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This paper reports the findings of indoor soundscape research that was conducted in a historical museum
setting. The study took place in the historic caravanserai of Cengelhan, which is currently a part of the
Rahmi Koc Museum. A combination of qualitative and quantitative research methods were used to cap-
ture visitors’ subjective museum experience and understand the role of the sound environment. In this
sense, the research is divided into two parts: Grounded Theory (GT) and Structural Equation Modelling
(SEM). For the qualitative part, semi-structured interviews were held as part of GT, to create a conceptual
framework that reflects visitors’ perception of the indoor soundscape of the museum. Hypotheses were
derived from this conceptual framework based on the patterns between the categories of the conceptual
model. In the second part, this model was tested for statistical significance and path correlations through
the SEM method. The core categories of the conceptual framework are similar to the previous research,
mainly the categories of Context, Interpretation, and Outcomes. The SEM analysis showed that categories
of Expectation and Preference were not significantly associated with the Built or Sound Environment.
Findings showed that a positive interpretation of the sound environment could create a livable environ-
ment with a unique atmosphere which would increase visitors’ interaction with the museum and posi-
tively affect their experience.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Museums are environments which are dedicated to education,
learning and providing recreation to visitors. They serve society
by preserving, maintaining and exhibiting human heritage [1].
The experience undergone in a museum used to be a passive one.
Since the mid-twentieth century, however, the developments in
technology are changing this experience and making it more and
more active [2]. Museums are searching for newways of enhancing
knowledge and encouraging visitors to engage more actively with
the displayed objects.

Experience is influenced by interaction with different contexts.
It involves various elements and provides emotional, physical,
intellectual and spiritual mixed feelings [3]. Historic environments,
on the other hand, have their own spatiality and a variety of differ-
ent socio-cultural functions that characterize them. Preservation of
historic spaces can help transfer the historical information, that is
contained in the space, to its visitors and increase their interaction
with the environment [4]. One possible way to increase this inter-
action can be achieved by using sound as a design element. But we
first need to understand the role of sound in a museum environ-
ment and how it is perceived by the visitors, to evaluate if it would
be worth to be implemented.

Soundscape is an approach that is concerned with the percep-
tion, interpretation and the meanings associated with the sound,
rather than the sound energy itself. According to ISO 12913-1,
the soundscape is defined as ‘‘the acoustic environment perceived
or experienced and/or understood by a person or people, in con-
text” [5].

Most recently, ISO published the second part of the soundscape
standard, the ISO 12913-2:2018, which focuses on data collection
and reporting requirements [6]. While suggesting minimum
requirements for reporting the soundscape findings, it also sug-
gests three examples of data collection. The first method is a quan-
titative method that uses a questionnaire survey, while the second
one also uses quantitative means with an emphasis on the sound-
walks. The third method is a qualitative method, which uses narra-
tive interviews and provides a comprehensive list of structured
questions that can be used during interviews. However, in this
study, the data collection for Grounded Theory (GT) and the
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questionnaire survey was done prior to the publication of the ISO
12913-2, therefore, while some parts of our data collection tools
are similar, some are not compatible with this standard.

Aletta et al. [7] made a comprehensive revision of the sound-
scape descriptors and data collection methods that are used in
soundscape research so far. According to this, there are eight
soundscape descriptors: noise annoyance, pleasantness, quietness
or tranquillity, music-likeness, perceived affective quality, restric-
tiveness, soundscape quality, and appropriateness. Data regarding
this descriptors can be collected with various tools: questionnaires
[8,9], semantic scales [10–12], interviews protocols [8,13–17], bin-
aural recordings and/or psychoacoustic measurements [18].

While the urban soundscapes have been investigated over the
decades, the indoor soundscape studies begun more recently. So
far, indoor soundscape research covered a variety of different
indoor soundscapes [19], such as hospitals [8], open-offices [16],
education facilities [10,20], care facilities [21], libraries [22–24],
worship places [15], transportation hubs [25]. One of the first
examples of indoor soundscape research has been conducted by
Mackrill et al., when they used qualitative methods to capture
the subjective soundscape perception of a hospital ward. Their
findings revealed that patients could cope with the soundscape
by accepting and habituating to it [8]. Cankaya and Yilmazer
researched high school classrooms and found out that irrelevant
sounds are perceived negatively [20]. Acun and Yilmazer devel-
oped a conceptual framework to capture individuals’ perception
of the soundscape in open offices [16]. They also observed that
individuals develop methods to cope with unsatisfactory sound-
scapes. Another GT research conducted by Yilmazer and Acun
investigated the soundscape of the historic Hacı Bayram Mosque
of Ankara, which showed the associations between the soundscape
elements, spatial function and place identity [15]. Another indoor
soundscape research is carried out in the study areas of a univer-
sity to investigate the sound sources, users’ reactions, coping
methods as well as the perceptual dimensions of the indoor sound-
scape [10]. Yilmazer and Bora gathered new research results deal-
ing with the indoor soundscape in the metro station including
urban soundscape and showed how a built environment affects
the pedestrians/passengers and how they perceived their auditory
environment. Aletta et al. conducted research in nursing homes,
aiming to increase the quality of life of the residents, reduce the
behavioral and psychological symptoms of dementia and improv-
ing the everyday experience of residents and staff members of
the nursing homes [26]. Meng et al. examined the influence of var-
ious spatial and environmental factors on subjective loudness and
acoustic comfort in five different underground shopping streets
[27]. Their results indicate that subjective loudness is influenced
by humidity and luminance, while acoustic comfort is influenced
by humidity, luminance, and air pressure. They also observed that
subjective loudness is higher in street type, shopping streets than
square type. Square type shopping streets are also made out to pro-
vide more acoustic comfort [27]. Dokmeci, Yorukoglu and Kang
tested an indoor soundscape questionnaire which they had devel-
oped through pilot studies [28]. This questionnaire focused on the
effects of demographical and space usage factors on expectation,
perception and reaction of users. They found that expectation is
affected by preference, gender and education level.

