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Abstract

The emotional rgponse in soundscapes has long been the centre of the soundscape field.
Despite the efforts alesearcher and practitioners, the results on emotional response remain
fragmented and inconsistent. This thesis aims to systematically explore the emotional
responses in soundscape. By adopting theory from emotional study, this thesis aims to view
the subgctive assessment of the acoustical environment through the lens of emotional
processes.

The thesis started with a case study (Chapter 4) to identify and explore all acoustical and
environmental stimuli that have the potential to influence emotional regsponhe case

study was conducted esite and provided a preliminary examination of the identified stimuli.
The identified stimuli included weather conditions (daylight difference and thermal
conditions) and sound types (street music, shop music, tratfrads machinery sound and
fountain sounds). Six mood states were studied: anger; confusion; depression; fatigue; tension;
and vigour. The results showed that | ighting
mood states; music from street performanegsices negative mood states; music from shops
increases negative mood states, especially tension; and nature sounds hasigaifrcamt
influence on mood states, as do monotonous sounds such as traffic and machinery.

The second and third studies (Clapt5 and 6, respectively) further examined the stimuli

that were found to have a significant influence on emotional responses in the initial case
study in the laboratory setting. With the controlled environment of the laboratory, the results
of the two stidies eliminated bias from the result of the initial case study. The study in
Chapter 5 focused on the effect of sound types on emotional responses and the study in
Chapter 6 focused on the environmental context and aimed to identify their effect on

emotiaal responses when perceiving acoustical environments.
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Chapter 1 Introduction



1.1 Background

A soundscape is defined by the International Organization for Standardia&@n2014 as

an fAacoustic environment aumndergteod byea persoth oro r e >
people, in contexto. The key of the soundsca
different from acoustic research, where the objective properties of the sound are the focus;
instead, soundscape focuses on how pepgteeive sounds. If the subjective assessment of

the sound is the focus, then the subjective feeling is also involved. This is also explained in
ISO/FDIS 129131, where the emotional states of a person can affect his/her responses
towards an acoustic emgnment (SO, 2014).

Soundscape as defined by 80 (2014) consists of seven main concepts: context; sound
sources; acoustic environment; auditory sensation; interpretation of auditory sensation;
responses; and outcomes. Mood/emotions are directly idalv three of the concepts in
soundscape, namely context, response and acoustic environment. Mood/emotion also
indirectly affects the outcomes of the perceived soundscapes. Within the definition of the
soundscapes, mood/emotion are defined as part afothtext and, as such, has an effect on

the response of the acoustic environment; in turn, it can affect the outcomes of the perceived
soundscape. In the definition provided by 8® (2014), there is no description of the
relationship between mood/emotgoand auditory sensation or interpretation of the auditory
sensation. In fact, these two concepts have an important role in the formation of the
mood/emotion (see Section 2.1.4). Regardless, extensive studies have been conducted in an
attempt to understarttie relationship between soundscapes and mood/emotions.

One of the most important studies in the relationship between soundscape and emotional
responses was the development of the Principle Component Model (PCM). The model uses a
mixture of the three emioinal dimensions (pleasantness, eventfulness and familiarity) to
represent the emotional nature included in all sounds. This model enables the study of

2



emotions in soundscapéaxelsson, Nilsson & Berglund, 2010)he PCM was developed

from the core affect model of the emoti(Russell, 2003and both models share the same
dimension and orthogonal model structurmwever, the two models also share tlaens
disadvantages. The core affect model cannot sufficiently distinguish between some of the
mood/emotional categories. This insufficiency has also been translated into the PCM despite
efforts made at improving the model lbycover and additionadimensioni familiarity.
Nevertheless, the PCM has been widely utilised in soundscape research and its development
has provided the foundation for mood/emotional studies on soundscape.

A number of soundscape studies have attempted to explore the effect of soenoscap
emotions/moods by assessing these factors through H@GBI.majority of these studies
focused on the subjective quality of acoustic environments (such as the annoyance or
pleasantness of sounds) that have been studligthugh the three emotional dim&ons of

the PCM was sufficient for the aims of these studies, there was no systematic exploration of
the fundamental relation between the acoustic environment and emotional responses, for
example, how and why a certain emotional response was elicitedh lagoustic stimulus.
Further, no effort was made to study how soundscape will influence the distinctive emotions
beyond pleasantness, eventfulness and familiarity. This is largely due to a simplified
understanding of the emotional development processethdhe emotional responses in the
soundscape are mostly treated as outcomes rather than complete processes. This
simplification has hindered an understanding of the relation between the perceiving process
of the acoustic environment and the emotionatgss.

The threedimensional model of PCM only explains emotions as a combination of only the
three dimensions. A distinctive emotion such as anger cannot be defined by a specific
combination of the three dimensions. On the one hand, the emotion respefised dy

PCM is rather a prototype of emotions, rather than distinct emotions. An understanding of the
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fundamental mechanism of the emotional process, on the other hand, enables the examination
of distinctive emotions. The mechanism (see Section 2.2ai@sphow a distinctive emotion

is formed as a result of a process, rather than how it has been perceived as an outcomes. If the
understanding of the emotional process is implemented in research studies, this can explain
why a person feels a distinctive etoo, what factors have caused it, and how exactly the
factors caused it. This information is invaluable to researchers and designers alike, as it
provides control over the source of the emotional responses rather than the factor(s) that
contain the sourceA fundamental understanding of the emotional process, then, provides
more possibilities when one intends to enhance or reduce certain emotional experience(s)
from an environment. Returning to the PCM, the results only allow for methods such as the
removad, adding or covering (e.g. sound masking) of a certain stimulus from the environment.
An understanding of the emotional process, however, means that it is possible to modify an
existing stimulus to achieve a different emotional experience without thevaénoo

introduction of stimuli into a given environment.

1.2 Research aims, questions and objectives

1.2.1 Research questions

This thesis seeks to explore the fundamental relationship between emotion and soundscape.
By examining the distinctive emotional responses to soundscape stimuli, this thesis aims to
provide a systematic knowledge of the relationship between soundscapenatioins. The
emotional responses were explored in categories, such as in distinct emotions like anger or
tension. This implementation of distinctive emotion types and emotional categories was
adopted with the aim to find more information between soundsaag emotions, where the

PCM fails to do. Soundscape stimuli that were explored include sound types, sound level,

environmental context (visual and audio), weather condition (temperature and daylight) and
4



nonenvironmental factor (gender). The urban sgtis selected as the primary focus for the

thesis study, as the rich sound types and environmental diversity of the urban setting would

provide variety in stimuli for the thesis study.

The research questions of the thesis are as follow:

1. How does the sowscape of urban public spaadfect mood or emotions?

a.

b.

Doesurban public soundscape affect mseod emotions?
Doesurban public soundscape impromeharm(increase or decrease positive
or negative emotionaesponseshe mood or emotiors felt in the

environmeng

2. How do sound types affect mood and emotions in urban contexts?

a.

Do different types of sound ian urban public environment affect moods or
emotions?
Do specific sound tygamprove or harm the moods or emotions felt in urban

public spacs?

3. Howdoes environmental context affect mood and emotions?

a.

When listening to urban sounds, do different contexts in urban public spaces
affect moods or emotions?
When listening to urban sounds, do specific contexts (other than urban public

space) improve or harthe moods or emotions felt?

1.2.2 Research objectives

Objective 1

The first objective (responding to the first research question) of the study is to set up the

foundation of this thesis through using a case study to investigate how people react in a real

ur ban

setting wi t h mi ni mum interference
5
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environmental factors such as weather condition and sounds wgesobserved and
investigated in this study. The information extracted from this case study will be used as
basis for the two following studies (the two following studies refer to Chapters 5 and 6,
respectively). The information thhtisbeendetermined includes:
1 Identifying sound types that present within an urban public context;
1 Identifying environmentatonditions that have the potential to affect mood/emotional
response;
1 Identifying sound types that elicit a significant mood/emotional response; and
1 A preliminary data analysis of any identified factors (sound types and environmental
conditions) in relatio to mood/emotions.
Although statistical analysis will be carried out to identify any potential relationship existing
between each factor and the mood/emotional categories, biases in the results are expected, as

the onsite condition cannot be completelyndrolled.

Objective 2

The second objective (responding to the second research question) is to examine the sound
types identified to have a significant effect on mood/emotions in the previous case study (see
(objective 1). This object will be accomplishéy laboratory study and utilising sound
recordings and audio replays based on the previous case study (see objective 1). The
experiment will first try to recreate the mood/emotional outcomes from the case study to
determine the difference between the-sie (natural) condition and the laboratory
(controlled) condition. Subsequently, statistical analysis will be carried out across different
sound recordings to try to identify the possible effect of individual sound types or
combinations of sounds towardschasound category. To answer research question 2, the
following sub research questions were asked and explored:
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1 How does sound type affect mood/emotions?
1 How does the sound level affect mood/emotions?
1 How does social demographical differences affect moootiens?

1 Are there any other contexts beyond sound that affect mood/emotions?

Objective 3

After exploring the aspect of sound and listeners, the third objective (responding to the third
research question) attempts to examine how different environmeotakexts affect
mood/motional outcomes when perceiving an acoustic environment. Environmental context
is a crucial part of the interpretation of a subjective soundscape experience, and context can
have a significant effect on the perceived soundscape tyqudli is expected that
environmental contexts will have the same effect on the interpretation of mood/emotions as
sound types. The third study will attempt to answer research question 3 by asking and
answering following sub questions:
1 If and how do contas affect mood/emotional states when listening to sounds in
general?
1 How does context affect mood/emotional states when listening to different types of
sound?
1 How do audio and visual stimuli in contexts affect emotional responses when
perceiving an acoustienvironment?

1 How does gender differences affect emotional responses under different contexts?

1.3 Thesis structure

This thesis consists ohecasestudy,two laboratory studies and a chapter that synthesises

the resultof all three studies bgliscussing their combined achievement, limitations and



potential implications of the studies. The three studies (corresponding to Chapters 4, 5 and 6,
respectively) can be viewed as a collective
soundtypesad environment al context on distinctivi
(chapter 4)s in response to research question 1, to invstigate general effect of urban
soundscape on moods or emotidhgalsoasa preliminary case study conductedste that

aims to provide a reaborld basis (and the results from the study) for comparison with the

two subsequent studies (objectives 2 and 3). The second and thirdGhagyer 5 and 6
respectivelyshare similarities in terms of research method anetssgarch questions; the
difference is that each of the two studies is concerned with one major factor in the

soundscape. One of the studjelsapter 5)s focused on effect of sound (types and sound

levels) on emotional responses the other s{adgpter 6)s focused on the effect of

environmental context (visual and audio) on emotional responses. As all three studies require
human participants, the impact of the social demographical difference on mood/emotions was
explored across the three studies. Chapmihesises and complements the three original
studies, and consists of a discussion of the combined findings, contributing to

mood/emotional studies in soundscapes and implementations across all three studies. A
detailed synopsis of the individual chapstavill now be set out.

Chapter 36l nt roducti on6 1introducesincludingaglaaceatar c h
the existing literature in soundscape studies that involves moods and/or emption$o

briefly discussing the gaps and inefficiencytle litelature. This chapter demonstratibe

potential effect of this thesis on mood and emotions in the soundscape field. The aims,
objectives and structure of the current research twe=migalso set out here, along with the
research questions.

The first part of Chapter-d Li t er at ur e a detaile@ re\iew pfrthe \existng s

literature that has in some ways provided an understanding of the relation between
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mood/emotions and soundscapes. This review provides an explanatgiruafires and
inefficiencies in emotional related study within fieldsfundscape. Methods of exploring the
emotional aspect (including machine learning and mapping) were also reviewed.
Subsequently, the literature review also covers the emotional theories beyond gmeindsca
studies, through adopting a holistic understanding of the emotional process. This chapter
concludes with how an integration of the appraisal theory of emotion (which explains the
emotion forming process) can be beneficial for soundscape research.

Chapte 3-6 Met hods and met h stahadaid prgcgdiure and method usedsn t h e
soundscape researches, gesaeral methods implemented in the three studes explained.
Thisincluding audio recordirgy audio replay, questionnairasd data analysisethods. This
chapteralso explains how implicit reactions were implemented in the thesis researches.
Chapter4d6 Ef f ect of soundscape on mood states in
st udy 6dhewtpelemviroamental aspects of urban publcespe af f ect peopl e
emotional responses. This stuagstried to distinguish the explicit conscious emotional

process from the implicit unconscious emotional proceas iattempto observe a natural

emotional reaction. Data were collected through thé&lBmf Mood States (POMS) and

analysed statistically. Six emotional categories (anger, confusion, depression, fatigue, tension,
and vigour) were examined against the observed acoustical and environmental stimuli

(including weather condition, sound typasd visuaktontexts). Statistical analysis was

conducted to identify whether the observed stimuli had a significant effect on the six

categories of emotional responses. The stimuli observed with significant or potential

significant effects were then furthexamined in the following two laboratory studies

(chapter 5 and 6)

Chapter56 Ef fect of sound types of an urban envi

relationship between three urban sound types (street music, traffic sound, and fountain sound)
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andsix emotional categories (anger, confusion, depression, fatigue, tension, and vigour) in a
controlled laboratory setting. Similarly, this study also distinguished the explicit conscious
emotional process from the implicit unconscious emotional processtioral emotional
responses. The three sound types were combined in four sound clips to stimulate the sound
conditions of an acoustic environment. The reverberation time was also modified to match
the targeted outdoor urban contexts. The POMS questionmasresed to observe the

emotional reaction of the three emotional categories after listening to the four sound clips.
The data was then analysed statistically and interpreted through the lens of the appraisal
theory of emotion. This was done in order toyide a fundamental understanding between

the emotional responses and sound types.

Chaptered Ef f ect of the environmental context per
mood statesod i nv e sutbangantexésadn eimbtienaleeporseen o f non
appraising urban sounds. Three sound types (street music, traffic sound, fountain sound) and
three environmental contexts (courtyard and monk chanting scenarios specific to a Buddhist
temple, Alpine meadows) were combined to create 12 groups of sisdiaudio stimuli.

Multiple audio playbacks were performed. The experiment was designed with the implicit

and explicit emotional responses in mind in order to observe the natural reaction of
participants. The emotioneg¢sponses to each stimuli group emercoded through the POMS
guestionnaire and the data was analysed statistically. Interpretation of the result is based on
an understanding of the appraisal process. The effect of therban contexts was analysed

not only based on the differences betweach context but also on the environmental factors
thatcomposed of eaatontexts. This study has provided a systematic understanding between
environment and emotional responses that are beyond acoustical stimuli in soundscape

studies.
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Chapter 76 Di sicounsés pr esents the conclusions and re
(Chapters 4,5 and 6), following analysis and comparison. Discussions were made according

to the three research questions. The discussions were also made from the perspective of each

of the six emotional categories that have been studied. Moreover, the conclusions and
discussions integrated the findings of the three thesis studies and provided a holistic
understanding of the fundamental system of emotional reactions to acoustic enmteonme
Chapter8 Concl usi on and future workso6 concluded
three research questions and-gulestions. Theffects of sound types, contexts and gender
difference on emotional responses weavacluded. The intercorrelati among the findirg

of all three studies were concluded. This chapter also sets out the direction for future studies

to facilitate the further development of emotional studies in soundscapes.
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Chapter 2 Literature review
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To better understand thateractions between soundscapes and emotional responses, this
chapter reviewed current soundscape literature that involves emotional consideration in the
research process or results. Established emotional dimensions in soundscape were also
discussed. Fatwing the review of soundscape literature, this chapter reviewed the formation
process as understood within the field of psychology. A discussion of an emotional forming
theory (the appraisal theory) and its potential integration with soundscape resaaratsov

made.

Figure 2.1 shows the structure of this chapter and explains the current state of emotional
study in soundscapes. The figure also indicates what is lacking, following the psychological
theory that explains the emotional procésappraisal thery, and why soundscape should

adopt the theory to reinforce its shortcoming.

Structure of literature review

-
| 2.1 Studies of emotion in Y | 2.2 The emotional approach - the )
soundscapes | appraisal theory |
I, L :
| The existing soundscape literature that | I (Bmotion holoay dofi ; |
involves emotional responses | e i S e i |
| L J | | emotions are the result of subjective
| [ The lack of a systematic approach 1L | e J I
I resulting in results regarding emotional | | I |
responses are inconsistent and frag- | . \
| (mented J I [ Distinct emotions have distinet core
I ( difficul dv individual - \ | | | relational theme and patterns of I
| ifficult to S(;I'lfy 1111 “1d}13_ emf’tﬁ(’“ | I appraisal components. Emotions can |
Epe‘s as its difficu tt_oh ISEEULS i I be distinguished from each other based |
| ‘etween e(;nlo‘tmns with current sound- I | on the difference in pattems.
‘kscdpemoes J1 L J1
————— ﬂ—————’ ______I_____‘
I L 2 -

2.3 Appraisal theory and
soundscape

[

- .
| | The appraisal theory provides an emo-
tional process model that enables a

I systematic study of emotion in sound-

| | scapes that is beyond the pleasantness or
I chcntful and familiarity dimensions.
|

|

|

I

v

{ 5

appraisal process can be adapted to
soundscapes to provide theoretical
foundation for systematic study of
emotional response and specific emo-
L'rion types

— o —— — o — — —

J

— e o o o . o o

Figure 2.1Key points and thetructure of the literature review (chapter 2)
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2.1 Studies of emotions in soundscapes

Before looking into the current soundscape research, tirawould like to clarify some
vocabulary uses in the following section (section 2.1) to avoid confusima.use of the
words O6emotiondé and O6emotional d in this cha
referring to both acute emotion (shtetm) and mood (longerm). Unless specified, the

words do not refer to either one specifically.

2.1.1 The concept of emotion

Unlike soundscapes, emotion has no single definition. As a scientific term, emotion involves
both physiological aspects such as nas/systems(Ekman & Davidson, 1994pand
psychological aspects such as appra{@dseman & Smith, 2001)in a survey study
regarding the definition of emotions, 1zaf2010)interviewed 35 researchers across several
fields of research including: behavioural and cognitive neuroscience, computational cognitive
science, and clinical cognitive, developmental, and social psycholsgiealce. Through the
interview results, Izard summarised six structural aspects including: 1) processes, 2) response
systems, 3) feelings or feeling state, 4) expressive behaviour, signal system, 5) antecedent
cognitive appraisal, 6) and cognitive intexfation of a feeling state; and nine relatively
functional aspects of emotions including: 1) recruits response systems, 2) motivate cognition
and action, 3) organises, orders and coordinates responses, 4) monitors or assesses the
significance of events, $rovides information or meaning, 6) relational, 7) social, 8) controls
responses, and 9) motivates behaviour characterised primarily as approach or withdrawal.
Although the survey itself did not provide a complete summarisation of all potential
definitions included in the emotions, it did indicate the complexity involved in the word

emotion within research contexts.
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In soundscape, it is generally accepted that emotion is a combination of pleasantness,
eventfulness and familiaritfAxelsson, Nilsson & Berglund, 201,0he three dimensions of

the PCM.The three dimensions of the PCM ina strugttr s ense are more aki
or feeling stated and oécognitiv@OolO)studyer pr et
However, the three dimensions cannot accurately represent individual emotions nor do they
explain the process of how emotion is formed (see Se2tR)nThis notion of complexity in
individual emotions was also recorded in 1z

explaining that different emotions have different structure functions.

2.1.2 The Principal Component Model

The PCM is a 3limensionh model developed through principal component analysis to
evaluate subjective soundscape perceptions. All three dimensions are bipolar dimensions and
explain 50% (pleasantness), 18% (eventfulness), and fé#filiarity) of the soundscape
perception, respegely (Axelsson, Nilsson & Berglund2010) There were also eight other
components discovered alongsitie three major ones which explains the other 26% of the
variance. However, due to their small percentage in the interpretation of variance (1% to 3%
each), they cannot be interpreted meaningfully, hence excliitiedpleasantness dimension

is correlated wh the emotional valence, which determines the positivity or negativity of a
given emotion. The intensity of the mood/emotion is indicated by the eventfulness dimension,
and this dimension is correlated with emotional arousal. The third dimension, faynilia
lacks direct association with emotion; instead it is an attribute of perceived sound in relation
to listener, which can affect the interpretation of mood/emotion outcomes as well as
soundscape quality. The PCM is widely used in soundscape studieses the quality of an

acoustic environment.
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The model 6s devel opment was heavi-dmensiomalf | uenc
model that attempts to categorise mood/emotions through the attribute of pldiapleasure

and activatiordeactivaton (seeFigure 2.3 (Russell, 2003)The similarity of the two models

can be observed in the consistency of the dimensions, where pleasure is similar to the
pleasantness of sound(s), and activation is similar to the eventfulness of sound(s). The core
affect model is able to explain an enooial episode through a combination of the two
affective qualities, pleasure and activatibtence, lhe similarity of the two models provides

PCM with the ability to evaluate mood/emotional aspect within the subjective soundscape
perceptions, thus provindhe effectiveness of the PCM in assessing general soundscape
qualities PCMG6s ability in deter mine (admatomalt i ve (
Organization for Standardization [ISO], 201Blowever, the similarity in the two dimensions

also indiates the insufficiency of the core affect model in explaining categorised emotions
(Russell,2003) In other words, in attempting to explain categorised moods/emotions, the
PCM cannot sufficiently separate the similarities between some of the emotions (e.g. fear and
anger).This insufficiency may potentially derive from the methodology undeglyhe PCM

and core effect model. The PCM has tried to capture the complex outcomes of emotional
responses that may contain multiple numbers of distinctive emotions into a relatively
simplified model (which contains three emotional dimensions). The PG imay be
sufficient for providing a general summarisation of emotional responses in a given acoustic
environment (in terms of whether the emotional outcomes are good or bad and their intensity),
but the model does not account for the function of theespaccupied by the sounds) nor the
intension of its users. The interaction between the physical environment and the person
occupying it plays an important role in the forming and changing of emotional responses

(Lazarus, 1991)see future discussion in the persmvironment relationship in section
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2.2.1.1).Hence, when considering distinctive emotional categories, it is necessary to identify

and develop their dimensions or factors through means such as factor analysis.

Eventfulness A

Familiarity

Pleasantness

Figure 2.2demonstration of the three perpendicular dimensions of the principal component model (often only
two of the three dimensions are selected and drawn depending on the focus of a study)

ACTIVATION

Tense Excited
Tittery Ebullient
-‘ Elated
LUipset { Hapgry
Dristreased "-.__L | -
DISPLEASURE e PLEASURE
[ . Serene
Sad l_.-' "-\._ VT
Gilloormy ‘ ., Contented
Tired | /
Lethargic Placid

— | Calm

DEACTIVATION

Figure 2.3. Core Affect(Russell, 2003)shows the two perpendicular dimensions (pleasure and deactivation)
and eight combinations of prototypical emaso

2.1.3 Development of more emotional dimensions

Although less used, there have been a few attempts to develop emotional dimensions beyond

the PCM. In a series of studies regarding hospital ward sounds, Mackrill and colleagues
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di scovered and i mplemented O6érelaxationdé and
di mensi ons. The oOrelaxationd di mension meas
6i nterest and understandingd di mension meas
(Mackrill, Cain & Jennings, 2013; Mackrill, Jennings & Cain, 2014; Mackrill, Cain, Jennings

& England, 2013) Although these two dimensions are seemingly different from the
dimensions contained in the PCM (pleasantness and eventfulness), they are still within the

scope of the PCM but only more geared towards a specific environment (hospital wards). The

O0r el &x atiinmbemsi on is a combination of Opl easa
and understandingd dimension is a combinat:i
6unf amfFibure2.)i.t yTovno ot her di mensi ons O6ca&d mness

for soundscape, with the aim to capture how the listener feels when perceiving urban
soundscapes, 1arder to better guide urban planné@ain, Jennings & Poxon, 2013gain,

despite differences in aims, the tgonension can 8t be explained through combinations of
pleasantness and eventfulnébgure 2.3). The similarity in both sets of dimensions with

PCM is likely due to the audio stimuli used for the studies. What is of interest, however, is

that although the two sets dimensions share the same emotional framework with PCM, the

axis of the twedi mensi onal model -shmpl ¢ &s anftrébo-ma nodp |
uneventful 6 t o OPpluempd ®ats amind ard e utnfewled t f ul
uneve-atuhpl éaeventiut(Figare2d3). In addition to attributing this shift to the

audio stimuli used in these studies, the other factor involved was the environment that the
studies focused on, in this case hospital wards and urban environment. Therefore it is
reasonald to assume that different environments and their soundscapes would be associated

with a different set of mood/emotions, and that fully explaining these moods/emotions may

even require vastly different emotional dimensions.

18



2.1.4 Mood and emotions irdifferent sound type

Although mood/emotional related soundscape studies have rarely been carried out
categorically in terms of mood and emotions, the sounds themselves have always been
studied separately in terms of type, context and function. Among Htedes, there are

varieties of mood/emotionally related findings. As such, this section summarises these
findings and aims to identify existing indicators, factors, functions and mood categories that
have already been identified in the field. The struectir the following subsections will be

based on sound categories with the last paragraph containing a brief conclusion and key

information for both experimental designs and result interpretations.

2.1.4.1 Music

Whereas some studies have focused on thedfaowtional aspect of soundscapes, other
studies provided some direct relations that exist between categorised mood/emotion and
sound. Music is commonly associated with expressing emotions. The research by Aiello and
colleagues was based on mapping soufokination to geographical locations; the findings
revealed that streets with music were more likely to be associated with strong pleasant or
unpleasant emotior(®iello, Schifanella, Quercia & Aletta, 20180 a home environment in
contrast, listening to music was found to result in a more positive perception of the acoustic
and visual stimuli of the space, togetheith improved mood state€Steffens, Steele &
Guastavino, 2016)Further to the simple pleasures and the unpleasant response of music
listening, another study suggested that music could affect the psychobiological stress system
and help speed ugtress recoveryThoma, La Marca, Branimann, Finkel, Ehlert & Nater,
2013)

Some research also attempted to examine the effect of music through physical installations.

Il n Steel e, Tar | ao, @016)dhe iastalatioGaf ansnterctiversauidds st
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system within a public park was pdcontrieure t o al
to a pleasant and calm perception of the surrounding area. Another study explored the effect

of the O6Sea Organé (located in Zadar, Croa
produces musHike organ sound through the action of sea®g The study revealed that the

sea organ, although consisting of a high rating of objective parameters (i.e. acoustic energy,
spectral properties, fluctuations and tonal properties) which would suggest a negative
perception for an acoustic environmengsaperceived as the most positive environment (in

terms of appropriateness, expectations and overall perception sound environment) from
among other locations in Zadar) ambr ogi |, Horvat & Domitrovil
Some studies focused on brain activities during music listening. For example, a study
revealed that music timbral and musical publnd tonality activated different cognitive

circuits (Alluri, Toiviainen, Jdkeldnen, Glerean, Sams & Brattico, 2012)lusic timbral

would trigger activities in the cerebellum, sensory cortical area, and default mode network
cerebrocortical areas. Musical pulse and tonatiyld activate cortical, subcortical cognitive,

motor and emotiomelated related circuits. This result suggests that the musical feature of

pulse and tonality would have a greater effect on mood/emotions than t{luail et al.,

2012)

2.1.4.2 Human sound

Human sounds are very common in urban as well as some other environments (e.g. hospital
wards). Humansounds are usually associated with eventfulness within an urban context.
(Axelsson et al., 2010; van den Bosch, Andringa, Post, Ruijssenaars & Vlaskamp, 2018;
Viollon & Lavandier, 2000) Axelsson and colleags discovered that human sound in an
urban context not only indicated human activities, it also weakly but positively correlated

with pleasantness. This positive correlation was also found in other s{édiids et al.,
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2016; Dubois, Guastavino & Raimbault, 2008}her studies indicated that human sound did

not significantly affect soundscape preferefiaa, Kang, Behm & Luo, 2014)

Most studies consider human sounds as being associated with urban space. Beyond urban
contexts, however, the human sound in some cases was observed to havera ekeetti

One study observed that a historical location with dominant human sound had a negative
effect on perceived soundscape qua(Pgez-Martiez, Torija & Ruiz, 2018) suggesting

that the effect of soundscape on mood/emotions is affected by the environmental contexts as
well as sound types. Moreover, other findings have indicated thatepesipg hearing aids

would also have a negative perception (annoying) towards the human(S&agerstrand,
Stenfelf Arlinger & Wikstram, 2014) To what extent does the human voice itself contributed

to such perception is unclear, but it is obvious that social demographical factors would have

an impact on the emotional perception of soundscapes.

2.1.4.3 Naturasound

Natural sound is extensively studied in soundscapes and results general agree that natural
sound is very well accepted in terms of perceived pleasantGesstavino, 2006; Péez

Martiez et al., 2018) A study byAxelsson, Nilsson, Hellstrém and Lundé (201#4)entified

that the perceived magnitude of natural sound enhanced the subjective soundscape qualities.
Natural sounds were also reported to be generally prefered in an urban squexe vebimt

some variation between different age gro(yyang & Kang, 2005b)Furthermore, the effect

of natural sound is beyond pleasantness improvement. Some studies suggested that natural
sounds contributed to mood/emotional recovery. In a mood recowgly, participants were
presented with a stregsducing video that elicited discomfort and negative moods;
subsequently during the mood recovery period participants were presented with one of the

following sound stimuli: natural sound; natural sound withice; natural sound with
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motorised sound; or no stimulus. The results indicated that natural sound, compared to other
accoustical stimuli or stimulus groups, does show an enhanced mood recovery speed.
(Benfield, Derrick Taff, Newman & Smyth, 2014Another stdy used a similar design, an
arithmetic task as a stress inducer, and skin conductivity levels as the stress recovery
indicatoMedvedev, Shepherd & Hautus, 2019he results of this study supported the
findings of Benfield et al. (2014) with further physiological evidence. The restorative nature
of natural sound was also found the relaxedstressed semantic scale where the sound
moved the perception of soundscape towards a relaxation of théMealaill et al., 2014)
Although it was found that natural sound has a gdnassociation with pleasantness, this
pleasantness was also found to be affected by social demographical differences. Yang and
Kang (2005b) found that among different age groups, the preference towards quiet natural
sounds, and appreciation of the soundreasd with age; this increase was especially obvious
with elderly people around the age of @@ang & Kang, 2005h) Some studies have
suggested that the effect of natural sound might not be all positive. One study revealed that
natural sound had no sificant effect on mood/emotions after performing a mental
arithmetic task, instead they discovered that natural sound with high acoustic variation such
as bird sound could impact the performance of the task negatiVelybold, Luton, Cox &

Gould, 2017) This result suggests that the effect of natural sound comes from the acoustical
variation of the matural sound. Result also inditadgd acoustic variation has the potential to
interrupt conscious mental processes and more importantly the positive effect of natural

sound might not be an inherent property of the natural sound.

2.1.4.4 Water sound natural sound

Water sound is one ofi¢ most discussed sounds in the study of natural sound. Water sound

is also associated with pleasantn@B@éez-Martiez et al., 2018)and eventfulnesgleon,
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Hong, Lavandier, Lafon, Axelsson & Hurtig, 2018 a type of natural sound. Some water
sounds (e.g. river) also reveals a restorative effect towards stress recovery and mental energy
in terms of recovery speddahncke, Hygge, Halin, Green & Dimberg, 20M/ater sound is

not only associated with positive perceptions but also negative perceptions. Ralsten Ekman,
Lundér and Nilsson(2015) found that soft variable sounds produced by small fountains
evidenced a high temporal variability associated with the pleasant rating of the soundscape,
whereas steadstate sound produced by high floate fountains was associated with the
unpleasant rating of the soundscape. The results of this study suggattbe teadgtate

water sound is inherently unpleasant. Jeon ef28ll8) gained a similar result where they
found lowtemporal variability, higkenergy and higirequency water sounds to be
associated with an unpleasant perception of the scapeé. Both studies indicated that
pleasantness was not necessarily an innate feature of water sounds, but rather was dependent
on the temporal variability of the sound.

Other studies have pointed out that the positivity of water sounds could be misleeding
they found that the positive effect of water sound was not a direct result of the sound itself
but rather the masking effect provided by the sound. Axelsson €044)found that the
positive soundscape quality rating of a park was the result of how much the audibility of the
fountain sound féected the audibility of other sounds (e.g. traffic and other natural sounds).
They also found that this masking effect was not the result of sound levels difference (an
objective property) but rather the effect of the perceived loudness of the givemh (®oun
subjective property)(Axelsson et al.,, 2014)A few other studies pwided additional
information regarding limitation of the masking effect of water sounds. For example, the
masking effect provided by water sound was limited to low temporal variability target sound
(Coensel, Vanwetswinkel & Botteldooren, 20118on, You, ke and Kang (2008) found that

the water sound masking effect was most effective when it matched the sound level of the
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target sound; effectivity received diminishing result when the target sound went beyond 85dB
(Jeon et al., 2008). In a later study, tkep e ci fi ed t hat o&éstreamb and
more effective maskers and clarified that the water sound should be no less than 3dB below

the target soundJeon, Lee, You & Kang, 2010Re®arch regarding water sound has
revealed that the correlation between sound types and mood/emotions may not be
straightforward. As the literature has shown, not all water sound was related to specific
emotional outcomes, rather it was dictated by soungepties such as loudness and
variability. This also indicated that the effect on emotional responses resulting from the

presence of water sound were not caused by the water sounds per se.

2.1.4.5 Bird sound natural sound

Birds sound is another naturalusml that has been widely studied, and has been observed in
association with pleasantness and eventfulness in natural gbloms & Jeon, 2013; Jeon et
al.,,2018) I n Hao, K a n(2P16stady théyFound that bird sound as a masker

for traffic sound, its loudness and occurrence rate, had a significant effect on perceived
pleasantness, annoyance and naturalness of a soundscape. This effect on perceived
soundscape quality was, however, only significant in low sound level traffic environments
(42.5 to 52.5 dBA), whereas, for a noisy traffic environment (57.5 to 67.5 dBAputieess

and occurrence rate of bird sound evidenced small to no effect on the soundscape quality
(Hao et al, 2016) In another study, it was found that bird sound could significantly improve
pleasantness and eventfulness of the traffic soundscape of roads with different traffic volumes
(3,700 vehicles/h, 600 vehicles/h and 100 vehicles/h), whereas fosataid only improved

the pleasantness of the road soundscape with low traffic volume (100 vehi@Bes#hsel et

al., 2011) Notably ,the radt of the limited effect of fountain sound may be due to the

steadystate sound used. Nevertheless, this might indicate that bird sound has a stronger
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effect compared to other sounds (such as water sound) in terms of improving the perceived
quality of a sundscape. Different from water sound, bird sound did not appear to
significantly correlate with soundscape feature such as spatial and temporal variation (e.g.
near and far, steady and smoo{Péez-Martiez et al., 2018) Bird sound was also
associated with heath anxiety (referring to fear caused by the misjudgement of bodily change

or feelings) (Abramowitz & Braddock, 2008). Dzhambov and Dimitr®@il4) found that

the Oappreciation of Dbird songsd was one of
the predictive power depended on a personod
indicates that awareness of stimuli coblve a significant influence on the effectiveness of

detecting mood/emotional outcomes.

2.1.4.6 Traffic sound

In soundscape studies, traffic sounds were usually targeted as a negative sound that needed to
be mitigated, avoided or maskgaixelsson et al., 2014; Schmsy Koeman & Jabben, 2008)
Water soundRalsten-Ekman, Axelsson & Nilsson, 2012nd bird soundCoensel et al.,
2011)are the two most common sounds used as a masker for traffic sound. Traffic sounds are
often perceived as unpleas&B8tzeremeta & Zannin, 20Q9pepending on the predominance

of the traffic sound in an environment, traffic sound can also be perceived as (e,
Arenas, Bermejo, Hinalaf & Turra, 2018pome studies have even indicated that traffic
sounds exhibited an association with vima(Cain et al., 2013)which is a combination of
pleasantnessd eventfulness if interpreted through PCM. It is clear that despite the generally
negative perception of traffic sound, traffic sounds can also apparently be perceived as
neutral and positive under some particular circumstances. Some studies havedinatate

this bipolar nature could depend on the sound level of the traffic sound. For example, in

¥hr st 200ty regarding traffic and annoyance, the sound of traffic was observed
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as the major factor of annoyance. However, In another study of the masking effect of bird
sound for traffic sunds, Hao et a[2016)found that when the targeted traffic sound above
47.5 dBA was perceived, the pleasantnegh@fnvironment decreased sharply regardless of
the masking effect. They also found that when the traffic sound was above 57.5 dBA the
masker was no longer effective in terms of decreasing perceived annoyance and instead
increased the perceived annoyant¢he sound environment. Similarly, Jeon, Lee, You and
Kang (2010)found that half of the people in their study found short term traffic sound to be
highly annoying (above the scale of 72 over 100) when the sound level was ared@d 70
dBA and regurly annoying (above the scale of 50 over 100) when the sound level was
around 6667 dBA.

Within the finding of the association between traffic sounds and annoyance, some other
factors other than sound level has also been discovered. Although it is lyeagreéd that

traffic sound is one of the most annoying sounds in an urban setting, the degree of its effects
does vary across environmental context differences, such as perceived annoyance is lower in
urban green space compare to neighbourhood st{@®sgGozalo, BarriggiMorillas,
MontesGonzdez & AtanasieMoraga, 2018)In a study consideringircraft sound, Bartels,

Maki and Miler (2015)found that the number of flyovers (occurrence rate) of aircraft was a
better predictor for perceived annoyance compared to the sound level. However, the results
from Sato, Yano, Bjo, Rkman and Ryland§19€99)study showed no significant correlation
between the occurrence rate of a road traffic noise event encéiyyed annoyance, and a
strong relation between annoyance and loudness (measured-wmsighited equivalent
continuous sound level). Based on the two contradictory results a hypothesis can be made,
where sound type difference (in this case road trafficarmlaft sound) can be substantial
within the same sound categorise, the major predictor of related mood/emotions could be

different as a result. The low frequency of the traffic sounds is another factor that has been
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identified to significantly affect & perceived annoyance. Pers8daye and Rylandgf001)

confirmed that people exposed to traffic sounds dominated byfrémmency noise were
morelkely to be annoyed. K2DOB)gosnal mhat batvierdi®@ddn a n d
traffic sound evidenced a higher level of perceived annoyance compared -fittemed

traffic sound, suggesting that this higher level of annoyance be associated with a higher
relative level of lowfrequency noise. Besides acoustical factors, @ims{2004)found that

vibration and dusibdours as a result of the presence of traffic also contributed to the
perceived annoyance of an outdoor area. This again implies the importance of environmental

context in the interpretation of mood/emaotions.

2.1.4.7 Summary

An overview of the soundscapdéetature in terms of sound categories revealed that
pleasantness and eventfulness were the two commonly used emotional dimensions but the
literature also showed that these two dimensions were insufficient to explain all aspects of
emotional response in wodscapes. Although calmness was mentioned in one study, the
dimension can still be explained through the combination of pleasant and uneventful. Positive
and negative perceptions were also commonly mentioned as part of the mood/emotional
response, howevethe description was too vague for mood/emotion types and more in line
with the pleasantness emotional dimension. It can be seen, then, that the emotional
dimensions used in the literature wegesy limited (as discussed in Section 2.1.2). In terms of
moad/emotional categories, stress, anxiety and annoyance have been explored in some
studies. The former two categories were related to stress recovery use of nature sounds and
annoyance was largely related to traffic sound. The correlations also suggesisztttia
significant relations might exist between the mood/emotions categories and sound categories.

The mood/emotional response in the reviewed literatiere mostly selfreported.
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Five factors affect mood/emotional response, as identified in thentektarature. This
included sound levels, environmental contexts (audio, visual, and functions of locations),
demographical differences (age and gender), temporal variability of sound stimuli,
occurrence rate of sound events, and type of sound (beyonditma sound categories).
These factors are explored with consideration of the categorised mood/emotions in the

following studies (Chapters 4, 5 and 6) of this thesis.

2.1.5 Methods of emotional examination in soundscape

2.1.5.1 Recording of emotionadsponse

Several methods can be used to observe an emotional response, including the observation of
facial expressiongAjaya, Peckham & Johnson, 2016; Russell, Weiss & Mendelsohn,,1989)
monitoring of physiological changg#lluri et al.,, 2012; Di, Fan & Lin, 2018; Hume &
Ahtamad, 2013)and seHreporting questionnaire6 Pawg-aogsykzy Es k a, Duda
Was zkows ka -&owdska, 2003(ESelarght & Montone, 2017; Wyrwich & Yu,

2011). Although the former two methods can avoid the potential of mislabelling or
misinterpreting emotional responses by participants, they are insufficient at distinguishing
emotions beyond the obvious types. Facial expressions can be used to idamgHy ro
categories including pleasantness, unpleasantness, or anger, but they cannot be used to
distinguish subcategories such as depression or frustration. It is virtually impossible to
guantify an emotional response based on facial expressions and em@spugises are not

always expressed through facial expressigAgaya et al., 2016) Additionally, the
observation of facial expressions also introduces a subjective aspect, as the method requires
the experimenter to iIinterpret participantséd
response provides objective bodily changes such as heart rate, skin conductivity and brain

waves, but in most cases it is hard to correlate these changes ifw gmections as many
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emotions share the same physiological responses. Additionally, physiological methods
require equipment directly attached to or adjacent to participants and introducing laboratory
contexts that are hard to ignore, thus breaking theulatron illusion of acoustic
environments. This would arguably create a biased result in contrast to natural emotional
responses. Differing from facial expressions and physiological changes, the use of self
reporting questionnaires means there is no ne@uroduce distracting laboratory equipment

(visual stimuli) and it is easier to distinguish different type of emotions because the emotional
types can be specified based on questionnaire design. Moreover, with the implementation of
selfrating and openwge st i on s, not only can participant s

the appraisal of the environmental context from participants can also be identified.

2.1.5.2 Thensufficienciesof soundscape method

Some studies from the extant soundscape literahaive implemented methods such as

forcing participants to evaluate sound clips or sound environments through audio replay. This
type of method ignores peoples' implicit emotional reactions to the environment. Other
studies have attempted to avoid theigsef consciousness or explicitness by adopting the
behaviour observation methdletta, Kang & Axelsson, 2016; van den Bosch, Welch &
Andringa, 2018)however, this approach could introduce the Hawthorne effect, where
participants change their behaviaunen they know they are being obser(iedcompte &

Goetz, 1982; Monahan & Fisher, 201DBhplementing an implicit (emotional) process

bypasses personal opinion bias and improves quantitative data; thus, although emotion is key
to soundscape perception, most research hasdreatotion as a product derived from

reacting to the environmerithis notion of emotion as product has hindered the soundscape
fieldds ability to systematically understand

emotional response involve a complex preoafsenvironmental appraisal.
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In the field of soundscape, subjective experiences and cognitive perceptions have been
widely studied(Alimohammadi, Sandrock & Gohari, 2013; Botteldooren, De Coensel & De
Muer, 2006; Dubois, Guastavino & Raimbault, 2006; Fan, Thorogood & Pasquier, 2017; Hall,
Irwin, EdmondsorJones, Philps & Poxon, 2013; Hume & Ahtamad, 2013; Jeon et al., 2010;
Steffens, Steele & Guastavino, 201K)any studies have applied selaluation methods
based orpleasantnesandeventfulnessatings. These methods were developed based on the
PCM (Axelsson etl., 2010) However, the PCM is not sufficient when considering distinct

emotions and emotional process (see also discussion inrS2ckiad).

2.2 The emotional approach the appraisal theory

Based on the extant literature, soundscape has only discovered a small number of the
emotionrelated dimensions, namely pleasantness, eventfulness, familiarity, interest,
understanding, calmnessid vibrance. Moreover, only two of the dimensions appears to be
found consistently across the studies. Other dimensions such as familiarity, interesting and
understanding were only explored in a limited number of soundscape studies, whereas
calmness andibrance dimensions were rather just different interpretations and perspectives
of the same pleasantness and eventfulness dimensions. This begs the question: why have only
a few emotional dimensions been discovered? Why have the ones that have beerttieund (o
than pleasantness and eventfulness) had such a limited implication in the numerous
soundscape studies.

Traced to the source, pleasantness and eventfulness dimensions were adapted through
Russel 0s (Russelle2008)which ¢stthe development of the concept of emotional
valence and emotional arouséViehrabian & Russell, 1974)Valence represents the
individuality aspect of the emotions, determining whether an emotion is positively perceived
or negatively perceived. Arousal, on the other hand, repsegbat intensity of a given

emotion, determining how strong emotions are felt by individ{sllshrabian & Russell,
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1974; Russell, 1980)Based on the description, it is rather clear that betweentvib
dimensions valence is the more dominant one in differentiating the mood/emotions as it does
this through perceived positiveness or negativeness. The arousal dimension as emotional
intensity fell short, for example, when dealing with the same moodik@msowith different
intensity. The valence and arousal model appears to be logically sound, however, is rather
oversimplified to classify all existing mood/emotions. For instance, stress and depression are
both perceived as undesirable emotions and cgnalang the axis of arousal (intensity), but

the two emotions are two very different mood/emotions. This indicates that although valence
and arousal are good at differentiating mood/emotions from desirable to undesirable, they
lack in the ability to furthr differentiate mood/emotion beyond intensity. This also helps to
explain why pleasantness (valence) and eventfulness (arousal) are found consistently in most
soundscape studies, as to differentiate emotional perception based on positivity and negativity
is rather preliminary in terms of categorisation.

The other research field that has encountered similar issues is that of emotional research. The
same two emotional dimensions, pleasantness and activation (arousal), were found
consistently across differenempirical studies, whereas other discovered emotional
dimensions rarely appeared consistently across all of the studieg@inéh & Ellsworth,

1985) Smith and Ellsworth stressed thtte core of the issue lay with what made
mood/emotion has such a variety. The appraisal theory adopts an alternative approach, by
considering the perseenvironment relationship as the main theme of the emotions. This
theory considers that each emotionegatry has a core persemvironment relationship
theme. More specifically the relationship considers a given environmental context or event
and its relation with a personés goal . I n arfrg
of appraisal patters, each distinct emotion is produced through a series of distinct appraisal

pattern, and this relation is consistéhazarus, 1991a; Roseman, 198%his implies that
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mood/emotional responses do not have a direct relationship per se, rather a direct and
consistent relationship with the interpretation of the environifiRRoseman, 1984)his may

also explain the inconsistency of perceived sound quality across different studies when
regarding the same sound environments. The difference in interpretation for an environment
is partially due to individual orrgup differences caused by the situational relevance and/or

social and cultural backgrounds (see the Section 2.2.1.2 for motivation).

2.2.1 The cognitiveemotionatrelational model of appraisal

| n L a@201)stuslypof appraisal theory, he developed an appraisal ncodsisting of

three main theoretical constructs: the persowironment relation; the motivation; and the
cognitive construct. The model provides a relatively comprehensive explanation for appraisal
theory. Most literature concerning appraisal beforeaaidt er Lazar usdés study
in these three constructs. In a simplified form, the model sees the emotions as the results of
evaluating adaptational encounters, where the evaluations are based on whether the encounter

has significance over persal goals.

2.2.1.1 The perseanvironment relationship

Lazarus stressed that person and environment cannot be used separately when interpreting
emotional outcomes, but rather a relational meaning is emphasised in appraisal theory
(Lazarus, 1991)An environmentatontext or event may have some inherent characteristic

t hat coul d trigger a certain reaction of
interpretation (appraisal) a mood/emotion cannot be formed. For instance, gbslgtie or

looking down to)towards a person is commonly perceived as inherently negative, but this is
only when the person takes it as being offensive and personal that it becomes an insult and, as

result produces anger as an emotional respfnsearus, 1991, p.90, pp. 2P84). The
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following situation is commonly seen on a comedy set where a joke is aimed at satirising a
situation and some individual mistook it for a personal attack, resulting in angry responses in
the form of a social media riot. An emotion loses its nmeawhen the environmental factors
disconnect with the human factors; it also loses its meaning when the people disregard the
environmental factor@_azarus, 1991)Another aspect of the relational construct in appraisal
theory is that emotion is not the result gdssive reaction but the active appraisal of the
environmental context or evefitazarus, 1991)A simplified statistical analysis disregarding

the qualitative factors, then, cannot sufficiently reproduce such relationships, as it only
considers the reactional@ect (a simple causal relation) of a relationship. A simple causal
relationship disregards the reason why a positive or negative response appears. A more
effective anal ysi s shoul d al so account f o
environmental faadrs in the form of actions or wish to pursue or avoid an outcome in relation

to his/her goals.

