
>
zZ
2 2 2
Tempo Intensity Pitch Timbre

Musical characteristics

4.3. Content analysis
As previously discussed (see 3.2.5.), a content analysis has been utilised in order to

summarise and analyse the relevant data. The data was initially collected through a systematic
search (see 3.2.3), whereby relevant articles and research studies were charted in a document.
With the aim of assisting in the subsequent content analysis, a data extraction tool was utilised
(Appendix D) to summarise and collate the data for analysis. Furthermore, certain criteria were
selected with the goal to assist with the analysis (see Table 3.3.).

While music and its effects on psychophysiology have widely been studied, certain
areas of investigation have become dated and limited in scope (Juslin et al., 2014). Evidence
of the dated nature of the research is distinguished throughout the current scoping study. The
scoping study also confirms that a small amount of research has been conducted over the
scrutinised 12-year period. The limited scope of the research conducted within the 12-year
period is evidenced throughout the scoping study. The scoping study further designates various
inconsistencies and conflictions present within the research found regarding the current topic
(lakovides et al., 2004; Jacquet et al., 2014). The inconsistencies within the field, as mentioned

by lakovides et al. 2004 and Jacquet et al. 2014, is possibly due to the differing approaches and
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objectives established within the included research studies. In an attempt to understand the

origin of the conflicting results present within the content analysis, Table 4.2 summarises the

primary objectives of the research studies included in this scoping review.

Table 4.2.

Authors and objectives

Author(s)

Objective

Chuen et al. (2016)

To investigate whether basic auditory changes often
occurring during the act of listening of music can elicit

changes in psychophysiological measures.

Kazymov et al. (2014)

To study the effects of medically resonant therapeutic
music on healthy adolescents within a certain age group,
as well as on adolescents with neurotic disorders within

the same age group.

Kim et al. (2018)

To examine the impact of tempo matched to listeners’
heart beats on cardiovascular- and affective responses

during live performances to increase relaxation.

Shoda et al. (2016)

To investigate the differences in physiological responses to
varying listening contexts, these contexts include; the
context of live performances, as well as that of pre-

recorded music.

Krabs et al. (2015)

To assess the effects of different musical tempos on ANS

responses.

Ooishi et al. (2017)

To determine whether listening to music with a slow
tempo or music with a fast tempo is accompanied by

increases in the oxytocin and cortisol levels

Wang (2014)

To investigate the correlation between musical preference,
musical expertise, and the degree of perceived relaxation

when listening to music.

de Witte et al. (2019)

To summarize the growing body of empirical research
within the field of music and psychophysiological

responses.
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Le Groux & Verchure (2012)

To validate the use of an automated synthetic music

system to elicit emotional responses.

Tamaliunaite (2017)

To examine whether increases in tempo are related to

increased subjective arousal and tonic pupillary responses.

Additionally, to investigate whether percussiveness of the
music moderates the relationship between tempo,

subjective arousal, and tonic pupillary responses.

van der Zwaag et al. (2011)

To establish the impact of tempo, mode, and percussion on

emotions.

Jacquet et al. (2014)

To assess the effect of pitch variations on self-reports

regarding experienced valence and arousal.

Juslin et al. (2014)

To investigate the underlying mechanisms of emotional
responses to music and investigate the presence of direct
links between basic music characteristics and a listener’s

response.

Stith (2015)

To examine how different musical characteristics affect

physiological responses.

Hernandez-Ruiz et al. (2020)

To understand which basic music characteristic most

impacts the relaxation response.

Berger (2011)

To study whether tempo-based rhythm interventions can
regulate and reduce repetitive anxiety in children with
ASD.

Goldschmidt (2020)

To investigate changes in arousal due to planned tempo

changes by utilising the Iso Principle.

Foldes et al. (2017)

To determine whether music can reduce patient anxiety
significantly while the patient is undergoing an MRI

examination.

Brownlow (2017)

To assess the effect of musical tempo in reducing stress

through psychophysiological measures.

Hunter et al. (2010)

To examine the similarities and differences between the
perception of emotions conveyed through music, and

listeners” emotional responses to the same musical pieces.
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Tan et al. (2012) To investigate the psychophysical characteristics
associated with relaxing music, and to explore the

correlation between; music familiarity, preference, and

degree of perceived relaxation in music.

From the research studies included in the current scoping review, 15 studies focus
primarily on the effects of musical characteristics on psychophysiological correlates. The
remaining research studies focus on correlations between related responses to music, these
correlations include; familiarity, preference, underlying mechanisms of responses to music,
and perceived emotion. While taking into account the objectives of the included research
studies, all research studies included in the scoping review have been found described below
(see Table 4.2).

4.3.1. Discussion of the Content Analysis
Psychophysiology is the intersection of the mental and physical responses of the human

body. Furthermore, psychophysiology considers how both responses function together, as well
as how they influence each other (Cacioppo et al., 2007). Several research studies that have
been included within the current scoping review investigated the psychophysiological impact
of different musical characteristics on stress and anxiety. However, not all research studies
included in the current scoping review investigated the effects of musical characteristics on
both the psychological and physiological correlates of stress and anxiety. Numerous research
studies focussed simply on investigating either the physiological response or the psychological
response to basic musical characteristics. The discussion below explores each musical
characteristic. These characteristics are first analysed according to the research studies
investigating the psychophysiological aspects, followed by the studies focussing on the
physiological aspects, and lastly according to the studies that focus on the psychological

aspects.

4.3.1.1. Studies investigating psychophysiological responses to tempo
De Witte et al. (2019) conducted a meta-analysis exploring different ranges in tempo.

De Witte et al. (2019) reason for the necessity of the meta-analysis by citing the availability of
extensive research regarding the topic of stress reduction induced by musical intervention, thus
warranting the synthesis of research. Regarding the studies included in this research, tempo

was established as the only musical characteristic investigated. The studies conducted research
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according to the most common tempo ranges used within the meta-analysis. The results of the
meta-analysis found no significant moderating effect of tempo (between the range of 60-80
bpm and other ranges) on physiological correlates of stress (de Witte et al., 2019).

When considering the range 60-80 bpm, researchers found larger effect sizes evident
within the psychological outcomes examined (de Witte et al., 2019). Unlike the physiological
outcomes of stress investigated in the meta-analysis, where tempo illustrated no significant
effect, tempo was found to influence the effectiveness of musical intervention on psychological
outcomes. Tempo within the range of 60-80 bpm was found to represent calming, slow, and
soothing music. This finding suggests that the range 60-80 bpm is possibly the optimal musical
tempo to induce stress reduction (de Witte et al., 2019).