Soundscape approach is also used to evaluate the acoustic envi-
ronment of libraries. Mattern in 2007, suggested that we need to
consider new ways of thinking about sound in libraries [23]. She
proposed that sound should not be considered as something to
be eliminated or controlled but rather to be orchestrated and
designed for, by considering what sounds people, media and build-
ings make, as well as using design to promote interaction between
them [23]. Xiao and Aletta used soundscape approach to formulate
design strategies for achieving acoustic comfort in Birmingham
Library [24]. Their results indicated that users’ judgment of the
appropriateness and comfort of multifunctional libraries depend
on three types of soundscape cognitions which are closely related
to the purposes of using the space [24]. They found the layout of
the spaces to be of critical importance to acoustic comfort. Dok-
meci, Yorukoglu and Kang also used a library as a case study set-
ting to introduce an indoor soundscape framework and explain
the variables that contribute to the overall evaluation of an indoor
soundscape [22]. They found SPL and loudness are affected by the
crowd level as well as the spatial volume and height of the atrium
space.

Libraries, in general, have similarities with the setting of this
paper, the museums. While both of them are serving as cultural
hubs and sources of knowledge for their societies, they are affected
by the developments in technology and seeking to find innovative
ways of passing this knowledge down to their users/visitors. The
traditional method of regulating the sounds people make rules
out human perception. The design philosophy of such spaces
should consider the interaction of sounds of people, media, build-
ing materials, how to determine various spaces as acoustics zones,
how these zones should be positioned in relation to one another,
and what practices of listening and learning should be promoted
in these zones [23].

As can be seen from the literature examples, there are various
types of different indoor environments which serve different func-
tions and activities, therefore having completely different sound
environments. Requirements emerging from the sound environ-
ment of an office are completely different from that of a leisure
space as the meanings are given to the sound in context are differ-
ent. This case is especially true for a museum. While there are
museums which are dedicated to a single exhibition type, like a
painting museum, there are also museums which have a variety
of different exhibitions, each prioritizing a different sort of interac-
tion with the visitors or just having different contexts. In a space
like this, the sound environment can be changed in each exhibition
area. The museum environment would be an opportunity to use
the soundscape approach as a design element which can enhance
the visitor experience.

This paper is concerned with the characterization of the acous-
tic environment, which will be used as a basis for potential future
design suggestions. It does not include application or testing of
detectable soundscape design suggestions at this point. This char-
acterization procedure comprised of understanding the role of
sound in a museum environment, its perception by the users and
how it can be improved. The research aimed to do this by combin-
ing qualitative and quantitative research methods. Therefore, the
study is divided into two parts. Part one is the qualitative half of
the study. For this part, semi-structured interviews are conducted
with visitors in the museum as part of the Grounded Theory (GT)
method, to create a conceptual framework which reflects visitors’
interpretation of the indoor soundscape of a museum. This concep-
tual framework is also used for deriving hypotheses paths for the
second part of the research, which is the quantitative half. For this
second part, the conceptual framework from the former part is
used as a basis for the Structural Equation Modelling (SEM) method
[29]. This method used the data gathered from a questionnaire sur-
vey to test the explanatory conceptual model of part one, which
shows the factors that can potentially affect the interpretation of
the indoor soundscape. The second part of this survey focuses on
testing the relevance of the categories, as well as the proposed
interrelations between them. As the categories of the conceptual
model are latent constructs they are observed and measured indi-
rectly. Through SEM, these constructs and their interrelations can
be indirectly measured through a series of observable variables
(questionnaire responses). By using this multivariate statistical
method we can make an inference about the categories of the
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conceptual framework. Therefore, the aim of the SEM is to test the
causal relations between each category of the conceptual frame-
work and find out about the direction of the relations and their
statistical significance.
2. Methods

2.1. Research setting

Cengelhan is located at the historic commercial center of
Ankara, which is known as the Atpazarı square. Its location is right
in front of the main gate of the Ankara Castle. This district is also
referred to as the caravanserai district due to a large number of
caravanserais [30]. The building was constructed between 1520
and 1521. It was originally built as a caravanserai, a historic Otto-
man/Seljuk building type that combines commerce and accommo-
dation for travelers [31]. Through the centuries, however, it was
used for various functions until its restoration and conversion into
a museum in 2005. Its front façade and the ground floor of the
inner courtyard was occupied with stores, which function as a
marketplace/bazaar. During the second half of the twentieth cen-
tury, however, it was used as a tannery and it was mostly in disre-
pair. After the restoration, the building and other adjacent
caravanserais turned the area into a touristic, cultural hub. The
museum houses exhibitions which reflect the industrial and engi-
neering marvels of the last century.