Despite appraisal models emphasising peeonronment relations, there is the situation

that powerful environmental or personal factors can dominate emotwatebmes. For
example, experience of military events has a strong association with emotional dysfunction
(Bih-Ching & Drph, 2002) Other situations such as the loss of loved ones or situations that
endanger oneds |ife, cannot be easily dismi:
perceptions or colleste cultural differences can overshadow the less dominant individual
di fferences. Conversely, a strong personal
making an individual more likely to appraise an event according to his/her desire, despite the

inherent characteristics of the event.
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2.2.1.2 Motivation

The motivation of appraisal theory indicates the amount of effort people are willing to spend
and the strength of the emotions generated, both of which are positively correlated with goal
commitment activated in an environmental situation. According to Lazafii891)
motivations could be considered in two ways: personality traits; and reactions to
environmental conditions. Although the environmental relationship is the one that has a
closer relationship with soundsgee studies, it is difficult to understand one without the other

as the two are intercorrelated with each other. In the sense of personality traits, motivation
represents a personds want or aversion in
event(Lazarus, 1991, pp. 9204) It helps an individual to evaluate whether an encounter is
beneficial or harmful. The strength or importance of a personal goal is represented by the
energy or resources that a person is willing to spend to pursue ih wesult, the more
important the goal is, the stronger the emotion it produces. It is important not to confuse this
with personal value, which only represents whether something is desirable or undesirable but
does not refer to any actions. Personal valrebe illustrated in a scene where one considers
doing something is good, but due to circumstantial limitations one is not encouraged to do so.
As result, personal values are less intense compared to personal goals. The idea of goal and
value, althoughtican represent what one desires, does not indicate how much resources a
person is willing to offer to achieve them.
the idea ofgoal commitmentThis term gives meaning to a good or bad experience and, in
turn, represent the ways and purpose in life for pe@@@ekman, 1987) Understanding of

the goal commitment relies on an understanding of the goal hierarchies. The hierarchy
consists of a horizontal structure represdntby relations among the goals such as
achievement and egdentity, and a vertical structure concerned with the relationship

bet ween a personods n a(kazawusy 19910 @pl 9204)aAn dxanplle o b a |
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could be that different people mdyase a similar longerm goal, such as a successful career,

some may see a single failure in work as detrimental whilst others will simply dismiss it due

to the difference in narrow goals. This example demonstrates two different motivational
commitments wh the same horizontal structure but differing vertical structures. Further, the
motivation related to personality traits also differs in terms of-aéibbute motive and

implicit motive. On the one hand, saftributed motives represent surface belasut the

desired goals that correlate with conscious concern to improve the situation to achieve them.
Implicit motives, on the other hand, are mostly unconscious and likely have a long term
effect on peopl eds rvdcCleland, Maestneo&iVeidberges, 1983 me nt s
Regarding the relation betweenotivation and environmental conditions, motivation is when
opportunities (to benefit or damage oneds go
environment then motivates a person to commit effort to engage with the con(iaaasus,

1991, . 92104). In this sense, a person is reacting to an environment and only when the
environment i s r el evant-trdt)acanthe gersgqndea nsotivatédso g o a |
commit resources to utilise the opportunity presented. There are twactdisieanings of

motivation involved in this type of relationship. The first is the motivation to appraise
whether a condition is good or bad for the relevant goals. The second is the motivation to
adapt to this new conditiofLazarus, 1991, pp. 9204) The distinction between the two

meaning is directly related to the distinction of the variables and processes found in this type

of emotional encounter.

The personal goals as the main part of the motivation construct vary from group to group,
person toperson, and even time to time for an individual. The differentiating factors can
generally be summed up in two types: the psychobiological difference; and the differences
caused by social development. Although from the perspective of psychobiology aras m

likely to have universal goals due to similarity in the development process within a species
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(such as the universal pleasantness or unpleasantness found in certain emotions), there are
individuals with significantly different physiological features. &tiner the differences are
inherited or developed later in life, an individual could develop different personal goals as a
result of these differences. In terms of the differences caused by social development, it is
more likely for a group of people to ddep different goals systematically, due to cultural
values and social structures within a social group. However, this does not imply that different
encounters of life events between individuals in the same society should be ignored
(Bergman & Magnusson, 1979The importance of the difference in goal diverdigs a

direct contribution to the variability of mood/emotional outcomes.

2.2.1.3 Cognitive activity

The third theoretical construct of appraisal is cognitive activities. Where the appraisal is
identified as the process of obtaining meaning from a given environment, there are two sides
to the equation. One is the objective environmental reality, and ttler & subjective
personal interest to complete the transition from environmental reality to personal interest,
where the cognitive activity appraisal is require(Lazarus, 1991, pp. 13B52). Striking a
balance between the environment and perstawbrs is crucial to the foming of rational
responses. The objective conditions of a given environment are enormous and more often
than not contains many aspects. As such, a person cannot possibly make sense of all parts of
the environment, and this ishere the personal interest comes in, to allow the person to
appraise according to personal need and want. This is demonstrated in Paterson and
Ne uf 198V steidy of the realitytesting process in dangerous conditions. However, the
above process only explained rational mood/emotional response to the world, not the
irrational kind. For irrational responses, one of the likely explanation would be the result of

false belief or understanding of the objective conditions produced thrgumhisals based
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on the false knowledge of a conditifidenle, 1962) Additionally, an unbalanced appraisal
between the objective environment and subjective personal factors often iresauit
unhealthy perception of the world and therefore unhealthy emotions. One study found that
people with a more realistic view of their situation were more likely to be deprgStmy
Albright, Abramson & Dykman, 1990Alloy and colleagues explained that depressed people
were likely experiencing the absence of optimistic bias and a distortion of reality. In a sense,
this means that people wisaffer from depression have an overly objective appraisal of their
condition and lacking in the focus of personal factors. Conversely, overly focusing on
personal factors such as persecahtrol and responsibility could also lead to stress and
depressiorfMirowsky & Ross, 1990a)as an environment is usually difficult to fully control

by a person with limited resources. Although having control over a situation is generally
favoured by people, there are exceptighslkman, 1984) When a situation is outside a
personb6s comntosesl adandi wbheed to others, this
relief as there is no responsibility.

To understand how the appraisal process operates;usg¢2991, pp. 152.68)distinguished

two kinds of appraisal in terms of orders. Themary appaisal is the judge of an
environmental condition and whether it has the potential to affect personal goals, and the
secondary appraisatonsiders how a person should react to the condition to obtain or avoid
such effects. Lazarud991, pp. 1521.68) also poinéd out that the appraisal operated in two
ways: an automatically and unconscious way; and a deliberate and conscious way. He
stressed that cognitive appraisal related to emotional response was more likely to be an
unconscious process, due to the shortorese time; however, given enough time people
would naturally reappraise a situatighedoux, 1989) leading to more complex logical
thinking. Despite being relatively irrational, fast and operating below the level of awareness,

the automatic way of operation is capable of complex appraisal processes through the form of
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emotional memoryLedoux, 1994)It is also worth pointing out that the conscious way of the
appraisalprocess may produce conflicting emotions that differ from the prior automatic
proces§yRoseman & Smith, 2001and emotions produced through such conflict may appear
unreasonable or irrational from an outside perspecByereviewing he extant appraisal
theory literature, it is rather clear that the adaptation role of appraisal as a cognitive activity is
to balance the objective environment and subjective personal factors. It is through this
process that appraisal can obtain meaningmfran objective environment to form

mood/emotional responses.

2.2.2 The process and structural model

Many models have been developed based on the appraisal theory, and can be mostly
categorised into two types: the Structural Model; and the Process Mdaefodus of the
structure model is mainly on what are appraisals. The model explores the composition of the
appraisal process, types of appraisal, appraisal patterns and how they relate to specific
emotions and environmental encounters. The process modeged following development

of the structural model as the natural development of appraisal theory, with the aim to explain
operation mechanisms and the procedure of the appraisal process.

Appraisal components (or appraisal dimensions) are the basic atinivhich the
mood/emotional processes operate. Each appraisal component answers a specific question
during an encounter of an event, for example, is an environmental encounter beneficial or
detrimental to the current goal of an individual? The developraedt examination of
appraisal components are crucial to understanding the emotional process and this has been
one of the focus of many studies regarding the structural m{Reseman, 1984; Smith &
Ellsworth, 1985) One of the other key contributions of the structural model to emotional
study is the core relational therfleazarus, 1991a; Smith & Lazarus, 1998p represent a

specific emotion several appraisal components are required, providing a patternacfahppr
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components for an emotional response. These patterns are the core relational theme and are
consistent for specific mood/emotions.

The process models of appraisal were developed to address the issue where structural models
proved lacking, mainly theperation mechanisms underlying the appraisal process. The
primary issue regarding the process model attempts to address was whether the appraisal
process operated under consciousness or unconsciousness. The aforementioned- cognitive
emotionairelation mode (Lazarus,1991)is a good example of the process model. In his

model, Lazarus clarified that although the appraisal process appeared seemingly complex and
cognitively intensive, it did not require great deals of conscious effort if at all. The meaning

of Oowcnoarsd in the appraisal study I mplies t
awareness, to prevent emotional distress that might have been caused by it. The concept of
the Ounconsci ouso6 p 41090)stady df gnxietyt irwhich he praposedGi | | e
that to elict anxiety through egdefence the triggering of the defence itself was not required,

and that merely motivating the defensive effort was sufficient. Similarly, Lazarus argued that

the same could be applied to any emotions, and the unconscious triggeoinghtla cue

rather than going through the entire cognitive process was made possible due to people
having already learned the complete cognitive process; later in life, then, a cue allows a
person to skip the process and directly produce the emotionainseghazarus 1991, pp.

152-168) In the same research, Lazarus also stressed that the conscious and unconscious
appraisal process could coexist, although he did not explain the mechanism. This mechanism
was susbequentl y expl(@D01lppbess modd.mn thelmodelnahe Ki r b
mode of cognitive process &ssociative processinghere the automatic cognitive processes

are prime and activated through the memories. The other modeas®ning where

controlled and deliberate thinking takes place. Theypgsed that the two modes involved in

the appraisal process progressed in parallel through a distinctive feature that developed in the
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model, called theppraisal detectarThis feature can integrate the information produced in
both models to produce an&il emotional response. Importantly, the information and person
environmental relationship produced through reasoning could be stored in memory and later
activated through the associative processing mode unconsciously. One addition to the process
model, tor e c al | (1991 @raopesedddistinction of primary and secondary appraisal
(see Section 2.2.1.3), is in which the primary appraisal evaluates the initial engagement of the
environmental encounter and judge whether the encounter is beneficial or detrimental to a
persom. Both Lazarug(1991) and Smith and Kirby(2001) agreed that this stage of the
appraisal was unconscious due to its primitive nature. The model of Smith and Kirby
demonstrated a very dynamic emotional response process and answered why the emotional

response mostly appeared uncoossi

2.2.3 Categorical and continuous aspect of the appraisal

The category of mood/emotion was defined through the difference of core relational themes
(Lazarus, 1991a; Smith & Lazarus, 199%) other words the difference of contained
appraisal compeents. Most importantly, the categorical boundary presents in any bipolar
appraisal componentRoseman & Smith, 2001)For example, motiveongruence and
motive-incongruence should be considered as two separate categories insteactod$vof

the same dimension. The boundary between the bipolar appraisal components cannot be
crossed, as a specific emotion cannot include both sides of the appraisal. However, this does
not mean that emotion does not vary within a broad category. Thdseategorical
difference in emotion are caused by the intensity difference of the appraisal components
included in those categoridRoseman & Smith, 2001)The example of this difference is

quite common between emotions that sharelainappraisal components: happiness and

pride both share pleasantness, low level of effort, high level of certainty, strong desire to
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attend to situation and sef#sponsibility and control as appraisal component. The

differentiating factor is that the isge of seHresponsibility control is much higher in pride.

2.2.4 The unconscious Jazzercise effect and mood

The Jazzercise effect is the theory proposed by Jenefer Robinson (2005) that offers a
relatively complete explanation of how music affects humawtiems. The theory was
developed base on the summarisation of the mechanics of emotion con{agijdass a
situation where people automat i ca)(Hafieldni rr or
Cacioppo & Rapson, 1993)

1. People tend to synchronise their movement, facial expressivoice and postures

automatically with each other during conversation conditions.
2. Subjective emotions are constantly affected and modified by these mimicry activities.
3. Because of these mimicry activities, peo
every moment.

The Jazzercise effect argues that music with emotional characteristic can directly affect the
bodily system. Without people consciously evaluating the music they hear or feel the
expression of emotions from the perform@ebinson, 2005)According to Robinson, the
emotional responses elicited through the Jazzercise effect are more close to moods, and that
they did not trigger through appraisals. Moodsld lower the threshold of entering an
emotional statéEkman, 1994, Frijda, 1993) and coul d al so change on
themselves. In a moadducion experiment reported by Scherer and Zentner, listeners were
asked to evalwuate their specific qualities,
that people rated their quality higher after
Schereralso commented that this effect was stronger when the listener evidenced {ow self
esteen(Scherer & Zentner, 2001)
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Although Robin posited that music affected the motor and other bodily systems directly, she

also acknowledged that emotion caused by the Jazzercise effect could coexist with the

emotions caused by a conscious evaluation of nfBsibinson, 2005,p.395) I n Robi nso
summary, the reason musi c makegssadpcalmmli e happy
restless character cause physiological changes, motor activity, and action tendencies, that are

experienced as happi nes s  (RokBirsahmn@05 9..3956er eni ty,

2.3 Appraisal theory and soundscape

The relationship between soundscape and appraisal is integrated and the hierarchical position
of the two can be switched based on the perspective of studieseiadionfocused study,

sound sources and their corresponding environment context are part of the objective
encounters, and when appraised by a person would produce emotional responses to assist to
better t he per sonsao cur r e mded studyn the emotionas . I n
responses are one of the factors that affect the perceived soundscape quality. Between the two
disciplines, the appraisal emphasises the process of the emotion, whereas the soundscape
leans towards the emotional outcomes and hiowaffects the subjective evaluation of a
soundscape. Furthermore, based on the appraisal theory, the subjective evaluation of
soundscape may produce further emotional responses, hence creating a continuous cycle of
processes. This continuous process renddre hierarchical differentiation between
soundscape and mood/emotions (such as the one suggested in ISEL:2PA43 somewhat
meaningless and may be potentially misleading when studying such relationships. Therefore,

it is important to view the relatiehip between soundscape and emotions as a part of an

integrated system.
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2.3.1 The persorenvironment relationship in soundscapes

At its core, the study of soundscapes is the study of the relationship between sound
environments and the person who obserliest with emphasis on the subjective evaluation

of the environment, rather than the objective property of the sounds or contexts. This relation
is similar to the perseanvironment relationship suggested by Lazgd®91)in appraisal
theories. Lazarus suggested that eortwas the manifestation of the changing person

environment relationship if the relationship changed so to did the emotion. In soundscape

studies the perseenvi r onment i S mor e specific. The
environment, t sk peopte pvhor pereeivedthe acowestic tertvioonments, and the
6emotional reactiond is the subjective perce

There are two points emphasised by this relationship that enreteted soundscape studies

can reference from. The first poiigt the importance of individual interpretation. This idea
stems from the separation between the cognitive activities of knowledge and appraisal.
Knowledge in this context explains the understanding of the operation mechanism of the
world. This can eithebe a general concept and beliefs of the world and on@Sedtein,

1983; Gilbert, 1991)or the specific knowledge regarding specific situatiazarus 1991,

pp. 133152) As Lazarus explained, knowledge on thee dhand cannot produce mood or
emotions as they lack subjective appraisal. Appraisal, on the other hand, provides the
individual interpretation of the knowledge, therefore producing emotional outcomes
(Folkman, Schaefer & Lazarus, 1979). This separatidwedsn knowledge and appraisal is
also presented in soundscape studies. Examples such as the general knowledge of traffic
sound as negative per g&xelsson et al., 2014; Schreurs et al., 2088) natural sound as
positive per se(Guastavino, 2006; Pé&eklartiez et al., 2018) does not produce an
emotional response. It is only when a person evaluates such sound accordirfgetonai/

being that one can determine whether or not it was a positive or negative response. This also
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explains the situation where some peopl eds
evaluation of a sound type due to situation difference such apagskming(Newbold et al.,
2017)and individual differences such as gyang & Kang, 2005a, 2005b)

The second point that emotioselated soundscape can reference is that emotional response
requires active evaluation dhe event rather than a passive response. In the case of
soundscape studies, the active appraisal of sounds and their context is required to produce an
emotional response. However, bactived here
appraising cantsl largely proceed unconsciously (see Section 2.2.2). An understanding of

this active role of appraisal in mood/emotion generation means that the difference in
subjective soundscape quality caused by individual or group differences can be analysed
throuch appraisal models. Specifically, the difference in results can suggest the underlining

i mportance of the stimuld. to the person or g

2.3.2 Why emotion forms- motivation in soundscapes

The motivation construct in appraisal theory shoyddrate similarly in the soundscape study,

where the acoustic environment and its contexts may provide opportunities to better or
damage oneds goal s. These opportunities moti
them. The motivation constructs empisa the relevant aspects, specifically how is the
opportunity provided by the acoustic envirc
appraisals of the given opportunity at the core are rntfmivational relevance(is the

opportunity relevant to percavr 6 s g onativasional eomsitencidoes the opportunity
benefit or damag e(Smith & Lapaeus, 4993)Onlg whiers thegaooastics )
environment is relevant t o idndlespgneemhepoducet.r 6 s W
The motivation constructs help to understand the interest of perceivers through the resulting

soundscape quality and, in turn, may provide a commiioilysed or personalised
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soundscape design strategy. In terms of researchestuithe motivational difference or
similarity between individuals or groups provides a theoretical explanation from an emotional
perspective. Results such as the universal reaction towards a certain type of sound, e.g.
natural soundGuastavino, 2006; Pé&eklartiez et al., 2018) or group differences due to
different collective cultural and social groups can all obtain new insights through

motivational difference.

2.3.3 How emotion forms in soundscapes

According to appraisal theory, for any environmentfoefct i ng oneds emoti o
relevant to his/her welbeing. In soundscape, this means that the acoustic environment could
either be i mproving or disrupting peopl eds
activities such as relaxing improveay sounds stimuli through distracting people from

stressful matters. Inanenct i vity specific scenari o, peop
could be affected by the acoustic environment. In a common acoustic environment such as an
urban setting, sounstimuli are usually observed unconsciously as background. This suggests

an emotional process involving environmental sounds are most likely unconscious as well.
Based on the Jazzercise effect, in this type of encounter, the acoustic environment is most
ikely to have altered peopl e 6®bjestoetatedsemotibhe o d s a
and related to peop(laduws 199k p. d8)tad unlikelyfthatars i t uat
acoustic environment is the cause of a mood, however it could raise orth@xbreshold to

arouse the acute emotions to their related n{&&dan, 1994)lt is expected that most of the

natur al emoti onal responses in a soundscape
ambient nature, however, shidoes not mean all emotional responses in soundscape are

unconscious. Neither do all unconscious responses affect moods instead of acute emotions.
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Another context that emotional responses are involved in the soundscapes is where there is a
clear object riation between acoustic environment and personal well being. These situations
are mostly presented when an individual undertakes activities or performing tasks, in which
the acoustic environment may assist or disrupt such activities or tasks. As there is a
immediate goal involved, instead of mood, acute emotions are likely to be generated. If an
appraisal process is learned in the past and ingrained as emotional memory, the related acute
emotions can be generated unconsciously through an environmentakippeng the
appraisal proceqtazarus 1991, pp. 15P68) It is important to notice that the acute emotion
produced in this way may not be reasonable for every encounter, as the encounter related to
the original emotional memory may not be the samtha actual environment encounter but
merely the best match of the situation fror
process and its bias can be illustrated in t
this may be appraised by ardimdual as pleasant due to his/her experience. However, the
fountain sound may interrupt conversations between the individual and his/her friends.
Therefore, the unconscious pleasant response is unreasonable. In this example, it would
require further corsous effort to reappraise this new situation to produce a more reliable
emotional response. A conscious appraisal process appears when individuals have been given
enough time to r@ppraise an environmental encounter through logical reasoning. In
soundsape, this would require individuals to focus attention on acoustical and environmental
stimuli and devote conscious effort to assess the protention effects on his/her current
activities. Therefore, the acute emotions produced consciously are highly fisesbaad

environmenispecific.
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2.3.4 What emotion forms in soundscapes

Based on appraisal theory, emotional outcomes are based on appraisal patterns presented
during the forming proces¢Frijda, 1986; Lazarus, 1991a; Roseman & Smith, 2001)
Although predcting every possible appraisal component in a soundscape encounter is
unlikely, there are still patterns to follow. The appraisal components can be roughly separated
into primary and secondary appraisals. On the one hand, as primary appraisals mostly deal
with the motivations of individuals in the encountférazarus 1991, pp. 15P68), primary
appraisals can largely define positivity (motivated to engage) or negativity (discouraged to
engage) of the outcome emotions. Secondaries appraisals, oneéhédantd, deal with how
individuals respond to the motivations, such as who is responsible for the encountered
situations or how much effort would one willing to commit to the opportunity or threat
(Lazarus 1991, pp. 15P68) Therefore, secondary apmas differentiate emotional
outcomes beyond positive and negative. Pleasantness and unpleasantness responses are
common response in soundscape studies, however, other emotional types are rare and
inconsistent across these studies. This lack of variatiemotion could partially be the lack

of involvement of secondary appraisals in soundscape studies. The focus of the secondary
appraisals would provide soundscapes with the ability to explore specific emotional types in
depth.

Another factor for the outames of emotions is the environment. The environment in the
soundscape is unique, as the soundscape mostly considers acoustic environments. Sounds are
at the centre of the environment and other aspects serve as the context of the soundscape. The
most comma soundscapes include urban space and city jaredsson et al., 2014; Jeon et

al., 2018) roadside pedestriangHao et al., 2016; Paiva, Regina, Cardoso, Henrique &
Zannin, 2018; Sa et al., 1999) and hospital ward¢Mackrill, Jennings & Cain, 2013;

Mackrill et al., 2013, 2014)These specific environmental setting are most likely to produce
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specific emotional responses. Therefore the environmental aspect sleowgplored in

relation to the emotional process.

2.3.5 The explicit appraisal process

The explicit appraisal process explains the emotional process in an environmental encounter
where people make a conscious effort and have explicit thoughts aboutheramtal stimuli,

for exampl e, i's an environment al encounter
an environment al encounter against an indivi
unique appraisal pattern for a distinctive or {alstinctive pattern of emotional responses.

In soundscape studies, the explicit thoughts of perceivers about an acoustic environment can
be both towards sound stimuli and/or its related contexts. For a person to explicitly appraise
an acoustic environment,ah must be exposed to the stimulus for a certain amount of time,

as cognitive effort and time spent are factors affecting the conscious appraisal of an
environment (see also the discussion in Section 2.2.1.3). This is in direct contrast to the
appraisal pocess if it is occurring unconsciously, which is very brief. The time required for
the conscious process to happen varies from situation to situation, but one study suggested
three to five minutes appears to consistently make such an apgrakats, 1970) andthe

longer the time the more likely for such a conscious appraisal to appear. As there are many
environmental factors present, it is difficult to state which aspects a person will focus on,
therefore, the conscious appraisal of an acoustic environmegatyissubjective in terms of
emotional outcomes. Additionally, even if people focus on the same environmental elements,
their individual relationship with these elements might still be very different, and as defined
by the appraisal theory, the differentrg@renvironment relationships dictate which emotion

is produced as a resulLazarus 1991, pp. 8927) Based on these different individual
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appraisals, it is expected that most of the individual variation in emotional response will be
the result of thexplicit appraisal process.

In an uncontrolled environment such as on the streets, an urban pedestrian will not be

appraised consciously based on common aspects of urban sounds such as people speaking

and traffic sounds. The sound stimuli that have tleatgst potential for conscious appraisal

are the sounds that stand out and interfere

personb6s thoughts, or a street performance
forced to apprais@n acoustic environment explicitly, it would produce biased results via
neglecting the unconscious appraisal of the environment. This bias can be created in
controlled environments if people are specifically asked to appraise environmental stimuli.
2.3.6The implicit process

In contrast to explicit appraisal, the implicit process explains the emotional processes
requiring little or no conscious effort. There are two types of implicit emotional process: the
first involving appraisal of the environment, atie second elicited through motor mimicry

of the Jazzercise effect. The first appraisal process is completed automatically without
conscious thought. This automated process takes place due to the triggering of emotional
memories (emotional memories are tmemories of an experienced emotional process)
(Lazarus, 1991a; Ledoux, 1994)his memory allows people to skip the entire appraisal
process and produce a direct emotional response.

The second types of implicit processes are the ones produocedh the Jazzercise effect, as
explained in Chapter 2 (see also Section 2.2.4). This process alters moods rather than acute
emotions through the effect of music on bodily systems without involving any appraisal of
the environment. Robinsdi2005) explained that mood altered through the Jazzercise effect

is different from the emotions (both moods and acute emotions) triggered througbnamoti

memory. Although it is unclear what exact aspects of sounds, for example music, is the cause
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of such an effect, it most likely involves the function of motor mimicry. As previously

di scussed (see Section 2. 3. 3) ,eraldife sitaatiaths i s t
(Lazarus 1991)and it is unlikely that a single event or a simple change of bodily system is
the sole cause of such mood. What is most likely is that the Jazzercise effect has intensified
or attenuated the current mood of an individual. Tiss @rovides an additional argument

that there are no appraisals involved in the Jazzercise effect.

Two types of implicit process (the automated process and the Jazzercise effect) are expected
to play a major role for soundscapes to produce an emotiesdmse, as it is relatively rare

to have a logical conscious appraisal of ambient environments such as acoustic environments.
One of the key points of these types of emotional response is that it happens very fast and if a
person has been given sufficiaimhe to reflect on the appraisal process, it would likely

become an explicit one.

2.4 Conclusion

Certain soundscape studies have explored the various aspects of emotions. However, most of
the results were limited to the pleasantness and eventful dimsnaiwh any results beyond

the simple positivity or negativity of the emotions appeared to be inconsistent and fragmented
across these studies. On the one hand, this was largely due to the ladepthitheoretical
structures besides the PCM; the PCMki®wn to have difficulty distinguishing between
specific types of emotions. On the other hand, appraisal theory provided a thorough
explanation for the emotional process from the perspective of the pamgwonment
relationship, and the emotion types kbibe distinguished from each other through

di stinctive appraisal patterns. Addi t-i onal |
environment relationship made its adaptation to soundscapes suitable, as the soundscapes are
also concerned with the relatiship between environment (with emphasis on sound) and

person (subjective perception of sound).
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The review of the extant soundscape literature here has provided evidence that current
soundscape studies lack a systematic understanding of emotional resporikeoretical
foundation is required to provide such understanding. Implementation of appraisal theory
would provide such a foundation to systematically explore the relationship between
emotional process and soundscapes. Appraisal theory has alsomsa@eirsg the question

of how soundscapes affect emotions feasilbles a hypothesis that the interaction between

the soundscape and emotional responses is similar to the jgergoonment relationship
provided in the appraisal theory. With the percevdr t he soundscape as ¢t}
the relationship and all the acoustic and -acpustic environmental factors as the
6environment 6 side of the relationship. To
soundscape is affecting emotional respen@pecifically distinctive emotions) was set out.
Further, the experiments were designed with the notion that a specific objective (to establish
a controlled persorelation) was proposed to participantse first step would be to identify

and examine # environmental factors involved in soundscapes and that participated in the
emotional processes. This should be done in amtunenvironment and was the focus of the

first study (see Chapter 4). The second and the third step for providing a systematic
understanding of emotional responses in soundscape would be to further examine those
factors found to have had a significant effect on emotional responsesiin anvironments.

These factors were sound types and environmental contexts. The examinatientwb

factors should be in a controlled environment and was the focus of the second study (see
Chapter 5) and the third study (see Chapter 6), respectResults of the studies should be
examined based on the persamvironment relationship corresgbng to specified emotions,

and whether the interpretation of the result fits established emotions.
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Chapter 3 Methods
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The previous chapter reviewed current literature in both the soundscape field and emotional
response studies from the fieldpsychology. The literature revealed that current soundscape
studies lack a systematic understanding of the emotional processedyingdbe subjective
response tacoustical environments. Additionally, the current soundscape methodology is
insufficient n analysing distinct emotions. It was concluded that introducing theory and
methodology from psychological studies (i.e. appraisal theory) would help soundscape to
have a better understanding of emotional outcomes in acoustic environments. Following the
conclusion from the literature review, this chapter reviews and explains the methodologies
applied in the three main thesis studies. The chapter also explains how appraisal theory has

been integrated into soundscape studies.

Figure 3.1 demonstrates how tlesearch aims and methods are correlated.

(- Audio recording: to record real

acoustic stimuli for laboratory replay

/ Research aims \ Research studies Methods
( . | . Implicit process: Emotions generated
Research aim 1: Study 1: conducting case : . :
. | 3 . without conscious appraise of the

explore and examine |l study to explore and examine environmental stimuli
the environmental the environmental stimuli in
stimuli that could have | real context and observe how Explicit process: Emotions generated
affect emotional states | people respond emotionally with conscious appraise of the

under such environment environmental stimuli

Research aim 2: Study 2: experiments with L

Examine the sound Ly audio replay and
questionnaire in laboratory N e Audio mixing: digitally mixing
affect specific type of setting with controlled QA \\ Tl cordedisound clips to produce

\ different acoustical simulation groups

Es
AP Sy — _
\ \ Audio replay: to simulate acoustical

stimulation in a laboratory setting
Research aim 3: | Study 3: experiments with \\ Survey questionnaire: observe and

Examine combinations .., audio replay and quantify emotional response

emotional responses | environment K AN

I
I
I
I
|
I
W
|
I
I
I
I
|
I

between sound type | questionnaire in laboratory
and non-acoustical setting with controlled Data analysis: involve both
context and how are | environment quantitative and qualitative methods
they affecting specific to compare emotional response
emotional responses. I between groups

|

Figure 3.1 Methods used in the thesis and their correlation with the each research question (main research study)

53



3.1 Standard procedures in soundscape research

Based on the ISO/FDIS 12913(2006) and ISO/FDIS 2432 (2013), soundscape studies
should always consider the three key components of people, acoustic environment, and
contexts of the studied environment. People (participants) as the perceiver of the studied
soundscape, the procedure of their recruitntaetr relationship with the study environment,
and socialdemographic information should be recorded. Types of acoustic environment,
types of sound sources including total sound, background and foreground sound should be
identified and recorded. The cheiof acoustic and psychoacoustic indicators should be
appropriate to reflect the studied environment. Context information other than acoustic
should also be recorded, this includes: weather conditions, time of day and year of recording
sessions, the posit of the measuring devi¢mcluding height and orientation of the
recordings). Beyond the information of the three key components, the method used for data
collection should also be explained. This includes the questions or questionnaires used and
how they were formulated and what language was the survey conducted in. Any additional
information that has the potential to influence the subjective interpretation of the acoustic
environment should also be reported.

This standard procedure in soundscape rekgaethods was mostly followed in this thesis

(for detailed methods used in each study see section 4.2, 5.2 and 6.2 of respective chapters).
However, as the focus of this thesis study is the emotional responses of experiencing an
acoustic environment, ceantional psychoacoustic indicators and questionnaires were
insufficient to examine distinctive emotions (such as anger). To detect and record the
emotional responses that existed in an acoustic environment, a questionnaire was derived
from the field of pgchology. Profile of mood states (POMS) typically used to examine
emotional state was implemented in this thesis study (see section 3.5 and 3.6 for a detailed
explanation of the questionnaire and its underlying categories).
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The following sections explairtie methods and tools universally implemented in this thesis
study for simulation and examination of the studied acoustic environment (urban public

space).

3.2 Audio recording, audio mixing and audio replaying

Methods of audio recording, audio mixing andi® replay were implemented in this thesis

to replicate and simulate the audio stimuli of arsitla acoustic environment (i.e. urban
public space) in a controlled environment (i.e. laboratory) (These method is related to thesis
study in chapter 5 and 6Jhe reason for recording audio clips-site rather than mixing
existing audio files was that most existing audio files, particularly those that include certain
types of sounds are very 6cl eand. I n ot her
combination of unidentifiable or hard to identify sounds in an existing environment.
Examples of ambient noise include a combination of the sound of wind blowing through trees
and human movements. In an audio clip, these ambient noises are usually rentreatk a

clean sound file. However, the removal of ambient noise also removes the acoustical context
from the sound that the recording aimed to capture. Therefore, audio clips recorded in this
study had specifically maintained the ambient noise togettierany identifiable dominant
sounds. Additionally, the inclusion of such an acoustical context also made the comparison
between the results of the-situ case study and laboratory experiment more reliable, as both

cases included the same stimuli andustical contexts.

The purpose of the audio mixing was to create audio stimuli for control and compare groups.
To create audio clips with specific sound types, however, audio recording as -aletand
method is insufficient, as this requires combinatiohvo or more recorded audio clips. A
simple mix of two sound types may produce an unusual sound combination and feel out of

place. Further, audio clips like this would attract the attention of listeners, therefore creating a
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bias by increasing the pobsity of explicit appraisals in a laboratory setting. However, as

previously mentioned, the inclusion of ambient noise would provide audio context for such
sound combinations. An example of this kind of sound clip was the mixture of music and
traffic: a drect combination of the two may feel strange but with the ambient noise of

pedestrians, the sound clips would feel like a street performance next to a busy street.

Finally, audio replaying (or listening) was the final step to present acoustic stimuli to
participants in a controlled environment. On the surface, this method implies the involvement
of acoustic stimuli only; however, to fully simulate an acoustic environment it was important
to include noracoustical stimuli, mainly visual. Evidence existatthisual cues can have a
significant effect on perceived soundscape quality when presented together with sound
stimuli (Pheasant, Fisher, Watté/hitaker & Horoshenkov, 2010; Watts, Khan & Pheasant,
2016; Yang & Kang, 2005a)As it was unreasonable to recreate the original scene of the
sound stimuli in a controlled setting, the best way to present visual stimuli in the laboratory
would been through the use of picture projections of the scene. The reason for not using
video reording as visual stimuli was that video replay in the laboratory might result in too
much distraction from the audio stimuli; further, visual and audio stimuli in combination
reduce conscious perception of each ofBeuthworth, 1969)As the focus of this thesis was

on soundscape and acoustic environment, the potential effect of visual stimuli was minimised
by using still images rather than moving pictures. In addition, the audio stimuli in this thesis
were played through speakers insteatieddphones. Although the use of headphones would
provide be more O6trued6 to the source audio
act of asking participants to put on a headphone would be no different from asking
participants to consciouslyppraise the audio stimuli. As previously discussed, this would

create bias by neglecting the implicit process in the emotional responses. Therefore, speakers

56



will be used for the audio replay, thus maintaining the possibility for implicit processes to

takeplace.

3.3 Questionnaire

The emotional process consists of triggering, monitoring, and labéRiolginson, 2005)and

is mostly subconscious until the labelling stage. Emotions can remain undefined (unlabelled)
if the person is unaware of the physiological changes occurring.fsoape is often not
consciously perceived, meaning that mood responses can remain at the emotion monitoring
stage and not arrive at the labelling stage. The implementation of the questionnaire has

helped participants recognise and label their emotions.

The questionnaire in the following thesis studies consisted of a quantitative sectien (self
rating scales) and a qualitative section (open questions). The quantitativatiaglfscales

have allowed changes a specific type of emotion to be observed analysed statistically.

The statistical analysis has enabled the observation of the degree of the emotional changes,
and whether the change was positive or negative. The quantitative section of the
guestionnaire provided reliability in the study resultsthasincrease or decrease of intensity

of the emotional responses can be observed accurately through quantitative data (see also
Section 3.7.1 for an explanation of how the quantitative data was analysed). The qualitative
open questions served two purposéke first purpose was to identify the environmental
elements that have been the focus of participants during their emotional processsss; in
understand how and why the specific emotional response has formed. The second purpose of
the open questiawas to identify which process (i.e. implicit or explicit emotional process)
that the emotional response has been produced from. For example, if participants focused
attention on the specific environmental aspect and had logical thoughts about it,ctss pro

would likely be explicit; if participants had no specific thought about the environment, the
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process would likely be implicit. The qualitative open question section was implemented to
provide supplementary information for the quantitative resultsaarglich cannot define the
outcomes of an emotional response alone. The qualitative data provided information to
deduce the possible appraisals presented ir
attention on environments, and to identify whether thetemal response was rational or

irrational. This approach reduces the subjective bias of theegrlfting methods (see also

Section2.1.5.1for an explanation of how the qualitative data was analysed).

3.3.1 The Profile of Mood States (POMS) questionnee

The POMS questionnaire was used for the quantitativerasiiy scales. The original
guestionnaire was developed by McNair, Lorr and Droppleman (1992). POMS is commonly
used in medical contexts to monitor erpati en
extensively tested in different populatio(@hin & Colling, 2000; Terry, Lane & Fogarty,

2003; O6Halloran, MThe gubsyionae ugés B5svbrdsfitems @vidth07 4 )
redundant words) and can be separated into 6 broad emotion/mood categories. This includes:
anger (12 words); confusion (7 words); depression (15 words); fatigue (7 words); tension (9
words); and vigour (8 words). Each wétem is rated on a-point Likertt y pe scal e fr o
not at all 6 to 05: e Xt r gomt togtiGuous Ichle to énbuees i s s
suitability of the data for statistical anall
the middlerating (Van Heerden & Hoogstraten, 197%rom the prspective of the appraisal
process, a 6mood stated (one of six broad er
guestionnaire is not mood per se, but rather explaining a collective of a subcategory of
emotions that share similarity in terms gqfpaaisal components or expression of types of

persore nvi r onme nt relationship. Therefore the f

referring to the POMS questionnaire to avoid confusion.
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POMS was also supported by the Semantic Differential Measuemational State, a self
reporting measur@Mehrabian & Russell, 19749r the three emotional dimensions: pleasure,
arousal,and dominance (referred to as PAD). Many words in this list are similar to those of
POMS and fall into the POMS categories of tension, depression, anger and fatigue. All
matching pairs are shown ifiable 31 POMS, as a semantic scale, enables a statistical
analysis of its numerical results, reducing potential personal interpretation bias compared to

gualitative datgAletta et al., 2016)

Table 31 PAD and POMS semantic scales: Matching items

PAD Pleaseeannoyed (Pleasure) Stimulatedrelaxed (Arousal)
POMS Annoyed (Anger) Relaxed (Tension)

PAD Hopefuldespairing (Pleasure) Frenziedsluggish (Arousal)
POMS Hopeless (Depression) Sluggish (Fatigue)

PAD Relaxedbored (Pleasure) Wide awakesleepy (Arousal)
POMS Relaxed (Tension) Fatigued (Fatigue)

PAD - Excitedcalm (Arousal)
POMS - Active (Fatigue)

Note. PAD: pleasure, arousal, and dominance; POMS: Profile of Mood StateBrackets indicate which
dimensions (of PAD) or mood category (of POMS) the itemasch with.

The current POMS was deemed sufficient for this study. Therefore, the questionnaire was not

modified in order to maintain internal consistency.

The reason for utilising POMS as the rating scale of the studies here was that the
guestionnaire icduded multiple emotion categories (the six broad categories) and each
category also included a variety of subcategories (items under each of the six categories).
Furthermore, an existing questionnaire with extensive testing provided good internal
consistacy and validity, which was more efficient and robust than developing new scales.
One thing worth mention was that POMS contains more negative emotion categories (five
out of six) than positive emotion categories (only one out of six). The underliningngeal

was to explore the relation between soundscape and emotions, more specifically the

relationship between appraisal patterns and acoustic environment in specified emotional types.
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The positive or negative categories were not important, what is imparéanhow and why

each of the appraisal components appears in an acoustic environment.

As the POMS questionnaire contains large numbers of items (65) and eschiter
guestionnaire, there were concerns about the order effect. The order effect can accur in
experiment when multiple stimuli are being examined, and the presence of previous stimulus
affects participants' response to the next, hence creating biases in the data ¢bli¢icted

Houser, 2009; Poulton & Poulton, 1989)jo prevent such potential bias, all the surveys
sessions conducted in this thesis were designed to include only one stimulus and there were
no repeated measures (i.e. any one participant was only recruited for a single survey session).

Similar preventiorprocedures were also suggested by Poulton and P¢ua88)

Another other issue with the POMS questionnaire was thattrey items making up the
guestionnaire had the potential to cause participants to lose attention and/or misinterpretation
the items given. Although this thesis did not specifically include attentiveness checking
guestions in the experiment design, theultesy data (of chapters 4, 5 and 6) were checked
through principle component analysis (PCA). Assuming the data had measured the same
underlying factors, the results of the PCA of the three chapters should be comparable without
large deviation from eachtwr (the detailed PCA results please see sections 4.3.6, 5.3.5 and

6.3.5).

3.4 Emotion (Mood) categories

This thesis emphasises the study of individual emotions and their relationship with acoustic
environments. This was all based on an understandirgpfaisal theory. Therefore, the

emotions selected should be analysable through appraisal theory. This included any typical
emotions that can be clearly defined by appraisal theory and emotional related concepts

which take part in the appraising proce$his thesis adopted the POMS questionnaire
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(which includes six emotional categories, all analysed through the lens of appraisal theory) to
ensure they were suitable for the course of the studies. Each of the six categories was
analysed in terms of theirddinct core relational themes and appraisal pattern if they were
typical emotions. If they were emotional related concepts, how they are involved in the
appraising process and how could they affect or help the emotion forming process were

analysed.

3.4.1 Anger

Lazarus(1991)developed and defad the core relational theme of adult human anger as that

o f damedning offense against me and mine Lazarus emphasised t he
t he anger, explaining it as a disregard or
theory). The ppraisal components included in the appraisal pattern of the anger emotion
include 6goal rel evancebo, 0goaldennibwngr(udeer
invol vement sdéd) as primary ¢ ompoatemuntalslityof The se
oneself orothers, imputedontrol of the situation. The first four components are necessary to
distinguish anger as an emotion. The last two appraisal componepisg potentialand

future expectation, are not necessary to form anger but often appear in angensmobie

coping potentaibf anger favours attacks on the othert
identity, and thefuture expectatiorwould assess whether the environment would respond

favourably to the action of such an attéSknith & Ellsworth,1985; Lazarus, 1991)

Goal relevance and goal congruence/incongruence are the two appraisal components always
present in the appraisal pattern of emotions and moreover, they are straight forward. If an
environment al e N ¢ 0 u n thenrematian is Assdciatedaifnt is irrelevanp n e 6 s
then no emotion is associated. In the appraisal pattern of every emotions, there is always goal

relevance. For goal congruence and incongruence, if an environmental encounter is congruent
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t o o0 ne 6 sthegematdn istfakoarable; conversely, if incongruent then the emotion is
undesirable. The egavolvement in anger emotion as emphasised by LazaAfl)is the

subjective perception of the offense to oneself. Smith and Ellswd&85) also maé a
similar observation, ot herds wunfair treat mer
per son. The appraisal components daccount abi
the situation is to do with oneself or others. In anger, both coemts are directed towards

others, where someone besides oneself is held accountable to cause harm to him/her and this
external subject is expected to have the ability to avoid such situations but did not do so.
Smith and Ellswortl{1985)al so pointed out that the aspect
distinguishing between anger and other negative emotions. However, the blame in anger is
not limited to the person but also to objects, such as societal danger or body of an unfair
system, since the concept of fairness and integrity are also part of theegay (Hamilton

& Lerner, 1982) In the case of anger towards an object where there is no person to blame,

the blame is often attributed to the unfairness ystesns or organisations. The appraisal
components of coping potential and future expectancy are to do with how people respond to

an emotion. In anger, a person favours attack as responding to the person who is responsible
for the negative situation. What important is that this attack does not necessarily require
actions (verbal or physical) but merely action tendencies. Future expectancy, in contrast, asks
the question of whether an action of attack has any future consequence: if it is safe to do so,
then the act of attack would likely be carried out; if not the action tendency would likely be
suppressed. All the appraisal components provide a unique appraisal pattern for anger to be
generated. As anger is one of the most common emotional responseamdxparience, an
acoustic environment may provide context t h

examples would be interrupting a person to relax. This potential of interruption of a person to
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perform an activity caused by external sources pges/a good environmental foundation for

anger to be generated. Therefore anger was suitable for this study.

3.4.2 Tension (Anxiety)

In the literal sense, tension refers to psychological stress. According to Smith and Kirby
(2001) psychological stresmdicates high goal relevance and low goal congruence. The
intensity of psychological stress is indicated by goal commitment. This was proved in an
empirical study where the difference between the strength of psychological stress reactions
towards differen goal s was i ndicated by the differel
said goals, and the stronger the commitment, the stronger the stress. In the case of the
empirical study by Smith and Kirb{2001) the goals were a person¢
goal relevancés the environment in relation to their achievement. As explained previously in
Chapter 2, goal commitment represents how much effort one is willing to put in to achieve

the goal. It can be used to predict the strength of emotional response; hencegiticgood
indication of a persondés intensity of psycho
under appraisal theory all negative emotions contain the appraisal components of goal
relevance and goal incongruence. In this sense, psychologesd & an emotional response

but not a specified emotion category. Instead, psychological stress can lead to other more
specific emotions such as sadness and (Barith & Kirby, 2001) Based on the items
presented, théension/stresemotional categry that the POMS questionnaire references, is

not psychological stress but anxiety. Whereas anxiety is often used as a synonym of stress,

the reason the word tension is used as the emotion categories for POMS could be the

similarity in terms of apprais@alomponent included, as shown in the next paragraph.

The core relational theme of anxiety -is the

identity (Lazarus, 1991) Lazarus emphasised that the uncertainty and anticipation of
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existential threat and uncertgimof what and when such threat would come to represent the
uniqueness of the anxiety as emotion. The appraisal components that entail the anxiety are
goal relevance, goal incongruence and protection ofickgydity against existential threat
(egainvolvement) (Lazawus, 1991) The appraisal pattern of anxiety is unique in the sense
that it does not contain any secondary appraisal patterns, such as coping potential and future
expectation. This uniqueness in appraisal pattern, as Lazarus emphasised, comes from the
uncertainty of how the environmental encounter is going to unfold. The relatively short
appraisal pattern shares similarities with psychological stress with the only difference, the
egoinvolvement, likely the reason that stress as a word is often usedce @l anxiety in

terms of verbal expression.

In acoustic environments, unexpected sound when perceived by an individual may indicate a
threat on a personal level. Sounds such as alarms, loud noises, and sounds indicating a
changing of the environment, wd indicate unpredictable threat based on personal
interpretation and in turn lead to anxiety responses. Therefore the anxiety emotion (tension)

was suitable for the thesis studies.

34.3 Confusion

Confusion, as explained by Silvia (2009), is a metacogn#ignal that notifies a person that
he/she does not comprehend an environmental encounter, and may produce an action
tendency to commit more effort to understanding the situation or dismissing it altogether.
Based on this explanation, there are envirental events presented in the process of
confusion, however, due to the complexity and difficulty in understanding the encounter. One
cannot relate the events to his/her goals, hence no goal relevance, goal congruence or ego
involvement. Based on appraistideory, in confusion there is no persemvironmental

relationship so it cannot therefore be an emotion. This notion was also supported by Lazarus
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(1991) that mental confusion is not an emotion per se, but it does produce an action tendency
similar to emotion. Despite #h notion, mental confusion can involve mental activity due to

its action tendency, although this ultimately depends on would a person experiencing
confusion is willing to commit more effort and would the person be able to establish a
persorenvironment riation with the event in question after such commitment. If so, a proper
emotion can be formed. Nevertheless, if a person does decide to ignore the encounter then
confusion will remain a cognitive signal. In this sense, confusion does provide the potential
for emotion to form, but it is not necessary for it to happen. Neither can one predict what
emotion would be produced if it did occur. In acoustic environments, it is likely for people to
hear a sound that one does not understand, as sometimes thassonotear or the sound is
tangled with other sounds. Ultimately, it depends on whether the listeners are willing to find
out what the sound is in order to establish a peessironmental connection or not. Under

this notion, confusion deserved to be stddunder the lens of soundscape but the focus needs
to be when confusion does lead to an emotional reaction but not confusion itself. This was

also what the thesis studies did.

3.4.4 Depression

The theory of depression originated from the studies of émdpkss, where Seligman (1975)
proposed that depression could be caused by negative life experiences which resulted from a
lack of control in adverse conditions. The earlier theory involving depression focused on the
actual helplessness conditions and hoeople dealt with them. Subsequently, the theory
shifted into subjective attribution about helplessness since not everyone responded to the
same negative life events with helplessness. As Seligman (1975) explained, helplessness has
the aspect of lack of otrol of the situation encountered and that nothing could be done to

change it. This aspect is similar to the emotion of sadness identified by appraisal theory,
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which has the core relational theme iokvocable loss(Lazarus, 1991) Different from
depression, sass as emotion indicates that an individual has resolved the encounter
involving such emotion, accepted the loss and the emotional distress has been dissipated.
Depression, on the other hand, indicates that the acceptance of loss has not yet been reached
(Lazarus, 991) Based on appraisal theory, depression itself is not an emotion. First,
depression does not has a distinct appraisal pattern, despite its similarity with sadness; the
aspect of the O6resolve not yet r etorshoedbd &6 mea
involved, such as worthless, anxious and angry. Second, emotional distress involving
depression is a professional judgement based on psychopathology independent from emotions,

and as such should not be treated the ghamarus, 1991)

In the POMS qud®nnaire, the depression category is not only represented by a few items (3
words) that directly explain the depressive state, but also mostly items of different potential
emotions that depressive states can transition to (12 words), namely sadness, fear,
worthless/guilt and anxious. Applied to soundscapes, high depression rating through the
guestionnaire indicated the presence of the depressive state. The high rating also indicated
two potential situations. First, that the environmental stimuli indicsigadfied the loss of

the individual. Second, the environmental stimuli were the trigger/reminders of a depressive
memory. These two situations can be illustrated by examples such as for an individual,
intense traffic sounds could indicate the loss of thgaliving environments and that
seemingly nothing could be done to change it, or reminding one of the poor living conditions
that the individual is already aware of. In this sense, the depression category is meaningful
for soundscape studies in terms dentifying potential depressive state triggers in an

acoustic environment.
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3.4.5 Fatigue and Vigour

The feeling of fatigue was proposed by Boksem and T2fp88) as a result of situations

where the total amount of energy spent to achieve a goal exceeded the perceived rewards.
This explanation indicates that mental fatigue is involved in the goal achieving process,
therefore fatigue is not an emotion hLstlikely involved in the emotional responses. A

similar notion was made by Thay@r989) When ople became fatigued, it was more likely

for them to feel anxiety and fear when performing a challenging task. While agreeing with
Thayer, Lazaru$1991)added that fatigue in an emotional process could worsen the balance
between demand and the coping resource; insteactafing emotional distress, it decreased
oneds ability to cope. Both Thayer and Lazse
effect on emotion is similar, although fatigue itself is not an emotion it can significantly

reduce the threshold to expaice some emotions.

As a theoretical position, vigour is considered the polar opposite of fgfityssell, 1980,

2003) and each is atifferent ends of the same continuum. The bipolar relationship between
fatigue and vigour is also reflected in the POMS questionnaire where the rating scores of the
vigour category is reversed (negative value). With this theoretical position, several
assumgpons regarding vigour can be made based on the understanding of fatigue. First, in
vigour, demand does not outweigh the coping resource in an environmental encounter.
Second, the threshold of energy spent to exceed perceived rewards is higher, which means
that a goal may appear to be relatively easy to obtain compared -tagooous states. In

other words, people are less likely to be stressed out in a vigorous state, and any emotion that

can potentially be manifested from stress (tension) are alsdkielystd appear.

