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INTRODUCTION

ABSTRACT

The research examines studies about the process of spatial experience and highlights aural
interactions. In this sense, the goal is to assess and describe the expanding corpus of literature in
the field of sound and spatial experience and to provide a framework for further investigation.
Key concepts and themes that emerge at the intersection of space, sound, and experience are
examined through a comprehensive review. Bibliometric research techniques are applied with
a methodological framework in accordance with the process of detecting themes. Web of
Science database was used as the raw data source, and scientific mapping and analysis of the
obtained data was performed using VOSviewer. PRISMA guidelines were utilized for the study’s
document selection, and reporting processes.

Systematic scanning and selection processes resulted in the collection of 416 documents.
The procedure of detecting themes led to the identification of 13 major themes and 136 key
concepts that emerged. Essentially, it was discovered that the "soundscape" was the most
significant concept and theme in the field of study. Furthermore, assessments and inferences
were conducted on all other key concepts and themes. The major components of the field,
concentrated areas, and potential development areas have been discovered through the analysis
of conceptual relationship networks.

The findings will provide future researchers an opportunity to comprehend how the research
field has developed, as well as a chance to learn more about new potential fields of study and
enhance their research.

Cite this article as: Cekmecelioglu, E., & Polatoglu, C. (2024). A systematic approach to sound and
spatial experience studies: Detection of the key concepts and themes. Megaron, 19(2), 138-151.

Levin, 1993; Posner et al., 1976; Spence, 2020). The "eye-
centric paradigm" manifests the superiority ascribed to

How do we experience our environment? This question has
long been one of the most important ones in environmental
studies. To address this and raise concerns about the
mechanisms underlying spatial experience, the senses were
organized in a hierarchy, with vision generally recognized
as the superior sense (Clouten, 1973; Hutmacher, 2019;
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vision in architectural culture. This method, which peaked
with modernist philosophy, aimed to design the space in the
logic of machine aesthetics based on a utilitarian system,
ignoring the physical and psychological connections of
humans with the space (Bille & Serensen, 2018; Pallasmaa,
2005; Rybczynski, 2001; Williams, 1980).
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However, the users experience the space in an interactive
and responsive way with their entire body rather than de-
veloping a one-dimensional relationship with it based on
the mind's vision. This interaction results from the user's
relationship with the environment via all sense mechanisms
(Merleau-Ponty, 1968; Pallasmaa, 2005; Puderbaugh, 1967).
Especially the aural features of space play a vital role in the
experiential identity since they go far beyond serving as a
simple, neutral background (Sheridan & Van Lengen, 2003).

Similar questions have always existed in concepts about the
experience of space, and the role of sound in the processes
of spatial experience has long garnered attention. Pythago-
ras is credited with using the concepts of harmonic music in
his spatial reasoning as early as the fifth century BC (Long,
2006; Pallasmaa, 2017). These concepts are supported at this
time period by ancient structures like Greek amphitheaters
and whispering galleries (Sheridan & Van Lengen, 2003).
In the Middle Ages, the stern and echoing interiors of mon-
asteries and cathedrals expressed notions about approaches
to auditory experience (Rasmussen, 1964). The Renaissance
brought about more systematic ideas about how geometry
affects how sound travels across space, and later on, this
system became apparent in concert halls (Forsyth, 1985).
With Sabine's acoustic theory, this interaction was con-
ceptually named for the first time in 1895, and it thereafter
started to emerge in the literature (Sabine, 1906; Sheridan
& Van Lengen, 2003). With the exception of the Philips Pa-
vilion, this strategy did not receive much support within
the eye-centric paradigm of the modernist era (Xenakis &
Kanach, 2008). Since the advent of acoustic science, the lit-
erature has started to reflect a greater variety of methods.
The term "soundscape,” initially introduced by Southworth
in 1967 and then systematized by Schafer, is described as
the acoustic environment that humans experience in con-
text (Kang et al., 2016; Schafer, 1994; Southworth, 1967).
The International Standardization Organization (ISO)
standardized this concept in 2014, and it is still referenced
in the literature today (ISO, 2014). Another modern con-
ceptual concept is called "Aural Architecture," which came
into being after the 2000s and is defined as architecture that
expresses the characteristics of a place that can be experi-
enced by hearing (Blesser & Salter, 2007).

It is observed that there are few research studies in the field
that comprehensively and methodically review this liter-
ature. Zhang & Kang (2007) conducted a non-systematic
literature review focusing on the concept of soundscape in
urban open spaces and systematized the factors affecting it.
Brown (2011) provided a quick overview of the methodolo-
gies as well as an explanation of the fundamental terms and
concepts related to soundscape and soundscape planning.
Fowler (2013) questioned the concepts related to sound and
aurality within architecture and sound design approaches,
briefly introduced some prominent approaches in the lit-
erature, and evaluated them mutually in the context of in-