The building shows the typical characteristics of a caravanserai.
The two-story building has an inner courtyard and a basement
floor. The courtyard is in the middle, surrounded by vaulted clois-
ters (Fig. 1). The inner courtyard is covered with a glass roof during
the restoration (Fig. 1) and has a total height of 10.5 m. Ceiling
height of the ground floor is 3.85 m, while the ceiling height of
the upper floor is 3.40 m. Courtyard floor is covered with a layer
of thin carpet over the original stone floor. Rest of the enclosed
space floors are generally covered with a stone finish, but wooden
floor planks are also used in some rooms. The cloisters and walls
Fig. 1. The inner courtyard of the building (left) and the ground floor plan of the museu
points, over the plan, represent the measurement locations (L). (For interpretation of the
this article.)
are made out of a combination of brick and local stone. Their ceil-
ings are brick vaults.

In situ measurements of LAeq are only used for acquiring basic
information about the acoustical conditions within the museum
[32]. Sound levels were measured in the second part of the
research, while the questionnaire survey was conducted. The
equipment used for the measurement is the Bruel & Kjaer Sound
Level Meter type 2230. Sound levels were measured at different
locations (Fig. 1) in the courtyard over fifteen-minute intervals
for four hours on each research day, during the visiting hours.
According to this, the average sound level (LAeq) is measured as
63.2 (LAmax: 70.5, LAmin: 57.9) [29].
2.2. Data collection and data analyses

The main body of the research is divided into two as qualitative
and quantitative parts. Consequently, data collection is also held
through two different methods. Semi-structured interviews are
used as the main tool to collect qualitative data for the Grounded
Theory (GT) analysis. Afterward, a questionnaire survey is prepared
and conducted for the quantitative part (SEM analysis).
2.2.1. Participants
Different groups of individuals have participated in each part of

the research. A total of 15 individuals, 10 women and 5 men (M
age = 34; SD = 13.7 years, age range 24–64) volunteered to be
interviewed for the first part of the survey. Majority of these partic-
ipants were graduate students of Interior Architecture and Envi-
ronmental Design Department, while the rest were randomly
approached visitors. All but one of the participants were native
Turkish speakers and of Turkish descent. The remaining participant
was Lebanese, therefore the interview was held in English [32].

For the second part of the survey, a sample of 113 visitors, 66
women and 47 men (M age = 31; SD = 12.8 years, age range
19–67), participated in the questionnaire survey. All of these
m (right). The SPL measurements were taken place in the inner courtyard. The red
references to color in this figure legend, the reader is referred to the web version of
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participants were randomly approached museum visitors, who
volunteered to participate. They were all native Turkish speakers.

2.2.2. Grounded theory (GT)
Grounded Theory (GT) is a user-centered method which is used

for systematically analyzing the qualitative data. This method was
used also by soundscape researchers previously [8,14–16,20,33]
and it can be briefly summarized as ‘‘ the discovery of theory from
data” [34]. The main advantage of GT comes from the fact that it
can analyze the qualitative data systematically and traceably while
providing in-depth information about the phenomenon [14]. This
is achieved through face to face interviews, constant comparison,
theoretical saturation, systematic coding, conceptualizing, varia-
tion and integration [14,16,35,36].

The main data collection tools are face to face interviews and
observation protocols. This method is concerned with the quality
of the data samples rather than the quantity. Due to this, insights
and depth of information provided by interviewees’ subjective
evaluation of the acoustic environment are crucial as they are con-
sidered as an ‘‘ear-witness” [13].

Unlike most other methods, data collection and analysis go
hand in hand in GT. This process relies heavily upon two concepts;
constant comparison and theoretical sampling. The constant com-
parison allows the researcher to develop an inductive theory by
coding, categorizing and connecting the data, as soon as it is col-
lected. It is the analytical process of comparing the new data with
the previously collected, based on similarities and differences. In
this process, the researcher looks for similarities and differences
between conditions and consequences surrounding key events,
incidents and patterns in the data [37].

Constant comparison process includes three phases of coding.
The first phase, open coding, separates the data into pieces. The
interview transcriptions are analyzed sentence by sentence
(Table 1). Each significant event within these sentences is labeled.
These labels hold the essence of each significant event. Timonen
et al. described this phase as ‘‘to break open a topic, after which
Table 1
Examples from the coding process. The data are broken down into labels and then
those labels are put back together through conceptualizing and creating categories.

Memo If I was visiting a
museum that has

lots of painting

and such, maybe

slight classical

music could be
used in the
background, but I

don’t think it’s a

necessity

The sounds such

as the hammer, in
that blacksmith

area, makes sense

since it supports

the displays

I found the type

of music playing
in the courtyard
to be

meaningless

Labels Type of museum
Music
Preference

Sound Source
Consistency
Context

Music type
Meaningless
Sound Source

Conceptualizing1 Background
sound preference
is associated with
the type of
museum

Sounds make
sense when it is
consistent with
the visual
material

Irrelevant
sounds are
found
meaningless

Conceptualizing2 Presence of a
background
sound is optional
but when it is
present it should
be associated
with the context

Sounds support
the environment
when they are
associated with
the context

Sounds are
interpreted out
of place when
not associated
with the
context

Categories Context
Sound
Environment
Sound Source

Sound Source
Context
Interpretation of
Soundscape

Sound Sources
Interpretation
of Soundscape
Context
theoretical sampling can be employed more strategically to look for
the same code arising elsewhere in the data set” [37].