Utilising a similar tempo range, van der Zwaag et al. (2011) investigated the effects of
tempo, percussiveness, and mode on psychophysiological parameters within an office setting
by utilising 16 pop songs and 16 rock songs. A slow tempo was classified as 80 bpm, while a
fast tempo was classified as 139 bpm, the two different tempos were incorporated into separate
songs for the design. The songs were then played in the background while the participants had
to complete a simulated office task (van der Zwaag et al., 2011).

The findings indicate that fast tempos result in a higher level of emotional arousal than
that of slow tempos. While increased levels of arousal were linked to fast tempos, fast tempos
were also linked to a higher reporting of positive valence when combined with high
percussiveness (percussiveness being the characteristic of music that describes the sound
texture of music) (van der Zwaag et al., 2011). When considering the results of increased
tempos leading to a positive valence, these results cannot be attributed solely to the effects of
tempo, as in this case, the effect was found to be a combination of tempo and percussiveness.

When considering the physiological measurements mentioned in van der Zwaag et al.’s
(2011) research, a greater number of SCRs were observed in a fast tempo condition when
compared to the conditions of other musical characteristics. The SCR result is congruent with
the higher levels of emotional arousal indicated in the faster tempo condition. Additionally,
when tempo had been considered, statistically significant results had been found. The results
found HRV to be a more significant main effect when compared to the other musical
characteristics (van der Zwaag et al., 2011). Ultimately, a decrease in HRV was found with the
introduction of an increased tempo, which was then accompanied by increased reports of
anxiousness experienced.

Krabs et al. (2015) also explored the relationship between tempo and its subsequent
psychophysiological responses. The research defined a slow condition as 90 bpm and a fast
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condition as 120 bpm. Krabs et al. (2015) conducted two experiments focusing on the
autonomic effects of music. The second experiment, which is the focus of this discussion,
investigated the effects of different tempo changes on HR, HRV and emotional valence. Four
classifications of tempo were used, each classification corresponding with a specific bpm. The
following classifications were employed; (1) a slow and pleasant type of music with 90 bpm,
(2) a fast and pleasant type music with 120 bpm, (3) a slow and unpleasant type of music with
90 bpm, and (4) a fast and unpleasant type of music with 120 bpm.

Furthermore, no differences were found between the musical classifications when
valence was regarded. Due to the lack of change observed regarding emotional valence, Krabs
et al. (2015) suggest that the research study in question provides an objective insight into the
effect that different tempos have on autonomic responses. When comparing the observed
autonomic responses to those present during a period of silence, all musical classification
conditions were found to elicit a response in HR and HRV, although the responses were not
classified as statistically significant. In comparison to conditions of silence, each musical
classification exhibited a marginal increase in HR. Notably, there were no differences in the
changes that HR elicited regarding the introduction of different tempos. Furthermore, HRV
showed a marginal decrease in most parameters, with no observed differences between the
music classification types (Krabs et al., 2015). The results of the research study performed by
Krabs et al. (2015) suggest that tempo does not have an effect autonomic responses, thus
unearthing a further contradiction in the relevant research.

While not fully comparable with the results found by Krabs et al. (2015) due to the
differing tempo ranges utilised within each study, Hernandez-Ruiz et al. (2020) found
conflicting results when considering SCL and SCR. As a guide for the musical characteristics,
Hernandez-Ruiz et al. (2020) used Hanson-Abromeit’s (2015) TFM Plan to structure the
experimental conditions. Thus, the standard tempo in the study was set at 65 bpm and was
further decreased to 45 bpm for the actual tempo condition.

When considering the SCL measurement, two distinct groups showed opposite results,
which was unexpected by Hernandez-Ruiz et al. (2020). The first conflict present within the
results was that 60% of the first sample had a lower SCL for most of the conditions, while the
40% of the second sample showed no changes in SCL. Further results indicated that, while no
statistical significance had been found, mean measurements of relationship were in line with
what the researchers had predicted, the prediction being that a bpm of 45 would lower the

physiological measurements. While the lowering effect of certain tempos on SCL mirror the
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results found by Chuen et al. (2016); SCL decreases were found in most of the conditions tested
by Hernandez-Ruiz et al. (2020), with a clear divide in sample effects.

Considering the psychological results found by Hernandez-Ruiz et al. (2020), tempo
showed a strong positive relationship with emotional arousal and valence (the research study
in question having aligned valence with the experience of participant enjoyment). Furthermore,
the results indicated that an increase in excitement and arousal experienced by participants, led

to an increase in participants’ enjoyment of the music (Hernandez-Ruiz et al., 2020).

4.3.1.2. Studies investigating physiological responses to tempo
The research study conducted by Chuen et al. (2016), found during the preliminary

search for literature in the current scoping study, addressed the effect of tempo on physiological
responses. The researchers investigated changes in pitch, duration, timbre, and intensity by
deviating from an isochronous tone, an isochronous tone being a tone occurring at equal time
intervals. The researchers utilised 144 different sound conditions, the sequences were
established at 15 seconds in duration and commonly presented at a tempo of 100 bpm. The
sound conditions were set to vary from no changes, changes in pitch, changes in timbre, to
changes in tempo (Chuen et al., 2016).

Variations in tempo were measured in ranges in order to allow for the observation of
discernible auditory changes. The changes included conditions with; 80 bpm, 100 bpm, 120
bpm, and 150 bpm. It was found that increases in tempo caused changes in HR and SCR, which
were both proportional in nature. No changes were discovered regarding the effect of tempo
on RR (Chuen et al., 2016).

Taking a different approach to understanding the impact of tempo, Brownlow (2017)
investigated the effects of tempo on the stress response, specifically the effects on HR and
EDA. Brownlow’s (2017) research differentiated between three tempo groups, these groups
including; one group including a song with a fast tempo, another including a song with a slow
tempo, and the last group composed of silence. The song ‘Nuvole Bianche’ by Ludovico
Einaudi was used and manipulated into the fast and slow tempo condition. Brownlow (2017)
took an extreme approach to tempo manipulation, by changing the song tempo from 120 bpm
for the designated slow condition to 300 bpm for the fast condition. As mentioned by Schmidt-
Jones (2003), a bpm of 120 is already considered fast, therefore proving that the conditions
introduced by Bronlow (2017) constitute an extreme approach to testing tempo.