stallations. Again, Fowler (2015) discussed the interaction
of space and sound studies and architectural design pro-
cesses and compared the leading theories in the literature.
The argument made in the paper is that by integrating these
methodologies into the architectural design processes, the
experience potential of the space will grow. A review by Bild
et al. (2016) examined several perspectives on user interac-
tion and the auditory environment in public spaces using
a non-systematic literature review methodology. Aletta et
al. (2016) analyzed the soundscape descriptors in the liter-
ature and offered a conceptual framework for creating pre-
dictive models. Ma et al. (2018) reviewed studies that used
a systematic approach to evaluate the human perceptual di-
mensions of sound. They identified perceptual dimensions
that are included in the studies and referred to the gener-
al judgment of a person. Erfanian et al. (2019) examined
the physio-psychological measurement parameters used in
soundscape studies with a systematic review. It revealed the
trends of the parameters used in the studies. In a systematic
review of soundscape prediction model techniques, Lio-
nello et al. (2020) compared various modeling approaches
and conducted content analysis on 22 publications. Li &
Lau (2020) carried out a systematic literature review to in-
vestigate the impacts of audio-visual interaction on sound-
scape evaluation, design, and noise control. They analyzed
and categorized the publications in the field for their study,
which resulted in a paper that can be used as a manual for
other studies. A systematic literature analysis by Yang &
Jeon (2020) analyzed the effects of building envelope ele-
ments in the urban acoustic environment and drew con-
clusions about building envelope design strategies. With a
systematic review, Engel et al. (2021) identified the usage of
psychoacoustic parameters in soundscape studies from the
previous ten years as well as broader trends in the area. Pel-
legatti et al. (2023) carried out a systematic literature review
on the connection between ventilation system-related nois-
es and students' acoustic comfort by concentrating on the
indoor soundscape of classrooms. Kang (2023) reviewed
and highlighted the most recent advancements and discov-
eries in the field of soundscape with all of its different facets.

The majority of the research under consideration had a ba-
sic methodology and worked under constrained parame-
ters. Few current studies apply bibliometric techniques in
a systematic way. However, none of these studies examined
the field as a whole, identified the key concepts in the field
and the thematic areas they developed, or documented the
current condition of the field from this perspective at the
time of the study. Therefore, a systematic literature review
that considers all approaches emerging at the intersection
of space-experience-sound will provide valuable potential
for the field. To achieve this, the study uses bibliometric
analysis techniques to conduct a systematic and compre-
hensive review of the literature that is forming at the nexus
of sound, space, and experience. The field's emerging con-
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cepts and themes they generate are recognized, and their
potential for further research is evaluated. Finding concep-
tual linkages within the field allows us to deduce probable
development areas and areas of concentration. The study's
evaluation procedures made it possible to pinpoint key con-
cepts and themes within the context of sound and spatial
experience, identify current trends, and identify new, perti-
nent research areas for future studies.

MATERIALS AND METHODS

Research Questions
The study is shaped in line with two main research questions:

« What key concepts emerge in sound and space experience
studies and the thematic areas created by these con-
cepts?

» Which themes have studies focused on over time in rela-
tion to sound and spatial experience? What is the dis-
tribution of these themes in the literature? Which con-
cepts and themes are newer and more open to research?

The primary research question aims to investigate the place
of sound and auditory in the user's spatial experience pro-
cesses, and especially to explore the concepts and themes
emerging in this field. The second question aims to evalu-
ate the key concepts and themes that emerge, explore their
distribution in the literature and relations between them,
and thus derive implications for the future provision of the
study field.

Methodological Structure: Detection of Themes

The term bibliometrics was first used by Pritchard (1969)
and is defined as the science that aims to quantitatively eval-
uate academic outcomes developed in a field. It discusses
several quantitative techniques for analyzing and evaluating
texts and information, particularly those stored in large bib-
liographic data sets. In recent years, bibliometric research
methods have also been widely used in the disciplines of ar-
chitecture and built environment research (Bild et al., 2016;
Engel et al,, 2021; Erfanian et al., 2019; Ganbat et al., 2018;
H.Li&Lau, 2020; X. Lietal., 2017; Y. Li et al., 2018; Lionello
et al., 2020; Xue et al., 2018; Zhao et al., 2018).

A structured approach based on the bibliometric tech-
niques was developed to address the study's research goals.
First, in order to identify the concepts and themes that ad-
dress the processes of sound and spatial experience, a sys-
tem based on the "process of detecting themes" proposed
by Cobo et al. (2011a) was planned. The study proposed a
five-step process in order to detect and visualize the con-
ceptual particular themes or general thematic areas in a re-
search field. Thus, it allows us to quantify the importance of
themes and thematic areas within a field of study, and their
contribution to the field:

1. Collection of raw data: The process of obtaining raw
data sets by scanning in databases.

2. Selection of the type of item to analyze: The process of
descoping raw data based on filters such as journals, ar-
ticles, authors, descriptive terms, or words and obtain-
ing an appropriate dataset.

3. Extraction of relevant information from the raw data:
At this stage, the co-occurrence frequencies of key-
words according to the research field are extracted from
the corpus of documents by counting the number of
documents in which the two keywords occur together.

4. Calculation of similarities between items based on the
extracted information: Based on the data obtained in
the third stage, the similarities between the items are
calculated based on the co-occurrence frequencies of
the keywords (association strength (Coulter et al., 1998;
Van Eck & Waltman, 2007).