In the second phase, axial coding procedure is used to put the
pieces back together. The labels that are created in the first phase
are compared continuously with the newly emerging labels and
grouped based on their associations. This creates the initial cate-
gories of the emerging conceptual framework. Each category is also
compared with each other to find out about any existing associa-
tions. Categories are arranged based on these relations and create
the conceptual framework. The last phase is called selective coding.
In this phase, a category which is central to the phenomenon is
selected as the core category. Its relation to other categories is
explored which provides a theory regarding the possible explana-
tion of the phenomenon. Atlas.ti 8.3.20 qualitative data analysis
software is used for coding the interviews.

Theoretical sampling refers to the process of systematically
selecting the participants who will provide data samples that are
more likely to contribute to the development of the theory [36].
Theoretical sampling is concerned with the quality of the informa-
tion provided by the sample rather than the sample quantity,
meaning that there is no minimum number of participant require-
ment [16,34,36]. The data samples are chosen in a way that enables
the emergence of new categories and further developing the
already existing ones effectively. To achieve this, participants are
selected from those who can potentially provide answers with a
minimal difference and with a maximum difference. Minimizing
the differences allows the development of the categories and their
properties. Maximizing the differences ensures the saturation of
the data samples (theoretical saturation) and the generalizability
of the theory [35]. Data collection stops once it reaches theoretical
saturation.

For this research, the interviewers consisted of interior architec-
ture graduate students and random museum visitors. Unlike most
of the ordinary visitors, the interior architects are more capable of
providing a design influenced information based on their expertise
on the subject matter. Some elements of the museum might have
gone unnoticed by an ordinary visitor, or might be perceived
unconsciously. Once it is pointed out by an expert’s insight, it
can be confirmed by the visitor and other experts, which helps
the full development (or grounding) of a category. This ensures
the emergence and development of categories throughout the
interviews.

The researcher is the limitation of GT and similar narrative
interview methods. Whole data collection and analysis process is
handled by the same person, which makes him/her part of the pro-
cess and not value neutral. The researcher needs to be as objective
as possible and his/her lack of experience and interviewing skills
must not limit the generalizability of the emerging theory [7,16]
The researcher must orient towards understanding what is hap-
pening, what are the major patterns and what their explanations
are and must seek clarification about, how key events, incidents,
and behaviors grounded in the data are shaped by context [37].

The interviews are held in the museum café after visitors finish
their museum tour and their duration ranged between 9 and
19 min. Semi-structured interviews started with ten core questions
(Table 2). It is not uncommon for GT interviews to start off some-
what unstructured as this helps the researcher to maintain open-
ness to the data in the beginning [37]. These questions were
meant to be very generic and allowed the researcher to delve dee-
per into the phenomenon. As the interviews proceeded, partici-
pants’ significant remarks regarding the phenomenon were
added as follow up questions. All interviews were recorded and
transcribed verbatim. Data collection continued for three days
and it ended once the data reached theoretical saturation and no
longer provided any new insight [16,32].



Table 2
The ten core questions prepared at the beginning of the semi-structured interviews.

Do you usually go to places like this?
How can you describe the theme of the museum?
What did you think when you first saw this place?
What kind of sounds comes into your mind when thinking about a museum?
What sounds did you hear in the museum?
How can you describe the acoustic environment of this place?
What factors do you think influence the perception of the acoustic

environment? [38]
How would you decide if sounds were wanted or unwanted in a soundscape?

[38]
Do you think sounds influence your behavior? [38]
How did you feel about this place overall?
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2.2.3. Structural Equation Model (SEM)
The conceptual framework, created with the Grounded Theory

(GT), is used as the basis for the quantitative part of the research.
The first part of the research reflected the interpretation of the
indoor soundscape and the factors that have potential influences
on it. SEM model aims to explore the statistical significances
between different categories of the conceptual model.

A questionnaire was prepared to carry out SEM research. Parts
of the questionnaire was based on the previous soundscape
research [9,38] and the rest is prepared based on the semi-
structured interviews from the first part. As the questions were
required to be associated with the categories of the framework,
the researchers went over the interview transcriptions again, high-
lighted critical issues for each category and formed questions
based on these. It can also be said that the transcriptions were
reverse-engineered in a way to come up with relevant questions.

The questionnaire consisted of eight different sections, the first
part being the demographic information, while the remaining
seven are linked to a specific part (category) of the conceptual
model. These parts will be discussed in detail in the results section,
but they can be briefly listed as; Expectation, Preference, Sound
Environment, Built Environment, Context, Interpretation, and Out-
comes. For example, Expectation part included questions such as,
‘‘This space is how I expected it to be” while the Context part
included ‘‘I think the sounds that I heard in the exhibition areas
are suitable for this museum.” The questionnaire used a five-
Table 3
Core and sub-categories of the conceptual framework [32].

Expectation Preference Built Environment Sound Environmen

� Physical Aspects
� Perceptual Aspects

� Sound Sources

Fig. 2. The conceptual framework whic
point Likert scale. The response to each question was between, 1
– Strongly Disagree and 5 – Strongly Agree. The data gathered from
each of these questions later became the latent variables.