HR was affected by all conditions and increased significantly when participants listened
to the fast tempo music, while the opposite was true for the introduction of slow tempo music.
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Absence of sound also decreased HR, however; not as much as the slow tempo music condition.
The results regarding the effects of tempo on HR suggest that faster paced music increases
physiological arousal, while slower paced music has a greater potential to reduce physiological
arousal than silence (Brownlow, 2017).

Much like the results found regarding HR, EDA also increased during the fast tempo
condition, therefore also suggesting an increase in sweat, and consequently an increase in
arousal. The result of an increased EDA was also found in the silence condition, which is
contrary to the assumption that slow tempos and an absence of tempos decreases physiological
stress responses. While researchers suggest that the contrary result is possibly due to stress or
anxiety from wearing earplugs for the silent condition, therefore indicating further evidence of
contradictory research within the field. Further contradictions are evident when considering the
lack of autonomic response found in the research study conducted by Krabs et al. (2015).

Furthermore, EDA also increased across all three conditions (Brownlow, 2017). It
should be considered that Brownlow (2017) did take an extreme approach to tempo ranges,
further substantiating that inconsistent tempo ranges utilised within the various research studies
cause contradictory research scenarios. Further contradictions were also found when
considering autonomic responses to tempo, such as in a research study conducted by Stith
(2015). Stith (2015) hypothesised that faster tempos would result in higher arousal than that of
slower tempos, and that slower tempos would not have an arousing effect. Fast tempos were
set at 90 bpm and slow tempos at 60 bpm, falling within the suggested range of Witte et al.
(2019) (Stith, 2015).

The research study conducted by Stith (2015) found no physiological response (HRV
and HR) to tempo. Additionally, Stith (2015) found no evidence of a relationship between
tempo and emotional valence. Stith (2015) theorised that the lack of physiological response
could be attributed to the range of tempo, which was lower than comparable studies. The lower
bpm for fast tempo songs can be attributed to the lack of change, as it is evident that 120 bpm

is considered fast, while 90 bpm is considered midrange (Schmidt-Jones, 2003).

4.3.1.3. Studies investigating psychological responses to tempo
The above results are suggestive of a relationship between emotional arousal and

valence, as was also considered in Tamaliunaite’s (2017) research. Tamaliunaite (2017)
investigated self-reported emotional arousal and valence in response to changes in the tempo
of musical excerpts. Participants were exposed to musical excerpts while completing the Stroop
Test to simulate a stressful task. Consistent with the previous findings of Kellaris and Kent
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(1991), as well as that of Husain et al. (2002), higher tempos of 140 bpm resulted in greater
reported arousal, while lower tempos of 80 bpm resulted in lower levels of arousal. Similarly,
reports on valence were also impacted by changes in tempo. It was found that increased tempos
resulted in an increased valence rating, with a bpm of 140 being rated the most pleasant. In
terms of higher tempos increasing emotional arousal and valence, Tamaliunaite’s (2017) results
are congruent with the findings of Hernandez-Ruiz et al. (2020) and van der Zwaag et al.
(2011). Furthermore, the findings of van der Zwaag et al. (2011), combined with that of Chuen
et al. (2016), Hernandez-Ruiz et al. (2020), and Tamaliunaite (2017) suggest that tempo
regulates emotions. These findings consequently indicate that tempo can be utilised to direct
emotion.

In line with the suggestion that tempo can direct emotion, Tan et al. (2012) considered
the relationship between musical preference and familiarity, as well as the psychological
properties that define relaxing music. The research consisted of three parts, with the first and
second parts including the participation music therapists. The music therapists rated the musical
selections according to the degree of relaxation. Musical selections with a rating of five and
lower were excluded from the third part of the study. Based on the selections established by
the music therapists in the first and second part of the study, the final part of the study
investigated the validity of the previous studies’ results. Participants rated preference,
familiarity, and degree of relaxation for each selection, with each selection lasting a total of 30
seconds (Tan et al., 2012).

For the purpose of the current research study, only the results relating to the ratings
found within the degree of relaxation will be considered. When considering the ratings in
conjunction with the musical selections, Tan et al. (2012) suggested that the optimum tempo
for relaxation is 60 bpm, which is also corroborated by de Witte et al. (2019). Ultimately, the
research study conducted by Tan et al. (2012) found a negative correlation between tempo and
degree of relaxation. This corresponds with Wang’s (2014) findings, which indicated that a
decreased tempo resulted in increased feelings of relaxation. It further corresponds with the
findings of Tamaliunaite (2017), Hernandez-Ruiz et al. (2020) and van der Zwaag et al. (2011);
which all indicated that an increase in tempo caused increased emotional arousal. While there
exists certain corresponding areas within the current field of research, contradictions and
conflicting results are evident when considering the research conducted by Le Groux and
Verchure (2012).

The primary focus of the study conducted by Le Groux and Verchure (2012) explored

the usage of synthetic musical systems in generating expressive musical pieces utilising
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different musical characteristics. As a secondary focus, the researchers investigated the effect
of the musical characteristics on emotional responses, particularly; its effect on emotional
valence, arousal, and dominance. Tempo formed the key focus of the study, with 27 sample
sounds consisting of bpm’s ranging between 50-200 bpm in an automated synthetic music
system. The method involved participants being exposed to various listening conditions, and
was then followed by participants reflecting upon ratings regarding valence, arousal, and
dominance (Le Groux & Verchure, 2012).

The results indicated that a musical sound with a higher tempo resulted in greater
emotional arousal in the participants. Additionally, researcher identified an associated negative
valence with higher tempos than with slower tempos (Le Groux & Verchure, 2012).
Additionally, Ooishi et al. (2017) also found that slow tempos were accompanied by a higher
positive valence. The previous findings are in contrast with those established by Tamaliunaite
(2017) that indicated that increased tempos resulted in positive valence. Tamaliunaite (2017)
suggested that any confliction in results may be due to the concurrent execution of the Stroop
Test in the study while participants were listening to the same musical excerpt (with varying
tempo). Tamaliunaite (2017) also indicated that boredom might have played a role, thus
suggesting that the context in which music is listened to is also important when analysing
ratings of pleasantness (Juslin & Vastfjéll, 2008). Consequently, it is evident that the available
research regarding changes in tempo and its subsequent effect on valence is conflicting in
nature.