Vigour and, in turn, fatigue were both proposed by Greene, Elffers, Lingo @08l7)as

effective states experienced in wearlated contexts (goale | evance) and ref]|
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resources. This proposal is based on the conservation of resources (COR) theory where the
resource is defined as personal energies and characteristics, abgectanditions valued by
individuals and can be used to exchange other resources. Fatigued states indicate that the
resource spent in a goal pursuing activity has exceeded the potential rewarding resource,
where a vigorous state means it has not or at teds/et. In soundscape, if a fatigued state is
observed, it indicates that acoustic environments have contributed to the spending of personal
resources. In the context of emotions, this means cognitive effort (energy) has been spent on
environmental stimli. However, a vigorous state indicates that cognitive effort has not been
spent on environmental stimuli or the amount of effort spent are small and not enough to
overthrow the potential reward resource. For illustrative purposes using an example of a
pg sonds aims to relax, i f he/ she ended up f
included elements that encouraged the person to utilise cognitive effort to process.
Conversely, if the person felt energised following a relaxing period and dgpent enough
cognitive energy on the shrouding environment or at all, this implies that he/she-iestesl.

The inclusion of fatigue and vigour provides potential indicators for cognitive activities. This
was useful to understand the formation proadssmotion and helps to explain some of the
emotion or emotiommelated outcomes (i.e. tension and tension related emotions such as fear,

anxiety and sadness).

3.5 Data analysis

Data analysis can be generally separated into quantitative and qualitativess€ah the one

hand, the quantitative section utilised the quantitative data (rating scores) gathered from the
guestionnaire has explored and revealed potential variables and emotions. The qualitative
data, on the other hand, helped to explain the redaalationship based on an understanding

of appraisal theory.
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3.5.1 The quantitative data analysis

The quantitative data refers to the galfing scores in the questionnaires and these data were
analysed through various statistical models to reveapttential relationship that existed
between acoustic environment and emotions. The variables included sound types, sound
levels, environmental contexts such as natural light, various visual contexts related to the
sound source and contexts of the labosat®tting, and social demographical information
such as gender. The emotions were the six categories included by the POMS questionnaire
(anger, tension, confusion, depression, fatigue and vigour). The statistical models can be
roughly separated into: thaiiial exploration of the data to provide a general understanding

of the relation between emotion and acoustical environment; and subsequent detailed analysis
where the relationship of individual variables (e.g. certain sound types) and distinct emotional

responses can be explored.

The statistical models involved in the initial exploration were the M&hitney test for the

case study and Multivariate Analysis of Variance (MANOVA) for the laboratory stiidies
MannWhitney test was implemented largely dtee the uneven sample size caused by
uncontrollable orsite environmental conditionand the skewness and kurtosis of the
obtained data (see detailed data analysis in each study sections 4.2.6, 5.2.5 and 6.2.7)
MANOVA was implemented for the laboratory expnents(Chapters5 and 6) MANOVA

was used due to there being several dependent variables (i.e. the six mood state categories).
MANOVA allowed several dependent variables to be examined reliably at the same time, and
also allowed the dependent variabledbe compared among each othigre assumptions of

the MANOVA test include statistical independence in observations, random sampling,
multivariate normality and homogeneity of covariance matrices. The former two assumptions

were fulfilled through experinmgal design for the two studies (i.e. A@peating measures
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for any one of the participants and no specific demographic groups were targeted). For the
latter two assumptions, analyses of normality (through checking kurtosis and skewness of
data groups) ahequality of variances were performed separately (see detailed analysis in

each studiesd data analysis sections 5.2.5 a

The statistical models involved in the subsequent detailed analysissingske regression

and multiple regressionfor the case study (Chapter 4jiscriminant analysisfactorial

ANOVA with post ho¢ simple regressionand multiple regressionfor the laboratory
experiments (Chapters 5 and 6). The simple regression case study was used to identify the
direction of the #ect identified in the initial ManiWhitney test. The simple regression
shows how a dependent variable (i.e. the mood state category) changes with the increase or
decrease in independent variables (i.e. the soundscape stimuli such as presence orfabsence o
a sound type). In other words, the simple regression can identify whether the environmental
factors add to the intensity of a specific emotion or reduce the intensity of the emotion. The
MannWhitney test, in contrast, was unable to tell whether a sigmif change was an
increase or a decrease. The multiple regression in the case study provided a comparison
among presented environmental factors (variables), whereas simple regression could only
examine the relationship between one environmental factboa@ emotional outcome. The
multiple regression explored the effect among environmental factors in how certain emotions

were affected.

In the laboratory studies, discriminant analysis was conducted following the MANOVA test
to group the environmental faes by their effect on different emotions and the factorial
ANOVA with post hoc to establish osie-one relationships between sound types and
emotion categories. As previously stated, conducting multiple ANOVA tests would inflate

the Type | error. Howeverwith the protection of the MANOVA test, such risk can be

70



mitigated. Simple regression tests were conducted to examine the effect of sound level on
emotions. And finally, multiple regression was used to examine the effect of some
environmental contextspeond t he experi ment al design (e.g

perception of the physical environment of the laboratory).

3.5.2 The qualitative data analysis

The qualitative data refers to the open questions that followed the POMS questionnaire. The
guestions were used to extract information about which environmental @nvimonmental

factors were involved in the cognitive activity or emotion forming process. These qualitative
data, as previously mentioned, were used as complementary informaliettetounderstand

the revealed relationship from the statistical analysis. This explanation was based on the
understanding of appraisal theory, more precisely the hanaimonment relationship
presented in an emotional response. For example, anger respowsirds machinery sound

have been shown in the form of an increasing anger score rating, and a number of participants
also reported being distracted by a construction scene. Based on the core relational theme and
appraisal pattern of the anger emotithrg construction site and its machinery sound has been
perceived to negatively affect personal wmding (goal relevance and goal incongruence),

and was caused by others and could have been avoided (attackiderggy and blame of
others). In this exaple, the qualitative data provided an additional context for the anger,
together with an understanding of the appraisal pattern, they provided an explanation that has
a theoretical foundation for how such a relation came to be. Without appraisal theory to
predict why such a relation happened, any propositions would only be a best guess based on

instincts or life experiences, which would be highly subjective.
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3.6 The implementation of implicit and explicit appraisal process

The aim of implementing impliciand explicit appraisal process was to maintain the natural
response towards environmental stimuli from participants. As mentioned in section 2.3.5,
explicitly asking participants to appraise any environmental stimuli would elicit an explicit
appraisal proess. This type of experimental design was avoided in this research by limiting
the information provided to participants. The key is not to explicitly suggest or establish a
connection between environmental stimuli and activities being performed by partsip

Hence there was no pdetermined perseanvironment relationships forced upon
participants. Any potential pers@mvironment relationships were established by the
participants themselves to maintain a natural response. In terms of the implicisappra
process, automatic responses in soundscapes depend on how long a person reflects on the
encountered acoustic environment. Alternatively, an environmental encounter should not
attract the attention of the perceiver hence not result in conscious th8unglet the length of

time participants decide to reflect on the environment surrounding them cannot be controlled,
the experiment al designés focused was to pr
immerse in said environment. This longer periddveéd the participants attention to flow

freely within the environment hence both explicit and implicit appraisal processes could

occur naturally.

In term of how to observe and identify such a process, quantitative methods suchiaedelf

scores weregleemed insufficient as they can only represent the change in emotional states but
were unable to interpret a personbdés thought
reporting (a qualitative method with open questions), it was possible to identifiiaxtiee

emotional state has been produced consciously or unconsciously. Therefore, hybrid methods
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of seltrating (ranking items in the questionnaire) and -sghiorting (open questions in

guestionnaire) were used in two of the studies in this thesis (egeel 5 and 6).
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Chapter 4: Effect of soundscape on mood states in urban pedestrian space:

a Sheffield case study
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4.1 Introduction

Previous thesis chapters explored and reviewed current literature and methodology from

studies of emotionaksponses in both acoustic environments and from the perspective of
psychology. This review led to the conclusion that current theories and methodologies used in
soundscape studies are insufficient in establishing a systematic understanding of emotional
outcomes. This thesis suggests introducing a new methodology from the field of psychology

to help establish a better understanding of emotional outcomes in acoustic environments.
Continuing from this conclusion, the chapter then explains and discussestth@afn study

(Chapter 4) of this thesis. The study is arsda survey conducted in an urban public area.

By integrating the appraisal theory this chapter aims to identify and examine potential
environmental factors t hotohal autcogesi Theidertified | v af f
factors not only provide preliminary data for the following studies of this thesis (Chapter 5

and 6) but also an initial test for the viability of integrating appraisal theory in a soundscape

study.

The study found that emenmental condition, such as weather and (air) temperature, did not
significantly affect participantsd emoti onal
however showed significant but varied effects on emotional outcomes. The statistical

outcome othese results was discussed and analysed through the lens of the appraisal theory

(an emotional model from psychology).

The list of research objective were as follows:
1 Identifying environmental conditions that have the potential to affect mood/emotional
response;
1 Identifying sound types that present within an urban public context;

1 Identifying sound types that elicit a significant mood/emotional response; and
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1 A preliminary data analysis of any identified factors (sound types and environmental

conditions) n relation to mood/emotions.

4.2 Methods

This study was an isitu survey conducted in the city centre of Sheffield, UK. Participants
were recruited on site based on location and time of occupation. Standard procedure as
suggested by ISO/FDI&29132 (2013) and ISO/FDIS 12913(2019) was followed,
including: information of participants, acoustic environment, context of the environment

where the study was conducted, and questionnaire used.

4.2.1 Elicitation of implicit processes

Tocapturepdri ci pant sd natur al responses, the 1 mpl
allowing them to control or monitor their mood state; the survey did not hint at a relationship
between mood state and environmental variables (temperature, light, soungbeveot
participants from assessing the studyés goa

environmentrelated information.

4.2.2 Questionnaire

POMS ( Mc Nair et al ., 1992) was employed to
surface, inciting therno evaluate their emotional process, label it, and convert unquantifiable

mood states into statistically comparable data. The questionnaire useerepselformat,

which may have introduced biasege also Section 3.5.1 whiclmtioduces the POMS

guestionaire and see questionnaire use in Appengix A
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4.2.3 Site and stimuli

The survey took place in five areas within the Peace Gardens (see Figure 4.1 and areas 4 and
5 of Figure 4.3) and Fargate Street (see Figure 4.2 and areas 1,2 and 3 of Figaréhd.3)

city centre of Sheffield, UK. As an 4situ study, it had the advantage of representing a
realistic urban environment; however, as a case study, this research only represented the
studied location and, as such, may not directly contribute to theorytodtiee lack of
laboratory examination. Hencehis study also provides a reference and contextual

foundation for the following two laboratory studies (see chapters 5 and 6).

The Peace Garden is a green public space in front of Sheffield Town Hall, witb tra
running northsouth on the west side and a quiet pedestrian street to the east. They comprise a
sunken plaza, flower beds, central fountain, and stone walls with aiuilaterfaltlike

fountain (ranging from 112 m high).The sound environment i®mplex consisting of mixed

sound sources and typ@scluding: traffic (dominant foreground sound), fountain (dominant
foreground sound), human (quiet background sound), birdsong (quiet background sound) and

the sound of children (quiet background souisdk Figure 4.1).
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Figure 4.1The Peace Gar deoplsft)streetsidekfap rightp viea fraan ingide outward (bottom

left) and street side view of the short wall (bottom right)

Fargate Street is a typical commercial pedestrian street Jsites2d to traffic except at each

end (sites 1 and 3), with growfidor commercial space on both sides and a broad pedestrian
area in the middle, where market stalls are typically present during holidays. Busy holiday
events and activities also take mdtere, facilitating the study of human activities (see Figure
4.2). Sound types include human (quiet background sound), traffic (dominant foreground
sound), quiet shop music (quiet background sound) and street music (dominant foreground

sound). Visual sthuli include icecream van and street vendors.

-

.

0
N
N
1 8
I

78



Figure 4.2Fargate Street, noddnd (left), instreet (middle), and souind (right)

Sheffield City Centre

Studsed Arca

Figure 4.3 Satelliteimagesof site locations. Areas 1, 2, and 3 = Fargate Street; Areas 4 and 5 = The Peace

Gardens

4.2.4 Participants

Participant size was calculated using G&Power 3.0software. As participant groups for
each soundscape stimuli in this study were mostly based on the presence or absence of a
stimulus, usually two groups were present in each compearsésal {test were considered to

be the suitable statistical model to examine the mean difference between two groups. If the
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data was noiparametric or had unequal participant group sizes, sample calculationtesth t
also provided sufficient power fohé nonparametric statistical models such as the Mann
Whitney test. TwoA priori calculations fort-test for mearnwere conducted. One was for
equal participant group size, and the other for-equal participant group size. The equal
participant group sizealculation showed that to achieve a power of 95% for a medium effect
size d = 0.5, a total participant size of 210 was required. The-egual participant group

size calculation (with an extreme group size ratio of 0.2) showed that to achieve a power o
80% for a medium effect size F 0.9, a total participant size of 226 was required. For easy

calculation, 250 participants were surveyed to guarantee a sufficient participant size.

Ethics approval (Reference 013791) was provided by the Universityedfi&d. Participants

were recruited osite. The surveyor took up an observation position and looked for any
potentialparticipants who weren) stationary in the site area, either sitting or standing, for a
minimum of 5 minutes; and b) with no obstractiin their ears. Potential participants were

then approached and asked: i) if they wanted to participate in the survey; and ii) if they had
normal sight and hearing. If the participant was willing and fit all the criteria, the survey
began; if not, the sueyor returned to the observation position. This process screened for
participants who could properly absorb the environment based on the aforementioned criteria.
These criteria also dictated the site selection and the acoustic environment of th@nsites.
important thing to consider is that the participant screening criteria resultedamdwmised

sampl es. The criteria were there tsite(igpuar ant
relaxation). As explained in the appraisal theory (seecsecti 2 . 2. 1) , the part
affect the emotional outcomes. Hence, randomly approaching peopite amas not possible

if such goals were being controlled. People who did not remained on site for an extended
period of time would not have the goal @flaxation. Conversely, if people were passing

through the site, meaning their goal was to reach another destination, the appraisal of the sites
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themselves would have been significantly different due to the change in jeergoonment
relationship. The @eening itself would certainly produce degrees of sampling bias that
would affect the generalisation of the study results. However, such sampling biases were
eliminated in the latter laboratory studies (chapters 5 and 6) and can be used for cross
examinaion for this studyAround 25% of the people approached agreed to participate and
were eligible. Participantsd ages ranged fr

were female, 45.3% male, and 1 response had gender information missing (0.4%).

4.2.5 Survey Procedure

The survey was conducted during sunny and cloudy conditions but not rainy weather, as
people would be less likely to utilise the open public space to fulfil the function of relaxation.
The survey was conductéagtween 10:00 and 18:00 (Morydl&riday, 14 May3 July 2018),

to include periods of heavy human activity and the ability to observe the daily usage of the
space. The survey process has also avoided days with raining and weekend to ensure
temperature and density of human activity istreddy consistence. The questionnaire was
explained to participants as an instrument to measure how they were feeling at that moment
by rating the words from 1 (not at all) to 6 (extremely). Participants were told that the
numerical value of the scale wegnsistent and continuous (e.g. 2 was twice as strong as 1,
and that they could write a fractional number, e.g. 1.5, 2I2&).explanations provided were

as foll ow: Ot he numbers ranked from 1 to 6 e
isthesame as f oDunmg the prooess,3tlde. researcher answered any question
regarding the survey as long as it did not interfere with the application of the implicit process.

Figure 4.4 shows the complete survey process cycle.

81



" Observe and seek for suitable candidate on-site
a) stationary in the site area, either sitting or standing, for a [ ——
minimum of 5 minutes; and i3

. b) with no obstruction in their ears. J

|

|

I

" Once all the requirement above had been met, potential partici- |
pants were approached and asked: |
i) if they wanted to participate in the survey; and I
|

|

|

|

L ii) if they had normal sight and hearing. )

Agree and had i) disagree or
normal hearing and ii) agree but not normal
sight hearing and/or sight = i

Brief explain the purpose
of the survey and hand
out the questionnaire

Completion of the
questionnaire | T T T T T T T =~

Figure 4.4 Survey procdure cycle

4.2.6 Data Analysis

The study aimed to identify dominant environmental variables within the observed categories
that could affect mood statd3ue to the large participant size (above 200), the normality test
through the zscores of skewness ahkdrtoses is likely to produce significant results even in
normally distributed data. Instead, the normality of the data was explored through histograms

(see Figure 4.5)
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Figure 4.5frequency against total mood score rating histograms of six mood states.

Figure 4.5 shows that along with the vigour group, data from five other mood states groups
have different degrees of skewness and kurtosis. Due to thisanorally distribution non

parametric tests were implemented for data analysis.

83



The ManriWhitney tes (nonparametric testdor categorised variablpa nd Spear man¢
correlation coefficient (nojparametric test for data that is measured in interval, i.e.
temperaturewere applied because of the uneven participant group amesnonnormally

distributed dataFinally, multiple regression analysis was conducted to study the interrelation
between independent variableSf the 249 surveys gathered, 4 outliers were removed
because of extremely high mood disturbance scores, dgdment was based on whether or

not an individual s scores of any mood st a
interquartile range from either end of the data set set (the outlier analysis was done using
SPSS statistical software)n total, 245 pdicipants were chosen, as the prior power
calculation showed (section 4.2.4) that a total of 226 participants is sufficient to achieve a

power of 80% for a medium effect size [d = 0.5], hence 245 participants were sufficient.

Independent variables (factprs wer e categorised by referenci
single stimulus dimensions: colour; heat; light; and so(Mdhrabian & Russell, 1974)

Based on this study, the three environmental categories selected were: light conditions;
thermal conditions; and sounds. Environmental factors were judged and recorded as text by
the surveyor, based on related visuals, sounds, ortaditihat were present @ite during

each survey session. The presence/absence of sunlight was judged by whether the sun was
blocked by clouds during the survey or preceding the observation p&hediemperature

reading was taken from bothkeather statins (Manchester Airport, United Kingdom)(Time

and date, ndand a traditional hanbleld alcohol thermometer for each survEinally, the
presence/absence of a sound type was identified depending on whether it was audible when
the surveyor focused on listiag at the location. The sound types recorded during the
surveys were categorised prior to data analysis, based on the related activity of each sound
(Brown, Kang & Gjestland, 2011). Sound taxonomy was implemented to examine

independent sound variablesdatail, which were identified as street performance (vocal and
84



instrumental), music from adjacent shops, traffic, machinery (i.e. amusement rides), water

fountai ns, bi r ds o n gcreancvan, ahstreeéveraars (see Rigard)4.6

Sound

Taxonomy

Dependent variables included anger, confusion, depression, fatigue, tension, vigour, and

Total Mood Disturbance (TMD). Each dependent variable was calculated by adding scores

f
Sound generated by

human activities
\

Outdoor | Urban ‘
Acoustic | ) Aemte |
BhoRE | Environment

Sound not

generated by ‘

human activities

Figure46Sound taxonomy

Motorised \
I
transport ‘
)
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mstrument |
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| Electrome chanical
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b as e @01d)n
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Street
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Shop music

Entertainment
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(amusementrides)
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Children's sounds
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Br own

Sound Variables
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from the words in that category, ept TMD, which was calculated by adding scores from

negative words and subtracting scores from positive words. The scores ranged2rtom

278.

All analyses were performed using IBM SPSS. Figuigé shows the process of variable

analysis through a statiisal model (temperature, as an exception, was analysed via Spearman

correlation).
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Figure 4.7 How statistical modelwere used to analyse the gathered data

The results will also be discussed through the lens of appraisal theory. Appraisal theory views

eaxh distinct emotion as groups of environmental appraisal components, and these

components form a distinct appraisal pattern that can accurately represent an emotion. The

theory focuses on the understanding of the peesmironment relationship and the eor

relational theme that summarise the uniqueness of each distinct emotion. Analysing the

results from the statistical models through the lens of appraisal theory provides insight into

why and how such emotional response comes to be. This is crucialuyao$tsoundscape

and emotions.

4.3 Results
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4.3.1 Effect of environmental conditions on mood states

4.3.1.1Weathercondition

The descriptive statistics relating to the survey results of weather conditions are shown in

Tables 4.1 a and 4.1 b below:

Cloudy Weather Anger Confusion Depression Fatigue Tension Vigour

N 45 45 45 45 45 45
Mean 19.09 9.29 25.48 18.07 12.71 23.14
Median 16.00 8.00 22.00 16.50 11.00 24.00
Range 36.00 19.00 46.00 30.00 31.00 23.00
Minimum 12.00 2.00 15.00 7.00 2.00 9.00
Maximum 48.00 21.00 61.00 37.00 33.00 32.00
Percentiles 25 13.50 5.00 17.00 10.00 5.50 18.50

50 16.00 8.00 22.00 16.50 11.00 24.00

75 25.00 13.50 29.00 24.00 16.00 27.50
Std. Error of Mean 1.17 0.80 1.65 1.18 1.35 0.88
Std. Deviation 7.86 5.38 11.05 7.91 9.05 5.89
Variance 61.81 28.94 122.02 62.60 81.85 34.75
Skewness 1.58 0.49 1.56 0.60 0.96 -0.51
Std. Error of Skewness 0.35 0.35 0.35 0.35 0.35 0.35
Kurtosis 2.82 -0.80 2.26 -0.35 -0.21 -0.30
Std. Error of Kurtosis 0.69 0.69 0.69 0.69 0.69 0.69

Table 4.1a displaying descriptive statistics details for the cloudy weather group

Sunny Weather Anger Confusion Depression Fatigue Tension Vigour

N 199 199 199 199 199 199
Mean 19.05 8.45 23.80 16.23 10.45 23.48
Median 16.00 7.00 19.00 15.00 8.00 23.00
Range 43.00 30.00 62.00 29.00 33.00 33.00
Minimum 12.00 0.00 15.00 7.00 2.00 8.00
Maximum 55.00 30.00 77.00 36.00 35.00 41.00
Percentiles 25 13.00 4.00 16.00 10.50 5.00 20.00

50 16.00 7.00 19.00 15.00 8.00 23.00

75 22.00 12.00 28.00 20.00 14.00 27.00
Std. Error of Mean 0.62 0.40 0.81 0.51 0.54 0.40
Std. Deviation 8.76 5.70 11.37 7.21 7.63 5.61
Variance 76.77 32.54 129.23 51.92 58.23 31.42
Skewness 1.80 1.01 1.92 0.72 1.29 0.31
Std. Error of Skewness 0.17 0.17 0.17 0.17 0.17 0.17
Kurtosis 3.08 0.93 4.08 -0.15 1.12 0.19
Std. Error of Kurtosis 0.34 0.34 0.34 0.34 0.34 0.34

Table 4.1b displaying descriptive statistics details of the sunny weather group
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As shown in Bble 4.1 a and, the participant size of the two weather groups differed
significantly, and neither groupds skewness
the data set was not normally distributed, hencepayametric test (MankVhitney test) was

used to gamine the effect of weather difference on individual mood statdsde 42 shows

the Manifi Whitney test results. No mood category was significantly different between sunny

and cloudy weather conditions [p >.05, ns].

Table 42 Manni Whitney test of moodstates related to lighting conditions

. Manri .
Variable CE:;Z“%? Group Median ?é\_/tz;lillj: d) Whitney \illue (Er;fect Size
gory Test (U)
Anger sunny - 16.00 0.583 (ns) 424450 055  -0.04

Cloudy 16.00
Sunny 7.00

Confusion Cloudy 8.00 0.262 (ns) 3998.50 -1.12 -0.07
Depression ifonu”gy ;2:88 0.097 (ns) 3771.00 -1.66  -0.11
Weather | Faligue ifonu“gy 12:88 0.145 (ns) 3855.00  -1.46  -0.09
Tension ifonu”gy ?10.80 0.133(ns) 383550 -151  -0.10
Vigour sunny - 23.00 0.851 (ns) 4397.50 -0.19  -0.01

Cloudy 24.00

Total Mood Sunny 44.00

Disturbance Cloudy 54.00 0.126 (ns) 3823.00 -1.53 -0.10
(TMD) :

Significance: p<0.05; small effect: r=0.10; medium effect r=0.20; large effect r=0.5

Simple regression was conducted to identify the intensity and direction (for identifying one

tailed results) of the effect; no significant relationship was found between daylight conditions
(cloudy or sunny) and depressed mood [R=.058,0®3, B=1.674, p>.05, ns]. The results

suggest that light conditions produced by sunny or cloudy weather cannot reliably predict
depressed mood, contradictiMehrabian and Russell (1974ho reported that brightness

and saturation had a direct correlation with pleasantness. There are three possible
explanations. First, Mehr abi an andonRionssel | ¢
relation to colour (saturation and brightness) but not the effect in real environmental contexts.
Second, pleasantness is a relatively vague mood. When considered through appraisal theory,

the closest match is the happiness/joy emotion. Howewertha appraisal pattern of
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happiness suggests, the only two defining components are goal relevance and goal
congruence, which are included in all positive emotions. Therefore, pleasantness as a mood
category could include multiple positive mood categotie;e pr esent studyods
only included one positive mood categorigorous and POMS was mostly used to examine
negative moods. Third, the change in light conditions caused by sunny/cloudy weather was
minor, and limiting lighting conditions tool y O6sunnyd or O6cloudy?®o

sufficient.

4.3.1.2 Temperature

The descriptive statistic of the survey results related to temperature is shown below (see
Table 4.3. The temperature was measured at the interval; the table is also a nesult of

grouped data).

Anger Confusion Depression Fatigue Tension Vigour
N 245 245 245 245 245 245
Mean 19.10 8.59 24.14 16.59 10.88 23.39
Std. Error of 0.55 0.36 0.72 0.47 0.51 0.36
Mean
Median 16.00 7.00 20.00 15.00 9.00 23.00
Std. Deviation 8.60 5.64 11.29 7.35 7.92 5.66
Variance 73.93 31.76 127.55 54.05 62.80 32.00
Skewness 1.74 0.92 1.83 0.70 1.22 0.14
Std. Error of 0.16 0.16 0.16 0.16 0.16 0.16
Skewness
Kurtosis 2.94 0.62 3.62 -0.20 0.80 0.08
Std. Error of 0.31 0.31 0.31 0.31 0.31 0.31
Kurtosis
Range 43.00 30.00 62.00 30.00 33.00 33.00
Minimum 12.00 0.00 15.00 7.00 2.00 8.00
Maximum 55.00 30.00 77.00 37.00 35.00 41.00
25 13.00 4.00 16.00 10.25 5.00 20.00
Percentiles 50 16.00 7.00 20.00 15.00 9.00 23.00
75 22.00 12.00 28.00 21.00 14.00 27.00

Table 4.3displayingthe descriptive statistics for the survey results (for temperature groups)
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Table 4.3 shows that the skewness and kurtosis values were not close 0, which indicates a
data set that was not normally distributed (fgraphical analysis see also Figure 4.5). Hence,
anonparametrical statistical test TaBlpédar mano
shows that there was no significant relationship between air temperature and the six mood

categories [p>.05, ns].

Table4dSpear mands test for emotional response
Variables Emotion Category Spear mands C p-value (2tailed)
Anger -0.11 0.088
Confusion -0.68 0.289
Depression -0.08 0.236
Temperature Fatigue -0.06 0.388
P Tension -0.10 0.126
Vigour 0.09 0.152

Total Mood Disturbance

(TMD) -0.09 0.142

Significance: p<0.05

Mehrabian and Russell (197d9ncluded that the further ambient temperature deviated from

body temperature, the more emotional arousal there is, suggesting that temperatures between
155C and 26C wer e opti mal for ther mal comfort
par t i ciapcallactios period &alling betweelC and 24C, the air temperature may

not have shifted sufficiently to trigger significant emotional arousal. Furthermore, if a thermal
condition is produced naturally anddemnt mat ct

of it (Nikolopoulou & Steemers, 2003Both these conditions were met in the present study.

Relative humidity and air temperatu@ata were retrieved from the weather station
(Manchester airport) and dew point temperature calculated based on Equation 1 (see Figure
4.8).

@ ™Y 0

@ | "™Y'O

Equation 1 dew point temperature calculation
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“Y is dew point temperature &; T is air temperature ia ; RH is relative humidity in %; a

and b are coefficients for Sonntag 90 constant set where a = 17.62 and b 3 243.12
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Figure 4.8 Average daily air temperature, relative humidity and dew pgeimperatures between™df May and & July

As shown in Figure 4.7, across the survey period, the range of air temperature 2das, 14

the range of humidity was ZB8% and the dew point temperature waktd4 . Based on the
occupational safety and healtbnainistration (OSHA) technical manual (OSHA Technical
Manual, n.d.) air temperature in the range of768 (20-24.3 ) and relative humidity range

of 20-60% is considered comfortable. Based on the calculation of dew point temperature this
is within a rangeof 4-16.%8 . The dew point temperature range in the current survey study
was in range of this temperature. This provides a further explanation in tksgndicant

effect of temperature on emotional response, since the variation within the comfortable
temperature range may not produce enough changes to elicit an implicit or explicit emotional

response.

An assumption could thus be made that air temperature does not have a significant correlation

with mood state; instead, the relation between mood statehanmhal comfort may come
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from the experience of a change in thermal conditions. Further study on this assumption is

required.

There may also have been some deviation in the temperature recording. First, only the air
temperature was recorded; this did nepresent the apparent temperature which is also
influenced by humidity and wind, factors that were not recorded during the survey process.
Second, the temperature data were pulled from the local weather station, and there may have
been potential differenseand delays in data between the site and the station. However, these
deviations should not have had a significant influence on the results as the overall weather
conditions were relatively stable, and no significant change occurred during the data

collection period.

4 .3.2 Effect of music on mood states

4.3.2.1 Streetnusic (popular music)

The descriptive statistics of the street music groups, andgtneat music groupre shown in
Tables 4.5 a and.5 b. The skewness and kurtosis were not close to the value of 0 indicating
the grouped data were not normally distributed. Additionally, the participant sizes differed
significantly between the music group and #muasic group, hence a ngarametric

staistical model (ManhWhitney test) was implemented.

92



With street music Anger Confusion Depression Fatigue Tension  Vigour

N 202 202 202 202 202 202
Mean 19.41 9.22 25.04 17.43 11.53 23.22
Std. Error of Mean 0.60 0.40 0.83 0.52 0.58 0.40
Median 17.00 8.00 21.00 16.75 10.00 23.00
Std. Deviation 8.52 5.63 11.82 7.44 8.20 5.64
Variance 72.53 31.72 139.79 55.28 67.23 31.86
Skewness 1.70 0.78 1.71 0.55 1.11 0.21
Std. Error of 0.17 0.17 0.17 0.17 0.17 0.17
Skewness
Kurtosis 3.01 0.43 3.05 -0.38 0.47 0.27
Std. Error of Kurtosis 0.34 0.34 0.34 0.34 0.34 0.34
Range 43.00 30.00 62.00 30.00 33.00 33.00
Minimum 12.00 0.00 15.00 7.00 2.00 8.00
Maximum 55.00 30.00 77.00 37.00 35.00 41.00
Percentiles 25 13.00 5.00 16.00 11.00 5.00 20.00
50 17.00 8.00 21.00 16.75 10.00 23.00
75 23.25 12.25 29.25 22.25 15.00 26.63

Table 4.5a displaying the descriptive statistics for the street music group

Without street music  Anger  Confusion Depression Fatigue Tension Vigour

N 43 43 43 43 43 43
Mean 17.63 5.65 19.93 12.65 7.79 24.17
Std. Error of Mean 1.36 0.72 1.08 0.84 0.85 0.87
Median 14.00 5.00 17.00 12.00 6.00 25.00
Std. Deviation 8.93 4.69 7.07 5.49 5.60 5.72
Variance 79.72 21.99 49.92 30.18 31.31 32.71
Skewness 2.12 2.23 2.13 1.70 1.74 -0.16
Std.Error of 0.36 0.36 0.36 0.36 0.36 0.36
Skewness
Kurtosis 3.70 6.39 4.26 3.77 2.87 -0.49
Std. Error of Kurtosis 0.71 0.71 0.71 0.71 0.71 0.71
Range 35.00 24.00 29.00 25.00 23.00 23.00
Minimum 12.00 1.00 15.00 7.00 2.00 11.00
Maximum 47.00 25.00 44.00 32.00 25.00 34.00
Percentiles 25 12.00 2.00 15.00 8.00 4.00 20.00
50 14.00 5.00 17.00 12.00 6.00 25.00
75 18.00 7.00 21.00 14.00 10.00 29.00

Table 4.5b showing the descriptive statistics for the group without street music presence

Table 46 illustrates the MarinWVhitney test results, where anger, confusion, depression,
fatigue, tension, and TMD scores were significantly different according to the presence or
absence of the street performance [p<.05]. Only the vigour category showed naasignifi

difference in this regard [p>.05].
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Table 46 Manni Whitney test of mood states categories related to street performance (popular music)

Manri

E;Zg%?y Group Median rz-z\i?alllﬁg d) \(/t/Jt;itney Test Z-value E{;eeczr)
Anger L’;S 1‘71:88 0.032 (sig) 3448.00 2.14 -0.14
Confusion ;‘;S 2:88 (<s?§(;01 2493.50 -4.39 -0.28
Depression Lig Z:gg 0.006 (sig) 3186.00 276  -0.18

e nce Fatigue ;\(I‘;S ié:gg (<§éc))01 2606.00 312 -0.20

Eﬁgsilél)ar Tension ;‘;S (15'00180 0.003 (sig) 33133.50 2.92 -0.19
Vigour Lig ;2:88 0.354 (ns) 3861.00 114 007
gci)stijlrba,:]ﬁggd e o <0001 575150 384  -0.25
(TMD) No 51.00 (sig)

Significance: p<0.05; small effect: r=0.10; medium effect r=0.20; large effect r=0.5

A further simple regression was conducted to test the intensity and direction of this effect.
The mood categories of confusion [R=.24¥=R06, B=-3.567, p<.05, sig], depression
[R=.173, R=.030, B=5.112, p<.05, sig], fatigue [R=.2482R061, B=4.777, p<.05, sig],
tension [R=.180, &.032, B=3.741, p<.05, sig], and TMD [R=.2042R042, B=19.932,
p<.05, sig] had significant negativelationships with street performance. The presence of
street music explained variance in the mood scores by 5.8% for confusion, 3.0% for
depression, 6.1% for fatigue, 3.2% for tension, and 4.2% for TMD. The simple regression
also showed that anger could he reliably predicted by street performance [p>.05, ns], even
though the mean score showed a significant difference in theiMéritney test, suggesting

that this difference was driven by other factors.

The results were ¢ o0ns capd pemeptionmioteh whicix regorgsed o n 6 s
that street performance, as part of a soundscape, could be considered eventful and pleasant
(Axelsson et al., 20105treet performance is different from other sound sources in an urban

soundscape, in that when present, it usually attracts attention and takes a dominant position
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over other acoustical stimuli. Soundscapes with domihaman sounds are also considered

more eventful than soundscapes with@bllon & Lavandier, 2000)

4.3.2.2 Shop music

Music originating from a shop adjacent to the public space was present during some of the
survey sessions, although it was faint and did not take a dominant position soutie
environment.The Tables 4.7 a and.7 b display the descriptive statistics of the shop music
group and noishop music group. As shown, the skewness and the kurtosis value is far from
the value O indicating the data has violated the normality assumption in the statistics.
Additionally, paticipant size between the two groups were largely different, hence non

parametric test (MarnnwWhitney test) were implemented.

with shop music Anger  Confusion Depression Fatigue  Tension Vigour
N 22 22 22 22 22 22
Mean 22.18 10.68 27.41 17.59 14.27 23.27
Std. Error of Mean 2.01 1.24 2.23 1.33 1.83 0.84
Median 20.50 11.00 26.00 18.00 12.50 23.50
Std. Deviation 9.42 5.79 10.47 6.22 8.58 3.94
Variance 88.82 33.56 109.68 38.63 73.54 15.54
Skewness 0.63 0.16 0.37 0.82 0.57 0.05
Std. Error of 0.49 0.49 0.49 0.49 0.49 0.49
Skewness
Kurtosis -0.63 -0.82 -1.30 1.12 -0.69 -0.09
Std. Error of Kurtosis 0.95 0.95 0.95 0.95 0.95 0.95
Range 30.00 19.00 30.00 27.00 29.00 15.00
Minimum 12.00 2.00 15.00 7.00 3.00 16.00
Maximum 42.00 21.00 45.00 34.00 32.00 31.00
25 12.75 5.00 17.75 12.75 7.00 20.75
Percentiles 50 20.50 11.00 26.00 18.00 12.50 23.50
75 29.50 14.50 38.25 20.25 21.00 25.25

Table 4.7a displaying the descriptive statistics for the group with shop music
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without shop music Anger  Confusion Depression Fatigue  Tension Vigour

N 223 223 223 223 223 223
Mean 18.79 8.39 23.82 16.49 10.54 23.40
Std. Error of Mean 0.57 0.37 0.76 0.50 0.52 0.39
Median 16.00 7.00 19.00 15.00 8.00 23.00
Std. Deviation 8.47 5.59 11.34 7.46 7.80 5.81
Variance 71.82 31.26 128.65 55.64 60.81 33.70
Skewness 1.90 1.01 1.97 0.70 1.32 0.14
Std. Error of 0.16 0.16 0.16 0.16 0.16 0.16
Skewness
Kurtosis 3.68 0.93 4.20 -0.25 1.13 0.00
Std. Error of Kurtosis 0.32 0.32 0.32 0.32 0.32 0.32
Range 43.00 30.00 62.00 30.00 33.00 33.00
Minimum 12.00 0.00 15.00 7.00 2.00 8.00
Maximum 55.00 30.00 77.00 37.00 35.00 41.00
25 13.00 4.00 16.00 10.00 5.00 19.50
Percentiles 50 16.00 7.00 19.00 15.00 8.00 23.00
75 21.00 12.00 27.00 22.00 13.00 27.00

Table 4.7b displayingdescriptive statistics for the group without shop music

Table 48 Mann-Whitney test of mood state categories related to Shop music

Emotion Groups Median p-Value Mann-Whitney 7 value Effective
Categories P (2-tailed) test (U) Size (r)
Anger ves 20.50 0.105 (ns)  1942.00 1.62 0.10
g No 16.00 ' ' ' '
. Yes 11.00
Confusion 0.057 (ns)  1850.00 -1.90 -0.12
No 7.00
Depression ves 26.00 0.069 (ns) 1880.00 1.82 0.12
P No 19.00 ' ' ' '
. Yes 18.00
Fatigue 0.307 (ns) 2128.00 -1.03 -0.07
Shop music No 15.00
Tension ves 12.50 0.027 (sig) 1757.00 2.20 0.14
No 8.00 ' g ' ' '
Vigour ves 23.50 0.984 (ns)  2446.50 002 000
g No 23.00 ' ' ' '
Total Mood ves 61.50
Disturbance 0.05 (sig) 1833.00 -1.96 -0.12

Significance: p<0.05; small effect: r=0.10; medium effect r=0.20; large effect r=0.5

The Manni Whitney results showed that shop music had small effects on tension [p<.05, sig.,
Mdnpresence12.50, MdRotpresence8.00, U=1757.00, Z2.20, r=0.14] and TMD [g:.05, sig.,

Mdnpresence61.50, MdRotpresence44.00, U=1833.00, Z2.96, r=0.12]. Furthermore,
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confusion [p=.057] and depression [p=.069] had-taited results that could have been

significant onetailed results. Further analysis is therefore requised Table 8).

Simple regression was conducted to further examine the mood categories of confusion,
depression, tension, and TMD. The results showed that the mood score for tension had a
significant positive relationship with the presence of shop musiclps, R=.018, B=3.732,

p<.05, sig]. Although the simple regression model predicted tense mood well, it only
explained 1.8% of the variance in the tension score. The analysis showed there were no

significant relationships between shop music and confudepression, or TMD.

Shop music and street music had opposite effects on participants: the presence of street
performance produced an overall reduction in negative mood scores, whereas the presence of
shop music produced an increase in a negative moodsscbnis trend appeared in mood
categories that showed significant results (i.e. tension) andsigoificant results (i.e.
confusion, depression, and tension). These seemingly contradictory results could have

resulted from several aspects that differetiveen the two musicelated variables.

First, the context behind the two music variables was different. On the one hand, street music
is played live and is often entertaining, joyful, and pleasant. On the other hand, shop music is
replayed through media sources and is a part of a commerciagssisThe environmental
settings of public space versus shop environment also differ, which may induce differences
when people are interpreting their moods,
unknown emotions by drawing context from the sunding environmenfRobinson, 2005b)

Thi s assumption was further supported by
responses to physical stimulation were based on the contextual information that it contained

(Nikolopoulou & Steemers, 2003)
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Second, the street music took a dominant position within its sound environment, whereas the
shop musidid not. Based on the components model of sound perception, this difference in
dominance separated the two music sources into eventful and uneventful (Foteisison et

al., 2010) The street music could be considered eventful and pleasant, hence the reduction in
negative mood scores. However, the shop music could be considered uneventful and
unpleasant, hence the inase in negative mood scores. These positions of dominance within
the sound environment may also explain why the shop music had a less significant effect on

mood state outcomes.

4.3.3 Effect of urban sounds on mood states

4.3.3.1 Traffic and machinery

The descriptive statistics for traffic and machine groups are showiales 4.9 a, 4.9 b, 4.9
c and 4.9 d. The tables show the skewness and kurtosis values are not close to 0 indicating
data from neither group are normally distributed. Together with the déffge=nce in sample

sizes, a notparametric statistical test (MaiiWvhitney test) was implemented.

With Traffic Anger Confusion Depression Fatigue Tension Vigour
N 197 197 197 197 197 197
Mean 19.22 8.90 24.67 16.94 11.13 23.39
Std. Error of Mean 0.63 0.42 0.85 0.54 0.59 0.41
Median 16.00 8.00 20.00 16.00 9.00 23.00
Std. Deviation 8.81 5.87 11.93 7.53 8.28 5.71
Variance 77.55 34.47 142.27 56.76 68.54 32.65
Skewness 1.71 0.88 1.76 0.63 1.16 0.18
Std. Error of 0.17 0.17 0.17 0.17 0.17 0.17
Skewness
Kurtosis 2.76 0.47 3.19 -0.30 0.55 0.21
Std. Error of Kurtosis 0.34 0.34 0.34 0.34 0.34 0.34
Range 43.00 30.00 62.00 30.00 33.00 33.00
Minimum 12.00 0.00 15.00 7.00 2.00 8.00
Maximum 55.00 30.00 77.00 37.00 35.00 41.00
25 13.00 4.50 16.00 10.00 5.00 20.00
Percentiles 50 16.00 8.00 20.00 16.00 9.00 23.00
75 22.00 12.00 28.50 22.00 14.50 27.00

Table 49 a Showing descriptive statistics for the traffic group
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Without Traffic Anger Confusion Depression Fatigue Tension Vigour
N 48 48 48 48 48 48
Mean 18.58 7.31 21.98 15.15 9.81 23.38
Std. Error of Mean 1.12 0.63 1.14 0.93 0.90 0.79
Median 15.00 6.00 19.00 14.00 8.00 24.00
Std. Deviation 7.75 4.37 7.93 6.42 6.23 5.47
Variance 60.08 19.07 62.91 41.23 38.79 29.97
Skewness 1.93 0.71 1.43 0.95 1.37 0.00
Std. Error of 0.34 0.34 0.34 0.34 0.34 0.34
Skewness
Kurtosis 4.23 -0.44 1.06 0.35 1.61 -0.53
Std. Error of Kurtosis 0.67 0.67 0.67 0.67 0.67 0.67
Range 35.00 15.00 29.00 26.00 26.00 23.00
Minimum 12.00 2.00 15.00 7.00 2.00 11.00
Maximum 47.00 17.00 44.00 33.00 28.00 34.00
25 13.00 4.00 16.00 11.00 5.00 19.00
Percentiles 50 15.00 6.00 19.00 14.00 8.00 24.00
75 22.75 10.00 24.50 18.00 12.00 27.75
Table 49 b Showing descriptive statistics for the nwaffic group
With machines Anger Confusion Depression Fatigue  Tension  Vigour
N 55 55 55 55 55 55
Mean 18.85 7.85 22.89 15.33 10.35 23.30
Std. Error of Mean 1.07 0.71 1.34 0.92 0.92 0.76
Median 15.00 6.00 19.00 14.00 9.00 24.00
Std. Deviation 7.93 5.26 9.92 6.85 6.84 5.65
Variance 62.83 27.65 98.40 46.89 46.79 31.87
Skewness 1.70 1.07 1.80 0.93 1.42 0.05
Std. Error of Skewness 0.32 0.32 0.32 0.32 0.32 0.32
Kurtosis 2.98 0.52 3.27 0.08 1.56 -0.74
Std. Error of Kurtosis 0.63 0.63 0.63 0.63 0.63 0.63
Range 35.00 21.00 46.00 26.00 29.00 23.00
Minimum 12.00 2.00 15.00 7.00 2.00 11.00
Maximum 47.00 23.00 61.00 33.00 31.00 34.00
25 13.00 4.00 16.00 10.00 5.00 19.00
Percentiles 50 15.00 6.00 19.00 14.00 9.00 24.00
75 24.00 11.00 26.00 19.00 12.00 28.00

Table 49 c displayingdescriptive statistics for the machine group
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Without machines Anger Confusion Depression Fatigue Tension Vigour

N 190 190 190 190 190 190
Mean 19.17 8.81 24.51 16.96 11.03 23.42
Std. Error of Mean 0.64 0.42 0.85 0.54 0.60 0.41
Median 16.00 8.00 20.00 16.00 8.50 23.00
Std. Deviation 8.80 5.74 11.66 7.47 8.22 5.68
Variance 77.47 32.90 135.96 55.78 67.61 32.21
Skewness 1.75 0.88 1.81 0.64 1.17 0.17
Std. Error of 0.18 0.18 0.18 0.18 0.18 0.18
Skewness
Kurtosis 2.94 0.65 3.56 -0.24 0.62 0.32
Std. Error of Kurtosis 0.35 0.35 0.35 0.35 0.35 0.35
Range 43.00 30.00 62.00 30.00 33.00 33.00
Minimum 12.00 0.00 15.00 7.00 2.00 8.00
Maximum 55.00 30.00 77.00 37.00 35.00 41.00
25 13.00 4.75 16.00 10.38 5.00 20.00
Percentiles 50 16.00 8.00 20.00 16.00 8.50 23.00
75 22.00 12.00 28.00 22.00 14.25 27.00
Without machines Anger Confusion Depression Fatigue Tension Vigour
N 190 190 190 190 190 190
Mean 19.17 8.81 2451 16.96 11.03 23.42
Std. Error of Mean 0.64 0.42 0.85 0.54 0.60 0.41
Median 16.00 8.00 20.00 16.00 8.50 23.00
Std. Deviation 8.80 5.74 11.66 7.47 8.22 5.68
Variance 77.47 32.90 135.96 55.78 67.61 32.21
Skewness 1.75 0.88 1.81 0.64 1.17 0.17
Std. Error of 0.18 0.18 0.18 0.18 0.18 0.18
Skewness
Kurtosis 2.94 0.65 3.56 -0.24 0.62 0.32
Std. Error of Kurtosis 0.35 0.35 0.35 0.35 0.35 0.35
Range 43.00 30.00 62.00 30.00 33.00 33.00
Minimum 12.00 0.00 15.00 7.00 2.00 8.00
Maximum 55.00 30.00 77.00 37.00 35.00 41.00
25 13.00 4.75 16.00 10.38 5.00 20.00
Percentiles 50 16.00 8.00 20.00 16.00 8.50 23.00
75 22.00 12.00 28.00 22.00 14.25 27.00

Table 49 d displaying descriptive statistics details for the smagichine group

The Mann Whitney tests showed no significant relationship between any mood category and
traffic or amusement ride noise [p>.05, ns], indicating that neither the sound nor visual
aspects of traffic or amusement ride had a significant effect on mood states (see T8bles 4.

and Table 4.1).
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Table 410  Mann-Whitney test of mood statecategoriesrelated to Traffic

Emotion Grouns Median p-Value MannWhitney 7 value Effective
Categories P (2-tailed) test (U) Size ()
Yes 16.00
Anger 0.945 (ns)  4697.50 -0.07 -0.004
No 15.00
) Yes 8.00
Confusion 0.134 (ns)  4069.50 -1.50 -0.096
No 6.00
] Yes 20.00
Depression 0.526 (ns)  4449.50 -0.64 -0.041
No 19.00
Traffic
Fatigue Yes 16.00 0.170 (ns)  4123.00 -1.38 -0.088
No 14.00
. Yes 9.00
Tension No 8.00 0.728 (ns) 4574.50 -0.35 -0.022
Vigour Yes 23.00 0.939 (ns)  4694.00 -0.08 -0.005
No 24.00
Total Mood Yes 48.00
Disturbance 0.404 (ns) 4359.50 -0.84 -0.053
(TMD) No 41.50

Table 411 Mann-Whitney test of mood statecategoriesrelated to Entertainment Machinery
Mann

Emotion . p Value . Effective
Categories Groups Median (2-tailed) }/tljgntney test Z value Size (1)
Anger Yes 15.00 0.845 (ns) 5134.50 -0.20 -0.013
No 16.00
. Yes 6.00
Confusion No 8.00 0.246 (ns) 4688.50 -1.16 -0.074
. Yes 19.00
Depression No 20.00 0.569 (ns) 4961.50 -0.57 -0.037
Entertainment  Fatigue ves 14.00 0.152 (ns) 4561.50 -1.44 -0.092
Machinery No 16.00
. Yes 9.00
Tension No 8.50 0.969 (ns) 5206.50 -0.04 -0.003
. Yes 24.00
Vigour No 23.00 0.936 (ns) 5187.50 -0.08 -0.005
Total Mood Yes 40.00
Disturbance 0.485 (ns) 490.50 -0.70 -0.045
(TMD) No 48.50

Significance: p<0.05; small effect: r=0.10; medium effect r=0.20; large effect r=0.5

This result differed from previous soundscape studies reporting that mechanical and
industrial sounds were universally associated with negative emdt\oscoso, Peck &
Eldridge, 2018) Further, in the sound masking field, some studies have observed the ability
of natural sound to mask the annoga caused by traffic noigelao et al., 2016; Jeaet al.,

2010) The present result might have been affectedhieyurban setting of the survey, as

people living in the city may have a more emotional affinity towards an urban environment
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than other groups, which could potentially reduce the negative effect on their mood states. In
Moscoso et al(2018) three community groupsliving respectively in a rural, forested area,

a suburban area, and an urban @re@re aked to name three sounds from their hometowns
that fell into each of the following five emotional categories: happiness; sadness; tranquillity;
fear; and irritation. The results showed that most people had a positive emotional response to
nature sounds, buhat within the forest group, the emotional response was more diverse
compared to the other two groufdoscoso et al., 2018Moscoso et al. concluded that the
forest group had a more emotional affinity with the natural environment since the nature
sound was considered uneventful. The tranquillity effect of nature was weakened wigthin th
group, who, instead, had a much more sensitive response toward other aspects of the nature
sounds that were ignored by the other groups. The results of Moscos{?6t.8).indicated

that people who lived in different environments tended to respond differently to acoustic

environments.