5. Use of a clustering algorithm to detect the themes. It
is based on a process of clustering to locate subgroups
of keywords that are strongly linked to each other with
several clustering algorithms.

Database

In bibliometric studies, bibliographic sources such as Web
of Science (WOS), Scopus, Google Scholar, Microsoft Ac-
ademic, PubMed, and Dimensions are used (Chen, 2017;
Moral-Muiioz et al., 2020). Among these databases, WOS
covers different formats such as full-text articles, reviews,
editorials, chronologies, abstracts, papers (journal and
book-based), and technical articles. In terms of temporal
scope, it contains over 90 million records from 1900 to
the present. With these aspects, it is widely accepted as a
high-quality digital database (Ding & Yang, 2022; Mor-
al-Mufioz et al., 2020). In addition, the WOS Core Col-
lection database is considered the most authoritative data
source as it contains the most respected and influential
journals (Pouris & Pouris, 2011; Song et al., 2016; Zhao et
al., 2018). These factors led to the selection of WOS as the
study's bibliometric database.

SMA Software

SMA is used to perform the third (co-occurrence fre-
quencies of keywords), fourth (calculation of similarities),
and fifth steps (clustering process) in the method of de-
tecting themes. In order to select the appropriate tool for
the study, papers that compare and contrast SMA software
were examined (Cobo et al.,, 2011b; Gutiérrez-Salcedo et
al., 2018; Markscheftel & Schréter, 2021; Moral-Munoz et
al., 2019; Moral-Mufoz et al., 2020; Pan et al., 2018). Al-
though there isn't a consensus among the studies, each one
has explained the benefits and drawbacks of SMA tools and
stated that picking the best software based on the analysis
techniques to be used and, in some cases, combining more
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than one software will produce advantageous results. The
prevalence of use was also analyzed by Pan et al. (2018),
who found that VOSviewer software was most commonly
used despite finding an upward trend in the use of all the
software they looked at. The VOSviewer software is used in
the study with its ability to work with common databases
(Moral-Munoz et al., 2020), to create successful visualiza-
tion outputs (Markscheffel & Schréter, 2021; Moral-Muiioz
et al., 2020), and to use the association strength (Van Eck
& Waltman, 2007; 2010) similarity criteria in accordance
with the method of detecting themes and to be suitable for
clustering algorithms.

The results of the methodological analysis are also report-
ed in accordance with PRISMA guidelines (Liberati et al.
2009) (Figure 1).

RESULTS

Search Strategy and Selection Criteria

Keywords for searches were chosen in accordance with the
study's objectives and research questions in order to get rel-
evant data from the database. The words "sound," "space,"
and "experience" were entered into the WOS Core Collec-
tion database [(((ALL=(sound)) AND ALL=(space)) AND
ALL=(experience))]. At this stage, limitations such as year
range or document type were not applied in order to keep
the scope wide. As a result of this search, raw data was col-
lected by accessing 2274 records.

First, 2206 records were collected after the results were fil-
tered as English-language materials. The first screening of
these documents was made according to their relevance to
the research area. Since the keywords used in the search
have synonyms in space sciences, health sciences, com-
puter sciences, physics, mathematics, mechanics, etc., doc-
uments that are unrelated to the research topic have been
eliminated. Then, all records were examined according to
their titles, keywords, and abstracts, and incompatible re-
cords were eliminated. These stages led to the elimination
of 1782 studies that had no relation to the scope. In par-
ticular, studies in multidisciplinary fields such as acoustics

STEP METHOD

[ coltect the raw data
[ Selection the type of item

Extraction of relevant
information

PLATFORM

Guidelines for data

collection and study

imming/selection
process (PRISMA)

Web Of Science Core Collection
(((ALL=(sound)) AND ALL=(space])
AND ALL=(experience))

Co-occurance + Author
keywords

[ Calculation of similarities [ VOSViewer

Clustering to locate [ Cluster density |
subgroups

Figure 1. Summary of methodological structure.

[ Association strength |

were examined, and records unsuitable for the study were
excluded. Following a full-text evaluation of 424 records, 8
papers and book chapters also included in article versions
were dropped from the data set. In the end, 416 studies
were acquired for the systematic review process (Figure 2).

Descriptive Analysis
The "process of extraction of relevant information from the
raw data" was started with 416 records. First, information
on document types and distribution by years was gathered
using the WOS system's capabilities in order to define the
dataset's current state.

The 416 records' document types revealed that they were
made up of 350 articles, 40 proceedings, 14 book chapters,
and 12 review articles. The study's coverage of a variety of
document types offers an expanded perspective.

When the number of documents changes over time is ana-
lyzed, it can be shown that the documents published from
1991 to the present are covered in the scope (Figure 3).
It can be said that the number of documents in the study
field has increased rapidly, especially since the 2000s. Sim-
ilarly, it is understood that the number of citations has
increased significantly. The statistics indicate that there is
increasing interest in the field. Additionally, it can be in-
ferred from Figure 3 that the majority of the documents
examined are recent studies.