There are also research studies, such as that conducted by Kazymov et al. (2014), that
do not specify the exact bpm of the musical intervention, and merely include vague descriptions
of “fast’ and ‘slow’ tempos. The objective of Kazymov et al.’s (2014) research was to examine
the effects of medical resonance therapeutic music (MRTM) on the psychological correlates of
healthy adolescents, as well as that of adolescents with neurotic disorder (generalised anxiety
disorder and adjustment disorder). MRTM has also been established to own a high potential
for music therapy; it has been determined that music resonance at a frequency between 0.034
to 5 Hz is most beneficial when played for 20 minutes, through headphones, in an undisturbed
environment, for multiple times a day (Ernest, 2013).

Kazymov et al. (2014) took the previous findings into consideration and combined it
with further research studies, each suggesting that the efficacy of music therapy is dependent
on various factors, these factors include; tempo, age, personality, genre, and music content. By
allowing participants to rate the extent of emotional pleasantness of musical segments, the
researchers established subjective preference to be a core aspect of the research design.
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Furthermore, anxiety STAI and wellbeing (further referred to as WAM) levels were measured
both before and after the MRTM.

While the results did investigate psychological correlates, not all parameters were
directly linked to musical characteristics. Kazymov et al. (2014) found that adolescents
between the ages of 15 and 16 (regarding both the healthy and neurotic condition), preferred
faster musical compositions. Regarding adolescents that fall within the previously mentioned
age range, those in the health condition also exhibited a reduction in situational anxiety, as well
as positive emotions, further indicating the presence of a sedative effect regarding faster tempo
compositions. Interestingly, the opposite was true for those with the neurotic condition, which
experienced a heightened experience of anxiety.

Older age ranges (17-18 years), both in the healthy and neurotic condition, also
preferred faster and distinct tempos, and experienced a decrease in situational anxiety as well.
Kazymov et al. (2014) consider the preference of the faster tempo for the neurotic condition to
indicate that the music chosen by participants could be reliant on a match in the negative
emotional and anxious feelings experienced by the participants, and the perceived musical
emotion of negativity. The relationship between perceived and felt emotions was further
investigated by Hunter et al. (2010).

Hunter et al. (2010) investigated the effect of slow tempo ranges (41-87 bpm) and fast
tempo ranges (82-174 bpm) on emotional arousal. Importantly, Hunter et al. (2010)
distinguished between felt and perceived emotions through using ratings of the musical
interventions used in the research design. Felt emotions were defined according to how the
participant felt emotionally while listening to the music, whereas perceived emotions were
defined as the recognisable emotions that were conveyed through the music (Hunter et al.,
2010).

The present study focuses on felt emotion rather than perceived emotion, (see Table
3.1. for exclusion criteria), therefore, the discussion considers the results of tempo in relation
to felt emotional arousal rather than perceived emotion. Hunter et al. (2010) found that reported
happiness significantly corresponded to faster tempos, and sadness to slower tempos.
Although, this interaction was significant, the ratings for perceived emotions were stronger
than those of felt emotions. Additionally, participants were allowed to provide mixed happy
and sad ratings for felt emotions. It was further found that slow tempos provided more mixed
ratings than fast tempos (Hunter et al., 2010).

While the current research study focuses solely on the results pertaining to felt
emotions, it is noteworthy to acknowledge the full conclusions of the researchers. In their
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conclusions, Hunter et al. (2010) considered the relationship between perceived and felt
emotions. Hunter et al. (2010) postulated that perceived and felt emotions in music are
correlated, however; they are not identical. The researchers further suggest that a listeners’
feelings when listening to music is affected by their perception, which is further impacted by
musical cues. In this case, tempo manipulation had a heightened effect on sadness and
happiness (Hunter et al., 2010). Song et al. (2016) found similar results in a research study, the
results indicated that evoked emotions from music resulted in similar perceived emotions of
said music.

Juslin et al. (2014) took a different approach when attempting to understand the
psychological effects of music. The researchers set out to establish the ‘why’ behind emotional
arousal. The goal was achieved by considering the underlying mechanisms that are stimulated
by different musical elements. Juslin et al. (2014) focused on four facets, the facets including;
brain stem reflex, episodic memory, music expectancy, and emotional arousal. However, for
the purposes of the present study, only the latter aspect will be considered as it aligns with the
research question.

Participants rated felt emotions according to a twelve level 12. The scales were
established according to descriptions of basic and discrete emotions that had been most
commonly used in similar studies (Juslin et al., 2014). These scales are tabulated below (Table
4.3).

Table 4.3.

Felt emotion scales as per Juslin et al.’s (2014) study

Felt emotion scale

Happiness-elation

Sadness-melancholy

Surprise-astonishment

Calm-contentment

Anger-irritation

Nostalgia-longing

Interest-expectancy

Anxiety-nervousness

Love-tenderness

Disgust-contempt
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Admiration-awe

Pride-confidence

In Juslin et al.’s (2014) study, the effect that tempo had on various mechanism was
considered, these mechanisms included; brain stem reflex, episodic memory, music
expectancy, and emotional arousal. The subsequent results contradicted the results found by
more common approaches, namely; that slow tempo music tends to evoke calmness or sadness.
Juslin et al.’s (2014) findings rather indicated that music with a fast tempo is linked to sadness,
rather than surprise or happiness. The researchers postulated that the contradiction in findings
was most likely due to the underlying mechanisms at play, such as; musical expectancy or
episodic memory evocation (Juslin et al., 2014). In conclusion, Juslin et al. (2014) state that a
surface level approach of musical characteristics and its subsequent effects might not provide
a complete picture. The above suggestion by Juslin et al. (2014) relates to researchers’ previous
propositions that music preference, familiarity, listening context, and the relationship between
felt and perceived emotion most likely interplay with psychological responses to music (Hunter
et al., 2010; Shoda et al., 2016; Tan et al., 2012).

When reviewing the above research on tempo, it is evident that the varying methods
used in the research studies resulted in variations regarding the results obtained. The
classification of ‘fast’ and ‘slow’ tempos become incomparable with one another due to the
great differences in the beats per minute utilised by the researchers mentioned above. While
there exists a large range of utilised tempos, the range most commonly agreed to induce
relaxation is that of 60-80 bpm; which is in line with the suggestion by de Witte et al. (2019)
that 60-80 bpm should be considered the optimal range for reducing psychological stress.