This difference in sound perceptions between different sociapgraas also supported by
Axel ssonds soundscape perception model, whic
and uneventfu(Axelsson et al., 2010)Applying the same idea to the urban setting, where
traffic and amusement ride sounds were perceived as routine, the mood state response to
these sounds would be less negative within an urban environment. SimilarlysdxE2615)
suggested that the appropriateness of a soundscape could be a potential third dimension
alongside eventfulness and pleasantness for perceived affective soundscapéroedsityn

et al., 2010)Van den Bosch et a]2018) proposed that a positive emotional response could

be achieved when a reabrld situation matched cognitive schemes (e.g. expecting a certain
sound in a certain environmerftJan den Bosch et al., 2018h this case, it was reasonable

to assume that traffic sounds may be expected in an urban setting, and the result suggested

that an apropriate sound type in its expected location may reduce the mood arousal derived
102



from such a sound. However, this assumption lacks experimental support, and further study is
required. Additionally, negativity from amusement ride sounds may have beealisedtby

the entertainment value of the amusement rides, a hypothesis that also requires further study.

4.3.3.2 Icecream van

The descriptive statistics of the iceeam van groups are shownTiables 4.12 a and.12 b.
The skewness and kurtosis values are not close to 0, indicating that the data set was not
normally distributed. Hence, a ngarametric statistical test (MaiWhitney test) was used

due to the violation of the normality assumption.

With ice-creamvan Anger Confusion Depression Fatigue Tension Vigour

N 99 99 99 99 99 99
Mean 17.88 7.03 21.87 15.56 8.94 24.26
Std. Error of Mean 0.77 0.50 0.93 0.72 0.63 0.62
Median 15.00 6.00 18.00 14.00 7.00 24.00
Std. Deviation 7.70 4.95 9.30 7.15 6.25 6.15
Variance 59.35 24.46 86.42 51.11 39.00 37.83
Skewness 2.08 1.07 1.92 0.80 1.30 -0.05
Std. Error of 0.24 0.24 0.24 0.24 0.24 0.24
Skewness
Kurtosis 5.38 0.84 3.72 -0.03 1.69 -0.26
Std. Error of Kurtosis 0.48 0.48 0.48 0.48 0.48 0.48
Range 43.00 23.00 46.00 29.00 29.00 31.00
Minimum 12.00 0.00 15.00 7.00 2.00 8.00
Maximum 55.00 23.00 61.00 36.00 31.00 39.00
25 12.00 3.00 16.00 10.00 4.00 20.00
Percentiles 50 15.00 6.00 18.00 14.00 7.00 24.00
75 20.00 10.00 25.00 21.00 13.00 29.00

Table 4.12a displaying the descriptive statistics of the-azeam van group
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Without icecream van Anger  Confusion Depression Fatigue Tension Vigour

N 146 146 146 146 146 146
Mean 19.92 9.65 25.68 17.29 12.19 22.80
Std. Error of Mean 0.75 0.48 1.01 0.61 0.72 0.43
Median 17.00 9.00 21.25 16.75 10.00 23.00
Std. Deviation 9.09 5.84 12.26 7.43 8.66 5.24
Variance 82.59 34.12 150.32 55.18 75.03 27.42
Skewness 1.57 0.81 1.69 0.64 1.04 0.23
Std. Error of 0.20 0.20 0.20 0.20 0.20 0.20
Skewness
Kurtosis 2.01 0.47 3.02 -0.26 0.08 0.53
Std. Error of Kurtosis 0.40 0.40 0.40 0.40 0.40 0.40
Range 37.00 29.00 62.00 30.00 33.00 32.00
Minimum 12.00 1.00 15.00 7.00 2.00 9.00
Maximum 49.00 30.00 77.00 37.00 35.00 41.00
25 13.00 5.00 16.88 12.00 5.00 19.00
Percentiles 50 17.00 9.00 21.25 16.75 10.00 23.00
75 24.00 13.25 32.00 22.00 16.00 26.00

Table 4.12b displaying the descriptive statistic of the group withoutdmsam van

Table 413 shows the results of the ManWhitney tests in which confusion, depression,
tension, vigour, and TMD showed significant relationships with the presence ofeieare
van [p<.05]. Furthermore, the anger and fatigue categories showed -tiledo non

significant result [p>.05].

Table 413 Manni Whitney test of mood states categories related to the icgeam van
Manni

Emotion . p-value - Effect
Category Group Median (2-tailed) \(/l\jt;ltney Test Z-value Size (1)
Yes 15.00
Anger No 17,00 0.052 (ns) 6177.50 -1.94 -0.12
. Yes 6.00 <0.001
Confusion No 9.00 (sig) 5225.50 -3.69 -0.24
. Yes 18.00 .
Depression No 2125 0.005 (sig) 5724.50 -2.77 -0.18
lcecream  Fatigue ves 24.00 0.056 (ns) 6189.50 191 -0.12
van No 16.75
. Yes 7.00 .
Tension No 10.00 0.005 (sig) 5708.00 -2.80 -0.18
. Yes 24.00 .
Vigour No 23.00 0.041 (sig) 6117.00 -2.04 -0.13
Total Mood Yes 37.00
Disturbance 0.001 (sig) 5382.50 -3.39 -0.22
(TMD) No 52.50

Significance: p<0.05; small effect: r=0.10; mediuneffect r=0.20; large effect r=0.5
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A further simple regression was conducted to identify the intensity and direction of these
effects. The results showed that confusion [R=.22%.082, B=2.62, p<.001, sig.],
depression [R=.166, R.028, B=3.81, p<.05, ig.], fatigue [R=.116, B.013, B=1.74,
p<.05, sig], tension [R=.202,°R041, B=3.25, p<.05, sig.], and TMD [R=.198%R039,
B=-14.93 p<.05, sig.] all had significant negative relationships with the presence of an ice
cream van, whereas vigour [R=.1R=.016, B=1.47, p<.05, sig.] had a positive relationship

with it.

The icecream van was parked and did not produce any sounds apart from the occasional
conversation between the salesperson and customers; the van was mostly quiet, or the sound
was nonrdomnant. An assumption was therefore made that the sight, rather than the sound,
of the icecream van, had a more positive impact on emotional responses, as it reduced the

rating of negative mood states.
4.3.3.3 Street vendor

As shown inTables 4.14 a and.14 b, the descriptive statistic of both the street vendor and
the nonstreet vendor groups show skewness and kurtosis values not close to 0, and the size
between the two participant groups differed significantly. Hence, apamametric test

(Manri Whitney test) was implemented for further analysis.
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With vendor Anger Confusion Depression Fatigue Tension Vigour

N 53 53 53 53 53 53
Mean 17.98 7.02 22.02 14.06 8.56 24.18
Std. Error of Mean 0.99 0.70 1.38 0.91 0.83 0.76
Median 14.00 5.00 17.00 12.00 7.00 24.00
Std. Deviation 7.22 5.12 10.01 6.62 6.01 5.55
Variance 52.17 26.21 100.21 43.82 36.11 30.76
Skewness 1.28 1.19 2.06 1.29 1.69 0.18
Std. Error of 0.33 0.33 0.33 0.33 0.33 0.33
Skewness
Kurtosis 0.57 1.46 4.37 1.60 3.58 -0.25
Std. Error ofKurtosis 0.64 0.64 0.64 0.64 0.64 0.64
Range 24.00 23.00 46.00 29.00 29.00 24.00
Minimum 12.00 0.00 15.00 7.00 2.00 13.00
Maximum 36.00 23.00 61.00 36.00 31.00 37.00
25 12.00 3.00 15.00 9.00 450 21.25
Percentiles 50 14.00 5.00 17.00 12.00 7.00 24.00
75 21.50 10.00 25.00 18.50 10.50 27.50

Table 4.14a displaying descriptive statistic of the street vendor group

Without vendor Anger  Confusion Depression Fatigue Tension Vigour
N 192 192 192 192 192 192
Mean 19.41 9.03 24.73 17.29 11.52 23.17
Std.Error of Mean 0.64 0.41 0.84 0.53 0.60 0.41
Median 16.00 8.00 21.00 16.25 9.50 23.00
Std. Deviation 8.93 5.71 11.58 7.41 8.28 5.68
Variance 79.80 32.56 134.06 54.84 68.49 32.29
Skewness 1.78 0.87 1.78 0.58 1.10 0.15
Std. Error of 0.18 0.18 0.18 0.18 0.18 0.18
Skewness
Kurtosis 2.97 0.52 3.48 -0.37 0.37 0.18
Std. Error of Kurtosis 0.35 0.35 0.35 0.35 0.35 0.35
Range 43.00 30.00 62.00 30.00 33.00 33.00
Minimum 12.00 0.00 15.00 7.00 2.00 8.00
Maximum 55.00 30.00 77.00 37.00 35.00 41.00
25 13.00 5.00 16.00 11.63 5.00 19.00
Percentiles 50 16.00 8.00 21.00 16.25 9.50 23.00
75 22.75 13.00 29.00 22.00 15.00 26.88

Table 4.14b displayingdescriptive statistic of the nestreet vendor group

Table 415 shows the results of the ManWhitney tests in which confusion, fatigue, tension,
and TMD had significant relationships with the presence of a street vendor [p<.05].
Furthermore, the depression mood category showed-tailed nonsignificant result [p>05]

that might be significant as a ctagled result.
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Table 4.15 Manni Whitney test of mood states categories related to the street vendor

Emotion Grou Median p-value \'\//lv?]?trr:e Test Z-value Ciect
Category P (2-tailed) 0) y Size (r)
Yes 14.00
Anger 0.269 (ns) 4585.50 -1.11 -0.07
No 16.00
. Yes 5.00 .
Confusion 0.014 (sig) 3974.50 -2.44 -0.16
No 8.00
) Yes 17.00
Depression 0.053 (ns) 4208.00 -1.94 -0.12
No 21.00
Yes 12.00
Street Fatigue 0.002 (sig) 3712.50 -3.02 -0.19
Vendor No 16.25
. Yes 7.00 )
Tension 0.033 (sig) 4119.50 -2.13 -0.14
No 9.50
) Yes 24.00
Vigour 0.284 (ns) 4598.50 -1.07 -0.07
No 23.00
Total Mood VYes 34.00
Disturbance 0.014 (sig) 3964.50 -2.46 -0.16

Significance: p<0.05;small effect: r=0.10; medium effect r=0.20; large effect r=0.5

A simple regression test was conducted, and the results demonstrated that confusion [R=.147,

R°=.022, B=2.01, p<.05, sig.], fatigue [R=.181,R033, B=3.23, p<.05, sig.], tension
[R=.154, B=.024, B=2.96, p<.05, sig.], and TMD [R=.1482R022, B=13.34, p<.05, sig.]

had significant negative relationships wi

The sound of the street vendor consisted
hawking. Thee sounds were natominant human voices that blended into the regular voices
on the street, like the ieream van. The street vendor produced a similar result to the ice

cream van, where negative moods were decreased, which may indicate that vendlalis in p

t h

of

urban spaces have an overall positive impact on mood state. Further study is required to

examine this assumption.

4. 3.3.4 Childrenbdés sounds

Descriptive statistics of the children and the {obildren groups showed that the data

distribution of the two groups violated the normality assumption (i.e. the skewness and
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kurtosis values are not equal or close to 0) (Balgles 4.16 a and 4.16 b). Hem a non

parametric statistic model (Manwhitney test) was used for further analysis.

with children sound  Anger Confusion Depression Fatigue Tension Vigour

N 41 41 41 41 41 41
Mean 17.73 7.48 23.23 15.71 8.95 25.01
Std. Error of Mean 1.19 0.84 1.74 1.07 1.09 0.95
Median 15.00 6.00 19.00 15.00 7.00 25.00
Std. Deviation 7.65 5.36 11.12 6.86 7.00 6.06
Variance 58.45 28.70 123.70 47.05 48.95 36.69
Skewness 2.18 1.46 1.98 0.75 1.86 0.01
Std. Error of 0.37 0.37 0.37 0.37 0.37 0.37
Skewness
Kurtosis 6.13 2.77 4,50 0.14 4.28 1.52
Std. Error of Kurtosis 0.72 0.72 0.72 0.72 0.72 0.72
Range 37.00 26.00 51.00 27.00 33.00 33.00
Minimum 12.00 0.00 15.00 7.00 2.00 8.00
Maximum 49.00 26.00 66.00 34.00 35.00 41.00
25 12.00 3.50 15.50 10.50 4.00 22.00
Percentiles 50 15.00 6.00 19.00 15.00 7.00 25.00
75 20.50 9.75 26.00 20.50 12.50 29.00

Table 4.16a displaying descriptive statistic of the children sounds group

without children

sound Anger Confusion Depression Fatigue Tension Vigour

N 204 204 204 204 204 204
Mean 19.37 8.82 24.33 16.77 11.26 23.06
Std. Error of Mean 0.61 0.40 0.79 0.52 0.56 0.39
Median 16.00 8.00 20.00 15.50 9.00 23.00
Std. Deviation 8.77 5.68 11.35 7.45 8.06 5.53
Variance 76.90 32.22 128.73 55.51 64.94 30.60
Skewness 1.68 0.84 1.81 0.68 1.14 0.15
Std. Error of 0.17 0.17 0.17 0.17 0.17 0.17
Skewness
Kurtosis 2.61 0.42 3.59 -0.25 0.48 -0.24
Std. Error of Kurtosis 0.34 0.34 0.34 0.34 0.34 0.34
Range 43.00 30.00 62.00 30.00 32.00 28.00
Minimum 12.00 0.00 15.00 7.00 2.00 9.00
Maximum 55.00 30.00 77.00 37.00 34.00 37.00

25 13.00 5.00 16.00 10.13 5.00 19.13
Percentiles 50 16.00 8.00 20.00 15.50 9.00 23.00

75 22.75 12.00 28.00 21.75 14.00 26.00

Table 4.16b displaying descriptive statistic of the nrohildren sound group

Manri Whitney test results showed that only vigour was significantly affected by the

presence of ¢ hipksHF28.000MdRoseeideA3d08, UF3800.00, Z2.13,
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r=-0.14, p<.05, sig.]. Additionally, the tension mood category showed aailed non

significant [p=.071, ns] result that might be a significant-tanked result (see Table )1

Therefore, a simple regression test was conducted, which found that vigour had a significant

negative rel at

tension had a nesignificant negative relationship [R=.109?=R012, B=2.31, p>.05, ns].

These results

neutralising negative moods.

i ons hi

suggest

p  W3.01/, B=1t04, p<d0B,esig.]o whiles o u n d

t hat c hi

Table 4.7  Mann-Whitney test of mood states categories relateth Children Sound

dr enods

Emotion Grouns Median p Value MannWhitney 7 value Effective
Categories P (2-tailed) test (V) Size (r)
Yes 15.00
Al .202 . -1.2 -0.
nger No 16.00 0.202 (ns)  3656.00 8 0.08
. Yes 6.00
Confusion No 8.00 0.159 (ns)  3598.50 -1.41 -0.09
Yes 19.00
D i . . -0.91 -0.
epression No 20.00 0.363 (ns)  3806.00 0.9 0.06
. Y 15.00
Children Sound Fatigue > e 0.452 (ns)  3870.00 075 005
. Yes 7.00
Tension No 9.00 0.071 (ns)  3437.00 -1.80 -0.12
. Yes 25.00 .
Vigour No 23.00 0.033 (sig)  3300.00 -2.13 -0.14
Total Mood Yes 42.00
Disturbance 4750 0.11 (ns) 3520.50 -1.60 -0.10

(TMD) No

Significance: p<0.05; small effect: r=0.10; medium effect r=0.20arge effect r=0.5

4 .3.4 Effect of natural sounds

4.3.4.1 Water fountain

sound:

The descriptive statistics of the fountain sound and thefmamtain sound groups are shown

in Tables 4.18 a and.18 b. The skewness and kurtosis values of the two groups deviate

greatly from 0, indicating that the data was not normally distributed. Hence;@anammetric

statistical test (MarHwhiney test) was used for further analysis.
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With fountain sound  Anger  Confusion Depression Fatigue Tension Vigour

N Valid 99 99 99 99 99 99
Mean 19.40 9.37 25.81 18.65 11.37 23.47
Std. Error of Mean 0.93 0.61 1.32 0.78 0.87 0.62
Median 16.00 8.00 21.50 18.00 9.00 23.00
Std. Deviation 9.24 6.11 13.14 7.79 8.63 6.19
Variance 85.35 37.33 172.61 60.67 74.51 38.28
Skewness 1.98 0.92 1.81 0.41 1.13 0.23
Std. Error of 0.24 0.24 0.24 0.24 0.24 0.24
Skewness
Kurtosis 3.85 0.58 3.24 -0.60 0.42 0.04
Std. Error of Kurtosis 0.48 0.48 0.48 0.48 0.48 0.48
Range 43.00 30.00 62.00 30.00 33.00 33.00
Minimum 12.00 0.00 15.00 7.00 2.00 8.00
Maximum 55.00 30.00 77.00 37.00 35.00 41.00
25 13.00 5.00 16.00 12.00 5.00 19.00
Percentiles 50 16.00 8.00 21.50 18.00 9.00 23.00
75 22.00 14.00 30.00 24.00 15.00 28.00

Table 4.18a displaying descriptive statistic of the fountain sound group

Without fountain

sound Anger  Confusion Depression Fatigue Tension Vigour

N Valid 146 146 146 146 146 146
Mean 18.89 8.07 23.01 15.19 10.54 23.34
Std. Error of Mean 0.68 0.43 0.81 0.56 0.61 0.44
Median 15.00 7.00 19.00 14.00 8.00 23.00
Std. Deviation 8.16 5.25 9.74 6.71 7.42 5.29
Variance 66.62 27.52 94.79 45.08 55.04 27.98
Skewness 1.50 0.84 1.55 0.89 1.28 0.04
Std. Error of 0.20 0.20 0.20 0.20 0.20 0.20
Skewness
Kurtosis 1.83 0.35 1.96 0.32 1.09 0.02
Std. Error of Kurtosis 0.40 0.40 0.40 0.40 0.40 0.40
Range 36.00 25.00 46.00 29.00 31.00 28.00
Minimum 12.00 0.00 15.00 7.00 2.00 9.00
Maximum 48.00 25.00 61.00 36.00 33.00 37.00

25 13.00 4.00 16.00 10.00 5.00 20.00
Percentiles 50 15.00 7.00 19.00 14.00 8.00 23.00

75 23.00 11.00 26.50 19.00 13.00 26.00

Table 4.18b displaying descriptive statistics of the Afmuntain sound group

The Manii Whitney tests revealed that fatigue had a significant relationship with the sound of

water [Mdnresence18.00, MdRotpresence14.00, U=5307.00, Z3.53, r=0.23, p<.001, sig.]. A
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further simple regression was conducted to test the direction of this effect, which revealed
that fatigue had a significant positive relationship with this sqgsd231, R=.054, B=3.46,

p<.001, sig.] (se Table 4.9).

Table 419 Mann-Whitney test of Emotional Response in Relation to Water sound

Egzg%?ies Groups Median ?Z-tail\é 3I)ue }'\/Atlji;l?tgey test Z value Eif;eetztri)ve
Anger ;‘;S ig:gg 0.639 (ns) 6972.50 047  -0.03
Confusion L(ejs 3:88 0.122 (ns) 6387.50 155  -0.10
Depression E‘;S i;:gg 0.120 (ns)  6385.50 155  -0.10

Water Fountain - atigue Lis iigg (<§$01 5307.50 -3.53 -0.23
Tension :l‘;s 2:88 0.832 (ns) 7111.00 021  -0.01
Vigour Lis ;2:88 1.000 (ns)  7227.00 0.00 0.00
Tgtal Mood Yes 53.00
(E_)l_lsl\,/ltlg)bance No 42.50 0.125 (ns) 6392.00 -1.53 -0.10

Significance: p<0.05; small effect: r=0.10; medium effect r=0.20; large effect r=0.5

This result may seem contrary to previous studies, where natural sound was found to have a
positive impact on the sound environméHiao et al., 2016; Jeon et al., 201Bwever,

Jeon et al. (2010) tested several water sounds as maskers of traffic and construction noise and
found that only streams and waves had a positive preference rating, whereas sounds like
waterfalls or rainfall had a negative preference rating. R@Eieman et al. (2013) found

similar results: waterfall sounds either had no effect on pleasantness or weestipelesant

of water sounds. In a subsequent study, Ralsten Ekman, Lundé and Nilsson (2015)
concluded that a higfiow-rate fountain could generate steadgte sounds, which were
inherently unpleasant regardless of the pressure level, in contrast,teas@ble fountain
sounds. The water sound in the present study came from fountains that produced a-waterfall

like, steadystate sound; therefore, the abovementioned studies support the present results.
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4.3.4.2 Birdsong

The Manii Whitney tests demonstrated that birdsong did not have a significant relationship
with any of the six mood categories [p>.05, ns], which could be the result of the non
dominant position and relative quietness of birdsong in this survey. In ansttindy,
birdsong was reported to be an effective masker of urban noise in some conditions; however,

when the traffic was loud enough, the birdsong was ineffe(itlae et al., 2016)

4.3.5 Analysis ofhe interrelationship of mulirariables

To discover further interrelationships among all independent variables and how they affected
mood states, multiple regggion was used. No otte-one comparison was possible between
variables for two reasons. First, since the experimental design variables were not mutually
exclusive, they were impossible to separate without disposing of the majority of the data.
Second, whe data sets are ngrarametric, tests or ANOVAs are not very reliable.
Therefore, multiple regression was used to explore the variables. The analysis began with the
direct result report before exploration was undertaken and conclusions were made based on

t he signif i eauedofthemstaorhet s and b

The test was entered bleekse, and each block was a forced entry. The entry order was

based on the significance of the result of the previous analyses in the present study (with
sound variables as tHfecus). Block one consisted of street performance and shop music;

bl ock two <consisted o f fountain sounds, cf
incorporated traffic sounds and amusement ride sounds; and block four involved all-the non
sound relatedvariables, namely the ieream van, street vendor, temperature, and weather

conditions. The results were as follows:
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a) Anger mood category, in Step 1 [F(2,241)=2.07=.®L7], Step 2 [F(5,238)=1.80,
®R=.019], Step 3°2%=pmand St&6h)F(11.13 72,3 23B99],.n60 6, @R

significant regression equation was found [p>.05];

b) For confusion, in Step 1 [F(2,241)=8.4%=R 065], Step 2 *=[030] 5, 238)
Step 3 [F(7%23®®)934. 7aln,d SR e p 24057, k& (ignificak 32 ) = 4

regression equation was found in each model [p<.001];

c) For depression, in Step 1 [F(2,241)=424R 03 4], Step 2 %09 5, 238
Step 3 [F(7%223®)933. 4adn,d aSR ep 24030, kA (Signficax 32 ) =2

regression equation wdound in each model [p<.01];

d) For fatigue, in Step 1 [F(2,241)=7.82R 061], Step 2%pm|(Fep238) =7

[ F(7,236==2.083, amkhd St ep *=010] &dghificanlrégessior3 . 8

H

equation was found in each model [p<.p01

e) And for vigour, in Step 1 [F(2,%2008,)=0.46

Step 3 [F(7%23®®)131. Oadn,d aSR ep 24016], & (Significat 3 2)

I
|

regression equation was found in each model [p>.05]. From thelRe, it @pears that
technical sounds are generally not good predictors (compared to other-retated

predictors) of mood state in an urban pedestrian area.

As shown in Table 20, in terms of predicting mood state by soundscape factors, Model 3
seemed to shovhé most significant results. Although the anger and vigour categories were
mostly statistically insignificant, several conclusions could still be drawn based on the

standardised beta values.
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Table 420 b values for hier ar bdmweanall enviromrhental ptimdi r e ¢
Fatigue Tension Vigour

Variable Anger Confu5|<DepreSS|(b) (D) (b)
Step 1
Street Performance -0.061 -0.23*** -0.16* -0.25*** -0.16* 0.062
Shop Music 0.106 0.08 0.07 0.01 0.11 0.001
Step 2
Street Performance -0.040 -0.20** -0.12 -0.16* -0.15% 0.080
Shop Music 0.122 0.10 0.10 0.07 0.12 0.014
Fountain Sound 0.174 0.26** 0.30*** 0.38*** 0.22* -0.092
Childrenods -0.161* -0.27** -0.22* -0.29*** -0.25** 0.20*
Birdsong -0.094 -0.14* -0.19%* -0.09 -0.15* 0.066
Step 3
Street Performance -0.035 -0.19* -0.10 -0.17* -0.14* 0.079
Shop Music 0.136 0.12 0.12 0.09 0.14* 0.012
Fountain Sound 0.197 0.30** 0.33*** 0.471*** 0.25* -0.095
Childrends -0.161* -0.27** -0.22** -0.29*** -0.25** 0.20*
Birdsong -0.094 -0.14* -0.19** -0.09 -0.15* 0.066
Traffic Sound 0.092 0.20 0.21 0.00 0.14 -0.014
Amusement Ride Sound 0-126 0.24 0.24 0.07 0.19 -0.018
Step 4
Street Performance -0.046 -0.21* -0.11 -0.19** -0.16* 0.097
Shop Music 0.097 0.01 0.06 0.04 0.04 0.094
Fountain Sound 0.187 0.21 0.33** 0.31* 0.08 0.022
Childrenods -0.085 -0.12 -0.10 -0.26** -0.20* 0.171
Birdsong -0.084 -0.10 -0.15* -0.08 -0.12 0.060
Traffic Sound 0.155 0.44** 0.34 0.06 0.31 -0.167
Amusement Ride Sound 0.153 0.36* 0.31 0.08 0.25 -0.089
Ice-cream Van -0.108 -0.32** -0.29* 0.02 -0.08 0.054
Street Vendor 0.047 0.04 0.14 -0.12 -0.16 0.130
Weather 0.057 0.09 0.07 -0.04 -0.05 -0.021
Temperature -0.067 -0.05 -0.03 -0.05 -0.01 0.018

Note. N=244; *p<.05, **p<.01, ***p<.001

First, when street performance and shop music were combined with fountain sounds,
birdsong, and chil drends s ouloed sf thé fwpo usic St e p
predictors were always increasedrf a | | negat tvalue inarease fbsnegativdh i s b
moods appeared again when predictor traffic sounds and amusement ride sounds were added
(from Step 2 to Step 3). This result may indicate that a combination of multiple sound sources
masks the potdial positive effect of music on negative mood states and increases the
negative effect on negative mood states, r

negative mood categories. In contrast, the vigour mood category (a positive mood state) did
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notseem t o f ol | owaluerdse ifthetcombined sounid positivdly affected the
vigour mood sualaetfdd if it n@dativélyeaffectddahe ftate. Second, based on

t h evalue from Step 2 to Step 3, the relationship between fourdaimds and mood states

was negatively affected if combined with sound sources that negatively affect mood states
(e. g. technical s ounds }value FomnStdp 12ytq Step B,stle b a s «
relationship between bir dbdstateg seenmred undffectedibye n 6 s
traffic and mechanical sounds. It is important to note that all these assumptions are drawn

from an urban pedestrian context.

4.3.6Analysis of underlining components

The POMS contained 6 mood state categories that arggaally discovered through the
means of exploratory factor analysis (EFA% the thesis study used the questionnaire under
conditions that were different from what POMS was originally developed for (i.e. in medical
settings, t 0 mo nates$) @ was mecassary notewadine rthe ardlerlysng
factors that were measured in this thesis. Similar to the development of POMS:; the re
examination of the underlying factors was accomplished by PCA (similar to factor analysis),
where all 65 items from®MS were remapped under different factors based on their factor

loading.

A PCA was conducted on 65 items (of the POMS) with oblique rotation (promax, kappa = 4).

The KaisetMeyerOlkin sampling adequacy measure of (KMO) = .92 indicating the data

were adeqate for PCA (Kaiserl974) and recommends a bare minimum KMO value of 0.5

for the sample to be ageu at e ) . Bartl et f(8080) t+ E1381.950pf< .0®p her i
indicating correlation between items was sufficient for PCA. Eigenvalues of each of the 13
item components were discovered based on K

combinationthe 13 components explained 68.39% of the total variance (see Table 4.21).
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Rotation
Sums of
Extraction Sums of Squared Squared
Initial Eigenvalues Loadings Loadings
% of % of

Componenty Total Variance Cumulative %| Total Variance Cumulative %| Total
1 21.41 32.94 3294 2141 32.94 32.94 18.50
2 5.52 8.50 41.44 5.52 8.50 41.44 16.01
3 2.95 4.55 45.99 2.95 4.55 45.99 13.43
4 2.43 3.74 49.73 2.43 3.74 49.73 11.55
5 1.95 2.99 52.72 1.95 2.99 52.72 4.62
6 1.68 2.58 55.30 1.68 2.58 55.30 10.43
7 1.50 231 57.61 1.50 231 57.61 4.98
8 1.30 2.00 59.61 1.30 2.00 59.61 2.03
9 1.27 1.96 61.57 1.27 1.96 61.57 3.66
10 1.19 1.83 63.40 1.19 1.83 63.40 4.70
11 1.16 1.78 65.18 1.16 1.78 65.18 2.15
12 1.07 1.65 66.83 1.07 1.65 66.83 3.50
13 1.02 1.56 68.39 1.02 1.56 68.39 1.98

Table 4.21Total variance. Initial analysis based on agvalues, only showing components with eigenvalues

above 1 (Kaiserdés criterion)

Scree Plot
25

20

Eigenvalue

-
i SN

0 =

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64
Component Number

Figure 4.9 Scree plot of eigenvalue against components

The scree plot (Figure 4.9) shows theint of inflexion is at the '8 component. Based on

both the eigenvalues and the scree plot, keeping both 8 and 13 components is justifiable.
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Al t hough 8 components are more 1in

states and redundant itenasl 13 components were examined.

Component

agreement

Iltems

3 4 5 6 7

8

10 11

12

13

Worthless

1.13

Hopeless

1.00

Helpless

0.88

Unworthy

0.86

Miserable

0.78

Sad

0.75

Guilty

0.66

Lonely

0.66

0.44

Blue

0.65

Unhappy

0.63

0.40

Desperate

0.52

Uncertain
about things

0.51

Unable to
concentrate

0.50

Gloomy

0.45

Discouraged
*

Nervous

0.91

Anxious

0.85

Paniky

0.85

Uneasy

0.69

Terrified

0.61

0.45

On edge

0.55

Shaky

0.55

Restless

0.54

Tense

0.54

0.52

Muddled

0.51

Confused

Listlesg

Exhausted

0.96

Fatigued

0.94

Worn_out

0.87

Bushed

0.76

Weary

0.72

Sluggish

0.66

Forgetfut

Peeved

0.86

Angry

0.83

Annoyed

0.76
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Resentfut

Good
natured

0.81

Helpful

0.78

Considerate

0.77

Friendly

0.72

Sympathetic

0.63

Full of pep

0.44

0.41

Ready to
fight

0.99

Furious

0.74

Bad
tempered

0.61

Rebellious

0.52

0.41

Deceived

0.51

Energetic

1.05

Activity

1.04

Efficient

0.75

Alert

0.60

Carefree

0.88

Relaxed

0.41

0.53

Clear
headed

0.40

0.42

Cheerfuf

Vigorous

0.86

Spiteful

0.64

Bitter

0.47

Lively

0.41

Trusting

0.55

0.76

Bewildered

Sorry for
things done

0.57

Grouchy

0

Table 4.22Pattern matrix of unique factor loadings after factor rotatianghe order containing the most

items to the least items

* unique factor loading below 0.4

Table 4.22 shows the unique factor loadings of all items corresponding to the 13 components
after factor rotation. The table also provides the order of the components in the numbers of
items that are attributed to each component from the most to ledstviRgl this order, the

mood states represented in each component are as follows: 1) depression (contain 12
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depression items 2 nafepression items), 2) tension (contain 9 tension items and 2 other
nonrtension items), 3) fatigue (contain 6 fatigue itemg)adger (contain 3 anger items, 2
nonanger items that related to emotional distress), 5) friendliness (contain 6 friendly
personality trait items and 1 vigour item), 6) anger (contain 5 anger items), 7) vigour (contain
2 vigour items), 8) reverse confusigcontains 1 reverse confusion item, 2 other items that
could be interpreted as reverse confusion), 9) vigour (contains 1 vigour item and 2 other
items that could be interpreted as vigour), 10) vigour (contains 1 vigour item and 1 non
vigour item that cold be interpreted as vigour), 11) anger (contain 2 anger items and 1
vigour item), 12) component 12 has 2 items that are too ambiguous to attributed to a mood

state, 13) depression (contain 3 depression items) (see also Table 4.23).
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Table 4.23list of items attributed to each component and the underlying mood state that represented each
component

As shown in Table 4.23, the 6 mood states proposed in POMS were covered by the first 8
components in the PCA results, the only difference being that compomes &ttributed to
6friendlydéd. This difference was not unusual
components within the POM&ibson, 1997) I n  GPHsnhoHSY , the oOfr
component was composed of items that were considered redundant by POMS, and this same
result wa also reached in this study (see component 5 in Table 4.23). Even by including the
friendly element, the first eight components from PCA still contained one more component
than that proposed by POMS, which was due to the splitting the anger mood into two
components (components 4 and 6). This splitting indicates that there were further underlying
components within the emotion/mood anger categories. Based on the items composing the
two components (see components 4 and 6 in Table 4.23), it was hypothesisédeth
difference between the two components was captured by the difference between items
explaining the anger emotion as whole and the actions and/or derivative emotions it could

elicit.

The resulting components higher than component 8 were a smallticolle¢ items that
distributed among vigour (2 items), anger (1 item) and depression (1 item)a(sieet.23).
Although these components were labelled based on the common theme of the items they
contained, the numbers of items were too small to be attdhio any particular mood state

with any certainty. One mood state worth pointing out is vigour. In the PCA result, vigour
was split among three components (components 7, 8 and 9) with each containing less than 2
items. This split in components togetheithvthe small number of vigour items that each
component contained indicates that any results based on vigour mood states were less likely

to be genuine. Within the PCA results, several items were attributed to different components
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that were too ambiguou® be assigned a category, as they do not fit the mood/emotional
theme labelled to their components (see row 'ltems did not fit the mood states categories' in
Table 4.23). These ambiguous items were likely caused both by misunderstanding and
misinterpretabn of the items and the attention loss of participants during survey sessions.
However, the ambiguous items that were attributed to each component were few (less than
two) and were unlikely to have affected interpretation of the main result of the naded st

they were in.

In summary, the PCA produced similar components (mood states) as the original POMS
proposed. Although several differences were observed, they were unlikely to have affected
interpretation of the results (of MANOVA) based on the 6 moatkestof POMS. The only
potentially problematic mood state was vigour, as the vigour mood state was scattered across
three components with only a small numbers of items making any results derived from vigour

unreliable.

4.4 Discussion

4.4.1 Appraisaprocesses of each mood catggor

Appraisal theory provides a way to analyse the emotional effect discovered in the data
analysis. The following sections aim to explore the factors of these effects in terms of their
persorenvironment relationship, core ratmal theme, appraisal patterns and/or their roles in

the corresponding emotional responses.

4.4.1.1 Anger

Anger as a mood category did not show any significant changes. This was expected, as an
urban environment rarely proviken vi r onment al stimulii apprai se

egoi dentity or an intentional obstruct to a
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the fire alarm from an adjacent building, although anticipated by the research to have the
potentialtole abl e to interrupt participants goal s,
as the fire alarm in this study were mostly elicited with a startled or surprised response, and

this uncertainty is a core relational feature of anxiety rather than aragether with a very

small occurrence rate of goal interrupting events, all contributed to thesigrmficant

response in anger emotion.

4.4.1.2 Confusion

Confusion as a mood category emphasises the situation where people have difficulty
understandinghie encountered environments, and may lead to other emotional responses or
not forming emotion at all. Confusion itself is not an emotion or mood; rather it reflects a
situation in the appraisal process (see also Section 3.6.3). It was observed thabrcoafdisi

a significant negative relationship with the presence of street musioeiam van and street
vendor. This implies that these environmental factors reduce the overall difficulty to
understand an environment compared to ones without them. It &aosnthat people are
more likely to form a perseanvironment relationship with these three factors. This
assumption is further proved by the relationships discovered between mood/emotional
categories and these three factors which were far more in nub@rs(mood categories)

compared to other factors (0 to 1 mood categories).

4.4.1.3 Depression

Depression, similar to confusion, is not an emotion per se under the definition of appraisal
theory, but it could include and lead to several emotions. A ggnif negative relationship
was found between depression and two factors (i.e. street music acreédoe van). This
implies that peoples are less likely to experience emotions that have a potential relation to

depression, namely sadness, fear, worthlags/gnd anxiety (these are emotional items
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included in the depression category in the questionnaires). The negative relationship also
means that the two factors do not encourage appraisal patterns in the same way as these
negative emotions. An assumptican be made based on the relationship that the presence of
the two factor could potentially reduce emotional distress. However, whether the factors are
the cause of the dissipation of the distress or simply distracting people from the distress is
arguableand it may very well depend on the encountered situations. Something worth noting
is that both street music and iceeam van can be perceived with pleasant(®igdlo et al.,

2016; Xu, Hamid, Shepherd, Kantono, Reay, Martinez & Spence, ,.2i®}his may be part

of the reason why the negative correlation was observed. For music, this could be the specific
music type or musiddeatures that affected the depression and may have a different effect if
music pieces are changed. For-acceam van, it is most likely to be emotional memory
associated with the ice cream or the experience of consuming it. These positive perceptions

require further study but are beyond the scope of this study.

4.4.1.4 Tension (anxiety)

A tension mood category in POMS includes two parts. One is themotioni tension,

which implies high goal relevance and goal incongruence. In a negative emotionaksesp

this also indicates a high intensity of the response. The other one is anxiety, and the core
relational theme for anxiety is the uncertain, existential threat tadegaity. Both parts are
represented in the items under the same tension mood até@pe tension category was
found to have a significant negative relationship with street musicyrézan van, and street
vendor. The factors that had negative relationships with tension all provide recreational
activities for people. These factors alsad no potential threat nor perceived uncertainty in

the encounters to further unfold. Interestingly, the shop music factor which aimed to provide

a better experience for customers had a significant positive relationship with the tension
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mood category. Thiresult indicates that shop music is appraised as goal incongruence, and

this might have been due to the fact that the music was aimed at people shopping in the store
but not necessarily for the nawmstomer outside of the store, and as such may have
interrupted the activity of the necustomers. Since the survey did not take place in the store,

no participants were customers of the stores. This opposite effect was also expected to do
with the context of how the music was played, music types and the dawain&the music in

the acoustic environment this was discussed in the results Section 4.3.2. The results of this
positive relationship reveal that environmental factors that provide recreational function are

not always necessarily perceived with posiyivit |t proves that t-he fac

environmental relationship and its contexts are crucial to predict emotional outcomes.

4.4.1.5 Fatigue and Vigour

Fatigue and Vigour mood categories both have roles in the spending of cognitive resources.
On the one hand, a fatigued state explains a situation where the cognitive resource of a person
has been exhausted or mostly exhausted through the appraisal process of the environment. A
vigorous state, on the other hand, means a person still possessgs en@ven excessive

cognitive resource to appraise or cope with the environmental encounters.

The factors that had a significant negative relationship with fatigues were street music, ice
cream van and street vendor. The negative relation betweenthinesefactors and fatigue
indicates that the resource demanded by the environment to appraise it was lowered when
these factors were part of the environment. Three possible assumptions could be made based
on this outcome. First, if the three factors repthother factors in the environment, it means
these three factors required less cognitive resource to appraise compared to the replaced
factors. Second, if the three factors distracted attention from other factors within the
environment, then the three tars reduced the overall demands of cognitive resources to
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appraise the environment. The third assumption was that when we consider that cognitive
resources can be restored during rest or relaxing activities, these three factors may have
assisted in recove of the cognitive resource. Verifying these three assumptions requires an
experimental design with controlled environments. However, this was not possible under the
condition of this case study and was explored in the following studies (see Chaptéi8)5 an

The water fountain was the only factor that had a significant positive relation with fatigue.
This indicates that the water fountain required additional cognitive resource to appraise and
increased the overall requirements in cognitive resourcefdrigps the environment. This
conclusion does not ignore the positive effect of water fountains found in many other studies;
the cause of the result in this study was attributed to the sgtaidysound produced by the

fountain (see water fountain discigsin the results Section 4.3.4.1).

Only two factors were found to have a significant relationship with vigoucrieam van had

a significant positive relationship and children sound had a significant negative relationship.
For icecream van, this mearthat the presence of the factor shifted the balance from the
required resource to appraise the environment towards the cognitive resource a person had.
This could mean: (a) restoration of the cognitive resource; (b) reduction of the resource
demanded bythe environment; and (c) or both. For children sound, the balance between
demand and cognitive resource possessed by an individual shifted towards demands. This
means the opposite is true: (a) children sound hindered the restoration of cognitive resource;

(b) or the requirement resource to appraise the environment has increased; and(c) or both.

Both the shifting of fatigue and vigour states depends on the balance of resource demanded
by an environment and the resource a person possesses. But the resuéisridat the two
states are not in a bipolar relationship, as the increase of one states did not necessarily

translate into a decrease in the other. A similar argument has also been made by Shirom
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(2007) where he argued that the relation between vigour and fatigue is bivariant instead of

bipolar, based on biological and physiological studies.

There appears to be a boundary between the two states, without crossing it one state cannot
easily transition to the other one. Furthermore, one cannot claim that reducing fatigue means
an increase iwvigour. This boundary appears to be whether the resource demanded by the
environment exceeds the resource possessed by the individual. It is not clear whether this
boundary was a clear cut value or an intermediate state with ranges, and the constant
changng dynamic among resource spending and restoration only added to the complexity of
the issue. To fully examine the relationship between fatigue and vigour is beyond the scope

of this study.

4.4.1.6 Implicit and Explicit Emotional Process

As explained in e methodology chapter (Chapter 3), the emotional process can be both
implicit and explicit. Emotional memory explains a memory of emotional outcomes resulting
from a past complete conscious appraisal process. It can be triggered by environmental
stimuli or encounters similar to the encounter in the memory, in turn triggering the same
emotional response. This latter triggering is automatic, without or involving a very small
effort of consciousness. In other words, it is an implicit emotional process. npigit

process produces an emotional response with the best match with the current environmental
encounter. Hence, the emotional outcomes produced in this way are not necessarily an
accurate appraisal of the encounter, but more similar to an impresdioa e@fvironmental
stimuli. This deduction indicates that the emotional responses produced implicitly are more

likely to be universal because they are knowlebgeed assessment and lacking in logical

consideration of the acnmpressibns ef enwirommemansimuli . An (

is likely to be the same.

127



There is no defined method to distinguish an implicit emotional process (an automatic
unconscious one) from an explicit emotional process (a logical conscious one). In this study,
some identiftation of the processes can be deduced based on results. In past studies, music
presented in public spaces were mostly associated with a positive emotional response
(Jambrogi | e tetah[2016) with hd Same f@éraeieing matural sound such

as wate(Guastavino, 2006; Axelssat al, 2014; PéezMartiez et al., 2018) However, the

result of this study showed shop music and water fountain had a different effect from past
findings. The results showedathshop music and fountain sound were both associated with

an increase in negative mood categories. The presence of shop music increased tension
(anxiety) and the presence of fountain sound increased fatigue. This difference in emotional
reaction betweengst literature and this study indicates that the two factors were most likely
processed with conscious and logical thinking; hence, the emotional response are most likely
produced explicitly. Other appraisal processes that can be deduced to be exptluisare
processes that appeared to alter the rating of both fatigue and vigour mood categories.
Change in both mood categories are dependent on the spending of cognitive energy: the
appraisal process that happened implicitly do not spend much cognitigy énatr all. This
indicates that the change in both mood categories is more likely to result from an explicit

emotional process.
4.4.1.7 The Distraction of Environmental Factors

Within the results of this study, there is uncertainty regarding whethsukl iethe cause of

the factor itself or a distraction caused by the factor. Distraction in this study (if it happened)
was taken as meaning that the appraised environmental factor or factors had changed. Further,
distraction can happen both implicitlycexplicitly. If the distraction happened implicitly, it

meant that the change in emotional response was caused by different emotional memory
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associated with the factor. If the distraction happened explicitly, it meant that the change in
emotional responseas caused by the change of appraisal patterns. Additionally, this explicit
process also meant a change in the amount of cognitive resource spent during the appraisal
process. The change in the cognitive effort spend, then, would shift the balance between
cognitive resources possessed by an individual and cognitive resources required to appraises

a factor, in turn, would reflect in the change in the vigour and fatigue mood categories.

4.4.2 Other observation

In the data analysis, ieeam van and streeéndor were categorised as human sounds from
different activities; however, the outcomes indicated that the visual contexts, rather than the
sounds, were the dominant aspects of these two variables. This conclusion led to the inclusion

of visual stimuli inlater studies (see Chapters 5 and 6), This conclusion also concurred with

Ni kol opoul ou and Steemers (2003) and Robi ns

significnat role when people responded to physical stimuli and interpreted their emotions.

While the studied cases represented typical urban settings in Europe, for the present findings
to be adaptable to a wider context, further experiments would be useful, for example, to
consider more sound source types and a higher urban density or suburbaxt. cont
Additionally, it would also be beneficial to develop more mood categories for soundscape

studies, specifically as POMS was originally developed in a medical context.

4.5 Conclusions

This study provided a preliminary investigation into several soataded variables and basic
environmental variables in an urban public environment in Sheffield. Further, this study
examinedwhether these variables had a significant impact on mood ,statesling anger,

confusion, depression, fatigue, tension, and vigour. Light and temperature conditions were
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not found to have any significant effect on
from Mehrabi an aMetirablRmu & Russklll 1®&howdver, anrthe context

of lacking of intense dramatic light condition changes in the outdoor space and the lack of
significant temperature shifts on site, the results remained consistent with Mehrabian and

Russell 6s ideas.

Sound showed various effects on mood states, depending on its origin and the contextual
information contained within. Music had a significant effeetmood states, either positive or
negative, depending on the context. Traffic and amusement ride sounds had no significant
effect on mood states, which may be related to their routine nature and commonness in urban
public spaces. However, i@#eam van ad street vendor, which produced sounds that were
less routine and nedominant, had a significant impact on mood states. The sight of the ice

cream van and street vendor, rather than their sounds, could have influenced this result.

Birdsong did not have significant effect on mood states. The sound types and their non
dominant position in this context, together with the limitation of the POMS questionnaire,
may have played a large part in this result. The sound of children only had a limited effect on

postive moods.

Combining multiple sound sources could mask the potential positive effect of music towards
negative mood states and increase the negative effect of sound sources on mood states,
regardless of how the sound source affected negative mood easedtie effect of music on
positive mood states seemed to follow most of the other sound sources studied in this chapter:
the relationships between these sound sources and mood were positively related to whether

the combined sound source positively orategly affected mood state.

The studydés results also showed mostly smal

test results could only explain a small percentage of the variance. Based on these results, the
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effect of the environment on moods seerteetle very small. This outcome might be a result

of t hi s -sietswvewniethod armd urban context, which led to the inclusion of many
unwanted variables during data collection that may have influenced the effectiveness of the
studied variables. lvas also possible that the mood state shifts caused by the environment
were relatively small overall. The results and conclusion from this case study should be

further examined in the controlled environment of a laboratory (see Chapters 5 and 6).
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Chapter 5: Effect of sound types of an urban environment on mood states

132



5.1. Introduction
The previous chapter identified and examined several environmental stimuli including
weather conditions, acoustic and visual stimuli. It was found that diffenees tyf sound had
a significant but varying effects on partici
situ condition, it was difficult to make comparisons between sound types and difficult to fully
control the environmental conditions. Followitgstresult, this chapter extracted the sound
types (i.e. Street music, Traffic sound and Fountain sound) that were examined in the
previous chapter and tested them in a controlled laboratory environment. The statistical data
confirmed that sound types dave a significant and varied effect on emotional outcomes.
However, this effect was found to be different when compared with thieuistudy. After
the careful analysis through the lens of analysis appraisal effect, the chapter concludes that
such diffeences are caused by how the sound types are presented in relation to the contexts.
The experiment contained the following questions:

1 How does sound type affect mood/emotions?

1 How does the sound level affect mood/emotions?

1 How does social demographiaifferences affect mood/emotions?

1 Are there any other contexts beyond sound that affect mood/emotions?

5.2. Methods

In this chapteriwo pilot tests andhe main experiment were carried otihe two pilot tests

to identify the perceived loudness of sowstanuli and determination of participant sizes,
respectively. The main experiment explored the three sound types (i.e. street music, traffic

sound and fountain sound), the sound level (loudness), gender differences and environmental
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contexts and their efé on the six categories of emotional responses (i.e. anger, tension,

depression, confusion, fatigue and vigour).