Before starting the SEM analysis, IBM SPSS Statistics Software
21had been used for the initial analysis of the data. Explanatory
factor analysis had been used to eliminate the questions with
low factor loadings or those that did not fit in with the rest of
the items in the factor. During this, the researchers also saw that
the data was not normally distributed, so it either required to be
transformed, or a non-parametric analysis method was required.
With this regard, the researchers decided to use the Partial Least
Squares Structural Equation Model (PLS-SEM). This method is more
suitable then regular SEM when the data distribution is non-
normal, the sample size is relatively small and when the nature
of the study is an explanatory one [39]. Given the fact that the
research has all of these aspects, the PLS-SEM method was pre-
ferred over the SEM. Smart PLS 3 was used for the data analysis.
The latent variable structural model was used to evaluate the rela-
tionships between the categories of the framework.
3. Results

3.1. Grounded theory

Seven categories were generated at the end of the data analysis,
which are Sound Environment, Built Environment, Context, Prefer-
ence, Expectation, Interpretation of Soundscape and Outcomes
(Table 3). Categories were arranged in a graphical order based on
the associations between them. This work created a conceptual
framework which reflected the factors that influence visitors’
interpretation of the indoor soundscape of a museum (Fig. 2). Ele-
ments of this framework will be explained in the following
sections.
3.1.1. Expectation and Preference
Expectation and Preference can be referred to as the causal con-

ditions of the framework [32]. Based on the interviews, it was seen
that once visitors had entered the museum, they subconsciously
t Context Interpretation of Soundscape Outcomes

� Consistency
� Inconsistency

� Positive Interpretation
� Neutral
� Negative Interpretation

h is created at the end of part one.
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decided whether the environment was up to their expectations
and preferences.

Almost half of the interviewed participants had never visited
the museum beforehand they were completely unaware of the
theme of the museum. Some of the participants were professional
architects who had knowledge about the necessities of museum
design and had very fixed expectations about the subject. Majority
of the participants’ expectations were related to the built environ-
ment rather than the sound environment.

Expectation also has influences on individuals’ preferences. Both
expectations and preferences are predetermined and formed by
prior knowledge. Majority of the individuals preferred to have a
quiet environment in the museum as they expected that it would
be hard to concentrate on the exhibit if the environment was loud.
Similarly, some of them preferred the museum to be in a modern
building, but they said they were satisfied with their visit regard-
less of their preferences before visiting it. Based on this, it can be
said that Expectation and Preference are the first factors that influ-
ence the interpretation of the soundscape and Expectation also has
an influence over Preference up to a certain degree.

3.1.2. Sound Environment and Built Environment
Sound Environment and Built Environment can be referred to as

the context of the research. They fit this role taking the qualitative
research terminology into account and they should not be con-
fused with the context of the sound. They refer to the location, in
which the actions are taking place.

Based on data analysis, the category of Built Environment is
divided into two subcategories (Table 3), Physical Aspects of the
Built Environment and the Perceptual Aspects of the Built Environ-
ment. Physical aspects of the Built Environment comprised of visi-
tors’ comments regarding materials, layout, the content of the
exhibition and their descriptions of the space (large-small, open-
enclosed, historical- modern). On the other hand, perceptual
aspects of the space comprised of statements that describe how
they perceived the space, regardless of the sound environment,
such as, cozy, orderly-complicated, crowded and boring/ordinary.
Visitors’ experiences form Sound Environment regarding the sound
environment (high-low sound levels, echo, and controlled-
uncontrolled sound environment) and it only has one subcategory,
which is sound sources.

3.1.3. Context
Context is the intervening condition of the conceptual frame-

work. Context shapes and/or constrains the interpretation of the
sound environment. Context is divided into two as consistency
and inconsistency. In this framework, the main role of context is
its consistency with the environment. Throughout the research, it
has been observed that as long as it is consistent with the context
even the most frustrating sound environments can be interpreted
at least non-irritating, if not satisfactory. A clear example of this
is observed in the toys section of the museum. This section is ded-
icated to old toys, bicycles, doll houses, etc. Some of the intervie-
wees visited this section of the museum while a large group of
elementary school student was getting around. Even though the
school children made the environment feel loud and crowded, var-
ious accounts stated that they did not find the sound of the chil-
dren annoying or disturbing. When asked about this event, one
participant (P) said:

P: That part, downstairs, was the toys section. Children were yelling
at each other, some of them were calling for their teacher. It
matched what was displayed. What I was looking at was kids’ stuff.
Sound matched with the objects and created strong interaction
(translated from Turkish) [32].
3.1.4. Interpretation of the soundscape
Central phenomenon of this research is the Interpretation of the

Soundscape [32]. Its subcategories consist of positive, negative and
neutral interpretation of the soundscape. These subcategories are
also a response to the interpretation of the soundscape. When
the interpretation is positive, it can lead to the appreciable, inter-
esting or intriguing environment. On the other hand, when it is
negative, it leads to an irritating, unenjoyable environment.

The context of the sound is the major factor that influences the
interpretation of the sound. As it was demonstrated through visitor
quotes soundscape can be interpreted positively if it matches with
individuals’ expectations of context. This interpretation does not
mean that positive interpretation occurs only when space is con-
sistent with individuals’ expectations, as the expectations do not
have to be always positive. An individual might not be very inter-
ested in visiting a museum, expect it to be an ordinary and boring
environment and can still be impressed at the end of his/her visit.