Considering the psychological effects of tempo, most researchers agree that an increase
in tempo causes a subsequent increase in emotional arousal. However, the effect of tempo on
valence was not as clearly established. Some studies indicated that increased tempos are linked
to positive valence (Hernandez-Ruiz, 2020; Tamaliunaite, 2017), while others provided
evidence that increased tempos are rather linked to negative valence (Le Groux & Verchure,
2012; Tamaliunaite, 2017; van der Zwaag et al., 2011). As mentioned previously, the
conflicting results could be attributed to the differing ranges in tempos utilised within the
research studies. Furthermore, the previous notion can be applied to the results concerning the
physiological effects of tempo as well. Conflicting results were often found between the

various research results, with no statistical significance being established to indicate whether
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there indeed exists a tangible relationship (Juslin et al., 2014; Krabs et al., 2015; Chuen et al.,
2016). Through analysing the small scope of research reviewed, it is evident that there exists

many focal points for possible new research.

4.3.1.4. Studies investigating psychophysiological responses to intensity
Alongside the exploration of the impact of tempo, Hernandez-Ruiz et al. (2020) also

considered the impact of intensity on psychophysiological responses by experimenting with a
range of -10 dB to 55 dB. The researchers hypothesised that an intensity level of -10 dB would
lower all psychophysiological measures investigated within the study. Regarding the
researchers’ hypothesised measurements in musical characteristics, the greatest change was
observed with HR and SCL, which displayed the biggest decrease for the intensity condition.
Regarding the findings of Chuen et al. (2016), there were no observed changes with RR
regarding the intensity condition (-10dB). Albeit that the intensity condition indicated a great
change, it was not statistically significant. The results suggest that no single musical
characteristic significantly reduced the psychophysiological correlates of stress or anxiety,
however; that the musical composition might have been composed in such a manner as to
induce relaxation (Hernandez-Ruiz et al., 2020).

Additionally, Hernandez-Ruiz et al. (2020) also presumed that the self-reports for
arousal and valence would correspond with the psychophysiological measures taken, however;
no significant correlation was found between the self-reports and physiological measurements.
There exists the possibility that physiological correlates of stress and anxiety do not hold a

direct correspondence with experienced emotional arousal (Hernandez-Ruiz et al., 2020).

4.3.1.5. Studies investigating physiological responses to intensity
As discussed in Chapter 2 (see 2.5.3.3.), intensity is often utilised within a musical

composition to affect the mood of the listener. Unlike tempo, intensity was not increasingly
studied over the 12 year period, however; Chuen et al. (2016) did investigate the effect of
changes in intensity on physiological responses. Much like tempo, discernible volumes were
chosen as variations within the sound conditions. Four intensity levels were included, namely;
65 dB, 70 dB, 75 dB, and 80 dB. These intensity levels were incrementally increased by 10 dB
and 15 dB (Chuen et al., 2016).

Similar to the response elicited by changes in tempo, an increase in intensity also caused
an increase in SCR, with these increases proportional to the change in intensity (Chuen et al.,

2016). No changes had been observed for RR. Furthermore, fluctuations in HR were found to
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be connected to changes in intensity. The intensity had been increased by 10 dB, which
subsequently caused a decrease in HR, and was then followed by an increase in HR. Notably,
a change from 10 dB to 15 dB caused an overall increase in HR, therefore including none of
the fluctuations that had been present within the 10 dB condition (Chuen et al., 2016). The
initial deceleration of HR is indicative of an orienting response to smaller changes in intensity.
The orienting response describes responsive adaptive behaviour that is automatic to changes in
the environment. One of these changes includes variations in sound, therefore leading to the
conclusion that miniscule changes in musical characteristics have the possibility to cause the
appropriate physiological responses (Berti et al., 2017; Chuen et al., 2016).

While there is a clear lack of literature considering the effects of intensity; through
examining the previous two research studies, it has become evident that researchers have
utilised differing ranges in intensity. The lack of consistency within the research studies lead
to the impossibility of reviewing the research as comparable. Furthermore, it causes

conflictions within the literature, and warrants further investigation.

4.3.1.6. Studies investigating psychophysiological responses to timbre
Regarding timbre, it has been investigated in a limited manner, with the only

researchers focusing on a psychophysiological perspective being Hernandez-Ruiz et al. (2020).
The design of the research study performed by Hernandez-Ruiz et al. (2020) has been discussed
previously (see 4.3.1.1). A mellow timbre was adopted utilising a bass clarinet, and was further
opposed by a piercing trumpet timbre. Similar to the previous results regarding tempo,
researchers found no significant changes caused by timbre. Informed by findings from previous
studies, Hernandez-Ruiz et al. (2020) had conjectured that the mellow timbre of a bass clarinet
would lower all physiological measures investigated in the study, however; when considering
arousal and positive emotions, timbre had been positively correlated to the physiological
aspects investigated. Furthermore, similar to the previous findings, the piercing timber from a
trumpet was found to increase emotional arousal and positive emotions as well. The above
findings therefore opposed the researchers’ hypotheses; the hypothesis being that a piercing
timbre would be related to negative emotions rather than positive emotions (Hernandez-Ruiz
etal., 2020).

4.3.1.7. Studies investigating physiological responses to timbre
As discussed in 4.3.1., Chuen et al. (2016) had considered the autonomic responses to

timbre when a deviation in sound from a standard isochronous noise was introduced. Regarding
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the 144 sound conditions, 25% had no change in timbre, while the other 75% was equally
divided into; changes in the timbre of a trumpet-like tone, changes in a French horn tone, and
changes in an obochord tone (an obochord being the combined sound of an oboe and a
harpsichord). The research therefore focused on the effects of timbre resulting from; woodwind
instruments, keyboard instruments, and brass instruments (Chuen et al., 2016).

It was found that all the fluctuations in timbre resulted in subsequent changes is SCR
and HR responses, however; no changes were observed regarding RR. Continued analysis
illustrated gradual, yet significant, effects in HR. Regarding the different instruments, HR was
observed to increase for all of the three conditions, however; it is important to note the presence
of a deceleration in HR before the acceleration for the trumpet and obochord condition (Chuen
et al., 2016). The previous observation is similar to that of intensity; whereby deceleration and
acceleration in HR was observed as well. The distinguished pattern of timbre is indicative of
an orienting response to certain instruments, or rather, to the manner in which an instrument is
played. Furthermore, much like the changes in HR, timbre caused significant effects in SCR as
well. Upon further investigation, the trumpet condition elicited the greatest change from SCR,
while the bassoon condition (isochronous sound) elicited a smaller response (Chuen et al.,
2016).