5.2.1. Sound stimuli (Pilot test 1)

To simulate a natural urban acoustic environment, the sound stimuli were designed with
combinations of saud types.There was no ethic approval as the test was completed by a
group of research colleagud=our sound clips were designed to provide the sound stimuli:
sound clip 1 (music and fountain sound); clip 2 (fountain sound and traffic sound); clip 3
(musc and traffic sound); and clip 4 (music, fountain sound, and traffic sound). Each sound
type was recorded separately at Sheffield city centre, South Yorkshire, UK, with a binaural
recorder (street music from the Moor Market, fountain sound fronPdece @rden and

traffic sound from Fargate Street close to Church Street) and later composedminio 5
sound clips using théAudacity software. The sound level was measured in terms of
A-weighted Sound Pressure Level (SPL) usiog-dB sound level meter

Ead clip was replayed at two sound levels. The first was at a similar SPL to the original
context. The SPL for the second replay was decided based on an average value in a pilot test.
Based on a study by Sudarsono, Lam and Dgwi@$6) on average people expect the SPL

of laboratory audio replay of an outdoor sound recording to be 9.5 dB lower than its original
context. Six participants werecruited (four female and two male) for the test. Each clip was
played to the participants individually at an SPL of 9.5 dB lower than the original context,
and each participant was asked to adjust the volume to what they considered appropriate for
the respective context. The results are listed in Table 5.1. The volume was adjusted in terms
of decibels unweighted (dB) because adjusting it in terms of decibels weighted (dBA) was

di fficult. E a eweightedl $PL was eactaswrdd ifolo@isg th& adstments.
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The average Aveighted SPL was then determined and used for the second replay of each

clip.
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Table 5.1 Adjusted audio volume of audio cligsy six participantsbased on mea
value

Clip 12 Clip 2° Clip & Clip 4°

dB dBA  dB dBA  dB dBA  dB dBA
40  66.80 -140 56.70 -120 5390 -11.0 62.70
1.0 7070 -1.0 6810 -40 6530 -1.0  69.10
9.0 76.10 2.0 7450 4.0 68.30 -11.0 60.50
.70 6440 -16.0 5880 -12.0 5590 -7.0  64.00
3.0 7230 -50 6870 3.0 67.70 -40  66.40
6.0 74.40 2.0 7440 6.0 69.90 5.0 73.40
Average 5-0 70.78 4.0 66.87 -1.0 6350 5.0 66.02

a. street music and fountain sound

b. fountain sound and traffic sound

c. street music and traffic sound

d. street music, fountain sound, and traffic sound

o 01 A W N PP

The experiment used the sound level as an indicator of sound intensity. However, it did not
reflect the perceived loudness on a -tm@ne scale, and therefore may not accurately
represent the correlation between sound intensity and mood. Several sawdieadicated

that sound level, especially the-weighted sound level, was not a reliable indicator of
perceived loudnessKjellberg and Goldstein (1985)eported that the Aveighted SPL
underestimated the annoyance rating owing to theftequency componercof sounds. In
addition,Hellman and Zwicker (198®oncluded that if two different spectisthiaped sounds

were combined, the Aveighted SPL could not predict the perceived loudness and annoyance
of people. However, the nemeighted SPL can be converted into perceived loudness, such as
Stevens loudness or Zwicker loudness (two standardised loudness measurements), through
equations, both of which are more reliable indicators of perceived sound intensity (ISO 532
1:2017). Theefore, the study implemented theweighted SPL in the data analysis of sound

intensity.
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5.2.2 Participant size calculation (pilot study 2)

Several trial sessions were conducted as a pilot study to predict the power and participant size
for the main studyThe pilot study collected data from 21 participants for three out of four
different sound stimuli groups. Pilot participants were recruited through email vifithin
University of Sheffield The University provided ethics approval (024266). The experiment
design of the pilot study was similar to that of the main study (see S&Qidh The male
to-female participant gender ratio was 3:18. Owing to this largely imbalanced ratio, the
gender variable was not included in the power calculation. ANOVA was used as the model
for post hogower calculation because this model determines the required participdort size
ideal power among all statistical models. Calculations were performed GskPgwer 3.0

software.
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Table 5.2ANOVA: Pilot study withpost hocsample power calculation

Mean Size SD Effect sizef Power
group 1 8.250 8
Anger group 2 2.750 8 6.40 0.39 0.291
group 3 4.000 5
group 1 7.500 8
Confusion group 2 1.500 8 6.16 0.43 0.346
group 3 3.800 5
group 1 11.500 8
Depression group 2 2.750 8 10.66 0.36 0.255
group 3 8.000 5
group 1 8.750 8
Fatigue group 2 6.125 8 6.03 0.20 0.107
group 3 6.600 5
group 1 8.250 8
Tension group 2 -1.750 8 7.66 0.58 0.583
group 3 1.200 5
group 1 18.625 8
Vigour group 2 20.875 8 5.33 0.52 0.483
group 3 25.800 5

As indicated in Table 5.2, the overall resudt®owed insufficient powerl[i b < 0.80]. The

post hoccalculation was followed by an a priori sample size calculation. The calculation
predicted that a total of at least 180 participants would be required to achieve a power of 80%
for medium effect sizff = 0.25], implying at least 45 participants for each of the four stimuli
groups. Achieving 80% power for small effett[0.10] would require 1,096 participants, an
impractical number for this study. However, the use of the MANOVA method, which has a
greater ability to detect group differences, would prevent the small effect from going
undetected (in the ANOVA). The sampsze calculation predicted that 135 participants
would be required to detect the small effect size P.10], with a power of 95% for six
dependent variables (moods) and three independent variables (sound clips, gender, and
realisation of sound) in the MNOVA analysis. In conclusion, it was determined that a total

of 180 participants, 45 for each sound stimuli group, were required, and the gender ratio

should be evenly distributed in each group.
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5.2.3 Questionnaire

A long form of the POMS questionnaiveas used (McNair et al., 1992). The questionnaire
consisted of 65 items, with each item rated from O to 5. Additionally, each item could be
classified into six categories of moods: anger; confusion; depression; fatigue; tension; and
vigour. The rating sces of the items in each category were summed to obtain the score of
the respective categories. Two open questions were added to help the participants define their
moods in the moodbrming process. These questions were also used to confirm if the
participants realised the sound stimuli and environmental context of the experiment. The two
guestions asked were: 1) OWas there anythin
your attention, even for a brief momieint ? 0 ;
during the experiment session? If yes, could you summarise your thoughts (e-gehatat

t h o u g Bbde sppéhdixes B1 and B2 for example of the questionnaire.

The collected data was then manually input IBtgl SPSSoftware for analysis.

5.2.4Experimental procedure

The experiment was conducted in a meeting room locatdeeiimner Mongolia University

of Technology in China. To simulate the acoustic condition of exterior public spaces; sound
absorbing foam was attached to the walls of the remmontrol reverberation time (0.3 to
0.5s for a frequency range of 500 to 1,000 Hz). The setup dfinggeom is show in Figure

5.1.
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PROJECTION
SCREEN

Figure 5.1setup of the meeting room

The main experiment was ethically approved by bibin Inner Mongolia Universityof
Technology in Chinand theUniversity of Sheffieldreference number 024266). Participants

in this study were undergraduate students recruited from the university through an
announcement made during lectures and classes. Potential participantdoveredrihat the
experiment required a total of 200 people, 100 from each gender. They were also asked to
participate only if they had normal perceptibility (i.e. normal hearing and vision). Each
experiment session consisted of 12 to 13 people. Upon arpagicipants were asked to
spend 30 min relaxing. One of the eight audio clip variations was then played on a loop and
the relevant picture was projected onto a screen in each experiment session. Any relaxing
activity was allowed, if it did not interfenaith the perceptibility of the participants (e.g. no
headphone use). At the end of each session, participants were directed to complete a POMS
guestionnaire (see Figure2h. By the end of the experiment, 16 sessions were conducted
over a period of 2 week(from April 29 to May 13, 2019). A total of 199 surveys were

completed, with 102 female participants and 97 male participants.
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Experimental procedure

Before a session was started, the meeting room had been
setup and the corresponding audio clip and visual cue (project-
ed photos) was playing before participants enters

: Upon entering the room participants were asked to relax within .
the meeting room.

Once 30 minute was reached, questionnaires were provided

and participants were asked to complete the survey. Partici-

pants were free to leave once the questionnaire had been com-
_pleted.

Figure 5.2 Experimental procedure
5.2.5 Data analysis

The independent variables in the analysis were divided into threeoeméntal contexts.

First, acoustic variables from the four audio clips consisted of combinations of street music,
fountain sound, and traffic sound (see Section 2.1.4). Second, the visual cue consisted of the
projected picture corresponding to the audip.clhe pictures were captured on an iPhone 6s

at Sheffield city centre at the same site as the corresponding audio recordings. Third, the
other variables consisted of the informational context, i.e. the realisation of stimuli, thoughts
of participants, aevity performed by participants, and gender. The informational context was
identified through the open questions in the questionnaire.

The dependent variables were the six mood categories, i.e. anger, confusion, depression,
fatigue, tension, and vigourdm the POMS questionnaire (McNair et al., 1992). No further
mood category was added to maintain the internal consistency of the questionnaire.

MANOVA was implemented as the primary statistical model for the analysis because

multiple dependent variables veepresent in the problem (i.e. six mood states). To explore
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the data further, the MANOVA was followed by a discriminant analysis and factorial
ANOVA (GLM 3). The advantage of using MANOVA over ANOVA was that it not only
helped protect against the inflatiaf type | errors, but also had a greater ability to detect
group differences as it considered the interaction among dependent variables. In general, only
one of either ANOVA or discriminant analysis followed MANOVA. The reason for
conducting both analyses this study was the use of the independent variables (specifically,
the sound stimuli).

The assumptions of MANOVA were tested (the assumptions of multivariate normality and
homogeneity of covariance matrices). Multivariate normality was checked through
histograms (see Figure 5.3). As shown in Figure 5.3 anger, depression, fatigue and tension
scores were skewed towards the left whereas the vigour score was skewed towards the right.
The histogram indicates that the data violated the normality assumptiom &urn violates

the multivariate normality assumption.
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Figure 5.3Frequency against total mood score rating histograms of six mood states.

The assumption of homogeneity of cowuestr i ance
(Boxbés test was also supposed to be conducte
test iIs unreliable and should be disregarded

The anger scores as a dependent variable violated the hoeitgge covariance matrices.
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Levene
Statistic dfl  df2 Sig.

Anger Based on Mean 4.33 15 182 0.00
Based on Median 2.68 15 182 0.00

Confusion Based on Mean 1.33 15 182 0.19
Based on Median 0.83 15 182 0.64

Depression Based on Mean 2.88 15 182 0.00
Based on Median 1.45 15 182 0.13

Fatigue  Based on Mean 0.89 15 182 0.57
Based on Median 0.56 15 182 0.90

Tension Based on Mean 1.56 15 182 0.09
Based on Median 1.03 15 182 0.42

Vigour Based on Mean 1.19 15 182 0.29
Based on Median 0.97 15 182 0.49

Table 5.3 Levene's test of equality of error variancetests the null hypothesis that the error variance of the
dependent variable is equal across all groups

However, when group sizes are equal MANOVA is robust against the violation of normality.
Similarly, when group sizes are equal PilBrtlett method (of MANOVA) can also be
robust against the violation of homogeneity of covariance matrices. Hence th@&&itlatt

method was implemented for the MANOVA.

All the sound clips consisted of mylle sound types, meaning that there was no clear
comparison between the individual sound types. Discriminant analysis was useful for viewing
the sound stimuli as a whole and discriminating all sound stimuli without considering
individual sound types withigroups. This analysis was followed by ANOVA andast hoc
analysis to compare the sound clip differences for each individual mood state. Overlapping
between the results of the discriminant analysis and factorial ANOVA were expected,;
however, the factoriBANOVA and its post hoctest served as a detailed exploration of the
results of the discriminant analysis. The sound level difference within each sound clip was
examined via a simple regression. Factors that were not related to sound were analysed and
filtered through anultiple regression. Figure 5stimmarises the statistical analysis of factors

and mood states.
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Data analysis

MANOVA is used to indentify the
genneral relationship among sound
stimuli and mood states. Effec of
gender difference is also identified
in this analysis.

High sound level repaly
Dependent

{ el & S s Z variable
| Fountain Low:sotnd Jevél replay Discriminant Analysis and Factorial

— ANOVA (GLM 3) are used to explore
the detailed relationship between sound Anger
stimuli and each mood state. Gender

- Low sound levelreplay differences in each mood state are also

r L
| Fountain compared in these analyses.
*“ and Traffic High sound level repaly

| Music and

Confusion

J Depression

Sound C llpS b The Post hoc analysis is used to further Mood States

Low sound level replay explore the relationship between a
single sound type and each mood
High sound level repaly states.

Fatigue

[ Music and

1 7] Traffic
| &

—)

Tension
Vigour

Low sound level replay Multiple regression is used to identify
factors (other than sound and gender)
] Eountain High sound level repaly that have a significant effect on mood
| and Traffic
= = states.

e
| Music.

Simple regression is used to examine
the effect of sound level difference
within each sound clip.

Figure 5.4Data analysis process

5.3. Results and discussion

5.3.1. Relation between sound type and mood state
5.3.1.1. General interactidretween sound type and mood

To confirm if a general effect existed between the sound clips and mood states, a MANOVA
and Pillai Bartlett trace statistic was applied. All six moods were input as dependent
variables, whereagender sound clips andthe realisation of soundsvere input as response
variables. The result showed that sound clys=[0.33,F (18,537) = 3.70p < 0.001], and

their relationship with the gender of the subjeét 0.17,F (18,537) = 1.75p < 0.05]
significantly affected mood statebut realisation of sound stimup p 0.05] did not. The
subsequent univariate test confirmed that the significant effect of sound clips existed in anger
[F(3,182) = 11.29p < 0.001,¥? = 0.071], confusionH (3,182) = 7.75p < 0.001,¥? =
0.046],fatigue F (3,182) = 4.84p < 0.01,¥? = 0.028], tensionH (3,182) = 12.99p < 0.001,

¥2=0.081], and vigourf (3,182) = 4.93p < 0.01,¥? = 0.029] (see also Table.
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Table 54 Multivariate tests between sound clips, notice of sound stimuli and gder difference

Hypothesis
Effect Value F df Error df Sig.
Intercept 0.876 208.168 6 177 0.000
Sound clip difference 0.331 3.698 18 537 0.000
Notice of sound stimuli 0.047 1.439 6 177 0.202
Gender difference 0.110 3.634 6 177 0.002
Sound clipdifference and 0.081 0.824 18 537 0.672
Notice of sound stimuli
Sound clip difference and 0.166 1.751 18 537 0.028
Gender difference
Notice of sound stimuli and 0.053 1.667 6 177 0.132
Gender difference
Sound clip differences, Notice 0.137 1.432 18 537 0.110
of sound stimuland Gender
Difference

*p<0.05 *p<0.01, ** p<0.001

5.3.1.2. Discrimination of sound clips based on moods

The first step to identifying the effect of sound type on mood state involved differentiating

the replayed sound clips. A discriminant analysis was conducted to segregate the sound clips
into groups with respect to their interaction with the mood states ahalysis revealdtiree

discriminant functions. Thérst explained 79.4% of the varianceafonicalR® = 0.24), the
secondexplained 14.5% of the variande®(= 0.05), and théhird only explained 6.2% of the

variance & = 0.02). When combined, thesdiscriminant functions significantly

di fferentiated the f(1Bu=r69.330p0.601]cHowepes, refnaving= 0 . 7
thefirst function revealed that neither the combination ofsbéeondandthird functions g =

0.92,j 2(10) = 15.71p > 005] nor thethird function alone§ = 0.98,j ? (4) = 4.74p > 0.05]

could differentiate the sound clips significantly. The correlation between moods and
discriminant functions revealed thaiger[r = 0.76],confusion[r = 0.62],fatigue[r = 0.50],
andtension[r = 0.82] were more heavily loaded on timst function, vigour on thesecond

function [r = 0.50], anddepressioron thethird function [r = 0.53].

Based onthgroupmearct o mpar i son (i nei csatgends )by hpthen damd T

first function discriminated sound clip 1 (fountain sound and street music) and 3 (traffic
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sound and street music) from clip 2 (fountain sound and traffic sound) and 4 (fountain sound,
street music, and traffic sound). This differentiation is also shown ird=igh (in Section

5.3.3 gender differences), where sound clips 1 and 3 generally scored higher than sound clips
2 and 4. Thesecondunction discriminated sound clips 1 and 2 from sound clips 3 afdet.

third function discriminated sound clips 1 andrdrh sound clips 2 and 3. To summarise, the
result of the discriminant analysis revealed thager, confusion fatigug and tension
significantly differentiated between the groups of sound clips 1 and 3 and sound clips 2 and 4.
Vigour insignificantly differentiated between the groups of sound clips 1 and 2 and sound
clips 3 and 4Depressioninsignificantly differentiated between the groups of sound clips 1
and 4 and sound clips 2 and 3.

Table 55 Non-standardised canonical discrimine
functions evaluatedver group meang sound clips)

Functions
Sound clips First Second Third
Clip 12 -0.545 0.155 -0.199
Clip 2° 0.373 0.309 0.146
Clip 3° -0.542 -0.241 0.158
Clip 4° 0.728 -0.227 -0.107

a. street music and fountain sound

b. fountain sound and traffsound

c. street music and traffic sound

d. street music, fountain sound, and traffic sound

5.3.1.3. Relation between individual sound types and moods

To explore the effect of the individual sound type, multiple-on®ne comparisons were

made across sound clips. These comparisons were made in several subjsesjuéot
analyses of the univariate testféctorial ANOVA. The dependent variables werle tsix

mood states, and factors were the sound clips, gender, and realisation of soyrabt Tioe
analysis compared the mean difference in mood scores between each sound clip group. A
total of six groups of combinations of clips were compared. Thetseatd summarised in

Table 56.
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Table 56 Mean difference (subtraction) pbst hocanalysis between each sound clip grc

Clip1 Clipl Clip1l Clip2 Clip2 Clip3
subtract  subtract subtract subtract subtract subtract
Clip 2 Clip3 Clip4 Clip3 Clip4 Clip4
Games Anger -9.64** -1.08  -12.19*** 856* -2.55 -11.11**
Howell Tension  -7.56** -0.64 -9.59%*  §92** -203  -8.95%**
Bonferroni Confusion -3.52 -1.26  -6.40%** 226 -2.88  -5.14*
Depression -6.16 -2.44 -6.06 3.72 0.10 -3.62
Fatigue -3.38 0.10 -5.28** 3.48 -1.90 -5.38**
Vigour -2.60 2.84 -2.45 5.44*  0.15 -5.29*

Clip 1: street music and fountain sound;

Clip 2: fountain sound and traffic sound;

Clip 3: street music and traffic sound;

Clip 4: street music, fountain sound, araffic sound
*p <0.05, *p<0.01, ** p<0.001

The angerandtensionresults concurred with the discriminant analysis. When sound clips 1
and 3 were compared with sound clips 2 and 4, a significant difference was pouQdfL].

The discriminant analysis suggested tt@itfusionandfatigueshould show a similar result to

anger and tensionbecause they were all discriminated by the first factor. post hoc
analysis suggested this was only partially true; only when sdimd or 3 is compared with

sound clip 4 were the outcomes significantly different. This result suggested that the mean
score ofconfusionandfatigue did not differ significantly between sound clips 2 angp3>[

0.05]. Thevigour score showed a signifina difference when sound clips 2 and 4 were
compared with sound clip $[< 0.05], anddepressiorshowed no significant result in any
comparisonp < 0.05]. The results ofigour anddepressiordid not fit the discrimination of

the second and third factorthis was expected as the two factors did not significantly
discriminatedepressiorandvigour.

The design of the sound clips considered the combination of sound sources, and this design
allowed a certain hypothesis to be drawn from the above resulshake in thepost hoc
analysis, the first set of comparisons can be drawn between sound clips 1, 2, and 3 (each clip

contains only two of the three sound types) and sound clip 4 (which contains all three sound
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types). These comparisons showed how moodsgdthwhen each sound type was removed
from the combination of all three. The results indicated that most moods were significantly
affected whernraffic or fountainsoundswere removed from the combination. However, the
removal ofstreetmusic(clip 2 vs. dip 4) did not evoke any significant changes in the mood
states (Table b).

The other groups of twontwo comparisons of sound types were made among sound clips 1,

2, and 3. Three pairs of comparisons were conducted, and each pair showed mood differences
when one sound type was unchanged while the other two sound types were changed. The
result of thepost hocanalysis showed a significant differenceanger and tensionwhen

fountain or traffic soundwas a persistent factovigour only showed a signifiga change
whentraffic soundwas a persistent factor. However, when music was played continuously,
no mood states were affected (Table 5.5). From the outcomes of the two groups of
comparisons, the following was inferred fbuntainsoundsignificantly affeted most mood

states exceptlepression 2) traffic sound significantly affected most mood states except
depressiorandvigour, and 3)street musidhad no significant effect on mood states. Owing to

the limitation of the current sound clip design, blypotheses would need to be further tested

with a single soundlype sounetlip design.

5.3.2. Relation between sound level and mood

The effect of sound level on mood was analysed for each sound clipA-Weeghted
equivalent continuous sound level (LAa@s used as the unit of measurement of sound. level
As each sound clip was played at two different LAeq, the effect of sound level differences

was examined for each clip. The sound level difference is summarised in Table 5.
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Table 5.7 Sound level differences between tdistinctaudio replays for each audio clig

Clip 1 Clip 2 Clip 3 Clip 4
LAeql (dBA) 70.80 73.20 73.30 78.50
LAeg2 (dBA) 69.30 66.90 63.50 66.00
LAeq Change (dBA) 1.50 6.30 9.80 12.50
LAeq Change (dB) 5.00 4.00 -1.00 5.00

Clip 1: street music and fountain sound;

Clip 2: fountain sound and traffic sound;

Clip 3: street music and traffic sound,

Clip 4: street music, fountain sound, and traffic sound.

The simple regression analysis results revealed no significant relationship between different
sound levels within sound clips 1, 3, and 4, for any mood state [p > 0.05]. For clip 2, two
significant relationships were found fatigue[R = .28, R= 0.078,B = .28,p < 0.05] and
vigour [R = .28, R= 0.081, B = 0.29p < 0.05]. The standardisésvalue indicated that both

the relationships found in clip 2 were positively correlated with the associated moods. The
insignificance in the results may b#ributed to insufficient SPL changes for each clip (Table
5.8). The results indicated that differences between the expected volume and actual volume
of the fountain street musicor traffic soundcould not significantly affect mood states.

However, mood were more susceptible to volume change in certain combinations of sound

types.
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Table 58 Simple regression analysis of sound level difference between ¢

clips

Clip 1 Clip 2 Clip 3 Clip 4
Mood
states R? o R? o) R? os) R? b

Anger 0.066 0.257 0.035 0.188 0.002 0.043 0.003 0.053
0.004 0.066 0.052 0.228 0.010 0.097 0.000 -
Confusion 0.009
0.025 0.159 0.007 0.081 0.015 0.124 0.004 -
Depression 0.062
0.006 - 0.078 0.279* 0.004 0.059 0.007
Fatigue 0.076
0.051 0.226 0.050 0.224 0.011 0.107 0.001 -
Tension 0.031
0.019 - 0.081 0.285* 0.023 - 0.017 0.130
Vigour 0.139 0.153

*p <0.05, *p<0.01, ** p<0.001

Clip 1: street music and fountain sound;

Clip 2: fountain sound and traffic sound;

Clip 3: street music and traffic sound;

Clip 4: streemusic, fountain sound, and traffic sound.

0.083

In sound clips 1, 2 and 3, the relationships were mostly positive, indicated by the gmsitive
value, the exception beirigtiguein sound clip 1 andigourin sound clips 1 and 3 (indicated

by negativeb-values).However, in sound clip 4, most negative moods showed a negative
relationship with SPL differences, the exception beanger[b = 0.053] and the positive
moodvigour [b = 0.130] (Table B). There were two possible causes of the results of sound
clip 4. The first was a combination of more than two sound types. The second was the
specific combination of three sound types. Note that among all the results, negative relations
only appeared during the presencestrttet music This could indicate that an incseain

music volume could reduce the mood intensity.

There is evidence in the study of soundscape for the interaction between sound level and
mood; however, the interaction varied across different sound types. For exaegniest al.

(2010) found that the sound of streamand waves of a lakeo less than 3 dB below the
masked traffic sound could increase urban sound quality in terms of preference. Falling water,

however, was found to increase annoyance if combined with traffic sounds above 70 dBA
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(Hong & Jeon, 203). An increased sound level of bird song as a means to mask traffic sound

(37.5 to 52.5 dBA) also showed an improvement in annoyance and pleasantness in
soundscapéHao et al., 2016)There was also evidence of physiological change in relation to

sound level changes. In an electroencephalogram (EEG) studiyabal. (2018) an increase

in loudness (14phon difference) of pure tone affected the bmipt ude of t he b wa\
be associated with emotion and mood arousal. These studies indicated that sound level should
not be used as the sole predictor of mood; the difference in sound types should also be

considered.
5.3.3. Effect of gender differene on mood states

The effect of difference in gender was demonstrated in the results of the MANOVA analysis,
where both theyenderof the subject{ = 0.11,F (6,177) = 3.63p < 0.01] as well as its
interaction with the sound clip8/[= 0.17,F (18,537) =1.75,p < 0.05] had a significant
influence on the mood score. However, neitther realisation of soundor its interaction

with sound clips showed a significant effect on the mood spate(.05]. The subsequent
univariate test further confirmed thdtet gender difference significantly affectadger[F

(1,182) = 7.72p < 0.01,%%= 0.015],confusion[F (1,182) = 13.16p < 0.001,¥*= 0.028],
depressiofF (1,182) = 10.96p < 0.01,¥>= 0.024], andension[F (1,182) = 4.89p < 0.05,
¥2=0.009].

However, because univariate tests do not consider the correlations among dependent
variables (mood states), the test could not detect any interaction between the gender of the
subject and the sound clips, resulting in an insignificant effect of the ititerdp > 0.05].

The results indicated the presence of general effects of soundrclip®od states, and that
these effects could be influenced by gender difference. The effect of gender difference is also

shown in Figure ®. Men, in general, scored aghier maximum score and had a greater
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range of mood scores in most mood statmsgér, confusion, depression, fatigusnd

tensiorn), the exception beingigour, in which women scored equal or higher. However,
fatigue and vigour which had no significant ratetion with gender should not be considered

as meaningful findings. In sound clip 2, the female mood score, specifically for anger,
depression and tension appeared to have a greater maximum score and score range compared
to males, suggesting that the condtion of traffic and fountain sounds were perceived
differently between genders. These results indicated that females, in general, had a higher
tolerance to negative emotions (i.e. anger, confusion, depression and tension), but beyond a
certain thresholdfemales were more likely to be affected by them (i.e. anger, depression and

tension). Note thatigour had an inverse score compared to the other moods.
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It is worth pointing out here the insignificant results for fatigue and vigouringignificant

results indicated that cognitive resources spent to appraise the acoustic seneufiow
significantly different between gender&s the experiment was dgsied with a focus on

sound types rather than gender difference, the effect of gender difference on individual
emotions also needs further exploration in the terms of experiment design (such as separate

male and female group into different audio replayises$.

5.3.4. Effect of environmental context on mood state

Threecontexts were identified and examined based on qualitative data. The first context was
the description or mention dbgic-intensive activityperformed by participants during the
experiment (this included playing on smartphones, playing poker, and reading). The second
context was thephysical environmenfi.e. visible context of the laboratory outside the
primary studied variables). The thirdrdext was theghoughts of participantdeyond the
experiments. A multiple regression was conducted with the three contexts input as
independent variables and coded 606 for Ono:
Reverse entry was implemedt® eliminate the least effective contexts.

The results showed that tipdysical environmerftad the most significanffect among the

three (Table 59 The power of the statistical model was also guaranteed by the power
calculation (see section 5.2.2hare the significant results were protected from type | error.

In all three regression models, thieysical environmennostly showed a negative statistical
significance p < 0.05], indicating that the physical environment in the study reduced
emotional reponses. The exception wWiasiguein the first model p > 0.05]. This exception

was due to the presence of the other two contexts reflected in the second and the third models,
where a significant change appeared whenpthesical environmenivas removedOverall,

all three contexts showed a negative relation with the studied mood states. This negativity
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could be the result of the contexts having an indirect relation with the mood state; the
contexts distracted the participants from focusing on themsehagby reducing the mood

scores. The removal of thegic-intensive activityandp ar t i c i p a rednexis hadlmao u g h t
small effect on the effect size (represented byetievalue). The significance and size of the

effect suggested that tiplysical envionmentaffected mood states.
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That personal interpretation influences the outcome of the mood state is not an uncommon
occurrence in soundscape studies. Several studies have shown that visual stimuli are closely
related to acoustic stimu{Gifford & Fan, 1982; Pheasant, Horoshenkov, Watts & Barrett,

2008; Pheasant et al., 2010; Rimell, Mansfield & Hands, 200&)ording to Pheasant et al.

(2008), visual stimuli had a stronger effean the pleasure rating of an environment than
acoustic stimuli. Studies have also indicated that the information provided by the stimuli
regarding an environment influence®apmaeopl ed:
and Kaplan (19893uggested that the visual indication of landmarks could induce feelings of

ease and comfort in people owing to the spatial orientation information. As for acoustic
stimuli, Mackrill et al. (2013)Yound that when sound source information was includete
acoustic stimuli, participantsodé6 emotional <co
In this study, the physical environment of the laboratory may have been interpreted
differently based on the individual differences between the participants. Thus, the
information extracted varied with the subject. This difference may have influenced the
participantso6 i nt er p(Rehbinsoh,i2@006)Asalfe contexeof the own n
physical environment were all reported through verbal (writing) exercises, this indicated the
existence of consciousness through processes and the spending of cognitive resources. This
not only explained the significant result in vigour but alsdidated that the processes of
appraising the physical environment were performed explicitly. All contexts within the
physical environment may also have contributed to confusion and tension due to the
laboratory setting. As the connection between the palsmvironment (laboratory) and the

stimuli (sound clips) may not have been apparent, this could lead to confusion regarding the
purpose of the experiment and may further result in stress. This was also evidenced by the
reporting of confusion of the exparental purpose in the qualitative data (N=18)(this will be

discussed later in Secti@x.1.2).
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Four specific contexts were identified in the physical environment: artificial lighting;
observation of others; projected pictures; and observation of the settimgs. In the open
guestions, participants claimed that the bright light from the room was uncomfortable and
attracted their attention (N=10). The claim of discomfort indicates goal incongruence and
potenti al at t ac k-bemd (vismrcomifort) dThis potentisd dttéck wasvradst|
likely to be blamed on experimenters. The above appraisal pattern was unique to anger
emotion and may partially explain why the anger score was significantly affected by the

physical environment.

The cases wheipeopl e cl ai med to have observed ot he
social activities such as chatting and playing cards. The obviation of social activity could
have an appraisal of otheros behavi gamee, and
(mild anger) and/ or tension. | f confusion w
were perceived as inappropriate to the experiment, and created a confusing situation where

the individual was confused about how he/she should behave dbhengxperiment. If
annoyance was produced, othersé actions were
incongruence) and the observer may have considered this as an insult to their personal values
(insult to ego identity and others are to blanTd)is implied that the observers think others

should not behave this way and contradict what he/she believed, that one should behave in an
experiment setting. Tension (anxiety) could also be produced under the appraisal pattern of
annoyance as it only reqad goal relevance and goal incongruence. In the same situation
explained i n annoyance, the observero6s mean
was uncertain whether this threat was true or not. This appraisal accurately explained the core

relational theme of anxiety, namely the uncertain existential threat.
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Conversely, if the social activity was not perceived as inappropriate, the activities could be
ignored or perceived positively and may result in a relaxing experience, as social interaction
has been known to produce a positive effddtintyre, Watson, Clark & Cross, 19910his
positive experience may lead to the recovery of cognitive resources, which was supported by

the significant result in vigour.

The projected pictures (N=12) and obsewainf the room settings (N=7) were all part of the
visual context that has been reported to attract the attention of participants. In terms of
information contained, the two contexts may provide conflicting information. The projected
pictures are relatedtthe sound clip that was being played and provide a visual cue and
immersive outdoor experience for the stimuli. The room setting, on the other hand, contained
information about the indoor environment and suggested a laboratory environment. Therefore
the two contexts may have contributed to confusion mood states. However, it was unlikely

that these two contexts contributed to anger due to there being no others to blame.

5.3.5Analysis of underlying components

5.3.5 Analysis of underlying components

The itans in POMS were tested with principal component analysis (PCA), and the resulting
components were compared against the original 6 mood states proposed by the original

POMS to verify the validity of the study results.

A PCA was conducted on 65 items withlighe rotation (promax, kappa = 4)). The Kaiser
Meyer-Olkin measure of sampling adequacy (KMO) = .92 indicating the data were adequate
for PCA (Kaiser (1974), recommends a bare minimum KMO value of 0.5 for the sample to
be adequate). Bedcityt X2 (2080 s 10%34.23t p <0.001 mdicated a

correlation between items was sufficient for PCA. 12 components were discovered based on
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total variance of 71.64%see also Table 5.10).

W i

t h

eigenvalues

Rotation

Sums of

Extraction Sums of Squared Squared

Initial Eigenvalues Loadings Loadings

% of % of
Component| Total Variance Cumulative %| Total Variance Cumulative % Total

1 24.65 37.93 37.93| 24.65 37.93 37.93 21.15
2 7.07 10.87 48.80 7.07 10.87 48.80 19.40
3 2.79 4.28 53.09 2.79 4.28 53.09 11.45
4 1.99 3.06 56.15 1.99 3.06 56.15 9.73
5 1.75 2.69 58.83 1.75 2.69 58.83 12.35
6 1.40 2.15 60.98 1.40 2.15 60.98 13.02
7 1.33 2.04 63.03 1.33 2.04 63.03 3.91
8 1.25 1.93 64.95 1.25 1.93 64.95 3.74
9 1.20 1.85 66.80 1.20 1.85 66.80 3.69
10 1.07 1.65 68.45 1.07 1.65 68.45 141
11 1.05 1.62 70.08 1.05 1.62 70.08 3.80
12 1.01 1.56 71.64 1.01 1.56 71.64 2.15

Table 510 Total variance explained.Initial analysis based on eigenvalues)y showing components with
eigenvalues

25

15

Eigenvalue

above

1 (Kaiserods

Scree Plot

criterion)

1

4 7

Component Number

Figure 5.6 Scree plot of eigenvalue against components

161

10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64

aboy



The scree plot (Figure 5.6) shows the point of inflexion is at tt*heoﬁnponent. Based on

both eigenvalues and scree plot, keeping both 6 and 12 components is justified. Although

keeping 6 components is similar to POMSS®O
components were examined.
Component
1 2 3 6 7 8 9 10 11 12
Furious 1.15
Rebellious | 1.01
Resentful 0.97
Bitter 0.92
Bad
tempered 0.92
Angry 0.88 0.59
Ready to
fight 0.87
Peeved 0.73
Spiteful 0.66
Deceived 0.65
Grouchy 0.64
Weary 0.63
Terrified 0.56
Unhappy 0.55
Annoyed 0.54| 0.47
Friendly 0.41
Forgetful* o)
Exhausted 0.90
Sluggish 0.89
Fatigued 0.85
Listless 0.74
Muddled 0.65
Unable to
concentrate 0.63
Anxious 0.60
Worn out 0.56
Blue 0.53
Uneasy 0.40] 0.49
Discouraged 0.47
Nervous 0.43
Restless 0.43
Gloomy 0.41
Activity 0.98
Energetic 0.90
Cheerful 0.79
Full of pep 0.76
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Lively 0.73

Vigorous 0.69

Relaxed 0.57

Trusting 0.51

Sorry for
things done 0.93

Lonely 0.48 0.65
Sad 0.61
Guilty 0.60
Worthless 0.46
Helpless 0.45
Miserable 0.41
On edge 0.81
Panicky 0.77
Confused 1.10
Bewildered 0.79
Alert* 0

Sympathetic 0.93
Helpful 0.58

Efficient 0.42 0.56
Desperate 0.48
Good
natured 1.01
Carefree 0.59
Unworthy 0.80
Shaky 0.43
Uncertain
about things 0.71
Bushed 0.45 0.57
Clear -
headed 0.41 0.83
Hopeless* 0
Tense 0.45

Considerate 0.40
Table 5.11 pattern matrix of unique factor loadings after factor rotations in the orders contain the most items
to the least items
* unigue factoroading below 0.4

Table 5.11 shows the unique factor loading for all items in relation to the 12 components
after factor rotation. The components and their underlying theme based on the items they
were contained are as follow: 1) Anger (12 anger items with Zanger itemy 2) exertion

of cognitive resource (6 fatigue items, 4 tension items 4 depression items, and 2 confusion

items, and 1 anger item), 3) vigour (6 vigour items and 4vigour items), 4) depression (7
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depression items), 5) tension (2 tension items), 6jusoin (2 confusion items), 7) tension (2
norrtension items that contain the aspect of feeling under pressure), 8) friendly (1 friendly
item and 1 vigour item), 9) emotional distress (1 tension item and 1 depression item), 10)
confusion (1 confusion itenmd 1 fatigue item), 11) confusion (1 confusion item), 12) 3

ambiguous items that cannot be reasonably labelled. (See also Table 5.12).
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Table 5.12 list of items attributed to each component and the underlying mood state that represented each
component

As shown in Table 5.12, to include all 6 mood states proposed by POMS at least the first 6
components from PCA are required. Regarding these 6 components, component 2 contained
items from 4 different mood states, they are: 6 fatigue items, 4 tension itdefmesésion

items and 2 confusion items. At least 3 of the 4 mood states (fatigue, tension, and depression)
need to be considered as the numbers of items included were relatively large and cannot be
ignored. However, the inclusion of multiple mood statesoimponent 2 indicates the

component does not measure specific emotions, but rather common themes shared by these
mood states. In the case of component 2, the common themes shared by items were: an
unpleasant appraisal of the environment (shared by teraidrdepression, see also sections
3.4.2 and 3.4.4), and the expenditure of cognitive resources (as any conscious emotional

response does, see section 3.4.5).

Among the first 6 components, depression (in components 2 and 4), tension (in components 2
and5) and confusion (in components 2 and 6) mood states were split between two of the six
components, suggesting there were underlyingtlseimes within each of these three mood
states. Based on the items and the attribution to the components it is uneetrerdause of

such a split was. Hence the only conclusion that can be drawn was whether these emotional
states were valid when they were interpreted as individual mood states. For depression, as the
majority of the items were attributed to component #gfhs out of 11), it was determined
reasonable to include the full appraisal pattern (an appraisal components combination unique
to each distinctive emotion, see also the explanation in section 3.4.4) of the emotions. For
tension, the majority of the itesywere attributed to component 2 (4 out of 6 components) and
the two items attributed to component 5 were too few to be themed with certainty. Therefore

only, the appraisal of an unpleasant environment and spending of the cognitive resource
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should be intgareted. For confusion, both components (components 2 and 6) contain too few
confusion items (2 items each), in addition, confusion items also appear in components 10
and 11 (each containing 1). The separation of confusion was too scattered, and theagnderly
theme of each component was too ambiguous to define making any interpretation of the
confusion mood states unlikely to be accurate. Beyond the first 6 components, components 7
to 10 all contained too small a number of items or few items with mixed stateb without

apparent connection. It was determined that components 7, 8, 9 and 10 should be ignored.

Some items were attributed to components that did not contribute to the identification of the
underlying theme (see row 'ltems did not fit the mootesteategories' imable5.12). The

false attribution of these items could be the result of participants misunderstanding the items
caused by ambiguous words or meaning lost in translation. Alternatively, lack of attention
during the survey session could@cause such miss attribution. However, the items that

were misattributed were relatively small in number and less likely to cause a significant

difference in the final results.

Il n summary, the interpretation toh(.eethee6 dat a r
mood states) was valid but o6é6tensiond shoul d

that was not reasonable to interpret was tha

5.4. Discussion

5.4.1 Appraisal processes of each mood categor

Before assessinthe appraisal process of each mood categfue goals of the participants
should be clarified. Despite no detailed information being given to the participants, the

experiment conductor did ask participants to relax in the laboratory so they could absorb th
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stimuldi naturally. Therefore i1t was safe t
engaged during the experiment was aimed at relaxing. According to the qualitative data only
about a quarter (N=53) of the participants noticed and paid exattemtion to the sound
clips, indicating that most of the emotional processes was preceded implicitly. This
proportion provided evidence for the assumption made in the methodology (Chapter 3), that
the acoustic environment would be appraised implicithgtnad the time.
The sound clips were referred to extensively in the following paragraphs, and each clip was
referred to the specific combination between street music, fountain sound and traffic sound as
explained in Section 5.2.2. To provide clarity, thst lof sound clips and their sound
combinations were as follows:

Clip 1: street music and fountain sound;

Clip 2: fountain sound and traffic sound;

Clip 3: street music and traffic sound,
Clip 4: street music, fountain sound, and traffic sound.

5.4.1.1 Ager

As the result of the univariate test of MANOVA showed, anger was significantly different
among the sound clips, indicating that different combinationstreet musigctraffic sound

and fountain soundcould indeed affect anger as an emotion. If this effect was produced
through emotional memory (implicit process), this indicated that this past experience was
quite universal among participants based on both the significant result and the number of
partiagpants that implicitly appraised the acoustic stimuli. It could be safely assumed that
some of the three sound types were inherently perceived as annoying or anger (this proves to
be traffic sound and fountain sound in the gust test). There was alsgpassibility where

some of the sound types could relate to a traumatic experience, however, this was unlikely to
be universal enough to produce any significant result. The qualitative data did indicate that

there was a relatively small portion of particimrwho appraised the acoustic stimuli
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consciously. If this was indeed the case, some of the sound clips were perceived as the
interference of the goal of relaxation. Some of the sound clips could have been interpreted as
intentionally placed by the experamters to hinder the relaxation activity or environment.
Notably, the anger baseline could also be influenced by the experiment design itself despite it
not influencing the experiment outcomes. As the experimenter intentionally hide the detailed
information of the experiment from participants, the design itself could have been interpreted
as an act of distrust toward the participants, hence anger could be produced as this action
could be seen as a slight to their personal values.

The discriminant functionadnalysis showed a difference in anger score that separated street
music from traffic sound and fountain sound combined through the first discriminant function.
The first group of the pogtoc test results (see Tablé&pshowed that the mean score of the
anger mood differed significantly between sound clip 1 and clip 2 (produce negative value
when the mean score of clip 1 minus clip 2), and clip 2 and clip 3 (produce negative value
when the mean score of clip 2 minus clip 3) but showed no significantedifie between

sound clip 1 and clip 3. These results meant that street music was the sound that had a lower
anger score, and fountain sound and traffic sound had a higher anger score but did not differ
significantly. This difference between the three sotypeks indicated whether street music
could reduce/distract attention from the anger emotion, or where the traffic sound and
fountain sound were likely to be appraised as an attack eidegtity or trigger emotional
memory related to an anger outcomee Becond groups of pelsbc test results showed that
anger scores differed significantly between clip 1 and clip 4 (produce negative value when
the mean score of clip 1 minus clip 4), clip 3 and clip 4 (produce negative value when the
mean score of clip Binus clip 4). However, there was no significant difference between clip

2 and clip 4. These results showed that adding ether traffic sound or fountain sound into the
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acoustic environment would increase the anger score but adding street music alone did not
affect the anger score.

By concluding the results of the statistical and qualitative data, this study confirmed that
among the sound clips, traffic sound and fountain sound were the cause of increases in the
anger scores. Traffic sound did so, likelychese the socially accepted idea of the negative
influence associated with traffic has been accepted as a universal angering emotional memory.
For the fountain sound, it was likely that the loud static noise was inherently annoying. Street

music, howevenvas unlikely to affect the anger emotion.

5.4.1.2 Confusion

As the result of the univariate test of MANOVA showed, confusion was significantly affected
by sound clip differences, indicating that the combinations among street music, traffic sound
and fountan sound could be difficult to understand according to the context that the
participants had faced during the experiments. This difficulty in comprehension also implied
that, at the moment of the confusion, the participant could not form emotions as the
foundation of emotion: the pers@mvironment relationship could not be established. If
participants dismissed the situation and gave up in understanding the sound clips, this could
result in a later unconscious implicit reaction to the sound clips, andioemoiay be
produced based on the emotional memory associated with the sound clips. If the participants
decided to put in more effort to try to contextualise the sound clips, emotion may also be
produced through a conscious explicit process requiring fmamits to commit cognitive
resources. Additionally, as the vigour and fatigue mood scores were significantly different
among sound clips, this meant that the spending of cognitive resources did differ among
sound clips. This difference in cognitive res@s@lso indicated a possibility that the initial

confusing participants committed effort to understand the sound clips. The confusion itself
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was not an emotion and no specific emotions were associated with the confusion state (see
the discussion in Secto34.3). The only prediction that could be made was whether the
stimuli was easy to understand and potentially increase the cognitive resource cost to appraise
the stimuli. In the qualitative data, 18 participants reported having difficulty to concentrate
and/or did not understand the purpose of the experiments.

The discriminant functional analysis showed a significant difference in confusion scores and
differentiated street music from the combination of traffic and fountain sounds through the
first disciminant function. The podtoc test result (see Table6pshowed that confusion
scores differed significantly between sound clip 1 and clip 4 (produce negative value when
the mean score of clip 1 minus clip 4), and sound clip 3 and clip 4 (produce segidtie

when the mean score of clip 3 minus clip 4). However, there was no significant difference in
confusion between sound clip 2 and clip 4. The results of the statistical analysis and
gualitative data suggested that the traffic sound and fountain seemedsound types that

likely caused a confusing situation. The confusion was most likely the result of the fact that
participants were not able to interpret how the two sounds fit into the context of the
experiments. The increase in confusion also catisedognitive resource cost to appraise an
acoustic environment to increase and, in turn, resulted in mental fatigue if people ever chose
to appraise such an environment. Street music did not appear to have any significant impact
on confusion scores, inditing that the addition of street music in an acoustic environment
was unlikely to confuse people or create conflicting environmental information between the

music itself and the environment.

5.4.1.3 Depression

No significant relationship was found betwesound clips and depression mood categories.

The insignificance indicated that street music, traffic sound and fountain sound were unlikely
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to cause depressiarlated emotions (i.e. sadness, fear or guilt) through a conscious appraisal.
For unconscious iplicit ways, although there was the possibility that depressive emotions
could trigger through related emotional memories, the insignificant result indicated that there
were no universal ideas or values that associated the three sound types and depressive

emotions.

5.4.1.4 Tension (Anxiety)

The univariate test of MANOVA shows that tension was significantly affected by the sound
clips. This result indicated tension as a mood category that could be affected by combinations
of street music, traffic sound ariduntain sound. Tension as an emotion only consisted of
goal relevance and goal incongruence as appraisal patterns, since all negative emotion
requires these two appraisal components as the foundation, thus tension would almost
certainly be present in tHerming of negative emotions. This company of tension with other
negative emotions should not only apply to the conscious appraisal process but also the
unconscious emotional responses triggered through emotional memories. As emotional
memory is a memory fopast conscious appraisal processes that trigger related emotion
automatically, this indicated that the memory itself also included tension due to the appraisal
pattern that existed at the forming of the memory. In this study, the only difference tllat cou

be detected by statistical analysis in the tension mood categories was goal incongruence.

The discriminant functional analysis showed a difference in tension scores that discriminated
sound clip 1 and clip 3 from sound clip 2 and clip 4 through tls¢ diiscriminant function.

The major difference between tension score was between street music and the fountain and
traffic sound combination. The pebc test (see Table@.showed that the tension score
differed significantly between: (1) sound clip Adaclip 2 (produce negative value when the

mean score of clip 1 minus clip 2); (2) sound clip 2 and clip 3 (produce positive value when
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the mean score of clip 2 minus clip 3); (3) sound clip 1 and clip 4 (produce negative value
when the mean score of clip minus clip 4); and (4) sound clip 3 and clip 2 (produce
negative value when the mean score of clip 3 minus clip 4). Whereas between sound clip 2
and clip 4 there was no significant difference found in tension. The combination of the series
of statisticalanalyses has therefore indicated that traffic sound and fountain sound were more
likely to be appraised as goal incongruence during relaxation and that street music was
unlikely to be appraised as goal incongruence in the acoustic environment duriagjaelax

This conclusion was supported by the results from the anger mood categories as anger also

contained appraisal patterns of tension.

5.4.1.5 Fatigue

The univariate test of MANOVA showed that fatigue scores differed significantly among
sound clips, idicating that combinations of street music, traffic sound and fountain sound
could affect fatigue as mood states. As previously discussed fatigue is not an emotion (see
Chapter 34.5), rather it explains a condition where the cognitive resource required to
appraise an environment has exceeded the cognitive resource that an individual possesses.
Under the state of fatigue, people are more likely to feel stress (tension), hence more likely to
respond with negative emotions. The change of fatigue score istuhlig indicated a change

in the balance between cognitive resource spent and its requirement without reversing the
balance completely. There was no distinction between cognitive explicit emotional process
and unconscious implicit emotion process in fatiglihis was not only due to fatigue not

being an emotion, but also because that any appraisal process that caused the fatigue to
appear already implied the existence of a conscious cognitive process, since fatigue was a
result of the over spending of cotwe resources and pending of cognitive resource is a

conscious act.
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Discriminant functional analysis showed a difference in fatigue scores and differentiated
street music from fountain sound and traffic sound through the first discriminant function.

The wsthoc test showed that the fatigue scores differed significantly between sound clip 1

and clip 4 (produce negative value when the mean score of clip 1 minus clip 4) and between
sound clip 3 and clip 4 (produce negative value when the mean score ofrahpiSclip 4).

No significant difference in fatigue was found between sound clips 2 and clip 4. The results

of all statistical analysis indicated that traffic sound and fountain sound both caused an

i ncrease in participant debthecfaigue statel Street musis, o ur ¢

however, had no significant contribution to the cognitive resource spending of participants.