Even though having a background sound was appreciated by
the majority of the participants, almost all expressed dissatisfac-
tion with the type of music that was being broadcasted. They
thought that the current music of choice was very irrelevant and
made it harder for them to concentrate. Participants desired back-
ground to be classical music, as they felt that it would not interfere
with their concentration, while still creating a soft background
sound. Almost every interviewee agreed that having a background
sound was much preferable to the absence of it. They were aware
that it is impossible to rid the space of uncontrolled sounds and
having a background sound works as a masking noise up to a cer-
tain degree. Among all, human-generated sounds were found to be
the most disturbing and negatively interpreted sounds.

3.1.5. Outcomes
Outcomes are the consequences of the responses that are given

to the interpretation of the sound environment. A soundscape that
is interpreted as interesting, intriguing or apparent can result in a
positive contribution to the atmosphere of the space. The most
solid outcome of a positively interpreted soundscape for this space
is the sense of increased interaction with the displayed objects,
which also promotes a considerable museum experience. If one
considers the fact that it is not usually allowed to touch the dis-
played objects, the best way of forming an interaction with the
exhibit is by hearing it.

Each section of the museum is dedicated to a specific theme.
Some of these themes are craftsmanship, historic cars, vintage toys,
and engineering marvels. To some extent, the sound is used as a
design element to create the feeling of being present in that envi-
ronment. Buildings’ historic characteristic greatly helped partici-
pants to imagine themselves being in the actual environment.
This atmosphere is further enhanced with the introduction of dif-
ferent sounds depending on the contents of the exhibitions. In
the displays, like of blacksmithing or carpentry, hearing the sound
of the hammer hitting the anvil or a saw cutting through a wood
plank made visitors imagine themselves traveling through a bazaar
of old times. This experience is further enhanced with the historic
character of the building. In a way, it can be said that proper usage
of sound gave life to space.

P: It was like the museum was blended into real life. I felt like I
toured through a bazaar rather than a museum [32].

The combination of the historical aspect, function and the
sound of the building creates a unique atmosphere. As a partici-
pant stated, the mixture of the historic stone walls and the wooden
floors, with the exhibitions that display the life of the past genera-
tions create a visual atmosphere that takes the participants dec-
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ades back in time. Addition of proper sound elements further
enhances the atmosphere and creates a unique sensation that feels
like the building is speaking to them.

P: It felt like I went back in time and lived that moment. It was not
just a space surrounded by four walls. It had a unique atmosphere
[32].

Every participant appreciated the usage of sound based on the
theme of the section. However, some of them complained that
sound levels were too high in some sections and too low in some
others which caused sound interference. Participants especially
enjoyed the sections where they can control the sound with but-
tons, but could not use this to its full extent as the sound within
that room was too low while the sound outside the room was
too high. This created a sense of frustration as the participants’
tried to understand the message conveyed through the sound.

As it was expressed earlier, under the right context even the
most frustrating sound sources, like the sound of yelling children,
can be appreciated. But, when these children moved from the toys
part to a more serious section, their uncontrolled sound became an
issue. Participants expressed that when space became so crowded
and filled with irrelevant speech, it caused a loss of concentration,
disturbance and made them want to get away from that part of the
exhibition as an outcome.

3.2. Structural equation model

3.2.1. Confirmatory factor analysis
The data gathered from the questionnaire survey was analyzed

with IBM SPSS Statistics Software 21 and Smart PLS software.
Explanatory factor analysis was conducted as a means of prepro-
cessing the data. Principle Component Analysis method was used
with Varimax rotation to see the factor loading of each indicator
and also to see if the indicators formed proper factors in their rel-
evant categories. The proposed structural model is a reflective
model, therefore, indicators with low factor ratings are eliminated
during this stage. The Kaiser-Mayer-Olkin (KMO) test yielded a
score of 0.733, which indicates that the sample group is suitable
Table 4
Factor loadings, construct validity and convergent validity score of the proposed model.

Factor Indicator Factor Loading

Expectation EX1 0.818
EX2 0.730
EX3 0.543

Preference PRF1 0.850
PRF3 0.927
PRF4 0.531

Sound Environment SE1 0.803
SE4 0.616
SE5 0.735

Built Environment BE4 0.605
BE5 0.798
BE6 0.823
BE8 0.707

Context CO1 0.813
CO2 0.859
CO3 0.669

Interpretation INT1 0.699
INT4 0.880
INT5 0.874

Outcomes OUT1 0.690
OUT3 0.675
OUT4 0.837
OUT5 0.676
for factor analysis. Once the preliminary analysis was done, Smart
PLS software was used for preparing the structural model.

Confirmatory factor analysis was used for examining the relia-
bility and validity measures. Summary of these measurements
can be seen in Table 4. As this is a reflective model, Composite Reli-
ability, Cronbach’s Alpha and AVE (Average Variance Extracted)
scores were utilized to examine the construct validity and reliabil-
ity of the model [39]. The AVE (Average Variance Extracted) ratings
are all between 0.500 and 0.676 which meant that all indicators
were right above the cut off value of 0.05 [40]. All composite reli-
ability values were also above the required cut off value of 0.70,
ranging between 0.751 and 0.853. On the other hand, some of
the Cronbach’s alpha values were lower than the cut off value of
0.70. Considering that this research is focused on an explanatory
model and two of the Cronbach’s values are very close to the cut
off value of 0.70, it can be said that model has adequate construct
validity and convergent validity.
3.2.2. The Structural Model (SEM)
Fig. 3 shows the results of the latent variable path model. As can

be seen from Table 5, five paths out of nine reached statistical sig-
nificance. The first hypothesis indicated that Expectation has a pos-
itive association with Preference. Regarding the first hypothesis
(H1a), it was found that the association between the Expectation
and Preference are statistically significant. This result confirms that
expectations do have an effect on preferences, but this effect has a
low positive path coefficient (0.288). Rest of the hypotheses
regarding Expectation (H1b and H1c) are not statistically signifi-
cant. These hypotheses stated that Expectation could have a posi-
tive association with the Built Environment (H1b) and the Sound
Environment (H1c). The structural model did not support these
hypotheses, specifically, the H1b has a very low t score
(t = 0.262) and a very high p-value (p = 0.793). Both of them also
have low path coefficients.