When analysing research on timbre, recent work is limited. However, by analysing the
included studies, it can be established that researchers prefer investigating the effects of wind
instruments, such as; horns, trumpets, and bassoons (Chuen et al., 2016; Hernandez-Ruiz et al.,
2020). Furthermore, certain results will require further investigation, these results include; the
possible orienting response found in the research executed by Chuen et al. (2016), as well as
the result concluded upon by Hernandez-Ruiz et al. (2020) that piercing trumpet timbres

increase positive emotions.

4.3.1.8. Studies investigating physiological responses to pitch
While analysing the research published during the time period established for the

current scoping study, it was established that pitch had not been a focal point for many research
studies. Considering the lack of research, Chuen et al. (2016) investigated the influence of pitch
on physiological aspects, as discussed above (see 4.3.1.). The sound conditions were broken
up into quarters, with one condition producing no change in pitch, while the other three
conditions were set at 392 Hz, 494 Hz, and 659 Hz respectively (Chuen et al., 2016). In Cheun
et al.’s (2016) research, pitch affected HR; HR decreased when there were no changes in pitch,
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and increased for higher pitches. Furthermore, no changes in SCR and RR were recorded within

the differing pitch conditions.

4.3.1.9. Studies investigating psychological responses to pitch
Jacquet et al. (2014) investigated three different pitch levels, these levels included; one

octave (440 Hz) lower than the researcher’s original musical composition, the original
composition, and one octave higher than the original composition. The researchers investigated
these three levels in relation to the various effects produced in emotional arousal and valence.
In the condition that lowered the octave of the musical composition, felt pleasantness decreased
significantly. Differences between genders were also observed in the research study, with
women participants experiencing a stronger decrease in felt pleasantness than men participants.
Furthermore, men experienced higher level of arousal for the higher pitch conditions than
women. Ultimately, Jacquet et al. (2014) concluded that a negative relationship between pitch
and emotional arousal levels does indeed exist, and is further moderated by gender.

Much like with the research on intensity and timbre, there exists a limited amount of
current research on pitch, therefore indicating a research gap. Notably, the two available studies
regarding pitch contain a core contradiction. The research by Chuen et al. (2016) suggests a
positive relationship between pitch and HR, whereas the research conducted by Jacquet et al.
(2014) suggests a negative relationship between emotional arousal and pitch. While
physiological arousal (HR) and emotional arousal are not automatically linked, each are
common elements of stress and anxiety (Du et al., 2018; Croft et al., 2004). The findings of the

research studies by Chuen et al. (2016) and Jacquet et al. (2014) invites further investigation.

4.3.2. Tempo entrainment
When considering the above research studies, it becomes evident that the current

research topic is of a complex nature. The complexity being due to a lack of complete
understanding regarding all the variables involved, as well as of their relationship with one
another (physiological, psychological, contextual etc.) (lakovides et al., 2004; Juslin et al.,
2014). While reviewing the included studies, a theme of entrainment became apparent,
therefore conflicting with the suggestion that basic musical characteristics do not provide a
complete picture of psychophysiological responses to music. Tempo entrainment is the
synchronisation of internal physiology with an external musical beat. The sections below
discusses research studies included in the current scoping review that address the process of

tempo entrainment.
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4.3.2.1. Studies investigating tempo entrainment and psychophysiological correlates of
stress and anxiety
Tempo entrainment has been investigated as a facet of the ‘Iso Principle’. The principle

states that musical characteristics have the possibility to meet a listeners’ internal physiological
state, and that adjustments to said musical characteristics will lead the physiological state in
the same direction (Heiderscheit & Madson, 2015). Goldschmidt (2020) investigated the Iso
Principle by considering its effect on emotional arousal and EDA. The research utilised two
conditions for the experiment, namely; (1) the Iso Principle condition initially played at 60 bpm
and then ascended to 120 bpm, and (2) the control condition whereby participants listened to a
short story. When considering EDA responses, the Iso Principle condition showcased various
peaks in data when compared to the control condition, therefore suggesting that emotional
intensity increased along with an increases in tempo. Self-assessments of arousal using the
SAM (valence, arousal and dominance) test corresponded to the changes in EDA when
compared to the control condition, however; these changes were not statistically significant
(Goldschmidt, 2020).

4.3.2.2. Studies investigating tempo entrainment and physiological correlates of stress
and anxiety
Tempo entrainment was investigated by Kim et al. (2018) in terms of its impact on HR

as a physiological response. 30 participants partook in the study, being assigned to either the
experimental group or the control group. The control group listened to music at a fixed tempo,
while the experimental group listened to a tempo where live music was played to match the
participants’ HR, after a stress task was administered. The tempo was gradually decreased to
induce a relaxation effect in the experimental group, which is a strategy employed frequently
in music therapy (Kim et al., 2018). The researchers found that HR increased after the stress
task, however; there was no significant difference between the experimental group and control
group (with the tempo staying constant at 70 bpm). While HR was not significantly affected
by the constant reduction in tempo, self-reported stress increased drastically, therefore

indicating a stress-reducing effect resulting from tempo entrainment (Kim et al., 2018).

4.3.2.3. Studies investigating tempo entrainment and psychological correlates of stress
and anxiety
Synchronisation and entrainment of musical characteristics appears to be a growing

area of interest. An example being Fdldes et al. (2017) examining the effects of synchronised
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music on MRI gradient pulsation sounds to quell anxious and claustrophobic responses. The
study included two experimental groups, namely; one random musical group that listened to
songs in their original tempo, and a second synchronous group, that listened to songs with a
manipulated tempo that matched the sounds of the MRI machine. Participants were tested on
their levels of anxiety and feelings of pleasantness (measured by the STAI and VAS
respectively), with a control group that did not listen to music also being included (Foldes et
al., 2017). The results found that both music groups experienced significantly lowered state
anxiety when compared to the control group that did not listen to music. Additionally, the
reported feelings of pleasantness for the overall MRI experience were more pleasant for the
musical experimental groups than for the control group. When comparing both music groups,
no significant statistical differences were found in State Anxiety levels. While there existed no
significant difference in State Anxiety levels, the synchronous group with an altered tempo had
lower state anxiety scores and higher ratings of pleasantness regarding the experience than the
random music group. Féldes et al. (2017) theorised that the lack of statistical significance could
be due to the relatively low sample size (n=60), the changing gradient pulsation of the MRI
machine, or the manual tempo manipulation of the sounds. Overall, the research study indicated
that listening to music during an MRI examination can reduce anxiety levels and increase the
pleasantness of the overall experience (Foldes et al., 2017).