Thematic Analysis

Data on 416 documents were downloaded from the WOS
database in "plain text file" format and with the scope of
"full record and cited references." The text file was imported
into VOSviewer to conduct next-stage analyses. As stated
in the third step of the process of detecting themes, in or-
der to analyze the frequency of co-occurrence of keywords,
the file was subjected to Co-occurrence - Author Keywords
analysis, and the process was run according to the frequen-
cy of co-occurrence of the two words. It was found that
there were singular-plural and synonymous words among
the occurring words (e.g., sound and sounds; sound-art and
sound art; urban park and urban parks; bird sound and bird
song, etc.). When these words were matched with a "thesau-
rus" file and the same procedure was repeated, it was deter-
mined that 136 out of a total of 1126 keywords exceeded the
threshold. Each of these resulting keywords is considered as
a concept for the field of study.

These terms were then normalized using the association
strength criteria (Van Eck & Waltman, 2007), as explained
in the fourth phase of the process. As a result, keyword re-
lationship networks were created, and a total of 482 con-
nections between 136 keywords emerged. Some keywords
may occur in multiple documents, in which case there is
a stronger link between them than one. This indicates that
the association strength of the two keywords is higher.
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Records identified related to sound-space-
experience keywords through Web of Science
Core Collection Database 1975 to 2023 (n: 2274)

Filtered English language records only (n: 2206)

Documents screened by title and abstracts (n: 977) |<—

Excluded non-relevant research areas (n: 1229)
(with WOS filters; space sciences, health sciences,
computer sciences, marinebiology, physics,
mathematic, mechanics, engineering electrical
electronics, engineering aerospace etc.)

Excluded non-relevant topics (n: 553)
(seismology, marine ecology, law, nursing,
healthcare policy, urology, nutrition and dietetics,
pharmacology and toxicology, thermodynamics,
meteorological and atmospheric sciences, etc.)

eligibility (n: 424)

Full text documents assessed for

Removed 8 conference papers and
book chapters, which also published
as journal articles by same authors

systematic review

416 full text documents included in

Figure 2. PRISMA Flow diagram for the paper search and skimming/selection process, December 2023.

When evaluated in this way, the total link strength within
the network turns out to be 570.

In accordance with the clustering process, which is the last
step of the process of detecting themes, the process was run
with the clustering algorithm of the VOSviewer (Waltman
et al, 2010) and 13 clusters were obtained.

The data obtained as a result of the processes run in the
VOSviewer software are presented digitally with an in-
teractive system where graphics and texts are processed
together. In order to present this data in text and make
mutual assessments, the interactive data has been trans-
ferred and presented in a table form by the author. The oc-
curring keywords, clusters, their occurrences (Occ.), total
link strength (TLS), and average publication years (APY)
are shown in Figure 4.

According to Callon et al. (1991), keyword clusters and
their interconnections are obtained using co-word analysis.
These resulting clusters are considered themes. Each the-
matic network is tagged using the name of the most import-

ant keyword (by occurrence value) in the associated theme.
For example, the keyword "blindness," which has the high-
est occurrence and TLS value in cluster 1, stands out as the
most important item in the cluster and gives its name to the
cluster. Therefore, the themes that emerged within the data-
base are blindness, virtual reality, sound perception, urban
space, perception, soundscape, noise, public space, music,
listening, sound art, inequality, and sound. In order to make
comparisons between these themes, the total occurrence,
TLS, and APY data of each cluster were also calculated.

The Network Visualization Map (NVM) presents the re-
sulting keywords and the connections between them in
detail (Figure 5). The elements depicted as circles and la-
bels on the NVM represent keywords. The size of the circle
increases with a keyword's frequency of occurrence. Con-
nections between keywords are expressed as links. The line
thickness of the link between two keywords increases as
the association strength between them becomes stronger.
Since the system is operated with the co-occurrence anal-
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ysis type, the association strength and therefore the link
thickness increases as the number of publications in which
the two keywords occur together increases. In the NVM,
keywords in the same cluster are represented by circles of
the same color (Van Eck & Waltman, 2023). The color leg-
end of the clusters was created by the author and added to
the graph (Figure 5).

When the NVM is examined, it can be seen that the key-
word "soundscape” is the most dominant element in the re-
search field in terms of both occurrence and TLS. As seen
in Figure 4, the keyword soundscape occurred 52 times
and TLS is 97. Similarly, the most common words after the
keyword “soundscape” (Occ: 52, TLS: 97) with occurrence
and TLS; “sound” (Occ: 27, TLS: 55), “public space” (Occ:
11, TLS: 29), “urban design” (Occ: 11, TLS: 26), and “noise”
(Occ: 10, TLS: 26) continue as follows. The occurrence of
the words following these five most common keywords
does not change in direct proportion to the TLS. For exam-
ple, the sixth most common keyword according to occur-
rence is "urban space" (Occ: 10, TLS: 19); according to the
TLS, the sixth strongest keyword is “music” (Occ: 9, TLS:
23). Therefore, it is seen that each keyword emerges within
a different network of relationships (Figure 5).