Similarly, no statistical significance was observed for any
hypotheses regarding Preference. Preference did not have a statisti-
cal significant effect on the Built Environment (H2a) or the Sound
Environment (H2b). Both of them also have very low path coeffi-
Cronbach’s Alpha Composite Reliability AVE

0.524 0.744 0.500

0.722 0.824 0.621

0.544 0.764 0.522

0.714 0.825 0.545

0.693 0.825 0.615

0.754 0.861 0.676

0.695 0.813 0.523



Table 5
Results of the hypothesis testing (*p < 0.05, **p < 0.01.).

Factor Pairs Hypothesis Path Sample Mean (M) Standard Deviation (S.D.) T Statistics P Values

Expectation – Preference H1a 0.302 0.104 2.757 0.006**
Expectation – Built Environment H1b 0.015 0.134 0.262 0.793
Expectation – Sound Environment H1c �0.213 0.121 1.702 0.089
Preference – Built Environment H2a 0.054 0.125 0.325 0.746
Preference – Sound Environment H2c 0.110 0.110 1.871 0.062
Built Environment – Context H3a 0.389 0.100 3.849 0.000**
Sound Environment – Context H3b 0.369 0.098 3.609 0.000**
Context – Interpretation H4 0.468 0.079 5.717 0.000**
Interpretation – Outcomes H5 0.770 0.049 15.676 0.000**

Fig. 3. The structural equation model with latent variables and path coefficients. The label for each hypothesis can be found under the path coefficient.
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cients, in fact, the coefficient between preference and built envi-
ronment is the lowest among all. This analysis showed that there
is no association at all (Fig. 3).

Both the Sound Environment and Built Environment are statisti-
cally significantly associated with Context. Path analysis shows that
there is a low to the medium positive association between the Built
Environment and the Context (H3a). This analysis indicates that as
users’ satisfaction with the built environment increases they find
the environment more consistent with the context. Similarly, there
is a low to the medium positive association between the sound
environment and the context (H3b), indicating that as users’ satis-
faction with the sound environment increases, they find the sound
environment consistent with the context.

There is a statistically significant relationship between the Con-
text and the Interpretation of the Soundscape (H4). According to the
path coefficients, the direction of this relationship is positive. This
analysis shows that indoor soundscape is interpreted more posi-
tively when it is consistent with the context. It should also be
noted that the Built Environment and Sound Environment cate-
gories are indirectly affecting the Interpretation of the Soundscape,
as they are associated with the Context in a statistically significant
manner. This also means that Context acts as a mediator between
the Sound and Built Environment and the Interpretation of Sound-
scape. This supports the soundscape literature, which places con-
text as the key/critical factor in terms of interpreting the
soundscape.

The last hypothesis is about the Interpretation of the Soundscape
and the Outcomes of this interpretation (H5). Highest statistical sig-
nificant and path coefficient was observed for this hypothesis (path
coefficient: 0.768, t = 15.676, p < 0.000). According to this, there is
a statistically significant high amount of positive association
between the interpretation of soundscape and the outcomes. This
result can be explained as the interpretation becomes more posi-
tive or satisfactory, outcomes of this interpretation also become
more positive. For this case, positive interpretation subcategories
are, pleasing, appreciation, satisfaction, intriguing, calming and
the positive outcomes were the enhanced atmosphere, feeling of
connection with the environment, promoting focus and space
experience. Visitors’ museum experience was positively affected
as they found the soundscape more intriguing, pleasing, etc. Simi-
larly, if they interpret the soundscape negatively, such as distract-
ing or unenjoyable, they feel the urge to end their tour end leave
the space or at least that certain part of the exhibition.
4. Discussion

This study aimed to use qualitative and quantitative methods to
develop a conceptual framework, create hypotheses based on this
framework and test them using the Structural Equation Modelling
(SEM) approach. Most of the categories obtained from the concep-
tual framework were similar to the previous qualitative research
[15,16,33,41] and the ISO 12913-1 [5]. Similar to those, it was
found that context is the most crucial element towards the inter-
pretation of the soundscape. In this sense, the context of the sound
is not independent of the physical environment [8].
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Some unexpected findings were obtained from the SEM
approach. These surprising findings are mainly related to the
Expectation and Preference categories. Results indicate that Expecta-
tion and Preference are not statistically significantly associated with
neither Built nor Sound Environment. This result is not consistent
with the literature [9,33]. Bruce and Davies [9] found that expecta-
tions were affecting the soundscape perception by influencing
individuals’ behaviors and evaluation of the soundscape.