In another research study based on the entrainment principle, a pilot study was
conducted to determine the effect of a tempo-specific rhythm intervention on children with
Autism Spectrum Disorder (ASD) (Berger, 2011). Tempo was set at a slow pace of 60 bpm
with highly structured tempo interventions. The effects of these interventions were studied in
terms of common ASD behaviours, these behaviours included; systematic pacing, visual
contact, motor planning, reduction of anxiety, repetitive behaviours, and attention. HR was
measured for three of the sessions as well (Berger, 2011). Regarding the research conducted
by Berger (2011), participants were not passive listeners, rather, participants completed various
tasks, one of these tasks included marching and clapping to the 60 bpm tempo intervention
played on a keyboard. Controlled arousal (or entrainment) were key elements considered in the
research, and were clearly illustrated as affected by the interventions. Ultimately, the research
established that physiological function changed along with tempo intervention, as HR returned
back to baseline measurement during the rest periods (Berger, 2011). When considering the
research on tempo, a range between 60-80 bpm corresponds with the optimal range for
relaxation, and further corresponds with the pace of the average resting HR (Steelman, 1991,
de Witte et al., 2019).
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4.5. Conclusion
This chapter discussed the results of the current scoping study, which found 21

publications that fit the inclusion and exclusion criteria. Most of the publications were released
between 2014 and 2017, and include a heavy focus on tempo as a musical characteristic. The
review also established HR as the most studied physiological correlate, and emotional arousal
and valence as the most common psychological correlates. By reviewing the included research
studies’ objectives, it has become evident that the presence of varying aims in research has
influenced the methods undertaken to achieve an understanding of the psychophysiological
correlates of stress and anxiety and music. The inconsistency in approaches has resulted in
varying descriptions and ranges regarding musical characteristics, and could be a contributing
factor to the conflicting research present within the field. Chapter 5 will address will include

further suggestions relating to the results of this chapter.
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CHAPTER 5: CONCLUSIONS, LIMITATIONS, AND RECOMMENDATIONS FOR
FUTURE RESEARCH

5.1. Introduction

Chapter 5 firstly provides an overview of the results of the current scoping study. Munn
et al. (2018) mentions that scoping studies are still considered a relatively new form of review
utilised in research, therefore there are, clear limitations of the methodology. This chapter thus
addresses and methodological limitations, as well as any additional limitations of the present
research study. Chapter 5 also highlights key research gaps and related recommendations for
future research, based on the results of Chapter 4. Lastly, the current chapter draws a final

conclusion from the current scoping review.

5.3. Conclusions of the current research study
The present research study utilised an adapted scoping review method by Arskey and

O’Malley (2005) and Levac et al. (2010) to address the aim and objectives of the research. A
total of 21 research studies were identified and included in the current scoping review. Linking
back to the aim of the current research study, the amount of literature identified indicates that
there is a general research gap due to the lack of recent research studies within the field (over
a 12 year span).

Research gaps in terms of participant characteristics were evident, with there being less
research studies conducted on males and various ages and ranges. The numerical results
showed that ages within the 20s was more commonly studied than younger ages within the
child and adolescent range, as well as older ages over 30. Further considering participant
characteristics, most research studies included in the present scoping review were conducted
with population from U.S.A., while no studies were found to have been conducted with a South
African population. When considering the psychophysiological correlates of stress and anxiety,
RR was the least researched physiological response. Similarly, there were less studies that
investigated SCL/SCR and HRV responses. The numerical results also show that anxiety and
stress (measured through psychometric tests) and perceived relaxation were not commonly
studied in recent research. Lastly, when considering the numerical results, tempo was the most
common studied musical characteristic. The scope of research studying intensity, pitch and
timbre is limited in nature.

The content analysis (see 4.3.) revealed that there are contradictions in the responses
elicited psychophysiologically to a single music characteristic. It is often found that results are

incomparable or contradictory due to the operational definitions used in different research
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studies. Considering the research studies included that investigated the effects of tempo, this
point is especially relevant across all psychophysiological, physiological and psychological
correlates investigated. Looking at the definitions of ‘slow’ and ‘fast’ tempos used by van der
Zwaag et al. (2011), Krabs et al. (2015), Brownlow (2017), Stith (2015), Kazymov et al. (2014),
Hunter et al. (2010), and Juslin et al. (2014), these vary in bpm. Furthermore, musical
characteristics in isolation were not always considered, thereby the effect on the
psychophysiological correlates of anxiety and stress could not be solely attributed to a single
characteristic (tempo and percussiveness was explored together in van der Zwaag et al.’s
(2011) study).

Looking at the musical characteristics investigated, tempo had the greatest effect on
psychophysiological correlates of anxiety and stress, which may be due to the musical
characteristic being the most studied. However, conclusions can be made in terms of
corresponding results in the included research studies. Physiologically, the range of 60-80 bpm
corresponds to a resting HR, which makes treatments using this tempo promising for reducing
anxiety and stress. A 60-80 bpm also relates to the concept of tempo entrainment, which
suggests that the synchronisation of physiological responses of a tempo matching resting HR
can treat anxiety and stress (Foldes et al. 2017; Goldschmidt, 2020; Kim et al., 2018; Stith,
2015; Witte et al, 2019).

Taking a psychological perspective, generally an increased tempo resulted in an
increased emotional arousal. An elevated emotional arousal from fast tempos indicated that
tempo regulates emotion and can consequently be used to direct emotion during musical
treatment or intervention (Hernandez-Ruiz et al., 2020; Tamaliunaite, 2017; van der Zwaag et
al., 2011).

When considering the other investigated musical characteristics (intensity, pitch, and
timbre), definitive conclusions on the effect of the characteristics are difficult to make due to
the limited recent literature. Responses due to these musical characteristics are evident (Chuen
et al., 2016; Hernandez et al., 2020) however, contradictions do exist thereby necessitating
future exploration (Chuen et al., 2016; Jacquet et al., 2014).

The conclusion drawn from the present scoping review indicate that treatment through
the use of basic auditory and musical characteristics to reduce stress and anxiety is a promising
avenue of intervention. Further research is necessary to explore the effectiveness of different

music characteristics, as well as to find corresponding and non-contradictory results.
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5.2. Limitations of the study
A limitation of the current research study is that only studies written in English were

reviewed during the process. Only English studies were selected because the researcher was
solely fluent in the language, however it is notable that there may be studies covering the
research topic not in English.