Connection relationships between items can be seen from
the NVM graph. For example, the items most frequent-
ly linked to the keyword "soundscape” are: “urban park”
(Link Strength: 5), “public space” (LS: 5), “sound” (LS:
4), “acoustic environment” (LS: 4), and “noise” (LS: 4).
The links between an item and its associated items and
a different item and its associated items create attraction
and repulsion layouts within the graph. It is seen that

keywords and clusters more closely related to each oth-
er are intertwined, and keywords with weak connections
are located in distant parts. For example, the keyword
"inequality" and its surrounding keywords are only asso-
ciated with a single connection to "soundscape,” and are
located far outside the chart as they do not associate with
other items. On the contrary, the keywords "soundscape"
and "public space" are very close to each other due to their
strong connections (Figure 5).

The NVM graph can also be used to gather details about
clusters and their connections. As exemplified, since the
level of connection between the "inequality” (Cluster 12)
and "soundscape" (Cluster 6) clusters is weak, the clusters
are located at distant points; due to the intense relationship
between the "soundscape” (Cluster 6) cluster and the "pub-
lic space” (Cluster 8) cluster, the clusters are intertwined.
Through mutual assessments using NVM and Figure 4,
comparisons between the number of items and the occur-
rence of clusters can also be conducted. For example, al-
though it has the highest number of items, the occurrence
of the items in the "blindness" (Cluster 1) is lower than the
"soundscape” (Cluster 6) and "virtual reality" (Cluster 2)
clusters. When the TLS is examined, the "blindness" (Clus-
ter 1) comes after the "soundscape” (Cluster 6), "virtual
reality" (Cluster 2), and "perception” (Cluster 5) clusters,
despite the highest number of items. Due to this feature,
the more peripheral location of the "blindness" (Cluster 1)
is understood in the graph (Figure 5).

The Cluster Density Visualization Map (CDVM), which
displays the cluster density and inter-cluster interactions,
is shown in Figure 6.



144 Megaron, Vol. 19, No. 2, pp. 138-151, June 2024

Cluster 1 (20 item) Cluster 2 (19 item) Cluster 3 (15 item)
keyword Occ TS APY keyword Occ TLS APY keyword Occ TS APY
auditory cortex 2 4 2015,00 acoustic comfort 5 8 2021,40 acoustic design 2 5 2012,00
auditory localization 2 3 2017,00 acoustic environment 5 14 2019,00 auditory semantics 2 2011,50
auditory perception 5 9 2015,80 archaeoacoustics 2 3 2016,50 ethnography 3 5 2022,00
auditory system 2 5 2000,50 architectural acoustics 3 4 2012,33 experience 4 11 2017,25
binaural 3 8 2015,00 auralization 4 6 2019,00 grounded theory 2 2 2021,00
blindness 7 14 2015,29 church acoustics 2 3 2016,50 health 3 11 2019,67
body representation 2 2 2018,50 cultural heritage 2 3 2018,50 improvisation 2 4 2019,00
deafness 2 2 2017,00 emotion 7 12 2018,43 indoor soundscape 4 8 2019,50
hearing 2 4 2011,50 gesture 3 5 2016,00 long-term care 2 6 2019,00
perceptual dimensions 2 3 2018,00 heritage acoustics 2 1 2021,00 multimodal integration 2 1 2019,50
perceptual learning 2 5 2015,00 multisensory 4 5 2016,50 phenomenology 2 4 2019,50
peripersonal space 2 4 2015,00 parametric design 2 1 2012,00 silence 5 4 2017,20
plasticity 4 10 2008,00 resonance 2 2 2021,00 sound perception 5 12 2018,00
psychoacoustics 2 3 2019,50 room acoustics 3 4 2019,67 sound quality 4 7 2013,75
sound localization 3 8 2007,67 spatial audio 2 3 2017,00 well-being 3 2017,00
space perception 2 4 2008,00 speech intelligibility 3 6 2020,67
spatial cognition 2 5 2016,00 subjective evaluation 3 3 2020,33
spatial hearing 5 12 2016,00 virtual acoustics 2 5 2016,50
tool-use 2 4 2015,00 virtual reality 9 19 201,11
visually impaired 5 9 2017,00
Blindness 58 118 2014,04 Virtual reality 65 107 2017,97 Sound perception 45 89 2017,72
Cluster 4 (13 item) Cluster 5 (13 item) Cluster 6 (12 item)
keyword Occ TS APY keyword Occ TLS APY keyword Occ TS APY
attention 4 8 2017,5 affect 6 17 2015,83 acoustic experience 2 1 2021,5
attunement 2 6 2019,5 color 2 4 2014 bird sounds 2 6 2021,5
audio-visual interaction 2 4 2019,5 ecology 2 5 2016,5 eeg 2 3 2021,5
everyday life 2 6 2014,5 embodiment 4 10 2015 green space 3 2 2018,33
heritage 2 4 2020,5 perception 9 20 2019,11 nature 2 2 2018
landscape 4 10 2017,5 performance 4 1 2015,5 noise annoyance 3 4 2019
landscape architecture 2 6 2018 politics 2 5 2017 soundscape 52 97 2018,19
memory 6 9 2016,67 semiotics 2 4 2017 soundscape assessment 4 6 2018,75
place 4 6 2017,75 sound-space 2 6 2022 soundwalk 4 10 2017,5
sensory experience a4 9 2019,75 space 7 18 2017 traffic noise 5 13 2021,6
sonicexperience 3 9 2019,67 synesthesia 4 10 2017,75 urban park 10 16 2018,8
tranquillity 2 5 2017,5 touch 2 3 2019 urban soundscape 5 7 2019,6
urban space 10 19 2018,1 voice 3 9 2015
Urban space 47 101 2018,19 Perception 49 122 2016,98 Soundscape 94 167 2019,52
Cluster 7 (9 item) Cluster 8 (9 item) Cluster 9 (9 item)