5.4.1.6 Vigour

The univariate test of MANOVA showed a significant relationship between vigour and sound
clips, indicating thavigour state could be affected by street music, fountain sound and traffic
sound. Similar to fatigue, vigour mood is not an emotion (see Chapt&), Jather it
explains a state opposite to that of fatigue. In the vigour state, the cognitive resquieire

to appraise an environment has not exceeded the cognitive resource possessed by an
individual. Similar to the fatigue state, a change of vigour score also indicated a balance
between cognitive resource spent and the requirement of an environntenitweversing

the balance completely. In the vigour state, people were less likely to experience negative
emotion when facing challenging environment :
changed, it also implied that a conscious explicit emotipracess had taken place, despite
his/her cognitive resource not being depleted.

The discriminant functional analysis showed a difference in vigour score that separated
fountain sound from street music and traffic sound through the second discrimiraiurfun

The second function explained 14.5% of variant, significantly less than the first function
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which explained 79.4% of the variants, indicating that the change in vigour, although
significant, was not as intense compared to other mood categoriesoJHm®@ test showed

a score difference between sound clip 2 and clip 3 (produce positive value when the mean
score of clip 2 minus clip 3) and between sound clip 3 and clip 4 (produce negative value
when the mean score of clip 3 minus clip 4), but no Bggmt difference in vigour was found
between sound clip 1 and clip 4 or between sound clip 2 and clip 4. The statistical analyses
indicated that in a vigour state, fountain sound could reduce the cognitive resource
requirement to appraise an environmemt the cognitive resource spent). The street music
and the traffic sound did not significantly affect the spending of the cognitive resource. These
results differed from the participants in the fatigue state, providing evidence that in, the
vigour state, pople could deal with encounters more easily as they spent less cognitive
resource in appraising the environment. The result also showed that acoustic stimuli affected
cognitive energy spent/requirement differently in terms of their effect on the cognitive

resource between the fatigue and vigour states.

5.4.2 Verbal expression

The verbal expression of mood was recorded via the open questions. The two identified mood
states werannoyancg 28 cases) , where participants des
descri bed t he s oun donfusion(bBcdses), ahere pariapanss @xpressed n d
their inability to focus, their confusion about the purpose of the experiment, or confusion in
general. In the case of participants providing a verbal expressiba two moods, the scores

of correlated words were examined. The results indicated that, in most cases, when a verbal
expression of the mood was made, the correlated word for the mood also had a score of above

0. However, these scores varied with pgpaeit. This difference in scores suggested that

verbal expression could represent the change of mood but not its intensity. The data also
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indicated that many participants with higlonfusionor annoyancescores had no verbal
expression for the two moods,ggesting that, when given no instruction, mood was not
always expressed verbally.

The open questions also indicated that 95 participants described their realisation of the sound
stimuli. Music (37 participants) appeared to attract the most attentionyéallby traffic (16
participants), and fountain sounds (6 participants). Seven participants also noticed that the
sound stimuli were digitally edited. There were 23 participants who mentioned that they
noticed the sound but did not explain what aspectseo$timuli drew their attention. Overall,

the verbal expression of sound stimuli did not affect the mood states (see #able 5.

5.4.3 Limitations

In a previous studySwaminathan & Schellenberg, 2015jreet musi@appeared to have a
significant effect on the mood state( see di scussion between resu
section 7.1.1)However, this studyevealed contradicting results. This could be the result of
the absence of an actual performer, leading to a reduction in eventfulness in a laboratory
context. As indicated by the qualitative data, the physical setting of the environment could
significantly affect the mood state.

In this study, sound clips were designed with a combination of sound types. Therefore, the
design limited the investigation of individual sound types. Single sound types could not be
segregated and played for different participgmbups for data analysis. Hence, the
interpretations of the results were only for sound combinations, implying that these
interpretations required a different experimental design for a thorough examination. This
should be considered in future studies.

There are many different sound sources within each sound type category. This study only

recorded a single source for each studied sound type because sound types, in general, have
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similar effects on human perception. This can be seen in studies of nature (&mds et

al., 2015)and traffic soundg¢Hao et al., 2016)However, certain sound sources within a
sound category may have a different effect on perception than other sounds. This difference
is especially true for music. Music is known to elidifferent moods depending on the
musical compositior{(Robinson, 2005)and the characteristics of each piece of music are
different and should be viewed separatély.another example, different water sounds would
have different effects in masking background sounds (Jeon, et al., 2010), and the sound of a
fast flowing fountain could cause unpleasantness compared with the usual pleasant
perception of water sound (Ekmat al., 2015). It is also important to note that the water
sounds used in this study fit the category of the sound of a fast flowing fountain, and the

outcome indicated an association with higher negative mood scores.

5.4.4 Application

This studysignified the importance of an ite survey when considering using acoustic
designs to improve the mood state of people in an urban public setting, specifically
considering the types of sound present in the existing context. The combinations of sound
types appeared to have a more important role in the acoustic design of public spaces in terms
of altering mood states. This importance was reflected by the results, demonstrating that
significant mood changes in relation to the combination of sound typesoand intensity.
Moreover, despite the importance of identifying the effect of a single sound type, the effect
changed when combined with other sounds. Existing studies provided results for certain
combinations of sound types. However, further studieseapgired to explore different sound

types and mood states for the application to be effective.
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5.5 Conclusions

The current study examined the relationship between the type of sound and the mood state of
a person in the context of soundscape. Three soymas §treetmusic fountainsound,and

traffic sound and their effects on six moodanger, confusion depressionfatigug tension,
andvigour) were studied.

The results suggested that the types of sound had a significant effect on the mood state.
Among the studied moods and sound typasger andtensionwere altered by most of the
sound type combinations (significant in four out of six comparisons). Confusion, fatigue, and
vigour were affected by a small number of sound type combinations (signifidawd out of

six comparisons) (Table &. Depression did not appear to be affected by any combination.
Several hypotheses regarding single sound types were formulated, based on the results.
Among the studied mood states: 1) most moods except depressmaffeeted by fountain
sound; 2) anger, confusion, fatigue, and tension were significantly influenced by traffic sound;
and 3) no mood was significantly affected by street music. These results indicated that the
effect of sound type on the mood state \@rigth the sound type and combination.

Overall, the difference in sound level between the actual environment and the expectation of
subjects did not show a significant impact. However, different combinations of sound types
indicated that there were excepts. For example, the combination fofintain and traffic

sounds appeared to significantly affediatigue and vigour despite small sound level
differences. This result indicated that difference in sound levelsdraimpact on the mood
outcome, but the effect may vary in intensity depending on the sound type or combination of
sound types.

Differences in gender appeared to have a significant effect on the relationship between sound
type and t he pe maybaniose resilem tb negafile meod states and more
susceptible to positive mood states than men. However, this difference was sometimes
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reversed when considering specific types of sound and mood categories. The study also
provided additional findingshat may inspire further studies. These findings suggested that
the noticing of sound stimuli had no significant effect on the mood state or its interaction with
different sound clips, and environmental context (visual) could significantly affect the mood
states.

In summary, the significant relationship between sound type and mood state were identified
and explored in this study. More importantly, all the results indicated that the mood outcomes
varied across mood categories. This signified the need to #tadyood/emotional aspects

of soundscape in a categorical manner.

This study also focused on the sound types
Context was also found to have a significant effect on emotional responses, however there is
a lack ofin-depth examinations of environmental contexts. Hence, the context has become

the focus of the next study (see Chapter 6).
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Chapter 6: Effect of environmental contexts pertaining to different sound

sources on the mood states
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6.1 Introduction

Theprevious chapter investigated how sound types affect emotional outcomes in a controlled
environment. In contrast to real urban settings, sound types presented in a controlled
environment appears to elicit emotional outcomes differently. For example sadind that

had no significant effect in real urban environment had a significant impact on multiple
emotional categories while replayed in laboratory. It was concluded thatcooistic context

had a significant effect on the subjective perception éédiht sound types. Following this
conclusion, the chapter then investigated environmental contexts other than urban public
settings, and any effects on the subjective evaluation of the various sound types were
observed and analysed. The statistical resflthis study together with the interpretation
through appraisal theory showed evidence that different environment contexts indeed affect

the subjective perception of sound types.

The objective of this chapter was to address the following sub respagstions:

71 If and how do contexts affect mood/emotional states when listening to sounds in
general?

1 How does context affect mood/emotional states when listening to different types of
sound?

1 How do audio and visual stimuli in contexts affect emotional mesg® when
perceiving an acoustic environment?

1 How do gender differences affect emotional responses under different contexts?
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6.2 Methods

6.2.1 Site selection and environmental contexts

To explore the variation in the mood states under different enviroahuanitexts, three nen

urban contexts were recorded and used as variables. These contexts consisted of visual cues
(static images) and audio recordings. The criteria for the site selection were based on these
two components and the remoteness of the &iten the urban setting. Specifically, the
audio, visual, and functional characteristics of the selected spaces were expected to have
environmental features that significantly differed from the urban public setting. This
difference in environmental contexisovides a significant contrast to the urban sounds they
were combined into, to allow the effect of environmental context to be easily observed. In
particular, space was required to have no or limited visuals of the urban layout or building
typology and o or limited visual and audio such as those of traffic and machinery; moreover,
conventional circulation or gathering spaces were not considered. The environment types of
the three contexts were selected based on these criteria corresponding to aregidon@nd
courtyard of a Buddhist temple and an alpine meadow from a rural setting. All the contexts
were recorded during Summer 2019, under sufficient daylight conditions. The details of these

contexts are as follows:

1) The Da Zhao Temple is located gomest of Hohhot city in China. A square with greenery
surrounds the north, east, and south sides of the tempkae2nain road and commercial
structures are present on the west side of the temple. Beyond the squiaree andin road is
present in th east, along with commercial structures in the north and south sides. Despite the
urban environment, the temple still feels disjointed from the city, owing to the wall
enclosures and greenery surrounding the temple, as shown in Figure 6.1 A tickeirésirequ

to enter the temple which serves as an attraction site, which is a common occurrence
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pertaining to religious spaces in China. Consequently, the temple is not commonly used as a
gathering space. The temple itself is a building complex consisting efaddemple halls
connected through courtyards. In this study, the main courtyard was considered. This
courtyard consists of stone flooring surrounded by temple halls. The temple halls have a brick
and wood structure with recbloured walls and orangmloured roof tiles and are
considerably different structurally from the urban building typology. Figure 6.2 shows that
certain statues and a large incense burner are present in the middle of the courtyard,
indicating the special functionality (religious puges) of the space. The temple has an
extremely low footfall, usually consisting of a few monks and tourists. There is no line of
sight for either vehicles or the city. The audio of the courtyard consists of birdsong

(dominant), human voices, and faint afistant traffic sounds.

. 5
5 2~ o

Figure 6.1 Satellite view of the Da Zhao Temple

183



2) The main temple hall of the Da Zhao Temple was selected as the indoor space. The hall is
dimly lit through the presence of skylights. The central area is surrounded by wreads
and is usually where the monks sit, recite chants, and study (Figure 6.2). The audio of the hall

consists mainly of the chanting of monks and the sounds of the prayer wheels.

3) The alpine meadow is a rural area located to the north of HuhhoTkegymeadow is far
from the city and a part of the Yin mountain range. Other than the wooden footpath, as shown
in Figure 6.2, there is no visible artificial structure. The audio mainly consists of the sounds

of insects and the wind.

In addition, an imagefdhe square of the Sheffield war memofRigure 6.2) was also used

as the visual stimuli for the three controlled sound clip grotrpfi¢ sound, fountain sound,

and street musjc

Figure 6.2. Top left: Main temple hall interiortop middle:Courtyad of the Da Zhao templeéop right: alpine
meadow view; bottom: Panoramic view of the square of the Sheffield war memorial

6.2.2 Audio stimuli

Twelve audio clips were used as the audio stimuli, which were a combination of the three

sound types (street mastraffic sound, and fountain sound) and the environmental context
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sounds (Da Zhao temple courtyard, monks chanting, and alpine meadow). The three single
sound types were recorded in Sheffield city centre, UK, and the three environmental context
sounds \ere recorded in the city of Hohhot and its suburban area, China. All the recordings
were performed using a binaural recorder, and the duration of each clip was approximately 10
minutes. During the experimental session, a single audio clip was playedoped lat 65

dBA.

The description of the 12 audio clips, along with the assigned notation, is as follows: 1) street
music (M); 2) street musitemple courtyard (MTc); 3) street muisiaonk chanting; (MC); 4)
street musitalpine meadow (MA); 5) traffic soun(); 6) traffic soun@éitemple courtyard
(TTc); 7) traffic soundmonk chanting (TC); 8) traffic soundlpine meadow (TA); 9)
fountain sound (F); 10) fountain sotnemple courtyard (FTc); 11) fountain soiintbnk

chanting (FC); 12) and fountain sotiatpine neadow (FA) (see also Table 6.1).

6.2.3 Implicit process of mood and emotion

The mood and emotion development process, as summarised by RqB@snconsists of

the initial triggering by the affective appraisal of a situation, followed by a physiological
change in the body systems. Subsequently, cycles of cognitive appraisaleamiaisal of

the situation occur, in a subconscious and rapid mafRebinson, 2005a)Without

conscious labelling, the process can result in a-lasting mood state, which can affect an
individual 6s subjective evaluation of an env
is a study othe interaction between people and the sound environment. The results of most

of the | aboratory studies rely on the partic
case of commonly used methodologies such as audio replays and sound walkserHihse
soundscape may affect people implicitly on a psychophysiological level. Brown(20Hh1)

termed this phenomenon as the d6dexperimenter
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attention to the soundscape does not necessarily affect the outcome (direct outcomes), and the
results (enabledutcomes) may be a result of the interaction of the soundscape with other
environmental aspects. In terms of the mood states, psychophysiological or mood changes
likely occur owing to a nowonscious reaction towards the environment or stimuli, and such

changes later affect the perception of the soundscape through a subjective interpretation.

The current study was designed to account for the subconscious nature of the mood states.
The implicit process was realised by limiting the information provided eoptrticipants

before and during the experimental session. The participants were told that the experiment
was simply a buitenvironmentrelated study, and that they would be asked to spend some
relaxed time in a meeting room without any other specifidamgerous activities. Later, the
participants answered a questionnaire with open questions which were designed to extract
information regarding whether conscious evaluations were being made towards the stimuli.
Subsequently, the effectiveness of the metliad examined through a data analysis in which

the differences in thattention toward different sound stimulias compared. This method
facilitated the generation of the most natural reaction of the participants toward the stimuli

and thus alleviated trexperimenter effect.

6.2.4 Questionnaire

Mood states, in comparison to emotions, are less intenseldstigg (Keltner et al., 2013;
Smith-Lovin et al., 1995)nd lack an object. It isndly when a person tries to interpret the
mood state and attach it to an object (context) does this state become an @ragall,

2003) A similar concept was also later described by Robi{2005) as the development
process of a mood or emotion. Specificallys process consists of the triggering, monitoring,

and labelling stages. Nevertheless, the mood may often be undefined at the monitoring stage,

and thus may not be able to be recorded or analysed. The use of a questionnaire can provide
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cues pertaining tahe attention, and help participants to evaluate and define (label) their

mood states.

A long form of the POMS questionnaire (McNair et al., 1992) was used here as a tool to
measure the mood state. This questionnaire is commonly used in medical studiestdo
patientsd mood states and has been proved
(O6Hall oran et al ., 200 4; S h Tha quéstiofnaite lusech g ,
here consisted of 65 items, 55 of which corresponded to one of the six mood categories:
anger (9 items); confusion (7 items); depress{15 items); fatigue (7 items); tension (9
items): and vigou(8 items). The remaining 10 items corresponded to emotiated terms

that did not correspond to specific moods and were designed to examine the attention. The
original questionnaire emploglea 5point Likert scale (1: not at all, 5: extremely). However,

in this study, a 4oint Likert scale was used to prevent participants from selecting the middle

scale(Van Heerden & Hoogstraten, 1979 addition, the following four open questions

were added at the end of the questionnaire

during the experiment:

1) During the experiment session, did anything specific attract your attention?
2) If so, how long did you focus your attention on it?
3) During the experiment session, was there anything specific on your mind? If so,
please summarise it in a few words (e.g. walated);
4) Please describe your activities during the relaxation period.
See appendixes C1 and C2 for examples of the questionnaire.

6.2.5Participants

Power calculations were performed to determine the sufficient number of participants. The

A-prior power calculation for MANOVA indicated that to achieve a power of 95% for a
187
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small effect sizef[= 0.10] with three variables (sound clips, attention to ihend, and
gender difference) and six groups (six mood categories), 102 participants were required. In
another Aprior power calculation for the ANOVA, it was noted that 288 participants would
be required to achieve a power of 80% for the medium effec{fsiz€.25] with 12 groups

(12 sound clips). In other words, 24 participants were required per sound clip group. It was
impractical to achieve a small effect size for the ANOVA, which would require 1,692
participants. However, a small effect was unlikelybe neglected due to the ability of the
MANOVA to detect any small effect and avoid type Il errors. Moreover, the results of the
MANOVA were considered when interpreting the results of the ANOVA. To compensate for

any missing or invalid data, 300 partiamqis were recruited instead of 288.

Ethics approval (160237180) was provided by the University of Sheffield. All the
participants were recruited frorthe Inner Mongolia University of TechnologyThe
recruitment information was announced during lecturedidfamnts were required to have
normal perceptibility (i.e. normal hearing and sight). Any mild disability that the participants
were unaware of did not impact the experiment outcome, as the person could still evaluate
their surroundings sufficiently. Aotal of 300 undergraduate students were recruited: 133
male, 179 female, and 8 unspecified. The ages of the participants ranged from 17 to 25. To
secure a large sample size, the undergraduate student (teenagers) demographic was
considered as the populatiohinterest; therefore, the demographic difference must be taken

into account when generalising the results.

6.2.6 Experiment design

The experiment was performed in a meeting room in the architecture departrirentrofer
Mongolia University of Technolgy, China. The meeting room can fit approximately 15

individuals without crowding. For the 300 participants (participants were newly recruited,
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and the same participantodés size calcul ati ons

of 24 sessionsvere conducted for 12 different stimuli (audio clip) groups (12 to 13
participants per session). To simulate the outdoor sound propagation condition; sound
absorbing foam was placed at the corners and edges of the room walls to achieve a
reverberation tira of 0.3 s to 0.5 s for a frequency of 500 Hz to 1,000 Hz. Tables and chairs

were provided for the participants, and tea and coffee were dseedlso igure 5.1).

A pair of speakers and a laptop weet up at one end of the room for the audio replay. Only
one audio clip was played and looped during each session. To reduce the potential bias
caused by the difference in the sound levels, all audio replays were played at 65 dBA, and the
sound level wasneasured using @1 dB sound level metrgrior to each session. A single
static photo was projected onto the screen in the meeting room to provide a visual cue for
each audio clip. A total of four pictures were used, three of which were captured onsite. Th
remaining picture was downloaded from the internet, as the temple forbade indoor

photography. The combinations of the images (Figure 6.2) and audio clips were as follows:

1) photo of the square of the Sheffield war memorial, as a visual cue for squsWicll and

F; 2) photo of the Da Zhao temple courtyard, as a visual cue for sound clips MTc, TTc and
FTc; 3) photo of the Da Zhao temple interior, as a visual cue for sound clips MC, TC and FC,;
4) photo of the alpine meadows, as a visual cue for soypsl /A, TA and FA. (See Table

6.1).
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Table 6.1audio content of the audio clips

Clips Context Audio
Street music (M),
Urban Traffic sound (T),
1 (Sheffield City Centre) Fountain sound (F)

Street music with Temple courtyard (MTc),
Traffic sound with Temple courtyard (TTc),

2 Temple courtyard Fountain sound with Temple courtyard (FTc
Street music with Temple interior (MC),
Temple interior Traffic sound with Temple interior (TC),
3 (Monk Chanting) Fountain sound with Temple interior (FC)

Street music with alpine meadow (MA),
Traffic sound with alpine meadow (TA),
4 Alpine meadow Fountain sound with alpine meadow (FA)

Before the start of each experiment session, the audio clip was played and its related picture
was projected on to the screen beftire participants arrived. As the participants arrived,
they were asked to sit around the table and relax for 30 minutes; tea and coffee were served.
There were no strict rules on the specific activities that the participants could perform during
this perod, so long as the activity did not significantly reduce the visual and audio perception
of the participants (such as wearing headphones). The purpose of this period was to allow the
participants to simulate a relaxation period in a public space andienttijcabsorb the
designed stimuli. After 30 minutes, each of the participants were asked to fill in a POMS
guestionnaire, to observe their mood states and the activity performed during the experiments.

Also refer to kgure 5.2 for the experimental procedu

6.2.7 Data analysis

The data were analysed by MANOVA, discriminant function analysis, and subsequent
univariate The initial MANOVA was conducted to identify if a difference in the mood state

occurred among the independent variables, namely, the differenceandioeclips(contexts
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and sound types)gender, and influence ofnoticing the stimuli Subsequently, the
discriminant function analysis was conducted to group the dependent (mood states) and
independent (sound types and contexts) variables to clarify the trends among the groups.
However, this discrimination cannot identify the relationdtgween the single factors and
mood states. The relationship was examined usmariate test and the pdsbc analysis in

which oneto-one comparisons were made between each sound type and their context
combinations. Figure 6.3 shows the complete datdysis process.

—: Street music ]
Data analysis
( = )

—‘ Street music with temple courtyard ‘ MANOVA is used to ideatify general

relationship among sound stimuli and

) mood states. Effect of gender difference

‘ is also identified in this analysis.

| a s .
- Street music with monk chanting

( \
= Street music with alpine meadow ‘ Discriminant analysis and factorial
\ - " ANOVA (GLM 3) are used to explore Depgndem
trend b B 1 variable
(o™ = - — ) and sound clips in terms of how mood
f— Traffic sound ‘ states are affected. Anger
L
| - : 5 Conf
~ |+ Traffic sound with monk chanting 1
Combination of the 7 Depression
sound source and ( ) The post hoc analysis is
| Traffic s ithiemplaie performed to Mood states
context J , Traffic sound with temple courtyard ‘ examine the relationship between a G

single sound type (street music, traffic
( \ sound, and fountain sound) and

[~ Traffic sound with alpine meadow J environmental context, and how each
\ context affects the six mood states

=
| = .

}—-| Fountain sound
|
\

Qualitative data are used as

| . %
I ‘\ Fountain sound with temple courtyard | complementary information to interpret
= results acquired from quantitative
r N\ analysis.
- E Fountain sound with monk chanting

__.i Fountain sound with alpine meadow ‘

Figure 6.3Data analysis process
The assumptions for MANOVA (the assumptions of multivariate normality and homogeneity
of covariance matrices) were checked. The assumption of multivariate normality was checked
through histograms (séegure6.4). The figure shows that anger, depression, fatigue,
confusion and tension scores were skewed towards the left, indicating the data were not

normally distributed, in turn, violating multivariate normality.
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Figure 6.4Frequency against total moedore rating histograms of six mood states

A Leveneds test was performed to examine the

matrices (Boxds test was also supposed to be

equal Boxds t es tldbedisreganded, thé rasbll issshowmatle62.h o u

192



The table shows that all mood states potentially violate the assumption of homogeneity of

covariance matrices (indicated by significant values p < .05).

Levene
Statistic dfl df2 Sig.
Anger Based orMean 2.91 45 246 0.00

Based on 1.14 45 246 0.27

Median
Confusion Based on Mean 1.57 45 246 0.02
Based on 0.98 45 246 0.51

Median
Depression Based on Mean 1.87 45 246 0.00
Based on 0.91 45 246 0.64

Median
Fatigue Based on Mean 1.90 45 246 0.00
Based on 1.10 45 246 0.32

Median
Tension Based on Mean 2.80 45 246 0.00
Based on 1.35 45 246 0.08

Median
Vigour Based on Mean 1.85 45 246 0.00
Based on 1.15 45 246 0.25

Median

Table 6.2Levene's test of equality of error ariancestests the nulhypothesis that the error variance of the
dependent variable is equal acraigroups

However, when group sizes are equal MANOVA is robust against the violation of normality.
Similarly, when group sizes are equal Pillai's trace test (of MANOVA) carbalsobust
against the violation of homogeneity of covariance matrices Hence, Pillai's trace test was

chosen for the MANOVA.

6.3 Results

6.3.1 Overall difference and trends in the contexts and mood states

To identify if any effect existed among thmntexts, a MANOVA (Pillai's trace) was
performed. The results indicated that differences existed in the mood scores for different
sound clip groups\{ = 0.43, F(66, 1476) = 1.74 < .001]. This result indicated that the

differences among the sound typasd their combination with the contexts significantly
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affected the mood states. The subsequent univariate test confirmed that all six moods were
affected by the differences in the sound clips: anger [F(11, 246) =8®8, . &-1036],
confusion[F(11, 246) = 2.96p O . &%-1035],depressiofF(11, 246) = 1.93p < .05, %2

= .016],fatigue[F(11, 246) = 3.27p < .001,¥ 2= .039],tension[F(11, 246) = 3.57p < .001,

¥2=.045], andvigour [F(11, 246) = 2.36p< .01,¥°=.024]. Addi ti onally, the
noticing the soundN = 134] and the associated interaction with the difference isdabed

clips did not significantly affect the mood statgs> .05]. This result indicated that without

the verbal context of the expere n t and the sound sources, t
towards the sound stimuli did not affect their mood states, thereby demonstrating that

implementation of the implicit process was successful (see also Taple 6.

Table 63 Multivariate test betweesound clips, notice of sound stimuli and gender differen

Effect Value F Hypothesis df  Error df Sig.

Sound clip difference 0.433 1.741 66.000 1476.000 0.000
notice sound stimuli 0.037 1.539 6.000 241.000 0.166
Gender difference 0.043 1.799 6.000 241.000 0.100

Sound clip difference with
Notice of sound stimuli 0.296 1.162 66.000 1476.000 0.180

Sound clip difference with
Gender difference 0.318 1.378 60.000 1476.000 0.031

Sound clip difference with
Notice of sound stimuli anc

Gender difference 0.166 0.701 60.000 1476.000 0.960
Notice of sound stimuli with
Gender difference 0.031 1.275 6.000 241.000 0.269

Significant,

To examine the influence of the different environmental contexts on the mood states, a
discriminant function analysis was conducted to group the sound clips and mood states. The
results identified six functions, and the 1st and 2nd functions explainedfrtbst variance.

Specifically, the 1st function explained most of the variance [49cEonical R = .22],

L y2Effect size
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followed by the 2nd function, which explained 25.7% of the varianaadnical B = .13].
Together, the six discriminant functions could signifibadifferentiate the sound types and
their combinations with the environmental contexgs=[0.60,j % (66) = 149.17p < .001].

Even when the 1st function was removed, the remaining group could reasonably differentiate
the sound clips§ = 0.76,j 2 (50) = 78.93,p < .01]. However, if the 2nd function was
removed as well, the sound clips could not be differentiated by the remaining funstrns [
087,} 2(36) = 39.98p > .05]. The correlation between the sound clips and mood indicated
thatanger[r = .84], confusion[r = .74],depressiorir = .61], fatigue[r = .71], andtension[r

= .85] loaded highly on the 1st discriminant function, wheregsur loaded highly on the

4th function [ = .73]. These results indicate that anger, confusion, depregat@ue and
tension shared a similarity in emotional responses whereas vigour shared significantly less

similarity with the rest of the emotional categories.

Figure 65, which shows the discriminant function plot, along with Table ddicates that

the 1st function differentiates the sound clipsF, FTc and FArom the remaining clips. The

2nd function differentiateM, F, MA, and MG from the remaining clipsk and its context
combinations (FTc, FA, and FC) can be differentiated consistently byrshéxfo functions,

T and its context combinations (TTc, TA and TC) can be differentiated only by the first
function, and M cannot be clearly differentiated by either of the two functions. The results of
the function discriminant analysis suggest thatcivetext differences considerably influence

the six moodsThis difference was particularly notable for T and its context combinations
and for F and its context combinations. Nevertheless, the difference did not occur for M and

its context combinations.
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Figure 6.5 Canonical discriminant functions: Distribution of the 12 sound clips in relation to the first two discriminant
functions (major).

Table 64. Unstandardised canonical discriminant functions evaluated at the group means (12 audio clips)

M T F MTc MC MA TTc TC TA FTc FC FA
Discriminant 1t .0525 1.054 0.701 -0.503 -0.103 -0.120 0.634 -0.680 -0.152 -0.106 -0.303 0.105
Function 2™ 0511 -0.054 0.336 -0.227 0.650 0.448 -0.236 -0.333 -0.280 -0.259 -0.016 -0.540
M: Street music F: Fountain sound T: Traffic sound

MTc: Streetmusic with temple courtyard FTc: Fountain sound with temple courtyar TTc: Traffic sound with temple courtyard
MC: Street music with monk chanting  FC: Fountain sound with monk chanting  TC: Traffic sound with monk chanting
MA: Street music with alpine meadow FA: Fountain sound with alpine meadow  TA: Traffic sound with alpine meadow

6.3.2 Effect of contexts on the different sound type groups

To examine the individual context and its effect on the mood states, a pastdigsis was
conducted after the univariate test (factorial ANOVA). Although the analysis considered
every possible twandtwo comparisons of the mood states among the sound clip groups, the
focus in this study was to compare each single sound Typ€, M) and their combinations
with the contexts. The post hoc analysis result indicated that the different contexts

significantly influenced the different mood states depending on the sound type:
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a) T: When combined with theemple courtyaradontext, traffic sand did not exhibit a
significant effect on any of the moods3 .05], meaning that neither the birdsong nor
the visual stimulus of the courtyard made a significant difference in how the traffic
sound influenced the mood states. Tienk chantingcontext exhibited a significant
effect on most of the moodgp k .05] exceptvigour [p > .05]. The alpinemeadow
context exhibited a significant effect only angerp < .05] andfatigue[p < .05]. The
mean mood score reduced when the contexts were .added

b) F: The temple courtyardcontext exhibited a significant effect aonfusionand
fatigue[p < .05]. Themonk chantingcontext exhibited a significant effect amger
and depressionp < .05]. The alpinemeadowcontext significantly affected only
confusion[p < .05]. Similar to the case of tleaffic sound the mean mood score was
lowered when the contexts were added tdd@tain sound

c) M: The street music did not exhibit any difference between itself and its context
combinations p > .05]. The resultandicated that the contexts did not have a
significant effect on how the street music influenced the mood states. Usually, street
music is aimed to attract the attention of passengers, meaning that in most cases street
music is consciously assessed by peop the context of urban public spaces.
Consequently, the music used in this study was a dominant sound. This dominant
nature of street music likely overshadowed any effect that the contexts may have had.
Furthermore, relaxing music is known to lower #reusal level in the presence of
stres{Thoma et al., 2013and the music used in this study had a slow tempo, which
likely had a calming effect. This efft was observed in thBonferroni post hoc
comparison of theensionscore corresponding tM [0.2846.81 minuteg and T
[12.48410.06 minutesp < .001] orF [10.16411.23 minutesp < .05]. In both cases,

the tensionscore decreased whetreet musiovas sed as the audio stimuli. The
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positive effect of the context in terms of the reduction in the negative moods scores

was observed in the othgrosthoc comparisons (i.e. traffic and fountain sound
groups), demonstrating that the contexts affected the ntatesseven for different

sound sources. However, the positive effect of the contexts did not significantly

i mprove the musicoO0s ability5to reduce str

Table 65 Post hoc analysis among sound clips for the mean score of the mood states

Mv MTc MvMC MvVvMA TvTTc TvTC TVvTA FvFTc FVvFC FvFA

%aon&/?n Anger -1.360 4200 2360 4320  14.000%* 11.760* 8280  11.120*  6.680
Games . - * *

Howell Fatigue 4.520 -2.440 -1.640 3.840 11.320 8.400 8.280 7.120 7.400
izr\'l‘v‘f” Tension  -0.280 -3.760  -1.940 2600  11.920** 8600 5600 8280  5.680
Bonferroni Confusion  0.120 -1.360 -2.880 1.600 8.360*** 5.160 7.000**  5.720 6.440*
Bonferroni Depression 0.600 -4.320 -0.960 3.480 11.200* 9.920 9.600 11.800* 10.960
Bonferroni Vigour 2.960 -4.160 -2.280 0.360 8.360 3.320 1.640 4.080 5.880
M: Street music T: Traffic sound F: Fountain sound

MTc: Street music with temple courtyarc TTc: Traffic sound with temple courtyard FTc: Fountain sound with temple courtyard
MC: Street music with monk chanting  TC: Traffic sound with monk chanting FC: Fountain sound with monk chanting
MA: Street music wittalpine meadow TA: Traffic sound with alpine meadow FA: Fountainsound with alpine meadow

*pO . 0pO 0PO *001

6.3.3 Effect of visual and audio stimuli in the contexts

Visually, the Temple Courtyard (Tc) was distinct from the urban contexts. The layout was
characteristic of a traditional Chinese courtyard (Figure 6.1), meaning that the space-was self
contained and isolated both visually and acoustically. It has beerte@gpbat an enclosed
space in a religious setting (similar to the temple context used in this study) can enhance the
tranquillity in a soundscap@eon, Hwang & Hong, 2014)n terms of the PCM, tranquillity

is located in the uneventfand pleasant category, opposite to the tension mood. However, in
this study, the tension score did not exhibit any significant difference whetent@e
courtyardcontext was combined with any of the three sound types. This result suggests that
the tramuillity provided by the enclosed religious space was limited and depended on the
sound types presented in a sound environment. Acoustically, the birdsong of the courtyard

context did not affect the mood scores when combined with traffic. This resulxpested
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as the audio playback occurred at 65 dBA, in which the traffic sound was relatively loud. In
Hao et a(Hao @tsal., 2a16)tdey nasking effect of the birdsong in terms of the
pleasantness was significant only when the traffic sound level was low (< 52.5 dBA). The

only sound that was affected by the temple courtyard context was the fountain sound, where

the fatigue and confusion ma@cores were significantly different in the fountain sound and

temple courtyard context combination compared to the fountain sound on its own. However,
this effect on fatigue and confusion mood c.
pleasantass but rather the initial increased confusion of the fountain sound was easier to
understand (indicated by decreases of confusion score) with the context of the Tc (see Table

6.5, indicated by the positive value of the mean difference).

In contrast, theféect of themonk chantingC) context on the mood state was more notable.
Visually, the context exists in an indoor environment. The room is dimly illuminated by the
surrounding skylights. The colour scheme primarily consists of crirostwured furniture

and interior walls and columns with muéioloured religious flags hanging from the roof
(Figure 6.2). The overall space exhibits a sacred setting in contrast to the relaxing courtyard.
There is a clear shift of functionality from the temple courtyarth&indoor region. This
sacredness is likely to be perceived as positive in terms of emotional experiences, as shown in
the comparison between groups T and TC. All the negative mood scores were significantly
affected. The audio aspects of the context adediof monks chanting, the occasional sound

of the rotating prayer wheels, and the quiet conversations of tourists. The acoustic elements
were focused on human sounds in contrast to the natural sounds of the courtyard. In a
previous case study byeon et al. (2014)religious chanting in Buddhist temples was
hypothesised to elicit pleasantness in visitors. This finding was in agreement with that of the
present study. In the comparison between the F and FC groups, a significant difference was

noted only fordepressio and angerAlong with the results of the T and TC groups, it can be
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suggested that the effect of theonk chantingcontext was limited when combined with
sounds that already elicited a positive evaluation, such as water g¥angs& Kang, 2005a,
2005b) Furthermore, human sounds have been reported to have a significant influence on the
perceived eventfulneq¥iollon, Stéhanie & Lavandier, 2000)However, the eventfulness

was expected to only have a limited effect on the moods in this study, as most mood
categories cannly be differentiated in terms of pleasantness and unpleasantness (other than
confusion) and not in terms of eventfulness (i.e. confusion, depression and vigourthier fur

discussion, see Section B.4

The alpinemeadowcontext consisted of a naturalsual and audio setting. The natural
context exhibited a limited effect anger and fatiguezhen combined witfT, and a limited

effect onconfusionwhen combined with F. The results suggest that the natural context
reduced the negative emotions perceivethe traffic and fountain sound. The results agreed
with those of previous studies, in which visuals of greenery were reported to improve the
environmental preferencgHong & Jeon, 2013)and the audio of natural sounds lsuas
birdsong and water sounds likely improved the perceived pleasantness of the sound
environment(Hao et al., 2016; Jeon et al., 201Bpwever, the effect of the natu@ntext

on the perceived pleasantness cannot be widely applied. Specifically, in a study on how the
interaction with urban greenery could affect anxiety of elderly people, it was found that
Oawareness of the natural e thecaitcomegbDzhambov wa s a
& Dimitrova, 2014) Furthermore, it has been reported that although the visual stimuli of
greenery can induce perceived tranquillity, the effect is small in terms @inthety, even

though the two moods are on the opposides of the same axis in the PCM (uneventful
pleasant and eventiulnpleasant for tranquillity and anxiety, respectivglWatts et al.,

2016) These findings indicated that more dimensions in the soundscape study of mood states

exists than simplypleasantness and eventfulness, and this assumption suits the idea of
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appraisal theory whereach emotion is composed of a number of appraisal compoiéiets

PCM also suggests tli@miliarity of sound as the third dimension for soundscape evaluation;
however, the extent of the influence of taniliarity on the mood states is unclear. The
resuts of this study indicate that the pleasantness induced by the natural environment
featured only in a few mood states, and more dimensions likely contribute toward the

differentiation of the sound sources.
6.3.4 Gender differences

A mood difference wasbserved in the interaction of the sound clips and gentfers(.32,

F(60, 1476) = 1.38p < .05], although this effect only occurred in the caselepression

[F(10, 253) = 1.94p < .05,%?= .017] andfatigue[F(10, 246) = 2.82p < .01,¥?= .031]. On

its own, gender difference did not significantly affect the mood scpres(5]. Specifically,

the gender difference exhibited a significant small to medium effect on the mood states.
Several studies have reported findings that are in agreement wgithsgumption. In a study

of urban squares, Yang and Ka2§05b)noted that females appeared to be more aroused by
moodrelated sounds. In a comparison study between urban and rural areas, Pheasantet al.
(2008) observed that the male rating of tranquillity was higher than that of females in two
natural (rural) environments. Another study supported this trend from a physiological basis,
in which the heart rate was noted to reduce when people were presented agémipsound
compared to that in the case of unpleasant sounds, and this trend was more significant in
males than in femaldgslume & Ahtamad, 2013)All these studies reported that the degree of
perceived pleasantness of sounds was different for different genders; however, there exists a
disagreement in terms of which gender was affected (aroused) the most. It is hypothesised
hee that this difference is because of the ci

the various studies.

201



6.3.5Analysis of underlying components

A Principal component analysis (PCA) was conducted to examine whether the underlying

components of theurrent data sets were in agreement with the 6 mood states proposed by

POMS. In turn, the validity of POMS was examined. 65 items were examined through PCA

with oblique rotation (promax, kappa = 4). The KaistryerOlkin measure of sampling

adequacy (KMQ®= .95 indicating the data were adequate for PCA (Kaiser (1974),

recommends a

test

of

sphericity

bar e

mi

}

nNi mum KMO

2 (2080)

val ue of 0.5

16062.88, p

sufficient fa PCA. 10 components were identified with the criterion of eigenvalues of over 1

(the

Kai

ser 6

variances (see Table 6.6).

S criterion).

The

10 components

Rotation
Sums of
Extraction Sums of Squared | Squared
Initial Eigenvalues Loadngs Loadings
% of % of

Component| Total | Variance| Cumulative %| Total | Variance| Cumulative %| Total
1| 24.76 38.09 38.09| 24.76 38.09 38.09 20.60
2| 7.49 11.52 49.61| 7.49 11.52 49.61 9.53
3| 277 4.25 53.87| 2.77 4.25 53.87 12.79
4| 1.86 2.85 56.72| 1.86 2.85 56.72 7.89
5| 1.56 2.40 59.12| 1.56 2.40 59.12 16.73
6| 1.32 2.03 61.15| 1.32 2.03 61.15 11.25
7| 1.25 1.92 63.07| 1.25 1.92 63.07 11.74
8| 1.21 1.85 64.93| 1.21 1.85 64.93 8.34
9| 1.14 1.76 66.69| 1.14 1.76 66.69 7.73
10| 1.07 1.64 68.33| 1.07 1.64 68.33 6.96

Table 66 Total variance explainedinitial analysis based on eigenvalues, only showing components with
criterion)

eigenvalues
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Figure 6.6 Scree plotof eigenvalue against components
The scree plot (Figure 6.6) shows fiwnt of inflexion is at the Bcomponent. From both
the eigenvalue and the scree plot, keeping both 6 and 10 components is justified. Although
keeping 6 components is more consistent with the 6 mood states proposed by POMS, all 10

components were exam ohe

Component
Items 1 2 3 4 5 6 7 8 9 10
Angry 0.95
Furious 0.91
Peeved 0.91
Grouchy 0.77
Ready to 0.74
fight
Unhappy 0.73
Bad 0.73
tempered
Resentful 0.59
Rebellious 0.59
Deceived 0.49
Annoyed 0.45 0.44
Alert 0.45
Bitter 0.44
Weary 0.43
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Hopeless*

Restless*

Qx

Terrified*

Efficient

0.86

Trusting

0.82

Helpful

0.80

Carefree

0.79

Full of pep

0.77

Vigorous

0.70

Considerate

0.68

Goodnatured

0.68

Cheerful

0.48

Fatigued

0.81

Listless

0.78

Exhausted

0.74

Bushed

0.74

Worn out

0.72

Sluggish

0.61

Muddled

0.56

Sorry for
things done

0.73

Guilty

0.66

Desperate

0.56

Worthless

0.44

Sad*

Miserable

0.72

Lonely

0.68

Anxious

0.66

Nervous

0.64

Gloomy

0.52

Helpless

0.48

Uneasy*

Clearheaded

0.83

Lively

0.78

Activity

0.69

Energetic

0.66

Friendly

0.53

Relaxed*

Tense

0.68

Panicky

0.66

On edge

0.61

Shaky*

Forgetful

0.75

Uncertain
about things

0.64

Unable to
concentrate

0.43
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Unworthy 0.74
Confused 0.73
Bewildered 0.54
Sympathetic 0.71
Spiteful 0.61
Discouraged* o}

Blue* o}

Table 6.7 Pattern matrix of unique factor loadings after factor rotations in the orders contain the most items to
the least items
* unique factor loading below 0.4

Unique factor loadings of each item corresponding to 10 components were showiein Ta
6.7. The component containing most items is listed at the top of the table other components
are listed in descending order. The underlying mood states (themes) representing each
component are as follows: 1) anger (11 anger items, &ngar items), 2positivity (5

vigour items and 4 friendliness items), 3) fatigue (5 fatigue items and-fatigane items), 4)
depression (4 depression items), 5) depression (5 depression items ardepression

items), 6) vigour (3 vigour items and 2 items relategdsitivity), 7) tension (3 tension

items), 8) confusion (3 confusion items), 9) confusion (2 confusion items and 1 depression
items), 10) 2 items that are not related and too ambiguous to label. (See components and

underlying theme in Table 6.8)
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Table 6.8 list of items attributed to each component and the underlying mood state that represented each
component

As shown in Table 6.8, to cover all 6 mood states proposed by POMS, at least the first 8
components from the PCA need to be considered. Among&asmponents, anger, fatigue,
depression, tension and confusion can be relatively clearly separated and themed. Vigour was
the only mood state that was attributed to other items that were not related to itself. This
appears in component 2, where the vigéem was mixed with items that were considered

not emotion specific. These n@motional items were identified in the first thesis study
(Chapter 4) as o6friendlinessd (see section
(Gibson, 1997)This mix between the vigour and friendliness items indicated that it was
difficult for participants to separate the meaning between the two themes. This mixture
between the vigour and friendliness items was not a lone case. In both the first and second
studies (chapters 4 and 5), there was a friendlyness item mixed with vigour themed
component (see Table 4.23, component 5) and there was also a vigour item mixed with a
friendliness themed component (see Table 5.12, component 8). These mixtures in the
previous chapters were disregarded due to the small number of items involved (at least on
one side of the mixture). But in the current PCA result, the number of items between the two
mood states were relatively large and equal (5 vigour items and 4 friendliemsy and

hence cannot be disregarded. The only underlying factor that both emotional themes shared
was the notion of positivity contained within the two groups of items, and this also appears to
be where the confusion was. The different degrees otineixtresented across the three

chapters (chapters 4, 5 and 6) indicates that such confusion may be the result of the changes
in context, as chapter 6 was focused on the effect of context change and this was also where

the mixture between the vigour ancefrdliness was most significant.
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Among the mood states that can be clearly defined by the components from the PCA, two

mood states were split between 2 of the 10 components. They were depression (split between
components 4 and 5) and confusion (split betwamamponents 8 and 9). The divide between

mood states indicated there were underlyingfaghors within this state. For confusion, the

subfactor appeared to be whether the items were acti@mtated, however, there was no

apparent sutfactor explainingvhy depression items were divided. These mood state
divisions in the PCA were | ess |likely to aff
categorisation, as the components containing these mood states did not mix with items other

than their emtional theme. The only component that should be disregarded was component

10 as the items included within shared no clear underlying theme.

Some items did not fit the emotional theme to which they were attributed. These items were
most likely the result gbarticipants misunderstanding the items or attention loss during the
survey sessions. The misunderstanding of items could be caused by meaning lost in
translation or the ambiguous meaning contained in the original POMS questionnaire.
However, the numberf @ems being misattributed was small and unlikely to affect the result

of the study.

In summary, to interpret results of the study based on the 6 mood states proposed by POMS
were valid. The only mood state that should be interpreted with a caveatwasg our 6, whe

only general positivity of the concept of vigour should be considered.
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6.4 Discussion

6.4.1 PCM and mood categories

The PCM is a model used to measure and explain subjective perceptions of acoustic
environments, and it is widely used to ke the perceived soundscape quality. The model
was developed by Axelsson et@010) wi t h r e f e r(2003)cere affext mRdels s e |
as a part of the theoretical foundation of the PCMe two models include similar
components, namely, pleasantiesgpleasantness and everitiuteventful (or activatioin
deactivation in the core affect). In the core affect model, the two components are used to
explain the perceived moods and emotions flaamenvironment. This ability to evaluate
mood states is also applied in the PCM. However, as noted previously in Section 2.1.2, this
consideration may not be sufficient for certain specific categories. Russell argued that the
traditional approach for theategorisation of moods and emotions was unclear and led to
confusion in terms of the boundaries and definitions, and he thus developed the core affect
model (Russell, 2003) However, the author specified that the core affect alone was not
sufficient to define all the mood states, and that a clear mood categorisation was necessary to
study the specific moods. To better assess the perceived sound quality, the PCM
recommended the use of a third component, familigfrelsson et al., 2010However, the
relevance of the familiarity component in relation to mood states remains unclear. It must be
noted that the two components (pleasantness and activation/eventfulness) in the core affect
model can be used to directly assess the mood states; however, RClhethe two
components are used to assess the melated aspect of sound. Although this difference

does not affect the current discussion, it must be taken into account.
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6.4.2 The effect on mood category interpreted through appraisal theory

To achieve @etter understanding of categorised emotions, the results were analysed through
the model proposed by appraisal theory. Each of the six moods was analysed individually to
assess whether they were emotion per se. If so, what are their core effect (iing defure

of the emotion) and appraisal patterns (specific appraisal components that caused the

emotional response)? If not, what is their role in the emotional appraisal process?

A number of factors need to take into consideration when interpretingshéis based on
appraisal theory. First, the goals of an individual are critical to the appraisal process and how
an environmental encounter (factors of the experiment) are appraised based on one goal
directly related to the outcome of emotions. Pardicipt s 6 short term goal
was to try to relax as asked. Any activity performed by the participants was assumed to
achieve a state of relaxation, and emotional outcomes depended on whether it was
congruence or incongruence to this goal. Secdimel emotions in this study can be both
produced explicitly through conscious appraisal or implicitly where emotions are triggered
automatically based on the memory of a past explicit process (emotional memory) without
engaging conscious thinking. (seecBons 3.1 and 3.2 for an explanation of the processes).
Out of the 300 participants, 134 reported in their questionnaire that they noticed the sound
and context that were being examined, indicating that a similar percentage (44.7%) of
participants engagein an explicit conscious appraisal process towards the studied factors.
The rest of the participants were likely to respond to the factors based on their emotional
memories. For the abbreviations of the sound stimuli used in the following sections please

refer to Table 6.1.
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6.4.2.1 Anger

The posthoc test of factorial ANOVA analysis showed that anger scores significantly
differed between (1) T and TC (where T has a higher mean value in anger than TC); (2) T
and TA (where T has a higher mean value in anigean TA); and (3) between F and FC
(where F has higher mean value in anger than FC). The results of tHeopaahalysis
showed that C (monk chanting context) or A (alpine meadow context) when combined with
traffic sound can lower the anger score comgpaoewhen traffic sound was played by itself.

This result indicated that C and A, as environmental factors, are appraised as none or less
insulting to egedentity compares to traffic sound. The pbst result also shows that TC
and TA do n 0 tiffersin agpgern s€ore ¢pa>n.05), which means that C and A shared
similarity when appraised together with traffic sound, as the results showed that the C context
also reduced the anger score when combined with fountain sound. Anger as an emotion is
repregnted by a seemingly intentional offence towards an individual (the core relation theme
of anger). The key appraisal components for the appraisal pattern of anger are goal relevance,
goal incongruence (incongruence to relax),-egmlvement (where one &$ to preserve or
enhance one egdentity) and accountability (where others likely the experiment conductor

are to blame for the cause of damage toidgatity).