While rigor was an adaptation to Arksey and O’Malley’s (2002) scoping review
approach, a possible limitation could be human error. Human error during the title, abstract
review and study selection was a possibility as there was no research team for the current
research study to counter review, as Levac et al. (2010) suggested. While this limitation was
addressed in the rigor discussion of Chapter 3 (see 3.2.6.), there was still a chance of human
error during selection.

A further limitation could be linked to the methodological design of scoping reviews,
as explained by Tricco et al. (2016). Scoping reviews do not include an appraisal of quality
when research studies are selected for inclusion. The lack of quality appraisal is in the nature
of scoping reviews as the objective is to map the breadth of information available. Thus the
thematic description may not be a valid and reliable summarisation of existing literature results.

Another limitation of the current research study could be the exclusion criteria, which
may have limited the scope of the literature. The current study took into consideration the
suggestions and comments of Coutinho (2011). Coutinho (2011) suggested lower level music
characteristics (timbre, tempo, intensity and pitch) should be investigated further as
complexities between emotions and music characteristics seemingly exist. Couthino’s (2011)
suggestion was utilised in the present rationale of the research, however it is possible that the
consideration of other music characteristics (mode, percussiveness, key etc.) would have

provided more scope and literature to be included in the review.

5.4. Recommendations for future research
A recommendation for future scoping studies is to follow Levac et al.’s (2010)

enhancements to the methodology. Including a team of researchers with bilingual capabilities
will not limit the research to a single language. Furthermore, there will be less likelihood of
human error during the scoping review process.

Considering the conclusions of the present research study, further investigation into the
field is warranted due to the limited scope of literature. As an additional motivation to conduct
research within the field, many of the research results are conflicting in nature, thus, by better
understanding the effects that music characteristics have on anxious and stress responses, music

treatments can be improved.
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Specifically, future research should focus on RR, SCL/SCR, HRV, stress, anxiety and
perceived relaxation as these were the least studied among the included studies. Similarly,
when considering participant characteristics, an additional focus on male participants would be
beneficial, as the majority of studies included in the scoping review investigated
psychophysiological responses of females. As with the research conducted by Jacquet et al.
(2014), gender was found to be a moderating factor of experienced valence when pitch changes
occurred. A suggestion for future research is for gender differences to be investigated in
relation to basic music characteristics, such as pitch, tempo, intensity and timbre. Investigation
into gender differences will provide additional insight into possible moderating relationships,
and further the understanding of music usage during MT, MBT or relaxation techniques to
quell anxiety or stress.

It would be beneficial to explore the effects of music in younger individuals (below 18
years), as well as ages above 30 years, as there is limited empirical evidence on these cohorts.
As with the recommendations on further investigating differences in gender and music
characteristics, the same suggestion applies to age. This investigation could build on the results
of Kazymov et al. (2014) which noted that older adolescents’ (age 17-18) preference for faster
tempos also decreased situational anxiety. Additional exploration into the relationship between
age, tempo, music preferences and mental illnesses could be considered. As Kazymov et al.
(2014) suggest, it is possible that music preference and felt emotions could be linked, and while
Hunter et al. (2010) investigated how current listeners’ feelings may impact music perception,
further research should be conducted to understand the full extent of the relationship.

South African research should also be an area of exploration, because as of the time of
the current research study, there has been no recent investigation into the effects of musical
characteristics on psychophysiological responses of anxiety and stress utilising a South African
population. An investigation into the South African population will provide local context of
the subject matter, which could also be compared to the current available research for
preliminary population differences. It may also provide insight into better management, coping,
treatment and intervention of anxiety and stress within a South African context and population.

Interestingly, Hernandez-Ruiz et al. (2020) remarks that there is a lack of
correspondence between self-reports and psychophysiological correlates of anxiety and stress
within their research study. The authors then suggest that both bottom-up and top-down
processing of musical characteristics should be investigated together so that a correspondence
in results can be explored and addressed. Future research should investigate both top-down and
bottom-up processing, much like the research conducted by Juslin et al. (2014). Juslin et al.
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(2014) considered changes in emotional arousal to a stimulus (tempo) — which is bottom-up
processing- as well as investigating the effects on the brain stem and episodic memory (top-
down processing). Research should further explore how these two processes interact with
different musical characteristics to find more effective treatment methods for anxiety and
stress.

Further considering contradictions in research, future endeavours should thoroughly
investigate and consequently select a bpm range that is standard across various studies to ensure
comparability. Considering a standard range, the current scoping review has shown that a
tempo range of 60-80 bpm is optimal for relaxation, and thus could affect psychophysiological
correlates of stress and anxiety.

Relating to a bpm within a range of 60-80 bpm is the concept of tempo entrainment,
studied by Fdldes et al. (2017). Considering Foldes et al.’s (2017) research, there is an
opportunity to further investigate how music can quell anxious responses to getting an MRI.
Due to there being no statistical significance between the two music groups in Foldes et al’s
(2017) study (one group with music synchronised to the MRI pulsation sounds and one with
music played at original tempo), additional research would expand understanding on the effects
of tempo on anxiety or stress. Foldes et al. (2017) mention that the lack of statistical
significance may have been due to a small sample size, thus future research should take this
into account and utilise a sample with more than 60 participants.

While tempo has been proven to have a large effect on stress and anxiety (see 4.3.1.1.)
-including the psychophysiological correlates of stress and anxiety- other auditory
characteristics should be investigated, such as intensity, pitch and timbre. Elicited responses
from changes in intensity, pitch and timbre might result in new opportunities to decrease
psychophysiological symptoms of stress and anxiety.

Additionally, the interplay between music characteristics could be an interesting avenue
of research with the goal to reduce anxiety and stress. As with van der Zwaag et al.’s (2011)
research, tempo, percussiveness and mode were utilised simultaneously in the research. Due to
this combined approach of music characteristics, definitive effects of tempo cannot be made,
however positive effects on psychophysiological arousal can be inferred from the results (faster
tempos resulted in higher emotional and physiological arousal, thereby inferring that slow
tempos reduce emotional and physiological arousal). The content analysis suggests that
combinations of certain auditory characteristics may be a promising treatment for anxiety and
stress. Moreover, future scoping reviews could focus on a larger range of auditory
characteristics as a starting point.
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