y Occ TLS APY y Occ TLS APY keyword Occ TLS APY
built environment 2 7 2022 ambisonics 2 5 2020 accessibility 2 2 2020
covid-19 4 13 2020,75 atmosphere 2 4 2019 architecture 8 18 2015,25
cycling 2 7 2022 pocket park 3 12 2020 art 2 4 2015,5
mobility 3 7 2013 public space 11 29 2019,09 city 3 8 2019,33
noise 10 26 20173 quality of the urban 9 2020 culture 2 5 2019

public experience
noise perception 2 8 2019,5 restoration 2 6 2020,5 music 9 23 2018,78
post-occupancy evaluation 2 2 2022,5 soundscape design 5 21 2017,6 sonic environment 4 7 2020,5
residential satisfaction 2 2 2023 urban design 11 26 2018,18 sound preference 2 5 2013,5
survey 2 8 2013 urban sound planning 3 12 2017,33 technology 3 7 2018
Noise 29 80 2019,23 Public space a1 124 2019,08 Music 35 79 2017,76
Cluster 10 (6 item) Cluster 11 (5 item) Cluster 12 (3 item)
keyword Occ TLS APY keyword Occ TLS APY keyword Occ TLS APY
aesthetics 4 5 2018,25 acoustics 2 7 2015,5 inequality 2 2 2019,5
anthropology 2 6 2017 design 2 9 2018 noise pollution 2 1 2019,5
aural architecture 3 12 2018 field recording 3 2 2016,33 sensory ethnography 2 2 2020,5
jerusalem 2 4 2013,5 museums 2 5 2021,5 Inequality 6 5 2019,83
listening 7 11 2015,57 sound art 6 12 2015
sound studies 5 16 2015 Cluster 13 (3 item)
Li: 23 54 2016,22 Sound art 15 35 2017,27 keyword Occ TLS APY
bells 2 1 2014,5
sense of place 3 3 2019,67
sound 27 55 2017,63
Sound 32 59 2017,27

Figure 4. Detailed List of Items and Clusters (prepared by the author).
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Figure 5. Network visualization map (NVM).

The "soundscape” component and the dominance of Clus-
ter 6 can be seen clearly in the CDVM, similar to the
NVM (Figure 5). As mentioned in the inferences from
NVM, the location of the "blindness" (Cluster 1) at the
periphery can be seen. The "virtual reality" (Cluster 2)
has a weak relationship with other clusters, as can also be
shown. It is evident that the "inequality" (Cluster 12) is
situated entirely independently. The "urban space” (Clus-
ter 4), "noise" (Cluster 7), "public space" (Cluster 8), "mu-
sic" (Cluster 9), and "listening" (Cluster 10) clusters are in
a very thick association, particularly in the center of the
graph, and these clusters are mixed with one another in
most of the network. On the basis of this, it can be claimed
that the fields of study found inside these clusters are also
interconnected.

The last presented graph is the Overlay Visualization Map
(OVM) (Figure 7). OVM is a version of the NVM colored
according to the average publication years (APY) of items.
Similar to NVM, this map also includes keywords repre-
sented by circles with occurrence value-based sizing and
links with association strength-based sizing. In contrast,
there is no coloring for the clusters on this map. Each key-
word is colored on the map according to the APY of the
publications where it appears in the database. The legend
displays this color distribution (Van Eck & Waltman, 2023)
(Figure 7).

Inferences regarding the concepts' recentness can be
drawn with the help of OVM. A keyword, for instance, is
considered less current in the field if it has a low occur-

rence value and an older APY. A keyword that has a high
occurrence value and a recent APY, however, is consid-
ered to be quite contemporary. Additionally, a keyword
with a low occurrence value and a recent APY is likely an
idea that is still being researched in the field and could be
a potential field for expansion.