The anger emotion in this study can be both produced explicitly or implicitly. If anger was
produced explicitly, it is assumed that C or
away from traffic sound or fountain sound. Therefore, when C or A were added to traffic
sound or fountain sound, peop | neoiidowaads the ai s a l
context itself rather than the sound source. Since the anger score reduced whenever the
contexts were paired with the two sounds, this indicated that C context as a factor was less

likely to produce anger compared to fountain and trafimsl and A context as a factor was
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less likely to produce anger compared to traffic sound. This assumption also implied that
fountain sound and traffic sound contained certain degrees of inherent association with anger
as an emotion. The assumption whére two contexts acted as a distraction in the appraisal
process was evidenced by the change in the spending of cognitive resources. If conscious
thinking is involved in the production of emotion, it implies that people have spent effort
(cognitive resourc® to appraise the environment they encountered. The change in the
amount of cognitive resource spending should be reflected in fatigue and/or vigour mood
scores, as these two mood categories can reflect changes in resource spending (see Section
6.4.1.5).If traffic sound and the C context in the TC group were both being appraised fully, it
should logically show an increase in cognitive resource spending and be reflected in fatigue
scores as an increase and/or in the vigour score as a reduction. Thatftw fiostoc test

results showed a decrease in fatigue (where T has a significantly higher fatigue score than TC,
this will be discussed in Section 6.4.1.5) and no significant change in vigour scores indicated
a reduction in cognitive resource spendifbe only logical deduction from this indication

was that instead of both the sound and context being appraised, the only factor appraised (in

the TC group) was the context and that it required less cognitive resources to process.

If anger is produced imjgitly, it means that there is emotional memory associated with
traffic and fountain sound when they are heard when people try to relax. In the TC, TA and
FC groups, the decrease in anger score indicated that there was less association between the C
(Monk Chanting) and A (Alpine Meadow) contexts with anger. Since this anger was
triggered through emotional memory and the significant result indicated this similar memory

(a completed past appraisal) was shared among participants, this collective view iralicated
existence of a shared opini@mongparticipants. Hence, fountain sound and traffic sound

has an inherent connection with anger, whereas contexts such as religious setting and natural

setting are inherently less likely to associate with anger.
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6.4.2.2 @nfusion

The posthoc test showed that the confusion mood scores differed significantly between
participant group (1) T and TC (where T has a higher mean value in anger than TC); (2) F
and FTc (where F has a higher mean value in anger than FTc); andn@)HA (where F has

a higher mean value in anger than A). The result showed C context when combined with
traffic sound can lower the confusion score compared to when traffic sound was played by
itself. Similar results have also shown between contexts &mgle context) or A and
fountain sound, where the confusion score also reduced when the contexts were combined
with fountain sound. The confusion mood is not an emotion but explains a state where people
cannot make a connection between their goals andrieonmental encounters. If such a
peopleenvironment cannot be established, there is no emotion to begin with. Confusion
situation can be latter resolved by committing cognitive efforts or dismissed as irrelevant to
oneds goal . Th econdusianorilyfshowea that confesisruekidted buf did not
show its resolve or dismission. In this experiment, emotion did form, as evidenced by the
score changing in other mood categories, indicating that the hemwtonment connection

was eventually made I n t his study (Chapter 6) , t he
environmental encounter are the provided contexts and sound source. The confusion score
showed a significant reduction when contexts were presented together with the sound source,
indicating that there was a degree of confusion associated with the two sound sources. The
reduction in the confusion score also indicated that an environment is easier to understand
when presented with context and this conclusion concurred with the laymestandarg of

what context does (see the discussion in Section 6.3.2).

It is assumed that confusion is produced consciously, as the confusion state itself implies that

people have tried to consciously make a huaawvironment connection but did not succeed
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due to the complexity of the encounter. The logic of how emotion can be triggered through
emotional memory with minimal or no conscious effort does not apply to confusion, as it is
not emotion by the appraisal theory standard. Confusion is merely a stateuld present at

the early stage of the appraisal (emotional forming) process. Under the assumption that the
confusion state results from conscious thinking, contexts appears to have provided the
environmental context required for the sound sourcesqaetext C for traffic sound; and
context Tc and A for fountain sound) to establish the huemronment connection that

was previously difficult to establish. This deduction requires the sound sources to remain as
the main factor that has been appram@tiin the new combinations, and the sound sources
need to fit in with the newly added context. For traffic sound, it is difficult to imagine a
religious context (the C context) that could associate with it. This difficulty in association
means that theontext C may not provide ease of understanding for traffic sound and
participants, instead of appraising the more confusion traffic sound, chose to appease the
easier to understand C context. In other words, the C context created a distraction in the
apprasal process. For fountain sound, Tc and A can both provide a reasonable context for the
sound, such as a courtyard with a water feature or an alpine meadow with a water stream. It is
reasonable to assume the Tc and A context provided the required indorrdwat fountain

sound to be understood. However, similar distractions in the appraisal process that appeared
in traffic sound was still a possibility in the appraising of fountain sound. The only indicator
that could distinguish whether the context preddnformation for the sound source or acted

as distractions was cognitive resource spending.

As discussed in the anger Section (4.1.1), vigour and fatigue can reflect the change in
cognitive resource spending. If more cognitive resource has been sgemtippraising of a
context and sound source group than the sound source alone, this indicated that both the

contexts and the sound source have been appraised in the appraisal process. In other words,
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the context provided environmental information for sieeind source and should be reflected

as an increase in fatigue score and/or decrease in vigour score. If the cognitive resource spent
was lower in a sound source and context combination compared to sound source alone (such
as between T and TC), this likeindicated that the focus of appraisal was on the context
itself rather than the sound source, and that the context required less cognitive resource to
appraise. Therefore, it was a distraction from the context and should reflected be as a
decrease in fggue scores and/or an increase in vigour scores. The fatigue score of participant
group T was significantly higher than that of participant group TC (p < .05), meaning that the

C context was a distraction to the traffic sound. The same evidence wasualdd&ween

the fatigue score of F and FTc, indicating that Tc was likely a distraction to the fountain
sound rather than providing environmental information for the sound. There were no
significant differences in both vigour and fatigue scores betweemd A (p > .05) which

could mean two things. First, that context A had no effect on appraising the appraisal process
and was also not appraised. The second, that context was the focus of the appraisal process
and required a similar amount of cognitive effio appraise. The first assumption is unlikely

as the significant confusion scores indicated that the A context did affect the appraisal
process; hence, it is more likely that the A context also distracted attention from the fountain

sound.

6.4.2.3 Deprssion

The posthoc test results showed a significant depression score difference between participant
group (1) T and TC (where T has a higher mean value in depression than TC); and (2) F and
FC (where F has a higher mean value in anger than FC). Thesreslithted that C context

when combined with traffic sound or fountain sound can lower the depression score

compared to when the two sound when heard alone. The depression mood cannot be defined
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by single emotions, instead, it could lead to several gatergative emotions. This nature

was represented in the POMS questionnaire with items of several emotions (i.e. sadness, fear,
guilt/shame and anxiety). Despite the design of the questionnaire not allowing these emotions
to be distinguished from each eth the results from the depression mood provided insight
into the likeliness to produce negative emotions. Based on thehpodest, traffic and
fountain sounds were likely to be associated with depresslated emotions when people

were trying to redx. Moreover, such an association can be weakened when the context of

religious chanting was presented.

6.4.2.4 Tension

The posthoc test showed that the tension score differed significantly between participant
groups T and TC (where T has a higher mealne in anger than TC). The results showed

that C context when combined with traffic sound can lower the tension score compared to
when traffic sound was played on its own. The tension mood category reflex emotional
distress in the appraisal process cstssbf two appraisal components: goal relevance; and
goal congruence. These two components are included in all negative emotions, therefore the
significance of distress has also been reflected in other negative emotions (i.e. anger and
depression score abmth significantly different) between the T and TC group. The-post

result indicated that traffic sound was likely to cause emotional distress when people tried to

relax, and such distress can be reduced through contexts such as religious chanting.

Sane as other emotions, tension or emotional distress can be produced through a conscious
explicit process and/or an unconscious implicit process. If distress is produced explicitly, it
indicates that people have recognised the existence of such distreascaadare of is
incongruence to his/her goal. In this study, it indicated that the participants recognised the

interference of traffic sound towards relaxing activities in the T group. In the TC group,
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however, this awareness of interference was reducétl coyntext. This reduction was most
likely due to the distraction provided by the context, as the context was unlikely to provide
logical environmental information to traffic sound (see also the discussion in Section 6.4.2.2).
This assumption regarding thsction was also supported by the decrease of fatigue score
(from T to TC, see the discussion in Sections 6.4.2.1 and 6.4.2.2, and result in Section
6.4.2.5). If the distress is produced implicitly, it indicates there are universal emotional
memories of motional distress or negative emotions associated with traffic sound, and this

kind of association is unlikely to exist in contexts such as religious chanting.

6.4.2.5 Fatigue and vigour

The posthoc test result showed that fatigue scores significanfiigrdd between group (1) T

and TC groups (where T has a higher mean value in anger than TC); (2) T and TA groups
(where T has a higher mean value in anger than TA), but there is no difference between group
TC and TA; and (3) F and FTc groups (where F hagler mean value in anger than FTc).
Fatigue as a mood category is not an emotion per se, but it explains a state where the
cognitive resource (effort) required to appraise an environment has exceeded the cognitive
resources an individual processes. Posthoc results indicated that traffic sound (T) or
fountain sound (F) by themselves required more cognitive resources to appraise when people
tried to relax. This relatively high resource requirement might partially be due to the sounds
by themselves laing context, especially when played in an indoor (laboratory) environment.
This lack of context was evidenced by the significant higher confusion score in T or F group
compared to TC or FTc groups (see also Section 6.4.1.2). Théqaosest results also
showed that the cost of cognitive resources to appraise traffic and fountain sound can be
reduced when contexts are introduced (C or A context for traffic sound, and Tc for fountain

sound, respectively). This reduction was assumed to be the resultrattibst as mentioned
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many times in the discussion of other mood categories (see Sections 6.4.1.1, 6.4.1.2 and
6.4,1,4). The fatigue score itself was the best indication of such distraction. Logically, the
more environmental context that is introduced toappraisal process the more cognitive
resource is required to appraise such an environment. This increase, when reflected in fatigue,
was shown as an increase in its score. However, the comparison result of both traffic and
fountain sound showed a decreasdatigue score when combined with context C, A (for
traffic sound) and Tc (for fountain sound), indicating that the cognitive resources required to
appraise the environment have decreased. Assuming the cognitive resource to appraise the
two sounds doesot change between the groups, the only logical deduction would be that the
focus of appraisal shifted towards the contexts themselves, and that the cognitive resource to

appraise the contexts was significantly less than that required to appraise ttee sound

Vigour mood, on the other hand, did not show significant results between the different
participant groups. However, this result did not contradict the result from fatigue. This was
because despite the two states both reflecting cognitive resourcengpehdy are mutually
exclusive. One cannot experience one when they are already experiencing the other. In the
vigour stat e, peopl eds possessed cognitive
requirement to appraise an environment. The insignifiesulr in the poshoc test simply

meant, then, that most of the participants were under the fatigue state rather than a vigorous

state.

6.4.3 Appropriateness of the contexts

Aletta et al.(2016) suggested that the appropriateness of sound should be considered as an
additional dimension to complement the PCM. As the current study was designed to explore

the context beyond the urban setting, none of the three sound types (urban sounds) was
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approprate for any of the contexts. However, certain nuances were present within each sound

source.

1) Street music is normally limited to an urban public space; however, as a form of
music, it is difficult to argue that such music is inappropriate for any envinain e
the music is often used as an artificial background sound. For instance, one participant,
in the street music group, responded to
combined music and i magery helps me to
pat i ci pant stated that he 6feels |ike |
partially help explain the lack of significant mood changes in the case of street music
and the related context groups.
2) A water feature is often present in a Budtlkemple; however, such features
usually produce a calming stream sound instead of a high flow rate fountain sound (as
in this study). Moreover, in the alpine meadow context, the visual cue did not include
any water feature, which likely contributed te timappropriateness of the fountain
sound. This aspect can help explain the significant change in the confusion score in
the FTc and FA groups compared to that of the fountain sound.
3) Finally, the traffic sound was the only sound type unfit for alctivgexts, as it had
the most significant mood changes among the alpine meadow and monk chanting
context groups.
In conclusion, the sound appropriateness likely affected the mood changes; however, the
examination of this dimension was beyond the scopeisfstudy and thus requires further

exploration.
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6.4.4 Requirement of more dimensions to study the mood states

The mood states used in this study can be grouped into unpleasant groups (anger, confusion,

depression, tension, and fatigue) and pleasant groigsur) based on the desirability and

benefit/drawback of such mood states. However, in terms of the eventful/activation, only

anger, tension, and fatigue can be vaguely distinguished from the group. Peiblidictes

how the six mood states can befeliéntiated in terms of the pleasantness and activation

based on the associated definition or description in the literature.

Pleasantness/

Activation/
Unpleasantness Deactivation

Definition or description of the mood states

Anger Unpleasant
Confusion Unpleasant
Depression Unpleasant
(mood) P

Tension (stress) Unpleasant

Fatigue (mentally) Unpleasant

Vigour Pleasant

Activation

Activation

Activation

A process provoked by triggers such as a perceiv
threat or unfair treatment. The mood can spread ¢
intensify in a cognitive loogAlia-Klein et al.,
2019)

A mental state in which the reaction to
environmental stimuli is inappropriate because the
subject is bewildered perplexed, or disoriented.
(Farlex Partner Medical Dictionary, 2012)

Sadness or unhappiness, usually persistent. This
be a normal reaction to unpleasant events or
environment or may be the result of a genu
depressive illness. (Collins Dictionary of Medicir
n.d)

Psychological stress is a particular relations
between the person and environment, which
appraised by the person as taxing or exceeding h
her resources and endangering his or her-bahg.
(Lazarus & Folkman, 1984)

Boksem and Tops indicated that the feeling
fatigue may result from the subconscious analyse
the cost and benefits to expend or conserve en
(Boksem & Tops, 2008)

In contrast to mental fatigue, vigour is the lack
cognitive activity, resulting in an energetic men
state.

Table 69. Correlation of the six mood states with the pleasantness and activation (eventful) dimensions, based

on the definitiongpresented in the literature.



The two components of the core affect are somewhat interchangeable with the two
dimensions of the mood/emaotions, that is, valence and ar@Rgssell, 2003)The valence
represents whether a mood/emotion is positive or negative, and the arousal represents the
intensity. Based on the definition and descriptionthefsix studied mood states, it is obvious

that while it is fairly easy to identify whether the mood is positive or negative (valence), it is
difficult to specify where the mood should be located in terms of the intensity. For example,
moods such as vigoand depression can be activating (e.g. energetic) or deactivating (e.g.
calm). Moreover, although moods such as anger, tension and fatigue appear on the activation
side, they can also be extremely intense (e.g. furiousness and extreme anxiety) or mild.
Furthermore, moods such as confusion may be undefinable by the activation dimension.
Considering these differences, dimensions in addition to pleasantness and
activation/eventfulness must be examined. A reasonable starting point may be
familiarity/appropriagness. This component is relatively less utilised in soundscape studies
owing to its small effect; however, this component likely plays a crucial role in the
interpretation of the perceived soundscape qugaliyl et t a et al . |, 2016; J
For moodrelated soundscape studies, these additional dimensions may vary across

mood/emotion categories.

6.4.5 Application

Despite the neetb expand the varieties of the studied mood categories, sound sources, and
types of context, this study may provide guidance for urban planning. The results have
indicated that the introduction of activities with dominant human sounds can significantly
reduce negative emotions. The design of an enclosed space that obstructs the visual of the
sound sources may help reduce negative emotions, although the effect seemed to be limited

to the sound types and mood categories. The same limited effect can alssebealby
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introducing greenery. This finding suggested that the design of both enclosed environments
and greenery could help improve the mood states, although large quantities of both features
may have a diminishing effect. Music, however, exerted a daormeféect on stabilising the

mood states, despite any contexts. Finally, changing the environmental context did not appear

to induce any additional mental energy (vigour) in the visitors.

6.5. Conclusions

Certain significant trends existed among differeontexts in terms of their influence on the
mood states. Among the six mood states, all five negative moods (anger, confusion,
depression, fatigue, and tension) were significantly affected when the contexts were
combined with traffic or fountain soundshi$ effect, however, did not occur in the case of
street music combinations. In contrast to the negative moods, the only positive mood (vigour)

was not affected by any of the contexts.

In terms of the influence of the different sound types combined wiitexts on the mood
score, notable differences were present across all the studied sound types. The significant
changes in the mood scores were alleviated when contexts were added to the original sound

sources. The specific effect for each sound type wésllaws:

- Traffic sound: in the monk chanting context, all the negative moods were significantly
affected, and in the alpine meadow context, only anger and fatigue were affected.
Finally, the combination with the temple courtyard context did not affect any of the
mood states.

- Fountain sound: in the monk chanting context, anger and depression were

significantly affected, and in the temple courtyard context, confusion and fatigue were
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significantly affected. When combined with the alpine meadow context, only the
confusion mood state was significantly affected.
- The mood states did not show any significant difference when street music was
combined with any of the three contexts.
In terms of the visual and audio stimuli, the contexts exhibited varied effects on the mood
scores; however, in the evaluation of each context, no similarity was found across the

contexts. The specific results for each context were as follows:

- The visual of an enclosed environment with specific features (such as a temple) did
not affect the moodceres. The audio of the context (birdsong) had a significant but
limited effect on fatigue and confusion when combined with the fountain sound.

- The visual and audio of a sacred place such as a temple interior context likely
influenced the mood changes arrms of the perceived pleasantness.

- The visual and audio stimuli of the alpine meadow possessed a distinct natural feature,
which facilitated the mood change in terms of the pleasantness.

Gender difference had a significant small (depression) to mediurguga effect on the
intensity of the mood change caused by the difference in the contexts and sound sources.

However, the gender that exhibited a more intense mood reaction was unclear.

Moreover, the pleasantness and eventfulness dimensions could yeixfu#in the outcomes
of the mood states in the soundscape studies. New dimensions need to be developed to further
understand the mood states. It is hypothesised here that the developed dimensions may be

different depending on the contexts, sound typed,maood states.
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Chapter 7: Discussion
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The last three chapters examined environmental stimuli (in a real urban public setting), three
sound types (in a controlled environment) and -ndrman contexts (in a controlled
environment) and their effecin emotional outcomes, respectively. The three studies found
that there was an effect of the three sound types and that environmental contexts have a
significant effect on emotional outcomes. Three studies have concluded that the three sound
types showedignificantly differing effects on emotional outcomes, and the environmental
context they reside in has a significant effect on how the sound types are subjectively
perceived. Following these conclusions, this chapter then compared the results and
conclusims from all three studies and examined the results using the appraisal theory. The
subsequent discussion and analysis provided a systematic understanding of emotional

responses within acoustic environments.

7.1 How the soundscape of urban public space affis the mood or emotions?

I The first study

The first study (see Chapter 4) was set up to answer the research question: how does the
soundscape of urban public space affect moods or emotions? The first study aimed to identify
and examine the sound sourcasl environmental factors that had the potential to affect
mood or emotions through a case study in Sheffield City Centre. The study also provided
frameworks for the subsequent studies in this thesis. The major finding of the first study was
the significat influence on emotional responses of the three sound sources: street music
(from street performance); traffic sound; and fountain sound. The first study also found other
environmental contexts (such as-mream van and street vendors) that had a sogmifi

impact on mood and emotions. However, as the study was an onsite survey, the results were
concluded from the statistical data where other sound sources could not be eliminated when

examining a particular sound, resulting in the partial control ofrenwiental conditions.

225



Although this situation did not revoke the validity of the results, it is still important to
compare the result with the study with controlled environments (i.e. the second study in

Chapter 5 and the third study in Chapter 6).

7.1.1 Sreet Music (popular music)

Before discussing the effect of street music, it is important to clarify that the street music
stimulus was recorded on a pedestrian street in Sheffield City Centre, and the music types
were all relatively fast tempo popular nusWVhether the conclusions of this research can be

extended to other music types will require further study.

In the first study, street music was found to be eventful and pleasant, and when presented it
took a dominant position within the public spac&e& music had a significant negative

effect on anger, confusion, depression, fatigue and tension mood categories, indicating that
the above mood or emotions reduced in intensity when street music was preSented.
reductions in negative emotions andhaag effects have also been observed in other music
related studi es. (201R)stldy,at v foand that B theetype af kndsie
(classical music to be specific) was appraised as pleasant, it could effectively reduce anger in

|l i stener s. Il n T h e o(2089)study,aclassicaBrugicrhasralsoHbeen shown z 6 s
to significantly increase the calmness score (alone an anxious to calmness visual scale) of
their listeners.Music types other than classical were also observed to reduce negative
emotions or increase calming mood in McCraty, Bar@ds o p | i n, At ki nson an:
(1998) study of emotional effect of several music types. McCraty and colleague found tha
non-classical music, such as new age music and designer music also reduces tension mood
effectively for adults. Additionally, their finding also suggested that these two types of music
were also effective in reducing hostility (anger) for adults anceasing relaxation mood for

both adults and teens. Despite these previous study findings supporting the results of the first
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thesis study, they also contain results that are different. These differences could be due to

several factors.

Age difference is om major factor that has been shown to significantly influence emotional
responses toward music listeners among previous studies. In both Theorell and Bojner
Hor wi(20x9%asnd McCraty, Barrio€h op | i n, At ki ns@98)studyd T o ma
comparisons were made between younger and adult listeners. Both studies showed a similar
trend with adults appearing to be more susceptible to emotional changes after listening to
music. Sedlable7.1 andTable7.2 for emotional response comparison between age groups

in previous studies.

Type of music Age groups Joy Calmness

Children group 1
(9-12 years old, mean NS Siginc
age 10.4)

Children group 2
Classical music  (13-15 years old, mean Siginc NS
age 13.9)

Adult group

(22-70 years old, mean Siginc Siginc

age 44.8)
Table 7.1Significant results comparison between age groups (Theorell & Bojner Horwitz 2019)
Music playey . SS G K2 @Sy Q-najar, bp\Fnyhiber ii; Mdd $h& SefeyadeDor string trio by Er
Dochnanyi op 10
NS= No significant change after music listening
SigInc = Significantly increase after music listening
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Type of Age Mental
music groups Caring clarity Relaxation Vigour Hostility Fatigue Sadness Tension
Teenage
(1217
years old,
mean age
14)
Adult
(2576
years old,
mean age
46)
Teenage
(1217
yearsold, NS NS Siginc NS NS NS SigDec NS
mean age
Designer 14)
music  Adult

(2576

years old, Siginc  Siginc Siginc Siginc  SigDec SigDec SigDec SigDec

mean age

46)
Table 7.2Significant results comparison between two age groups (McCraty, B&hioglin, Atkinson &
Tomasino, 1998)
NS= No significant change after music listening
SigInc = Significanincrease after music listening
SigDec= Significantlecrease after music listening

Sig
Dec

Sig

SigDec  SigDec Dec

Siginc NS NS Siginc

Grunge
rock
music

Sig
Dec

Sig

SigDec  SigDec Dec

Siginc  Siginc  Siginc  Siglnc

This weaker reaction from children and teen groups after music listening partially explains

why the significant emotional responses in the first thesis study were absent in the second and
the third. Asi n t he first thesis study, participant
including a large portion of adults. In contrast, the age range of the second and third thesis
studies fell within the age of range of teenagers and young adults: 18 to 23 £n26.31)

and 17 to 25 (mean = 19.21), respectively.

The other major factor shown in the past study that had a significant effect on emotional
responses after music listening was music type. Among the different types of music examined

here, the effect gbopular music used in the first thesis study includes designer music used in
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Mc Cr aty an d19e8pstudy.eTaldeu’ 8 8rows the result comparison between the

two studies.

Studies E_motional Men-tal . N . .
dimensiong clarity Vigor Hostility Fatigue Sadness Tension

Study from

McCraty, Barrios ,
Choplin, Atkinson Adultsemotional
and Tomasino response after
(1998) Iistehing to designer
music
Adults emotional
response after

The first Thesis  'Stening to popular
study music

Siglinc Siginc  SigDec SigDec  SigDec SigDec

SigDec NS SigDec  SigDec SigDec SigDec

Emotional dimensions Confusiort Vigor Anger  Fatigue Depression Tension

(POMS)
Table 7.3Emotional response comparison between two types of music (in previoues study and the first thesis
1: Dimensions of 'Caring’ and 'Relaxation' where not shown in this table as there aratobing emotional
dimension in POMS
2: profile of mood states (POMS)
3: 'Confusion’ is a reversed dimension when compares to ‘mental clarity’
NS= No significant change after listening music
SigInc = Significanincrease after music listening
SigDec=Significandecrease after music listening

Table 7.3 shows that most of the eni®98) onal
study, after listening to designer music, had an identical emotional response when compared
to the first thesis study. This comparison indicated that designer music shares a similar
musical characteristic with popular music. Both music factors in the past studies showed that
the result obtained from street performance (popular music) has limited atigplicThe

effect of music on listeners both depends on the music type and age difference of the listeners.
Hence, the result of popular music in the first thesis study only served to investigate the
underlying mechanics of sound types (including streesichuon perceivers. The results
cannot be generalised to music types and age groups beyoggr@ssive music (such as

popular music and designer music) and adults.
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In the second study (Chapter 5), despite the audio clips that contained popular music
significantly affecting moods and emotions, the result concluded that the significant change
was not caused by the popular music. The significant difference was a result of the absence of
the other two sound sources (traffic sound and fountain sound). Teeedde in the results
between the first and the second studies was assumed to be caused by the contextual
difference between the two studies. The first study was conductsiieowhere the popular
music was live performed; however, in the second study,popular music stimuli ere

merely a recorded replay from the same performance. This lack of performance would largely
remove the eventfulness of stimuli. The difference between tket@mpopular music and
laboratory replay would be like the differenbetween listening to a music record and
attending and listening to a live music concert. The difference between live music and
recorded music and its effect on mood was also found in other literature. BEJIRS)
experimented o0 cancer patients to see how their mood changed after listening to live
music or a recorded replay. The results indicated that live music had a significant effect on
relieving tension and promoting vigour compared to recorded music. It was also b#laved

the human interaction between performers and pedestrians was crucial to this difference.
Another study that examined emotional response to classical music in different age groups
(school children, adults and the elderly), also found that the stropgsiive reaction to

music was found in live performance rather than recorded r(ilisenrell & Bojner Horwitz,

2019) This difference between live music and recorded music was not only found between
the first study (Chapter 4) and the second study (Chapter 5), but also found within the first

study itself. Within the first study, two types of music were observed: sedermance; and

recorded music played in the street side st

reducing multiple moods6é scores, the store
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the effect itself increased the tension score. Thvexea clear weaker effect in the store music

compared to live performance street music.

With regards to the eventfulness of the street music, it also showed a close relationship with
6di stractioné, that was f r eq uhesecond/(Chapgen3)i onec
and third (Chapter 6) studies. In the PCM, the eventfulness dimension implied that any
environmental factors that rated high in this dimension were likely to attract attention and
likely to become the focus of an individual observarg environment. The distraction that

was discussed in the second and third studies explained a similar situation, where the
attention of participants shifted to factors exhibiting standout (interesting, complex or
ambiguous) from within the context of teémuli groups. People, then, were more likely to
appraise such eventful (distracting) factors within an environment, in which case cognitive
resource (conscious effort) would be spent on these factors instead of others. In the current
study, such eventiness can be indicated by mood fatigue and vigour, as both moods explain

a state where there is an imbalance between a cognitive resource that one possesses and the
amount of cognitive resource required to appraise an environment. This difference in
eventiilness was clearly shown between street music and store music (within the first study,
see chapter 4). Street music was associated with a decrease in fatigue, indicating that less
cognitive resource was spent, whereas store music was not associated swjitifieant

change in either the fatigue or vigour moods, indicating that cognitive resources used to

appraise the environment had not been significantly changed with the presence of store music.

In the third study, the mood score of anger and tensioheirstreet music (recorded) group
was significantly lower than in the traffic sound group, and similarly, the tension and
confusion scores in the street music group were significantly lower when compared to the

fountain sound group. There was a consistangy t he str eet musi cb6s as
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intensity of tension and other negative emotion. This result was consistent with the first study
(Chapter 4). In the second study, each sound stimulus was mixed with 2 or 3 sound types.
Although the comparison a8 made between the sound sources (street music, traffic sound

and fountain sound), the results relied on other sound sources within the same acoustic
stimulus which were not included in the comparisons to be seen as part of the controlled
environment. Irthe third study, however, these comparisons between the sound sources were
made oneon-one, which may also partially explain why the significance in street music was

shown in the third study but not in the second stseg (Able 7.4).

Table 7.4 Post hoc malysis between sound types in the third study

MvT MvF TVF

Games Anger -13.640%*  -10.560  3.080
Howell

Games Fatigue -6.040 5480  0.560
Howell

Games Tension -12.200%*  -9.880%  2.320
Howell

Bonferroni Confusion -6.040 -7.280**  -1.240
Bonferroni Depression  -9.440 -9.560 -0.120
Bonferroni Vigour -3.480 -4.800 -1.320

*pO . 0pQ .*O*PO *9©O1

M = Street Music

T = Traffic sound

F = Fountain sound

The use of Gameldowell tests were for the groups that has equal
populationvariance

The Bonferroni tests were used as default for the controlling of type | €

The lower score of tension in the street music groups indicated that street music (popular
music) was associated with low emotional distress. This was also found in other studies, such
as tension relieving and vigour promoting with popular miBiailey, 1983)and anger
reducing with pleasant musikrahé& Bieneck, 2012) The third study aimed to examine the
nonturban contextand their effect on mood or emotion in soundscapes. For street music

specifically, neither of the contexts (temple courtyard, monk chanting and alpine meadow)
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had any significant impact on the mood states. This result again proved that street music was
less associated with negative mood or emotions. As shown in the third study, all three
contexts had different degrees of reducing effect on negative emotions when combined with
traffic sound or fountain sound, indicating that these contexts were less tsbogith
negative mood or emotions. That there was no significant impact on any mood scores when
these contexts were combined with street music indicated that street music itself also had less

association with negative moods or emotions.

7.1.2 Traffic Soud

In the first study, it was concluded that the insignificant effect of traffic on mood or emotions
was due to the participantsdé (urban dwell er)
a common environmental factor in an urban setting is unieNeespecially in places like the

city centre in the case study. Therefore, in situations where participants consciously appraised

the environment, traffic sound was not the focus of the appraisal processes; instead
participant attention was focused omert environmental factors that did not immediately fit

in the urban contexts at the first encounter, such as street musicgére van and street

vendors. It is important to point out that this does not mean that these factors are not common

in urban spees, but they may not be immediately associated with a mental image of an urban
environment. The other situation that this result explained is that of an unconscious reaction
towards traffic sound. In this case, the result indicated that traffic soundovassociated

with any emotional memories that were signi

(emotional) states.

In the second study, however, the traffic sound showed significant effects on moods and

emotions, specifically in the anger, tensia@monfusion and fatigue mood categoriast
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study has shown similar result in terms of a negative evaluation of traffic sound (See result

comparison in Table 7.5).
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Experiment environment Studies that contains traffic sound Results of traffic soundistening

Significant higher ianger, tension,
confusionandfatigue compared to other
Second thesis study sounds

Significant higher iangerandtension

Laboratory Third thesis study compared to other sounds

High traffic noiséhas the lowest
Study of Alvarsson, Wiens and Nilsso' pleasantnesgating and highest

(2010) eventfulnesgrating among other sounds
No significant effect on any emotional
First thesis study category
Study of Kogan, Arenas, Bermejo, The overall soundscape assessment (OSA
Urban green space Hinalafand Turra (2018) traffic sound iseutral to slightly bad

(in-situ) Study of Rey Gozalo, Barrigén, Juan,

Montes, David, Atanasio and Pedro  Appraised asnnoyingcompared to other
(2018) sound

Study of Szeremeta arthnnin (2009) Appraised asinpleasant
Table 7.5Results comparison of listening to traffic sound among previous studies and thesis studies
1: Other sounds include street music (popular music) and fountain sound (higateyv
2: High traffic noise (80dB.Aeq, 4min)
3: Other sounds include nature sounds (50 dB, LAeq, 4min), low traffic noise (50dB LAeq, 4min) and ambient noise (40dBR)LA
4: Emotional categories include anger, depression, tension, confusion, fatigue and vigour
5: Other sounds inclde construction, screams, animals, maintenance, children and water

Result of traffic sound from second study is differed from the first study. This difference in
the result was assumed to be the contextual difference between the two studies. The first
study was conducted in a real urban environment, whereas the second study was conducted in
an indoor laboratory setting. Although the laboratory was designed to simulate the acoustic
condition of the same outdoor environment (in terms of reverberation tinee)aboratory

could not recreate the holistic experience of urban space, such as immersive visual and
human interactionsinterestingly in previous studies when suchsitu and laboratory
comparisons were made, assumptions of the influence of diffedngexts appears to be

false. Alvarsson, Wiens and Nilss@010)investigated several sounds (Natural sound, High
traffic noise [80 dB, Laeq, 4 min], low traffic noise[50 dB, Laeq, 4 min] and ambient noise)

and their effect on stress recoveryaraboratory environment, and found that high traffic
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noise had the lowest rating on pleasantness and highest rating on eventfulness. This results is
in agreement with other4situ studiegKogan, Arenas, Bermejo, Hinalaf & Turra, 2018; Rey
Gozalo, Barrigth, Juan, Montes, id, Atanasio & Pedro, 2018; Szeremeta & Zannin, 2009)
This shows that environmental context differences may not be the reason traffic sound is
appraised differently, but is due to some other key dimensions (see comparisonTalsie in

7.5). Upon closr examination, the difference in traffic sound evaluation may be caused by
the appropriateness of the context (in relation to the sound). Resulsiad studies showing

an unpleasant or annoying perception of traffic sofimban et al., 2018; Reyet al., 2018;
Szeremeta & Zannin, 2009)ere all conducted in environments such as urban parkeen gr
spaces. An environment like an urban park lacks direct association with traffic sound and
may be considered as inappropriate to the environment of an urban park. Hence, significant
reactions were produced when both were appraised together. This efoéippropriateness

has also been examined and discussed in a study regarding the effect of context on urban
settings (Hong, Lam, Ong, Ooi, Gan, Kang, Yeong, Lee, Tan, 20dle contextual
difference between the first and thexend thesis study caused the traffic sound to stand out
from its context (the laboratory). In other words, the traffic sound became eventful in the
second study (laboratory setting) and became the attention of the explicit appraisal process.
Hence, a sigficant result was produced. If the traffic sound in the second study was
processed unconsciously (implicitly) by participants, the significant result indicated that the
contexts and eventfulness of a sound could also be memorised by emotional memory and

become part of the criteria to trigger the automatic emotional response related to that memory.

The traffic sound in the third study showed a significantly higher anger and tension mood
score compared to street music (see Table 7.1). This result agaiedsaimilar difference
resulting from the contextual differences between urban and laboratory environments. The

focus of the third study was to examine the contexts and how would they influence emotional
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outcomes. The result showed that different contexdieed showed a different effect on
emotional outcomes. The monk chanting (C) contexts (simulated) combined with traffic
sound showed a significant difference in affecting anger, tension, confusion, depression and
fatigue (p < .05) compared to the urbamtext (simulated). The Alpine meadow (A) context
(simulated) also showed a significant difference in anger and fatigue. Both contexts
supported the conclusion that the resultant differences between the first study and second or
third studies in traffic sand was caused by the contextual difference between urban and

laboratory contexts.

7.1.3 Fountain Sound

Before discussing the fountain sound, it is important to clarify that the fountain sound used in
all three studies are of the same high fi@ate fountainln contrast to many previous studies,

the fountain sound in this thesis was not perceived as ptebgaparticipants(Pé&ez-
Martiez et al., 2018; Yang & Kang, 2005a, 2005liproved the evaluation of soundscape
(Jeon et al., 2010nor did it produce any stress reeoy effect(Alvarsson et al., 2010)
However, evidace from previous studies have shown that fountain sound can be negatively
perceivedGalbrun & Ali, 2013; Jeon, Lee, You, & Kang, 2012; Ralstekman et al., 2015)
Particularly, Ra@lsterEkman and colleagug®015) found that the high flowate fountain
sound that was similar to the sounskd in the thesisould produce a steagate sound that

was found to be unpleasant compared to other types of fountaid.sou

The first study showed that the fatigue mood score was significantly higher in fountain sound
than in other sounds sources that were found in the case study. Fatigue mood category was an
indicator of the cognitive resource required to appraise anagmuental encounter, and it

was found to be higher than the cognitive resource that an individual possessed. The higher

the score, the larger the difference between the two. This significant higher fatigue in the
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result indicated that the steadiate soungroduced by the fountain required significantly
more cognitive resource to appraise when participants were fatigued. As mentioned above,
this was related to the unpleasant nature of high flow rate water fountains. This high rating in
fatigue also meant #t the fountain sound attracted more attention compared to other sound

sources when participants were fatigued.

A similar high requirement of cognitive resource in fountain sound was also found in the
second study. When fountain sound was removed froncohgination of street music,

traffic sound and fountain sound, a significant decrease in fatigue mood was shown. This
indicated that the fountain sound indeed increased the cognitive effort required when
participants were fatigued. A noteworthy point iatttvhen participants were in a vigour state,

the vigour score increased with the presence of fountain sound, indicating that the cognitive
resource requirement was different between fatigue and vigour for the fountain sound.
However, in the third study, ¢éne was no direct association between the fountain sound and
the change in cognitive resource spending. The only association with a potential change in
the requirement of cognitive resource was that the confusion mood score was rather higher in
fountain saind than in street music (see Table 7.4). The confusion state explains a situation
where a person cannot make sense of the environmental encounter and the human
environmental encounter cannot be established at the moment of the confusion. There are two
likely outcomes for confusion, the first is the environmental encounter is being dismissed,
which means no emotion would be produced. The second outcome is that the perceiver of the
encounter spent extra cognitive resources to establish a believable -Gowmanment
relationship so an emotion may be produced. The potential in cognitive resource change in
the third study lay with the second outcome following a confused state. However, the result
indicated that listening to fountain sound alone in the contéxthe laboratory was

insufficient to encourage participants to make the extra effort to establish a -human
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environmental relationship. This outcome was achieved with the presence of other contexts.
This was proved by: 1) the significant reduction in commsand fatigue when fountain
sound was combined with the temple courtyard context; and 2) the significant reduction in

confusion when fountain sound was combined with the alpine meadow context.

7.1.4 The Environmental Contexts

It was concluded in the firghesis study that the contexts of natural factors, namely daylight
and temperature, did not significantly affect the moods or emotions, due to the changes in
both factors during the case study being subtle. This result did not affect the second and third
study as they were not the focus of the thesis, and could easily be controlled in the laboratory
environment. The nenatural contexts in the first thesis study (i.e-éceam van and street
vendor), however, significantly affected the outcomes of moadseanotions. Both factors

only provided visual stimulation for participants rather than acoustical stimulus. The ice
cream van had a significant negative relationship with confusion, depression and tension and
a significant positive relationship with vigouThe street vendor had a significant negative
relationship with confusion, fatigue and tension. These results explain two possible ways of
reacting to the contexts: the explicit conscious way; and the implicit unconscious way.
Explicitly, the icecream an and the street vendor could both be appraised and establish a
meaningful humamnvironment relationship with participants. The emotional responses
produced through this relationship were likely to be positive (i.e. low association with
negative mood oemotions high association with positive mood or emotions). If the reaction
were implicit, both contexts were likely to associate with positive emotional memories, hence
triggering a positive emotional response. As both contexts were associated withaorgireat

activity (i.e. shopping and dessert) and likely to be associated with a pleasant memory or
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appraised as positive at the moment, this makes both ways of reacting to the two contexts

highly likely.

The other finding that the result indicated was twattexts have the potential to distract the
attention from other environmental factors within the same environments. This was indicated
by the significant positive association with vigour in thegogam van and the significant
negative association withatigue in the street vendor. This hypothesis on the ability of
contexts to distract was subsequently proved in the third study. Three contexts (temple
courtyard, monk chanting and alpine meadow) remote from the urban context were selected
in the third stugl. They were combined with the three urban sounds found in the first (case)
study. The result showed a decrease in fatigue when they were combined with traffic sound

and fountain sound, indicating an attention shift from the sound to the contexts.

7.2 How sound types affect mood and emotions in urban contextsthe second

study

The second study aimed to examine the three main sound types found in the first study in a
controlled environment (laboratory). To simulate the acoustical condition oh#ie gtudy,

three sound types were mixed into 4 sound clips (3 sound clips of two of the sound types and
1 sound clip of all three sound types). The performance of any single sound type was
observed under the control of the other two sound types. Thgndesithe sound clips
(stimuli) in the second study shared similarity with the first (case) study, as all types of sound
were mixed. The difference in the second study was that when analysing a sound type, the
other sounds and physical environment werepletaly controlled, whereas in the first study,

the environment and sound types could only be relatively controlled due to the limitation of a
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case study. The controlled environment of the second study produced more reliable results in

how sound types inflenced mood and emotion in an environment containing multiple sounds.

7.2.1 The Street Music in Sound Type Combinations

Through the examination of the sound type combinations, the second study concluded that
street music was not very effective in affectitige moods or the emotions. This
ineffectiveness was patrtially explained by the laboratory contexts and use of recorded music
as discussed in the last section (see Section 7.1.1). This was also confirmed in the third study.
In the third study, three contisxthat were remote from the urban environment (i.e. temple
courtyard, monk chanting and alpine meadows, all containing unique acoustic stimuli within
each of the contexts) were examined by combining them with street music, traffic sound and
fountain soundIt was shown that the three contexts had various degrees of effect on reducing
the negative mood and emotions when combined with traffic sound and fountain sound.
However, when street music was combined with the three contexts no significant result was
found. This indicated that the ineffectiveness found in the second study for recorded music
not only applied to fountain sound and traffic sound but also extended to other acoustical

stimuli.

Additionally, the third study concluded that the reduction igatiee mood scores when
contexts were combined with traffic and fountain sound was caused by distraction rather than
a reducing effect. In other words, instead of the traffic or fountain sound being appraised, the
contexts were the focus of the appraisacess. This indicated that the three contexts had a
low association with negative moods and emotions. Following this conclusion, the
insignificant result of street music and contexts combination indicated that street music also
had a low association withegative moods and emotions. This deduction helps explain why

in the second study when street music was removed from the combination of the three sounds
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(street music, traffic and fountain sound), there was no significant difference in moods and
emotions kcause removing the low negative emotion association factor (the street music)
from the combination of high negative emotional association factors was less likely to result

in any significant impact on said negative mood or emotion.

7.2.2 The Traffic Soundnd Fountain Sound in Sound Type Combinations

In the second study, the traffic sound and fountain sound had a similar effect on moods and
emotions. This was indicated by the rmmgnificant result when either of them were
combined with street music. Th@gsificant finding in traffic and fountain sound was found
when they were combined with each other. When the traffic and fountain combination was
compared to either one of their street music combination counterparts (i.e. the street music
with traffic or fountain sound), significantly higher anger and tension scores were observed in
the traffic and fountain combination. Furthermore in the combination of all three sound types,
by removing either one of traffic or fountain sound, a similar change in angdemsidn

scores were observed (in this case they decreased). Additionally, confusion and fatigue scores
were also observed to decrease following such removal. The results indicated that anger and
tension were somewhat inherent in association with fourdaimd and traffic sound,
especially because tension was an indicator for emotional distress. The significant changes in
confusion and fatigue, however. appeared to be the result of a combination of the traffic and
the fountain sound. What confusion anddgaé have in common are that they both have
important roles in spending of cognitive resources during an appraisal (emotional forming)
process. For confusion, one of the two outcomes that followed a confusion state was the
spending of more cognitive resagerto resolve the confusion (the other outcome was to
dismiss the situation, leading to no appraisal taking place). For fatigue, the change of its

intensity indicated a change in cognitive resource, namely that cognitive resources had been
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spent in a statavhere the cognitive resource requirement to appraise an environment
exceeded the cognitive resource a person possessed. On the surface, the result appeared to
indicate that as the number of sound types increased, the amount of cognitive resource
requiredto appraise such acoustic environment also increased. This was proved to be not

necessarily the case by the third study.

In the third study, three contexts (with visual and audio) were implemented to determine their
influence on moods and emotions whembmed with each of the three sound types in the
second study. Each context contained its own acoustic stimulus with dominant sounds,
namely bird song for the temple courtyard context, chanting for the monk chanting context
and the insect sound for the iap meadow contexts. When each of the contexts was
combined with street music, traffic and fountain sound, the sound stimulus of the context also
combined with the three sound types. Therefore, the result of such a combination not only
reflected the effeadf the contexts but also partially the effect of the acoustic stimulus of the
contexts. With the increase in sound type combinations, no significant universal change in
cognitive resource spending (i.e. fatigue and confusion) was found. Instead, the shang
cognitive resource varied case by case. In the fountain sound combinations, the combination
of: a) the bird song showed a decrease in cognitive resource spending (indicated by a
reduction in confusion and fatigue); b) the insect sound showed a pbtdetrease in
cognitive resource requirement (indicated by a decrease in confusion scores); and c) the
chanting did not show any change in cognitive resource requirement but a significant
decrease in emotional distress (indicated by a decrease in anjgdemession) (see also
Table 6.4). In the traffic sound and contexts combinations: a) the bird song combination did
not show any significant difference in cognitive resource requirement nor did it show any
significant effect on any moods or emotions; bg tinsect sound combination showed a

significant reduction in cognitive resource requirement (indicated by a decrease in fatigue);
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and c) the chanting combination also showed a significant reduction in cognitive resource
requirement (indicated by a decreas fatigue and confusion) (see also Table 6.4). From the
results of both fountain and traffic combinations with contexts, three aspects were confirmed
that could influence the outcomes of requirements. The first aspect was the eventfulness
(dominance oability to distract attention) of each sound types within a combination. In the
results, the less dominant natural sounds (bird song and insect sound) were more effective in
reducing cognitive resources when combined with fountain sound than in traffid. Sdus

was likely because traffic sound was more dominant in a sound combination than fountain
sound. Therefore, it was more likely for bird song and insect sound to affect fountain sound
instead of traffic sound. The second aspect was the qualitatwes rad the sound itself (i.e.
perceived as being pleasant or unpleasant). When the chanting sound was combined with the
natural sound of the fountain there was no significant influence on cognitive resource
requirement (indicated by no significant changefatigue). However, when chanting was
combined with traffic sound, a significant change in cognitive resource requirement was
shown, likely because the fountain sound as the natural sound was perceived as more pleasant
(Rasten-Ekman et al., 2013)nd required less cognitive effortappraise. In contrast, traffic

sound was often perceived as unpleagiogan et al., 2018; SzeremefaZannin, 2009)

and was more likely to be affected by a pleasant sound of human a@hxéisson et al.,

2010) The third aspect concerned the appropriaeméd a sound within a combination. The

bird song and insect sound were more appropriate logically when combined with fountain
sound (water sound), whereas the human sound (chanting) was more suitable with traffic
sound, creating a mental image of a clityother words, when the sounds provided a logical
context for each other (less confusing to understand the environment), they were more likely
to reduce cognitive resource requirements to appraise the sound combinations. The three

aspects were concludeal be similar to the three dimensions (eventfulness, pleasantness and
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familiarity) developed by Axelsson et §2010)in the PCM. Thisot only provided validity
for the conclusion, it also consolidated the fundamental nature of the three emotional

dimensions within the study of the soundscape.

The three aspects that were concluded to affect the cognitive resource requirement applied to
the case where a small number of sound types existed in an environment. However, in an
extreme case, for example, a large number of sound types are all presented at the same times,
where the acoustic stimulus is moving towards white noise. It would faresty difficult to

identify one sound from the others. Indeed, it is likely to create a very confusing acoustic
stimulus and the cognitive resource required to appraise such an environment may be very
high. Under this condition, the effect of the threpeats (dominance of the sound, quality of

the sound and the appropriateness of the sound) would be insignificant. Further, it would be
difficult to predict in this case whether the indicators of cognitive resources such as fatigue
and vigour would be extme or the noise like acoustic stimulus would be dismissed

altogether.

7.3 How would environmental context affect mood and emotionsP the third

study

7.3.1 Effect of environmental context on emotions

The third study concluded that the three contexts that were remote from the urban
environment (i.e. temple courtyard, monk chanting and alpine meadow) showed a different
degree of effect on mood and emotion outcomes when combined with the three urban sound
(i.e. street music, traffic sound, and fountain sound). Where the traffic sound was shown to be
affected the most by the contexts, the fountain sound affected fewer mood and emotions

compared to the traffic sound, and lastly, the street music was dffaictdl. Although the
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contexts were selected based on the remoteness of the contexts from an urban environment,
the remoteness does not imply physical distance, but the environmental information that was
contained. In the third study specifically, the o#emess is the visual and acoustical

difference.

When looking into individual mood categories from the POMS questionnaire, only anger and
tension were distinct emotions. Mood categories such as depression represent a collective
emotion, in itself a precuns that could lead to other negative emotions and categories such
as fatigue, vigour and confusion. Fatigue, vigour and confusion have more to do with the
spending of cognitive resources during an emotional process instead of emotion itself. The
result ofthe third study clearly pointed out that when the context was not appropriate to the
sound, it was likely to affect emotions such as anger, tension and depression in the study. An
inappropriate example in the third study, such as when traffic sound wdsneahwith

monk chanting or alpine meadow, had a clear and significant emotion difference (specifically
anger, tension and depression see also Table 6.4) compared to when traffic sound was
combined with a relatively appropriate context such as the tengulgyard. A similar
difference was also observed between fountain sound and the context combinations. As
fountain (water) sound was a natural sound, logically it was more appropriate when combined
with temple courtyard and alpine meadow compared to wheabioed with monk chanting.

The result showed that the emotion (specifically anger and depression) change appeared in
the fountain sound and chanting combination but for the other two more appropriate
combinations the significant change was only on the itegrresource spending (indicated

by the changing of fatigue and confusion scores, see also Table 6.4). The emotional responses
(specifically anger, tension and depression) in the third study were consistent with the

previous two studies (see also Tabl&)/7where the traffic sound and fountain sound had a
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high association with anger and tensions and street music had a low association with anger

and tension.