A possible cause of this can be the low Cronbach’s alpha value of
Expectation (0.524). If this is the case, questions associated with
that factors can be redesigned to increase the reliability scores.
This result could also be a consequence of the limitations caused
by the application of SEM in this research. SEM approach usually
requires a fully developed theory with a well-established question-
naire, such as the examples suggested by the ISO 12913-2 [6].
However, as this research focuses on theory building, and needed
to develop its own questionnaire to do so, this aspect of SEM is a
limitation. We tried to minimize the effect of this limitation by
adopting the more flexible and explanatory approach of PLS-SEM.
Further study with a more developed questionnaire can improve
the results of the model. One possible way which might yield bet-
ter results for this model is asking a single question about familiar-
ity under the Expectation category, rather than a series of questions
about expectation. Considering that the expectations are based on
past experiences [9], a first time visitors’ expectation will only be
based on their visits to similar places but it will still be different
from someone who is familiar with the place. This will also change
the ‘‘Expectation” from a latent variable into an observed variable.
Model fit is not discussed in this paper as there is no global good-
ness of fit measure for PLS-SEM, unlike the covariance-based SEM
[39].

Other than the first two categories, the conceptual framework
supports the existing literature, which emphasizes the importance
of context towards the interpretation of soundscape [5,42]. The
conceptual framework, developed by the ISO 12913-1, showed
the association between context, interpretation of auditory sensa-
tion, responses, and outcomes [5]. The most reoccurring theme
during the first part of the study was sounds’ consistency with
the context. The soundscape indicators were not specifically exam-
ined, which were briefly mentioned in the introduction section, but
it can be said that appropriateness is the most critical soundscape
indicator for this research setting. Axelsson [43], along with Xiao
and Aletta [24] indicated appropriateness as an important indica-
tor. A sound can be appropriate to a context even though it is poor,
which made Axelsson [43] question the usefulness of this indica-
tor. A perfect example of this is observed in the toys section of
the museum, in which the sounds of groups of children were poor
in quality but appropriate for the context and created less annoy-
ance then one would have thought. But this does not mean that
the soundscape quality is fine as it is.

Other indicators, such as pleasantness, also came up, but appro-
priateness was a significantly more common concern for the visi-
tors. In the model presented in this study, responses are
represented with three subcategories under Interpretation, which
are: positive, negative and neutral interpretation. These subcate-
gories also have a variety of items under them such as pleasant-
ness, calmness, appropriateness, annoyance, etc.

The indoor environment of a museum can comprise of different
sections with various themes. Physical and auditory elements
within the environment create a context. If this context of sound
is consistent with the environment or suitable for its function, it
can significantly influence the interpretation of the soundscape.
One of the key findings found with this research is that the visitors
desire the sound environment to be well-designed. When it is con-
sistent with the context, a sound element can improve visitors’
interaction with the exhibitions by enhancing the atmosphere.
An example of this was visible on the exhibition area referred to
as the ‘‘craftsman’s street”, in which every room of the aisle was
a craftsman shop, such as blacksmith, tinsmith, carpenter, etc. This
finding is also very historically accurate as this part of the cara-
vanserai was occupied with this kind of shops a century ago. The
historic building and the exhibition are already compatible with
each other, but without the right sound complementing this, the
whole exhibition might feel fake. At the moment, this part of the
museum is the only place where we can say that the sound is
appropriate for the context and it is also one of the more memo-
rable, enjoyable and authentic parts according to the visitors.

On a busy day, however, no matter how good the sound envi-
ronment was designed it will be suppressed by the crowd. One
possible suggestion is using earphones. This tool may sound like
isolating the visitor from the sound environment altogether, but
audio tours are commonly used in many museums. Audio tours
mostly consist of a narrator explaining the artifacts. Relevant
sound compositions can be added to these audio tours or take
the storytelling to a new level. Machine learning algorithms can
be used to predict visitors’ expectations, preferences and attitudes
while guiding them through one of the pre-determined paths to
travel in the museum. Once enough data for artificial intelligence
(AI) is gathered, this can also be used as a design tool rather than
a guidance tool.

The historic building’s contribution to the overall experience
should not be overlooked. Therefore, some of the findings may
not be generalizable in a similar manner to all museum types, such
as for a modern art museum in a deconstructivist building. One
thing that is certain is the importance of the appropriateness of
the sound to the context. The output of the interpretation may
change, but the interpretation itself will be the same. If the sound
environment is interpreted positively it may not necessarily
increase interaction but promote concentration.
5. Conclusion

This research aimed to use qualitative and quantitative meth-
ods to develop a conceptual framework, create hypotheses based
on this framework and test them using the structural equation
modelling (SEM) approach. The conceptual framework showed
that meanings associated with a sound in context are the major
element that contributes to the interpretation of the context. This
also meant that appropriateness is a vital soundscape indicator,
which should be highly considered when designing a museum.

Out of the nine hypotheses that were derived from the concep-
tual framework, five of them showed statistical significance. The
ones that did not show significance were all related to the Expecta-
tion and Preference categories. This was a surprising finding as it
was inconsistent with the literature. This might be caused by a rel-
atively low-reliability score of the questions regarding Expectation.
Through further study and modification of the questionnaire, the
results can be more clearly understood and improved.

Findings indicated the individuals’ desire for a well-designed
sound environment just like the physical environment. Under right
conditions, sound can be used to create a living environment with
a unique atmosphere that would enhance the visitors’ experience
to a maximum degree.
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