According to OVM, the keywords retrieved through sys-
tematic analysis have, on average, been in the database
since 2000 and some of the elements are still effective today.
The APY value for publications containing the keyword
"soundscape” is 2018.19, for instance. This result demon-
strates that the keyword "soundscape" is often used in the
database and has recently grown in importance as a field
of study. Another example of the inferences is the "audito-
ry system"'s occurrence value is 2, the TLS value is 5, and
the APY is 2000.50. These results indicate that this keyword
was only used in the database's initial years and wasn't used
subsequently. As a result, the keyword has a low level of
currentness. Conversely, the keyword “traffic noise” has an
occurrence value of 5, a TLS value of 13, and an APY value
of 2021.60. These findings indicate that "traffic noise" is a
more recent concept than "auditory system" and represents
a potential field for database progress. Within OVM, sim-
ilar to the keyword “traffic noise”; “cycling” (Occ: 2, TLS:
7, APY: 2022), “EEG” (Occ: 2, TLS: 3, APY: 2021.50), and
“museums” (Occ: 2, TLS: 5, APY: 2021.50) keywords can be
considered as current and potential areas of progress (Fig-
ure 7).

The OVM graph does not directly provide information
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about clusters. To make inferences about clusters, the arith-
metic mean of APY values of all keywords in a cluster was
calculated by the author. Accordingly, it was seen that the

cluster with the oldest APY was "blindness" (Cluster 1; APY:
2014.04). This is followed by “listening” (Cluster 10, APY:
2016.22) and “perception” (Cluster 5, APY: 2016.98). The
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cluster with the most recent APY in the field is "inequality”
(Cluster 12, APY: 2019.83). Following this cluster, “sound-
scape” (Cluster 6, APY: 2019.52) and “noise” (Cluster 7, APY:
2019.23) appear respectively (Figure 4, Figure 7).

DISCUSSION

Evaluation of Themes

In the third section, binary inferences were drawn about
both the items and the clusters based on the evaluation
of Figures 4,5,6 and 7. In order to gain comprehensive
results, it would be helpful to discuss all of these data at
once, especially in regard to the themes.

First, it can be shown from Figures 4-5 and 6 that
"soundscape” (Cluster 6; Occ: 94, TLS: 167) has the
highest values for total occurrence and TLS out of all the
themes. With the help of this information, it is simple to
conclude that “soundscape” is covered in the majority
of database research and has the strongest connections
to all other fields. The "soundscape” has emerged as the
most popular and up-to-date theme within the research
field, when these data are evaluated along with the APY.
In particular, with the recent APY (2019.52), occur-
rence (Occ: 94), and TLS (167) values, it is clear that
this theme has become increasingly important. With
all of these characteristics, it is possible to say that the
"soundscape” theme will continue to have an effect as a
prospective theme within the field and will be a poten-
tial area for further research with new concepts it will be
associated with.

The "blindness" theme is identified as a significant theme
in terms of its occurrence and TLS within the field (Clus-
ter 1; Occ: 58, TLS: 118). The theme has a diverse range of
studies, as was seen when the APY values were evaluated
(e.g. "auditory system," APY: 2000.50; "psychoacoustics,"
APY: 2019.50), but it is less included in the database than
in previous years (total APY: 2014.04). Consequently, it
can be claimed that its popularity has dropped.

The evaluation of the "virtual reality" theme reveals that
it is significant in terms of occurrence and TLS (Clus-
ter 2; Occ: 65, TLS: 107), and that it is still relevant to
the items it contains in terms of the APY value (APY:
2017.97). It is one of the field's key themes, especially
given that it involves features connected to architectural
acoustics.

Examining the "perception” theme reveals that it has a
TLS value that is significantly higher than the value of
occurrence (Occ: 49, TLS: 122). This can be explained by
the items' prevalence, and it is also seen in the theme's
centrality in the NVM and CDVM graphics (Figures 5,
6). It is clear that the theme has a wide distribution when
considered with the APY value (APY: 2016.98). Examin-

ing the "public space” and "urban space” themes reveals
how closely related their occurrence and TLS values are
to the "perception” theme and how centric their graph-
ic placements are as well. On the other hand, it might
be claimed that the themes are more current because
their APY values ("public space": 2019.08; "urban space":
2018.19).

The "sound perception” theme is ranked in the middle
in terms of total occurrence and TLS when it is exam-
ined (Cluster 3; Occ: 45, TLS: 89). In terms of its graphic
position and connections, it can be noticed that it has
a closer connection to the "soundscape" theme than it
does to the others (Figure 6). When compared according
to APY (2017.72), it can be said that it has an average
value.

When the "music" and "noise" themes are compared, it
can be seen that they have similar TLS values, occurrence
rates, and graphic positions (Figure 6). It is clear from
APY values that the "noise” theme is one of the field's
most recent themes, whereas the "music” theme has a de-
clining value (Figure 4).

Although "sound," "listening," and "sound art" are per-
ceived as lower-ranking themes in terms of occurrenc-
es and TLS values, this is understandable given the low
number of items. These themes also have similar features
in terms of APY values.

The "inequality” theme's characteristics, which make it seem
to be the weakest theme with occurrence value, TLS value,
and graphic position in the database, can be explained by
the fact that it has the newest APY value (APY: 2019.83).
These characteristics suggest that this theme might be an
exciting potential for progress in the field. The relation-
ships, degree of use, and relevance of the concepts and
themes that emerged within the study field were made clear
through the analyses. The result of the research included an
analysis of these, looking at their linkages, present status,
and occurrence in the literature. Findings concerning the
studied area's current state and predictions about future
changes were drawn by this analysis.