7.3.2 The effect of environmental context on cognitive resource requirement

The finding beyond idividual emotions of the third study concerned the change in cognitive
resource requirements. As discussed in the previous section (see Section 7.2.2), the cognitive
resource requirement to appraise a sound was dictated by the dominancy of the sound, the
subjective quality of the sound and the appropriateness of the sound. The same can be
applied to any environmental encounters. The three aspects share similarity to the three
emotions dimension (i.e. pleasantness, eventfulness and familiarity) developeelsson

et al.(2010)in the PCM. The relationship between cognitive resource and the three aspects is
similar but slightly differenhto the relationship between the emotions and three emotional
dimensions. In the PCM, the three emotional dimensions represented the three aspects of the
acoustic quality of soundscape and these qualities, in turn, affect and represent emotional
outcomesijn other words, the combination of different intensities of three dimensions can be
treated as a prototype model of any emotion. This representation is possible due to the
precursor of the PCMRuUus s el | 6 s Co(2@3) A prdtotypetmodeldfat emotions
developed based on the psychological constructionmaition. Cognitive resources, on the

other hand, although affected by the three aspects of the environment (i.e. the dominance, the
subjective quality, and the appropriateness of the encounter), the spent or required cognitive
resource to appraise an envineent cannot be represented by the same three aspects but only
be affected by them. This difference between the two relationships (the emotion and the three
emotional dimension and the cognitive resources and the three environmental aspects)
indicated a diassociation between the emotional response and cognitive resource

requirements from an environment. In other words, the change in cognitive resource
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requirements can be associated with emotional outcomes, but they can also appear

independent from any chges of the emotions.

Several different situations could happen regarding the change of cognitive resource
requirement when appraising environmental encounters with multiple environmental factors.
Using the third study (Chapter 6) as an exanipliee combimtion of sounds (i.e. the street
music, the traffic sound or the fountain sound) and the contexts (the temple courtyard, the
monk chanting or the alpine meadow) could have resulted in several different appraisal
situations. The first situation is when thppraisal of the first factor is shifted to the second

one. This means that the second factor is more dominant than the first one. As the results
depended on the cognitive resource required to appraise the context, the cognitive resource
spent could be loar, the same or higher than when there was only the sound. And the
indicator for cognitive resource requiremer
changed accordingly. This type of situation was shown in the third study when the traffic
sound was @mbined with the monk chanting context (where the emotion scores of anger,
tension and depression decreased together with the fatigue and confusion scores) or alpine
meadow context (where the anger score decreased with the fatigue score). This was similar
when the fountain sound was combined with the monk chanting context (where there was no
score change in fatigue, vigour and confusion, instead only a reduction in anger and

depression scores) (see also Table 6.4 for the examples).

The second situation shen the factor is adding the context to the first one, meaning that the
two factors are both being appraised. This should increase fatigue, confusion and/or decrease
vigour scores. This situation was shown in the second study when traffic sound wasbadded
the street music and the fountain sound combination, where the confusion and fatigue score

increased accompanied by increased anger and tension scores. The same also happened when
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fountain sound was added to the street music and the traffic sound atiobifsee Table

5.5 for the example).

The third situation is when the second factor is added to the first factor. This did not
significantly affect the overall appraisal of the environment, meaning the first factor remained
as the dominant factor. Inighsituation, both emotional response and cognitive resource
should not change significantly as the newly added second factor was not the focus of the
appraisal. This was illustrated by an example from the third study: when the street music was
combined wih all three contexts, no significant change was observed in both emotion and

cognitive resource requirements (see Table 6.4 for the examples).

The fourth situation is when the second factor is similar to the first factor, resulting in the two
factors beng appraised as one unified factor. In this situation, logically, the cognitive
resource requirement should remain the same, but emotion maybe change in intensity but not
switch to different emotions. This situation was observed in the second study wrstredt

music and fountain sound combination was compared to the fountain sound and traffic sound
combination. As concluded, the street music in the second study did not significantly affect
the emotional outcomes, and the comparison essentially addenlathe sound to the
fountain sound. The result showed an increase in anger and tension scores (see also Table 5.5
for the example). In the third study, when the fountain sound as a natural sound was
combined with the context of natural elements suckemagple courtyard (containing bird song

as the dominant sound) and alpine meadow (wherein both combinations there were no

emotional changes but a reduction has shown in cognitive resource requirement indicated by

2 In this second example, the vigour score also increased where logically it should have decreased. However,
this does not prove the assumed situation was incorrect, as the change in vigour and fatigue was independent
from each other, and it only showedttttae cognitive resource requirement was different in the fatigue state

than in the vigour state.
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reducing fatigue and confusion scores) thefgsion mood score were significantly reduced.
This result reconfirms that when context (natural) and environmental factors (natural sound
of water) are suitable to each other reduces possibility of confusion and hence less potential

cognitive resource spding (see also Table 6.4 for the results).

However, similar factors did not always result in this situation. As shown in the similar
comparison in the second study when the street music and traffic combination was compared
to the fountain sound and traffsound combination (essentially adding fountain sound to
traffic sound), in addition to increased anger and tension scores, the vigour score also
increased. This indicated that when similar factors were combined, it was also possible to

reduce the cognite resource required to appraise an environment.

The aforementioned situations were concluded based on the logic of dominancy between
environmental factors. As the number of environmental factor increased, the situation became
increasingly complex, but ghould be possible to follow the same logic applied in the above
situations to decide which factor was the more dominant in an environment. Using an
example from the third study , the comparison between traffic sound and combination traffic
sound and monkhanting context showed a reduction in anger, tension and depression when
the context was added. This indicated that the traffic sound had some inherent association in
the three moods and emotions. However, it was unclear whether this reduction wadvgaused
the reduction effect of the context or a result of the shifting focus to the context and the
context just happening to have an inherently low association with the three moods and
emotions. Since the results in comparison also showed a reduction ure fatig confusion, it
indicated that the cognitive resource was reduced overall after introducing the contexts,
meaning that the two contexts cannot both have been appraised (as it would either increase

the cognitive resource spending or the two contextsl e be very similar), hence it suited
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the first situation where the added context was more dominant than the traffic sound, with the
reduction effect a result of a shift in focus to the context. However, one likelihood could be
that when a large numberf dactors are involved, it is impossible to distinguish the

dominancy of an individual factor from the others within an environment.

There is one situation that does not follow the logic where the dominancy of the
environmental factors attracted more ditam This situation concerns where there is no
emotion produced, but the cognitive resource has been spent. This situation could be
explained by the observer who spent effort and tried to understand a confusing environment
but gave up before reaching aognclusion (emotional outcome). If illustrated in the same
statistical data in this study, there should be only fatigue, vigour and confusion changes (as
they are an indicator for cognitive resource change) but no emotional change (as in anger
tension anddepressions). This type of pattern in terms of statistical results was seen in the
third study when fountain sound was compared with its combined with temple courtyard
context or alpine meadow context. However, the two comparisons were not examples of the
situation as both cases only indicated no change in the emotions but not the indication of no
emotion having ever been produced. The studies in the current thesis did not replicate this

situation, but nevertheless the possibility should not be neglected.

The discussions in this section have been under the presumption that all of the emotional
processes have taken place under a logical conscious appraisal, neglecting the fact that
emotions can also be triggered unconsciously through emotional memoriesn In a
unconscious process, the cognitive resource requirement is minimum if any at all, meaning
that the significant changes should only show in emotions (such as anger, tension and
depression) but not in cognitive resource requirements. In the case of theseioas

emotional process, out of the three aspects of the environment (dominancy, subjective quality
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and appropriateness), only the dominance of an environmental factor would be important as it
decides which factor(s) are responsible for triggering thetienal memory. The subjective
quality and appropriateness of the factor(s), then, become somewhat irrelevant since no actual

appraisal process occurred.

7.3.3Context difference between @ite case study and laboratory study

Context difference and thegffects were also observed between the laboratory environment
(studies from chapters 5 and 6) and thsiin locations (study from chapter 4). This

di fference was al so observed i @O1@pstusit st udi es
examined the same type of soundscape under baituiand laboratory environments

through means of a survey (rating of semantic differential scales). Through factorial analysis,
Sudarsono and colleagues discovered two of the components, hamely dynamic/vibrancy and
communication, were independent in thesitu environment, accounting for a total of 24%

of the variance. However, the two components were combined into single conspament

the variance accounted for was reduced to 14%. In another study, Hermida, Lobo, Pava, and
Bento(2017)examined the difference in soundscapes of urban parks betwsiem amd

laboratory methodologies, the result of which showed that based on the PCM model, the in
situ test resulted in higher pleasantness and lower eventfulness compheethbmratory

test. A similar finding was also presented in this thesis study. Popular music performed on the
streets had elicited more emotional responses than when it was replayed as recording in the
laboratory due to eventfulness difference (see atsmsdsion in section 7.1.1). Fountain

sound only affected the fatigue mood state in thgtinstudy (Chapter 4); instead, it

increased the scores of multiple negative mood states (i.e. anger tension, confusion, fatigue)
in laboratory studies (Chapter@abd 6), hence a reduction in the pleasantness dimension.

Based on the results from all three thesis studies, the laboratory context appeared to signify
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the emotional effect (more eventful) for certain sound types (i.e. traffic and fountain sounds)
due to he laboratory containing much fewer ambient factors (contexts). However, this trend
did not apply to all sound types, as shown by street music, where the presentation of sounds

can have a stronger effect than the contextual difference.

In summary, the difrence between the-gitu contexts and laboratory contexts here did have

a significant influence on emotional responses, and this difference was manifest in

di fferences in the 6édeventfulnessd and O6pl eas
and in urn, the difference in emotional responses. Results obtained from laboratory tests may
reveal the underlying nature of different types of sound on emotional responses, but should

be always tested if applied to anysitu environments.

7.4 What does stastical significance represent

In the three thesis studies, all changes in emotional outcomes were considered as changes in
the intensity of each mood or emotion categories. In the context of soundscape study, this
intensity was represented by how congréencor i ncongruence the envi
goal. While this assumption in intensity change is not wrong, it does not explain the
underlying cause of such changes in intensity. The significant change in statistical results
regarding each mood or emotadncategory does not necessarily represent the change of
intensity per se, rather what they represent is a change in the underlining factors that caused
the intensity change in the mood or emotion categories. An understanding of the underlining
factors th& caused the intensity of emotional changes is arguably more transferable to other
disciplines (such as soundscape). It also provides more flexibility in terms of its application

in building and urban design than simple causal to outcome type results does.
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The mood or emotional categories that were examined in the three thesis studies were from
the six mood states categories included in the POMS, namely anger, tension, depression,
confusion, fatigue and vigour. Based on the discussion throughout thestildess, the six
categories could be grouped into three types of emogilated groups: individual emotions;

precursor emotions; and indicators of cognitive resource spending/requirement.

7.4.1 The individual emotions

The first type of emotional categoiy the individual emotions. This category is the one that
people usually think of when using the term emotions. An individual emotion refers to a
distinct appraisal pattern and core relation thethazarus 1991, p. 39}hat could
differentiate it from all ther types of emotions. In the thesis studies, this included anger and

tension.

The unique core relational theme of anger is that there are others intentionally assaulting
oneds ego identity. The intensity of the an
are (or how much aggression hmad oéfl bt hegr & hi
necessarily their actual intention; this intention is rather a prediction of the perceiver and how
he/she thinks the intentions of the others are related to their felt aggression. In the thesis
studies, this felt aggression was représerpy the quantitative data. A significant change in

anger scores indicated a significant change in the quantity of the felt aggression of the
perceivers, such as from not feeling insulted (did not perceive any aggression) to feeling
insulted (feeling sting aggression and assuming an unfair intention from the others). In all

three thesis studies, the appraised factors were from whether the sounds or contexts, both of
which were environmental factors and none of them are sentient being that has camtious

cannot have intensions. It appeared that anger cannot be produced. However, more often than

not, people do complain about their living environment being unpleasant and feel angry about
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it. In such cases, the environment is not to blame but ratherebygepor organisation
managing or building such environment is to blame. Lazd@81, pp. 22224)agreed that

it was possible to blame the O6systemd when
situation or when the situation encountered was too ambiguous or complex to interpret. This
was also the case in the thesis studies. For the case gtadynsatisfaction of the urban

public space could be blamed on the neglect in the management of local government. For the
laboratory study, since the laboratory was prepared by the experiment conductor, the negative

experience could be seen as unfaiatiment from the experiment conductor.

The mood state category that is tension in POMS, is interchangeable with the anxiety
emotion (see also the discussion in Chapter 3.6.2). However, the anxiety emotion is
somewhat different compared to most other irdiigl emotions. Anxiety (or tension) had

only two appraisal components in its appraisal pattern, namely goal relevance and goal
incongruence, and these two components are always included in all emotions. In a way, the
distinctiveness of this emotion is thiabnly included these two appraisal components. On the
one hand, any emotions that included these two appraisal components are not necessary
anxiety (tension). On the other hand, it also means that all negative emotions are all sharing
the similar natur®f anxiety (tension), i.e. psychological stress or emotional digitegsrus

1991, p. 239)The intensity of the anxiety emotion is dictated by the goal commitment of a
person(Lazarus 1991, p. 99Yhe goal of participants in the three thesis studiestoveslax

and the intensity of emotional distress felt by the participants were directly related to how
committed the participants were to achieving a state of relaxation. The variables detected by
the statistical significance in tension are the goal comants of the participants and the
level of the incongruence of the environmental factors in relation to achieving relaxation. The
goal commitment and the level of incongruence (or congruence) are two sides of the same

coin; where one changes, the other Wallow. Hence, a high rating in tension indicated a
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strong incongruence and high commitment to achieving a goal. The low rating in tension

indicated that the reverse was true.

7.4.2 The precursor emotion

Some moods and emotions may be formed beforgithdil emotions. Most of them are not
emotions per se but moods, as they lack a distinct emotional pattern. These moods or
emotions are always associated with and followed by multiple individual emotions. This type
of mood or emotion is referred in the ltaving discussion as a precursor emotion. The range

of individual emotions that follow a precursor emotion is often fixed as they share similarities
with the precursor emotions. However, which individual emotion would be formed in the end
depends on thetsiation encountered and how the situation was interpreted by the person

who encountered it. In POMS, the precursor emotions are depression and tension.

Depression as a precursor emotion can lead to sadness, anxiety, anger and guilt. Depression,
as discussk in Chapter 3, indicates a helpless situation that is yet to be accepted by the
person. Examples of depression elicited situations in the study of inherently unpleasant
environmental factors such as traffic sound which could not be changed by the goaticip

and yet he/she still believed that there was hope that it might change for the better (such as
traffic sound | evel (Le7b)stgly, heeadgued ¢hdt)short term K| i r
depression is a coping process stemming from the withdrawal of a failed commitment. This
process indicates psychobiological resources have been spent to no avail. Also, Mirowsky
and Ros¢1990)argued in theirtsidy that depression was more likely to occur in people who
preferred to have control over their surrounding regardless of whether the situation was good
or bad. In other words, they were more likely to lose control over situations because not
everything an be controlled. Based on the arguments from both literature, the depression

emotion in the current study indicated that the appraisal of the environment had to be
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incongruence, and that the participants had to spend effort (mental or physical) totbkeange
environment to suit their goal (i.e. relaxation). However, such effort was unfruitful, resulting

in them feeling irreversible loss and hopelessness. In a broad sense, the statistical change
indicated the intensity of the hopelessness felt in an emagatal encounter. However, if
looking into the source of such hopelessness, the statistically significant change in the
depression score indicatecetiimount of effort put into controlling the environment changed
significantly; hence it also indicated thi&elihood that the participants preferred to have

control over the related environment.

Tension is also a precursor emotion. However, tension is a special case in precursor emotions.
As discussed in the last section, tension is also an individual ematloa distinct appraisal

pattern (see also Section 7.4.1). The unigueness of tension as a precursor emotion is also
embodied by tension being an indicator of emotional distress and a part of all negative
emotions, thus drastically enlarging the range mafividual emotion that follows tension

compared to other precursor emotions.

7.4.3 The indicator of cognitive resource spending/requirement

In POMS, three mood state categories are highly associated with the cognitive resource
spending in an appraisal pess: fatigue; vigour; and confusion. The three categories
explains a state but not emotions. The states in discussion are the change of balance between
cognitive resource requirements to appraise an environment and the cognitive resource
possessed by a gan (indicated by changes in vigour and fatigue scores), or the potential of

a significant amount of cognitive resource being spent (indicated by the changing of

confusion scores).
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Confusion as a result of an attempt to appraise environmental factorat@sdec situation

where the factors are not appropriate to its environments. The inappropriateness is different
from the appraisal componentincongruence. The incongruence which is usually found in
negative emotions indicates an environmental factorisanc ongr uence t o one.
inappropriateness, on the other hand, is not an appraisal component and is not a subjective
evaluation of an environmental encounter, but rather explains a situation where a person
cannot make sense of the factor within tdoamtext of the environment in which they dwell.
Hence, confusion is not an emotion, nor does it have a close association with any individual
emotions. How confusion participates in the emotional process is through the two potential
outcomes that follow itThe first outcome is that the confusing situation is dismissed due to

its difficulty in interpretation. The second outcome is that one would commit significantly
more cognitive resources to try to make sense of the environmental factor (compared to when
the factor is in an appropriate environment) that caused the confusion. Thus, a statistically
significant increase in confusion scores indicates an increase in the likelihood of more
cognitive resources having been spent. However, the statistical sigogicannot determine

which one of the two outcomes is more dominant in a population group, it can only indicate
the potential of change in the cognitive resource without guaranteeing such change. Therefore,
confusion cannot be used as the sole indicatoa fchange of cognitive resource; confusion
should be used alongside other indicators such as fatigue and vigour. The importance of
confusion as an indicator lies in its ability to detect the inappropriateness between factors and
its environments. This dliy is rather important when trying to identify the uniqueness or

potential flaws in an environment.

Fatigue and vigour both explain a state of imbalance between the cognitive resource required
to appraise an environment and the among of cognitive respagsessed by a person. A

difference in one is opposite from the other. A fatigue state indicates that the cognitive
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resources required is higher than the cognitive resources possessed by a person, and a vigour
state indicates the opposite. A significatdtistical change in any of the twtates indicates

a shift in the cognitive resource imbalance. A significant increase indicates that the imbalance
is intensified and a significant decrease indicates that the imbalance is lessened. Fatigue and
vigour, dthough representing two states that appear on the opposite ends of the same balance
system, cannot replace each other in the role of indicator for cognitive resource spent. This is
due to people responding to the same environmental encounter differedifferent states;

a change of one does not mean the other will also be affected. The results of this study
showed that peopl eds responses in the two
fatigue score of traffic sound was significantly reduedn combined with either the monk
chanting context or alpine meadow context. This result indicated a reduction in the cognitive
resource requirement to appraise the environments with the contexts. However, there was no
significant change in the vigour sep which indicated the cognitive resource required to
appraise the environment was not affected by the inclusion of contexts. This similar
difference in results was also shown in the fountain sound and context combination (see also

Table 6.4 for the compigon).

Importantly, the cognitive resource spent to appraise an environment is independent of the
emotional reaction that resulted from such appraisal (see also the discussion in Section 7.3).
The value of the indicators of cognitive resource requiremsehat they provide information
regarding the dominancy of factors in an environment. The more the resources required to
appraise a factor, the more likely the factor will attract attention in the environment and thus

become more dominant in the envircemh
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7.5 Applications in urban and architectural design

To apply the results of this thesis in urban and environmental design, one needs to understand
the underlying mechanics of the emotional process. Two key aspects in the appraisal process
must be conslered in relation to the design if the emotional experience is to be taken into
consideration. The goals of users as a crucial drive to form emotion need to be considered
first. I n the design of a space, dhe spacesr 6 s (g C
The function of an environment is usually letermined in the design, meaning that the

goal of users in the space can be predicted. For example, in an office space the goal of the
user is mainly related to work and meetings, and when tyjp@eri can be confirmed that

will take place, the goal can be even more specific. The more dedicated the functions are the
easier is to predict the goals of the users. The second concept is the environment. The word
6environment & h e mentthaewillde consttucted ideoeding ta tha desagm.

In emotional reaction, there has to be a hwumawvironmental relationship, and emotion
essentially is the product that is produced when a person is appraising the environment in
which they dwell in redtion to his/her own goals. As discussed previously, in design, the goal

of a person and the person in question can be predicted by the function of a space and its
dedicated users, and the environment in the heen&ronment is determined by the design
itself. As the design modifies the space so too will the emotional experience in the space
change. Hence, if the way in which people with a certain goal respond to certain types of
environmental factors can be confirmed, the emotional experience of a desighe
anticipated by its designers. With this understanding of the relationship between emotional
process and spatial design, the designing of emotional experience became tangible. In short,
the function of space determines the likely goals of its uaadsthe goal and the anticipated

environment through design together could predict the emotional response of its users.
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The following sections will discuss the potential application of the results for urban and
building design. The discussion is based anhemood or emotional category, each sound
type and environmental context. Each factor is discussed regarding how they assist design

thinking and any potential implementation in the design process.

7.5.1 Application of emotions in design

When consideringaeh emotion or mood that was studied, the goal of implementing them in
design is always to enhance or to reduce their felt intensity to create or avoid a certain

emotional experience.

Anger

Anger is generated when others are blamed for their intentidna atk o n -ideniitg.6 s e g o
To illustrate the consideration of anger in building design, an example of an art gallery is
used here. An art galleryds function is to
visitors are most likely to appreciatadastudy the art pieces. The aim for the art gallery
design should be to avoid any interruption of the appreciation and study of these art pieces,
and an inappropriate design may be considered unresentful to the art pieces (insult to personal
value) and lad to anger. Design considerations include avoiding the strong visual elements
that could distract visitors or inappropriate design elements. The design can more actively
complement the goals of the users, such as providing a narrative guide througjrdspain

to guide the user through spaces such as in an art gallery, or to provide a transitional space
between the different styles of art exhibitions to avoid contradictory emotions between the
two. In the context of anger, designers should also beeatvat the design would not only be
reflected in the immediate experience of users but also have social and political influence. As

discussed in Section 7.4.1, in an environment lacking any clear person to blame, anger can be
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directed to the organisationr csystems that manage the environment (such as the

management team or designer of a building).

Tension (Anxiety)

Tension (anxiety) is a good indicator of goal commitment and emotional distress. If the
tension score (anxiety) is high other negative emotions are likely to follow. This means that
when designing a space, it is often better to avoid the creation ofrtems@nxiety. The
intensity of the tension increases with pe
designated function should carefully avoid introducing design elements that could be
interpreted as an interruption for the space to fulfil its functinra functional space like a

theatre, reverberation time of the hall, viewpoint to the stage from the seating positions, and
visual aesthetic of the interior should all be designed to serve the goal of watching
performances instead of against it. Howewes er s 6 goal s are more va
predict in some muHiunctional spaces or space with weak functionality, such as a city
square and an urban park. This makes avoiding the emotional distress caused by
environmental factors more difficult to ldieve. A better idea would be to distract rather than

directly counter the undesirable effect. Similar ideas have already been intensively studied in
soundscapé sound maskingJeon et al., 2008; Axelsson et al., 2014; Hao et al., 201%)
effectiveness of distraction can also be seen in this study, where the monk chanting context
successfully distracted the attention from traffic soundjltieg in a significant reduction in

tension together with other negative emotions such as anger and depressive emotions (see

also Table @).
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Depression

Depressive emotions result from an appraisal of an environment usually based on the past
experiencef an individual, societyvide ideology or collective experience alike. These
experiences are associated with certain environmental factors and may be triggered when
observed. The experiences based on common ideology and collective experience can be
avoida or elicited through design. An example is the Jewish Museum in Berlin, designed to
elicit collective memory through the design of the space. However, depressive emotions can
be triggered through environmental factors associated with individual experithateare

almost impossible to control.

Confusion Fatigue and Vigour

Confusion, as discussed in Sectioné3and 7.4.3, is not an emotion, but rather indicates

that the inappropriateness exists in an environment and may cause the observers to spend a
significant amount of cognitive resource to apprise it. Hence its value lies with its ability to
identify inappropriate environmental factors from a given environment. This is invaluable in
the survey stage of the design process. Identified factors mayhheoen or reduced in their

ability to attract attention through the design to achieve the goals of a project. For example, if
the environment is designed to suit the function of relaxation, any factor that could confuse
the users is undesirable. This icaese it increases the potential of the users spending a large

amount of cognitive resource, contradicting the ideas of relaxing and recovering.

Fatigue and vigour each represent an imbalanced state between the cognitive resource
required to appraise an\@ronment and the cognitive resources possessed by an individual.
This makes both of them good indicators to identify changes in cognitive resource

spending/requirements. They are also good indicators for the dominancy of an environmental
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factor in the envonment (see also Section 7.4.3). Their application in the design process is
similar to confusion, which makes them useful to identify environmental factors that attract
more attention than others in the early stage of a design. However, all threeonsdicat
(confusion, fatigue and vigour) rely on a survey which may not be possible depending on the
circumstances of a design project. Therefore, they all rely more heavily on established study

results than other moods or emotional categories do.

The applicatbn of emotions and mood categories by themselves is limited in providing a
theoretical foundation and broad strategical guidance in design decisions. Without a
combination of established studies and laboratory results, it is difficult to decide whether or
not an environmental factor is beneficial to the design of a space. The next section and the
one that follows discuss the individual environmental factors examined in the studies in this

thesis.

7.5.2 Application of sound types in design

Street music

Based on the results of the first and second studies, street music (fast tempo popular music)
was concluded to have a low association with the negative mood and emotion categories of
anger, tension, and depression. This conclusion alone proved thatltis®omof fast tempo
popular music as part of the environmental design was less likely to elicit negative emotions,
due to its low association with emotional distress (indicated by low association with tension).
The comparative results between the firatlgtwith the second and third studies showed that
music does have a positive effect in reducing negative mood and emotions (anger, tension
and depression). However, this effect was most effective if the fast tempo popular music is

performed live rather timbeing replayed through recording because live performance is
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more eventful than a recorded one (see the discussion in Section 7.1.1). The reduction effect
of the recorded music (in the second and third studies) on negative emotions was very
insignificantwhen combined with more eventful sounds such as traffic sound and high flow

rate fountain sound. Hence, recorded music is not recommended to be used to reduce
negative emotional experiences if the negative emotional response comes from a more
eventful soud. Live performance music, on the other hand, is very effective in reducing

negative emotional experiences and distracting attention from the sounds that caused the

negative emotions.

The results from the third study showed that introducing differentegtmto fast tempo
popular music (recorded) did not significantly affect emotional outcomes, indicating that
recorded music (fast tempo popular) does not appear to take dominance over other
environmental factors. This agrees with the previous notion likantlusion of this type of

music in environmental design is unlikely to inducing negative emotional experience in the
worst case. However, as noted in this thesis, only this particular type of music has been tested,
the application of the same conclusampplied to other types of music needs further study.
The goals of the perceiver also need to be reconsidered if the function of the designing space
is not for relaxation. Participants in the three studies had the same aim at relaxation, which
was crucialto how the fast tempo popular music was appraised. Particularly in the monk
chanting context, from the perspective of the participants in the laboratory (or tourists visiting
the temple), the music might seem appropriate to the context. However, iferedsfcom

the perspective of the monks, the recorded music was more likely to be intrusive or annoying
as it was incongruent with the goal of the monks, namely to meditate and practise through

chanting.
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The last application benefit related to street musas that the fast tempo street music
required a low cognitive resource to appraise, especially when compared to the eventful
sounds such as traffic and fountains sounds. Its relatively low requirement in the cognitive
resource was also shown to be truerewhen the music was performed lively (as in the first
study, confusion and fatigue reduced with
cognitive resource requirement for appraisal indicated that music was also a good option if a

design aimed tbave low mental constraints on its users.

Traffic sound

The second and the third studies concluded that traffic sound was likely to elicit emotional
distress (tension) and annoyance (mild anger). The high association with anger and tension
indicated that raffic sound was highly incongruent to the goal of relaxation. The high
association with anger and tension only appeared in the indoor (laboratory) environment but
not in the outdoor urban environment (city pedestrian). This indicated that in a more
appropiate environmental context the less dominant position of traffic sound (less eventful),
also reduced its effect on anger and tension (see also the discussion in Chapter 4). All results
from the studies indicated that traffic sounds were likely to produbarmful emotional
experience, with the best scenario to have no emotional effect at all. This indicated that traffic

sound should be prevented or reduced whenever possible.

For the application of controlling sound in urban and architectural designthéss has
shown that the direct approach of building physical barriers to block traffic sound is not the
only solution. The thesis showed that introducing eventful and irrelevant environmental
factors is a good way to reduce the negative emotional effersted by the appraisal of the
traffic sound. In the third study, when the monk chanting or alpine meadow contexts were

introduced to the traffic sound, both contexts showed a different degree of effectiveness in
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reducing the negative emotion scores. Baghtexts were different from the original context

of the traffic sound, in other words, they were inappropriate when combined with traffic
sound. Out of the two contexts, monk chanting was the more eventful of the two, which also
had a more significant ef€t in reducing negative emotion ratings between the two contexts

(see also Table 5).

There was also the potential to cause confusion and increase cognitive resource requirements
to appraise an environment when adding traffic sound to an acousticatipleco
environment containing other dominant (eventful) sounds. In the second study, the sound clip
combining traffic sound, fountain sound and street music was shown to have significantly
higher confusion and fatigue scores, indicating that people in alesrenvironment with
multiple dominant or eventful sounds (in this case fountain sound and traffic sound) were
more | ikely to exhaust their cognitive reso
result showed that in the application of spatial giesivhen considering how to distract
attention from traffic sounds through introducing other factors, eventful sound may not be the
best option. The designer should instead consider-anoaostical solutions, such as
introducing vibrant (eventful) visual eteents to the environment as part of the environmental
context, or mixed methods, such as introducing a physical barrier to reduce sound levels and
to reduce the dominance of traffic sound while introducing other eventful sounds to produce a
pleasant emotimal experience. This way only singular sound remains as dominant sound in

the environment.

Fountain sound

The fountain sound in the studies had low variant and high flow rates, which was proved to
be unpleasant in past studiggiisten Ekman et al., 2015)t was found that the fountain

soundds effect on emotion was similar to t he
267



terms of a highassociation with anger and tension that were also likely to cause confusion
and increase cognitive resource requirements to appraise an environment when the
environment is complex acoustically. This similarity means that the same design strategy
applicableto the traffic sound could also be applied to the low variant high-fédesfountain

sound (i.e. distract attention from the fountain sound by introducing other dominant
environmental elements). However, a similar strategy is almost unecessary, diftaretite

traffic sound, the water sound from the water features in most cases are controllable.
Therefore, the application of water sound should focus on utilising the positive emotional
effect from a high variation water soug&alstenEkman, Lundé & Nilsson, 2015)such as

a water feature with slowly flowing water dropping fronffelient heights or fountains that

changes pressure.

7.6.3 Application of contexts in design

Contexts by themselves are a mixture of environmental factors. The contexts that were
explored in the third study of this thesis were combined with visual (pHdteeasite) and

sound environments (with multiple sound types and one dominant sound). The contexts were
each treated as one factor when discussed in terms of their application in design, resulting in
the discussion of the application leaning more towardgneral strategical guidance of the

design context as a whole than for any specific contexts.

Temple courtyard

The temple courtyard context consisted of a still scene of the courtyard (see also Figure 6.2
for the photo), bird songs (relative consistent and dominant within the context) and the
occasional human voice and walking sounds. The temple courtyard didhfhance

emotional outcomes (i.e. anger, tension and depression) when combined with the three urban
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sounds (i.e. street music, traffic sound and fountain sound). The only effect observed was the
reduction in confusion and the cognitive resources spenpdmize when the context was
combined with the fountain sound (see also the results in Table 6.4). This indicated that the
sound of fountains was appropriate in the temple context. Thesgigroficant results mean

that contexts with uneventful environmahfactors were unsuitable to be used as a design
strategy to alter the emotional experiences of existing environments. However, introducing
such context may reduce the cognitive resource requirement to appraise an environment if the

contexts and existingnvironmental factors are appropriate to each other.

Monk Chanting

The monk chanting contexts consisted of a still scene of a temple interior (see also Figure 6.2
for the photo), monksd chanting sound and oc
an eventful encounter by the sound alone, as it shared similarities to a live performance in
terms of its ability to attract attention. Eventfulness was considered here as the most effective
way (out of the three) to alter the emotional experience (sed¢hagesults in Table 6.4). The

results indicated that the environmental context with any eventful activity could drastically

alter the emotional experience of an environment through distraction, for example, in a space

with undesirable environmental facs with negative influence on emotions, such as an urban

square with traffic sound. The designer could also consider including landscape design such

as a small area with semanclosed hedges to encourage activity such as street performance to

take place.

Alpine meadow

The alpine meadow context used in the third study (Chapter 6) consisted of a still projection

picture of grassy plains of mountain ranges (see also Figure 6.2 for the photo) and consistent

269



insect sounds. The alpine meadow context was not &eentful and the environmental
factors contained were all natenelated. It caused a reduction in the anger experienced in
traffic (see also the results in Table 6.4). This was likely caused by the pleasantness of the
natural environment. A numbers otidies have shown the same phenomenon indicating that
natural sound was perceived as positive and had a good recovery@sigfoeld et al., 2014;
Mackrill et al., 2014; Yang & Kang, 2005a, 2005Bdding the insect sound in the alpine
meadow prowed a continuous sound with variations, and this was more consistent and
eventful compared to the bird song in the temple courtyard. Hence, despite the dominance of
traffic sound, the alpine meadow context still managed to attract some attention away from

the context.

Summary

To summarise, the eventfulness of the environmental factors within a context dictated the
effectiveness of its ability to alter the emotional experience. Whether the effect was positive
(decreased negative emotion or increased pesémotion) or negative (increased negative
emotion or decreased positive emotion) depended on the inherent nature of the environmental
factors themselves. Additionally, if an environmental factor was appropriate to its contexts,
the cognitive resource raged to appraise such a factor would likely be reduced. In terms of
application in design strategies, designers are encouraged to create a spatial environment to
include eventful and positively appraised design elements if the site inherently contains
undesirable factors likely to produce a negative emotional experience. The design should also

maintain the space as integrated as possible to avoid mental fatigue and confusion to its users.
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Chapter 8: Conclusion and future work
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8.1 Conclusions anctontributions

This thesis attempts to further the understanding of the effect of the soundscape on emotional
responses, mor e specifically t he i nfluence
i ndividual 6s mood, emot i on observe@d and exanuned d cat
number of factors and their ability to influence moods, emotions or emotional categories
within the context of soundscape research. These factors include: (a) sound types, specifically
street music, fountain sound and traffic sgur{) weather conditions, specifically
temperature and daylight; (c) the environmental contexts composed of visual and audio
stimuli, including a temple courtyard context, a monk chanting context and an alpine meadow
context; and (d) a major demographictta such as gender. The mood, emotion and
emotional categories examined together with the soundscape factors are anger, tension,
depression, confusion, fatigue and vigour. This thesis started with a case study observing and
examining the factors in an-situ urban environment. The focus of the case study was to
observe how the inhabitants of an urban environment respond to its environmental factors
emotionally in their natural state. The environmental factors that were found to be significant

or could hae a potentially significant effect on emotional responses in the case study
(chapter 4) were then further examined through two subsequent laboratory studies (Chapters

5 and 6). The findings and conclusion of the studies are as follow.

8.1.1 The effect ofhie soundscape of urban public space on emotional responses

The initial in-situ case study confirms that different sound types and environmental contexts
had significant and different effects on individual mood, emotions or emotional categories.
Three domiant sound$ street music (popular music), fountain sound (high ftate) and

traffic soundi was observed and examined in terms of their effect on emotional response.
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Two out of the three dominant sounds showed different degrees of effect on thevstuaidi

mood, emotion and emotional categories.

Street music was shown to be the most effective sound types in influencing emotional
outcomes, where anger, tension, depression, confusion and fatigue were all significantly
reduced in the presence of stremisic. This significance was later proven to be due to the
music being performed live rather than via a recorded replay. The higkrdtewiountain

sound was less effective in terms of influencing emotional outcomes compared to the street
music. The sigriicant effect of fountain sound was shown via the increased fatigue rating. As
fatigue is not an emotion but a state that is ematdaied, the reduction of fatigue indicates
that the listeners of the fountain sound (weariant high flow rate) is morakely to be
exhausted cognitively. The traffic sound was the only dominant sound that did not show a
significant effect on emotional responses. This insignificance was later found to be the result
of appropriateness between traffic sound and urban conteatéactor (such as traffic sound)

is appropriate with their contexts, the effect of the factors on the emotional response is

significantly reduced.

The case study has shown that if no dramatic change in temperature and daylight occurs in a
short periodof time, the emotional response to the urban environment is not significantly
affected. This indicates that emotionally, people are insensitive to the subtle changes in the

weather condition, hence they are unable to appraise the change.

The visual contets were found to have a significant influence on emotional response in the
case study, specifically two visual factors: thedceam van was shown to reduce depression,
tension, confusion and fatigue while increasing vigour, whereas the street vendbrowas

to reduce tension, confusion and fatigue.

273



The overall result of the case study shows that the sound types and environmental context are
the main factors in an acoustic environment that had a significant influence on emotional
responses. This was ewaed in the controlled environment of the laboratory in the second

and third studies, respectively.

8.1.2 The effect of sound types on emotional response in an urban context

The first laboratory study tried to answer this research question, which famuss@mining

the three dominant sound types (i.e. street music, traffic sound and fountain sound) and their
effect on emotional response in a controlled environment. The context of the urban
environment is simulated through the static image projectiorrb@Enuphotos and a similar

reverberation time was recreated in the laboratory setting.

The laboratory study observed that the significant effect on emotional outcome in the
presence of the street music was not the effect of street music but due to tioe abbsther

sound types. In other words, street music showed no significant effect on emotional responses.
This difference between the results of the laboratory arsituncase studies indicates that a
major difference exists between the two studiess Tifference is the result of the way that
street music was presented. The live performed music in ts&uirstudy showednore
effectiveness than the recorded replay of the same music in the laboratory. The major
difference between a live performance and recorded music is its dominancy in their
respective environments. As live music is more likely to attract attention, saltablikely

become the focus of the appraisal process and hence, the more likely that its effect on

emotional outcomes will be shown.

A similar difference between the-situ study and the laboratory study was also observed for

traffic sound and founia sound. The traffic sound was found to be insignificant in

274



influencing the emotional response in the-situ study, showing a significant positive
correlation with anger and tension. The fountain sound, which was found to have a positive
correlation withthe noremotion fatigue in the #situ study, showing a significant positive
correlation with anger and tension. The difference between the two studies, then, is that of
context. In the irsitu case study, both fountain sound and traffic sound are mprepajate

to its environment than it was in the laboratory setting, despite the attempt to simulate the
urban environment in the laboratory. It was concluded that if environmental factors such as
sound and its context are appropriate to each other, tbet eff the factors on emotional

response are reduced due to its reduced eventfulness.

Overall, it was concluded that street music has a low association with anger and tension
emotions whereas traffic sound and fountain sound have a high associationgeitraad

tension emotions. The effectiveness of each sound type on emotional response is largely
dependent on its eventfulness (or dominancy) in an environment. Further, the eventfulness

can be affected by the environmental contexts and presentationsofutings.

8.1.3 The effect of environmental contexts on emotional responses

For the examination of contexts, three aoban contexts (the temple courtyard, monk
chanting and the alpine meadow) were selected and combined with the three urban sounds
(the steet music, the traffic sound and the fountain sound). The results showed that-the non

urban contexts had different effects on emotional responses towards the urban sounds.

The monk chanting context was the most impactful context in emotional responsetee
eventfulness of the chanting sound and because the context is the most inappropriate when
combined with the traffic and fountain sound. The monk chanting context reduced the anger,

tension, depression, confusion and fatigaéngs in the appraisabf traffic sound and
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reduced the anger and depression rating in the appraisal of fountain sound. The next less
impactful context was the alpine meadow context, due to its composition of less eventful
natural environmental factors (continuous insect sowml] sound and visual of an alpine
meadow). The alpine meadow context only reduced the anger and fatigue rating in the
appraisal of traffic sound and reduced the confusion rating in the appraisal of fountain sound.
The only emotion affected by the alpineadlow was anger, where confusion and fatigue are
both indicators of cognitive resource spending but not emotion. The contexts that were not
impactful in the emotional response is the temple courtyard context. This context only
consists of frequent but narontinuous bird song, occasional human sounds and a visual of
the courtyard, none of which is eventful. The only effect of the temple courtyard was
reducing the confusion and fatigue ratings in the appraisal of fountain sound, and as
mentioned previouslyyeither of the two categories is an emotion. Additionally, the appraisal

of street music was not affected by any of the contexts. This was because the music had a low
association with the negative emotions of
reduction effect on these emotions was insignificant. Furthermore, due to the nature of the
music, none of the contexts were inappropriate when combined with street music, which also

significantly decreased the contextual effect on emotional response.

The overall conclusion is that the eventfulness of a context mostly dictates its effectiveness in
affecting emotional response. When considering how it influences the appraisal of other

environmental factors such as sound, the increase of appropriatenessrbitte context and

environment al factors would reduce the conte

276



8.1.4 Other findings

Gender

The gender difference was found to affect when someone appraised an acoustic environment.
In general, the femalgender was more resilient to negative emotions specifically anger,

tension and depression. However, the results also suggest that this resilience has a threshold,
as the effect of the factors on emotional responses move beyond such a threshold, females

beamme significantly more susceptible to negative emotions than males.

Cognitive resource and eventfulness

The thesis found that the focus of attention of the perceivers determines whether a factor(s) is
being appraised in an environment. Emotion is produtedugh the appraisal of an
environment or environmental factors against the perceiver's goal. If the attention of a
perceiver shifts from one factor to another, it is most likely the emotional response that
follows the appraisal process that also changésether or not attention is being focused on

a factor is determined by the dominant position (or eventfulness) of such a factor in its
environment. The more dominant position a factor has in an environment the more likely it
becomes the focus of an app&diprocess. This also means that the less dominant factors and

the potential emotional reaction it produced are likely to be ignored.

8.2 Future works

8.2.1 Expanding the variety in research in emotional categories and soundscape factors

This thesis hasttemptedto integrate the appraisal theory of emotion into the field of

soundscape studie¥he results have shown potential in the implementation of appraisal

277



theory and the possibility of interpreting emotional responses in soundscape through the
theory. However, the validity of implementing the appraisal theory may require further
exploration (such as cross examination with standardised soundscape research riéiods).
small number of soundscape factors and emotional categories used in the thels@mvhas s
that appraisal theory is a reliable way to examine emotional categories. However, more
emotional categories and soundscape factors should be examined for a more complete
understanding of humaenvironment relationships. The hurramvironment relatiorigp is

the foundation of appraisal theory and emotional responses. It is rather difficult to fully
explore each potential pair of humanvironment relationships; as the goal of the individual
changes so too does the related huweravironment relationshigthis thesis initiates a good

start in exploring a systematic understanding of emotional responses in soundscapes. Based

on this, the more emotional responses of other soundscape factors should be examined.

In terms of emotional categories, the emotioratkegories that were included in the thesis

serve the function of a tool to examine and attempt to integrate appraisal theory into
soundscape studies. Hence, the variety of the emotional categories included was not
important to such an objective. Howevegna varieties of distinct emotions that could be the

potential outcomes of appraising an acoustic environment should be explored in future
studies. For example, the positive emotions that were absent in this study. The inclusion of
more emotional categoselso means the need for new questionnaires suitable to observe the

respective emotional changes; therefore this also needs to be developed in future studies.

In future studies, the inclusion of emotional categories and soundscape factors should be
seleced in consideration with the function of the space being studied. The function of space

determines the primary goals of its user and the goal of the individual would determine how
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an environmental encounter is being appraised. Hence, the function of vepaick also

influence the potential emotional outcome that could be produced in such a space.

8.2.2 Soundscape and cognitive resource

The thesis used confusion, fatigue and vigour as indicators for the changing of cognitive
resource requirements/spendingidg the emotion forming (the appraisal) process. Changes
in cognitive resource requirement when appraising an environment has helped to identify the
dominancy of the soundscape factors examined in the thesis. However, there remains
uncertainty when it coss to when cognitive resource are being viewed as a

psychophysiological function.

An individual's possession of cognitive resources cannot be infinite, as proved by the
existence of the fatigued state. Subsequently, the following questions arise: howncard s
cognitive resource recover, after spending cognitive resources to appraise an environment;
under what condition(s) can an individual recover their cognitive resources? This thesis has
assumed that the cognitive resource would recover automaticaby &hperson is not
appraising anything such as when sleeping. This assumption is logical on paper, however, is
it truly possible for anyone to not appraise their environment at all during a conscious state?
't i s safe to assume has alanit. B itis unslearchongmuchtthisv e
limit differs between individuals, how individual differences influence their cognitive

resource repository and whether this repository fluctuates under different situations.

The thesis also discussed thateth dimensions that could influence the requirement to
appraise an environmental factor. They aredahentfulnessthe qualitative nature,and the
appropriatenesdo its environment. However, it is uncertain how much each dimension

would dominate the cogive resource required to appraise an environmental factor. Can one
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of the dimensions explain more percentage of the requirement more fully than the other two?
More importantly, can the cognitive resource requirement be quantified and predicted

through tte three dimensions?

Overall, cognitive resource spending/requirement is crucial in the study of emotions and
soundscapes, as to a large degree it dictates whether or not an environmental factor (such as
sound) would be appraised by the perceiver. Morerdustudy would be required to fully

understand how cognitive resources function as a system.

8.2.3 Distraction of soundscape factors in complex situations

This thesis discovered and discussed the change of emotional responses caused by the
distraction effet from acoustic factors. The more dominant and eventful soundscape factors
distracted attention away from less dominant factors. However, the acoustic environments
examined in the thesis are relatively simple in terms of their composition of stimulitfwith

to three sounds). Without further study, it is unclear how the distraction effect is going to
function under more complex acoustic environments. It is more than likely that the attention
would be split between multiple stimuli. It would be ideal fatufe studies to work towards
developing a model that could quantify the attention that is shared among stimuli in a given
environment and how the emotional response is going to be affected by each potential

outcome of the distribution of attention.
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Appendix A:

Profile of Mood States questionnaire (First study, Chapter 4)

Feeling Not at all < > Extremely
1 |Friendly 1 2 4 5 6
2 |Tense 1 2 3 4 5 6
3 |Angry 1 2 3 4 5 6
4 |Worn Out 1 2 3 4 5 5
5 |Unhappy 1 2 3 4 5 6
6 |[Clear-headed 1 2 3 4 5 5
7 |Lively 1 2 3 4 5 £
8 |Confused 1 2 3 4 5 5
9 |Sorry for Things done 1 2 3 4 5 6
10 |[shaky 1 2 3 4 5 6
11 |Listless 1 2 3 4 5 6
12 |peeved 1 2 3 4 5 5
13 |Considerate 1 2 3 4 5 6
14 [sad il 2 3 4 5 .
15 |Activity 1 2 3 4 5 6
16 |On edge 1 2 3 4 5 6
17 |Grouchy 1 2 3 4 5 6
18 |Blue 1 2 3 4 5 6
19 |Activity 1 2 3 4 5 6
20 |Panicky 1 2 3 4 5 5
21 |Hopeless 1 2 3 4 5 6
22 |Relaxed 1 2 3 4 5 6
23 |Unworthy 1 2 3 4 5 6
24 |Spiteful 1 2 3 4 5 6
25 |Sympathetic 1 2 3 4 5 6
26 |Uneasy 1 2 3 4 5 6
27 |Restless 1 2 3 4 5 6
28 |Unable to Concentrate 1 z 3 & 5 6
29 |Fatigued 1 2 3 4 5 6
30 |Helpful 1 2 3 4 5 6
31 |Annoyed 1 2 3 4 5 6
32 |Discouraged 1 2 3 4 5 6
33 |Resentful 1 2 3 4 5 6
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Good-Natured

Rebellious

65 |Bushed 1 2 3 4 5 6
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Appendix B1:
Profile of Mood States (POMS) questionnaire with open questions. Used in both pilot test 1
and the main experiment of the second study (Chapter 5). This is the base used for translation

into Chinese in the main experiment.

Gender Age
Feeling Not at all € > Extremely

1 |Friendly 1 2 3 4 5 6
2 |[Tense 1 2 3 4 =

3 |Angry 1 2 3 4 5 6
4 |Worn Out 1 2 3 4 5 6
g |unbappy 1 2 3 4 5 6
6 |Clear-headed 1 2 3 4 5 6
7 |Lively 1 2 3 4 5 &
8 |Confused 1 2 g 4 5 6
9 |Sorry for Things done 1 2 3 4 5 6
10 |shaky 1 2 3 4 5 5
11 |Listless 1 2 3 4 5 6
12 |peeved 1 2 3 4 5 z
13 |Considerate 1 2 3 4 5 6
14 |Sad 1 2 3 4 5 6
15 |Active 1 2 3 4 5 6
16 |On edge 1 2 3 4 5 6
17 |Grouchy 1 2 3 4 5 6
18 |Blue 1 2 3 4 5 6
19 |Active 1 2 3 4 5 6
20 |Panicky 1 2 3 4 5 6
21 |Hopeless 1 2 3 4 5 6
22 |Relaxed 1 2 3 4 5 6
23 |Unworthy 1 2 3 4 5 6
24 |Spiteful 1 2 3 4 5 6
25 |Sympathetic 1 2 3 4 5 6
26 |Uneasy 1 2 3 4 5 5
27 |Restless 1 2 3 4 5 6
28 |Unable to Concentrate 1 2 3 4 5 6
29 |Fatigued 1 2 3 4 5 6
30 |Helpful 1 2 3 4 5 6
31 |Annoyed 1 2 3 4 5 6
32 [Discouraged 1 2 3 4 5 6
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33 |Resentful 1 2 3 4 5 6

65 |Bushed 1 2 3 4 5 6
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During the experiment session, is there anything attract your attention, even for a brief moment?

During the experiment session, is there anything on your mind?
If so, could you summarise in a few words? (e.g. work related)

Date|
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Appendix B2:

Profile of Mood States (POMS) questionnaire with open questions. Used in both pilot test 1

and the main experiment of the second study (Chapter 5), in Chinese as in the experiment.
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