A future study will see that the most important concept
and theme in the field is “soundscape” In line with the
results of the study, it will be seen how the concepts
and themes to be investigated are included in the liter-
ature, which concepts are more closely associated with
previous studies—and which are less associated or not.
Future researchers will be able to narrow the focus of
their research using the knowledge they gain about less-
er-known concepts and themes in the field. For instance,
researchers who study "traffic noise" will discover that
this concept occurs five times in the research field and
is linked to nine other concepts 13 times (“acoustic
comfort™: 1, “acoustic environment™ 1, “bird sounds”™
2, “noise annoyance™: 1, “soundscape”: 3, “soundscape
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assessment”: 1, “urban park™: 2, “perception”: 1, “public
space”: 1). They will find that the concept has an APY
value of 2021.60 and is still current in the field. They
will be able to evaluate how the concept is located in the
"soundscape” theme and how it relates to other compo-
nents. For example, it can be inferred that a study to be
carried out by including the keyword "EEG," which is
within the same theme but is not directly related, may
be a potential topic. For each of the 136 concepts and
13 themes found in the study, similar conclusions can
be drawn. Regarding these aspects, it is believed that the
data from the study made a special contribution to the
advancement of the field.

EVALUATION AND CONCLUSION

Using bibliometric analysis methodologies, a comprehen-
sive and systematic assessment of the literature was carried
out for the study, with an emphasis on the auditory experi-
ence processes of the space. The purpose of this review was
to define the key concepts that emerged in the literature on
sound and space experience studies as well as the themes
that arose from their combination.

First, descriptive information about the documents gath-
ered after the systematic scanning process is presented. As
a result, it has been noted that there is a general upward
trend in the field of study. VOSviewer software was used
to perform co-occurrence and co-keyword analyses on the
documents. As a result, 136 final keywords have emerged
as widely used basic concepts in the field of study. All data
related to these concepts have been digitized and presented
with detailed tables and graphs.

Then, the concepts were categorized according to their oc-
currence, and the connections between them were deter-
mined according to their association strength. With the
clustering algorithm, these concepts were divided into clus-
ters, and thematic areas in the study field were determined.
Thirteen themes were identified in this regard: blindness,
virtual reality, sound perception, urban space, perception,
soundscape, noise, public space, music, listening, sound art,
inequality, and sound.

To determine which thematic areas were concentrated
in the studies and which areas were new and open to re-
search, mutual evaluations were conducted with all the
data acquired throughout this procedure. According to
these evaluations:

o It turned out that "soundscape" was the most effective
concept that emerged in the field of study. The con-
cept of soundscape appears to be dominant, both in
terms of frequency of occurrence and the total link
strength with others. However, soundscape also has a
current date among all concepts in terms of the aver-
age publication year. Therefore, it can be clearly said

that its impact will continue in future studies within
the field.

o After the "soundscape” concept, it was revealed that the
concepts of "sound," "public space,” "urban design," and
"noise" were the other most common concepts in the
study area, respectively.

o In studies, the concept of "soundscape" is most fre-
quently associated with the concepts of "urban park"
and "public space.” From this perspective, it is apparent
that these concepts are frequently studied as research
subjects together.

o It appears that "inequality" and "sensory ethnogra-
phy" are the concepts with the weakest connection
to the field of study. It may be argued that the term
"sensory ethnography" is relatively new to the field of
study, particularly considering how recently the aver-
age publishing year has occurred. It follows that this
might be a possible subject for future research in the
field.

o Examining the thirteen themes that emerged from the
study, it is discovered that the "soundscape" theme is
the most prevalent. The average publication year val-
ue of the items included in the soundscape theme is
also quite up-to-date compared to other themes. Con-
sequently, it is evident that the thematic area's domi-
nance and the concepts it contains will persist into the
future of this field of study.

o It seems that the concept of "traffic noise" is the most
current concept within the soundscape theme. As a re-
sult, it is evident that recent research has focused on this
idea within the theme and that it will continue to influ-
ence subsequent research.

o  Other themes that emerged after the soundscape theme
are listed according to their prevalence as blindness,
virtual reality, perception, public space, urban space,
sound perception, music, noise, sound, listening, sound
art, and inequality. Evaluations related to these themes
are also presented.

o The theme of "inequality" has emerged as the most
recent and least prevalent theme in the field of study.
Given how current it is and the limited amount of ex-
isting research, this theme area may prove to be an in-
triguing topic for future investigation within the field
of study.

The results presented above can be extended for all key
concepts and themes, along with the outcomes provided
by the research. The study enabled the identification of
important concepts and themes in the field regarding the
sound and spatial experience framework, revealed trends
in the field, and contributed to the discovery of new re-
lated research areas. Consequently, a future study using
this document will be able to rapidly assess how the con-
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cepts or themes coming under its scope are covered in
the literature, which concepts or themes are more closely
related, and which are less closely correlated. In addition,
researchers will have the opportunity to gain knowledge
about potential progress areas in the field and deepen
their research.
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