CULTURAL DIFFERENCES IN PERCEIVED TRADITIONAL AND SMART
INDOOR SOUNDSCAPE OF DOMESTIC SPACES:
A FOCUS ON ARAB AND TURKISH RESIDENTS

Abdul Lah AL KAN

DECEMBER 2024



CANKAYA UNIVERSITY
GRADUATE SCHOOL

ARCHITECTURE DEPARTMENT
INTERIOR ARCHITECTURE MASTER'S THESIS

CULTURAL DIFFERENCES IN PERCEIVED TRADITIONAL AND SMART
INDOOR SOUNDSCAPE OF DOMESTIC SPACES:
A FOCUS ON ARAB AND TURKISH RESIDENTS

Abdul Lah AL KAN

DECEMBER 2024



ABSTRACT

CULTURAL DIFFERENCES IN PERCEIVED TRADITIONAL AND SMART
INDOOR SOUNDSCAPE OF DOMESTIC SPACES: A FOCUS ON ARAB
AND TURKISH RESIDENTS

Abdul Lah AL KAN
INTERIOR ARCHITECTURE MASTER'S THESIS

Supervisor: Assoc. Prof. Dr. Papatya Nur DOKMECI YORUKOGLU
December 2024, 102 pages

The aim of this study is to understand the current acoustic condition of smart
houses, evaluate the effect of smart technology on perceived indoor soundscape, and
measure cultural differences regarding that perception. Arab and Turkish residents
living in Turkiye were the focus of this study. A method to distinguish traditional and
smart houses was not found. Thus, an indoor acoustic environment scenario was
designed for each house type. Indoor residential soundscape questionnaire was
conducted to answer the research questions, participants were asked to listen to the
designed traditional and smart house acoustic environment audio samples, and
evaluate the audios using an indoor residential soundscape scale found in the literature.
English attributes of the scale were translated to Arabic and Turkish with focus group
method. It is found that cultural differences do not affect indoor soundscape
perception, embedding smart technology into houses increase eventfulness, yet not
decrease comfort ratings of the users, and sensitivity to noise had an influence on

indoor soundscape perception.

Keywords: Indoor soundscape, listening test, residential building, smart

house, cultural difference.



OZET

IC MEKAN GELENEKSEL VE AKILLI iSITSEL PEYZAJ ALGISINDA
KULTUREL FARKLILIKLAR: ARAP VE TURK SAKINLER UZERINE BiR
ODAK CALISMASI

Abdul Lah AL KAN
IC MIMARLIK YUKSEK LISANS TEZI

Damigman: Dog. Dr. Papatya Nur DOKMECI YORUKOGLU
Aralik 2024, 102 sayfa

Bu ¢alismanin amaci, akilli evlerin mevcut akustik durumunu anlamak, akilli
teknolojinin algilanan i¢ mekan ses peyzajina etkisini degerlendirmek ve bu algiya
yonelik kiiltiirel farkliliklar1 6lgmektir. Calismanin odak noktasi, Tiirkiye'de yasayan
Arap ve Turk sakinlerdir. Geleneksel ve akilli evleri ayirt etmek igin bir yontem
bulunamadigindan, her ev tipi i¢in bir i¢ mekan akustik ortam senaryosu tasarlanmustir.
Aragtirma sorularim1 yanitlamak amaciyla bir anket yapilmis, katilimcilardan
tasarlanmis geleneksel ve akilli sesleri iceren ev ortami ses senaryolarini dinlemeleri
ve literatiirde bulunan i¢ mekan isitsel peyzaj algisi degerlendirme 6lgegini kullanarak
bu sesleri degerlendirmeleri istenmistir. Ingilizce 6lgek, odak grup calismalar: ile
Arapga ve Tirkceye ¢evrilmistir. Calismada, kiiltlirel farkliliklarin i¢c mekéan isitsel
peyzaj algisini etkilemedigi, akilli teknoloji seslerinin isitsel peyzaj hareketligi algisini
artirirken kullanicilarin isitsel konfor diizeyini azaltmadig ve giiriiltitye duyarliligin i¢

mekan isitsel peyzaj algisi lizerinde belirgin bir etkisi oldugu bulunmustur.

Anahtar Kelimeler: i¢ mekan isitsel peyzaj, dinleme testi, konut, akilli ev,
kiilttirel farklilik.
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CHAPTERII
INTRODUCTION

Advancement of technology leads to a more luxurious life, especially in
households. Since the discovery of electricity, houses have evolved to a new level.
Also, the creation of artificial intelligence and internet of things (IoT) technology
houses became a hub for multiple advanced devices. Thus, adding more sound sources
to the indoor space resulting in an increased overall acoustic environment. Since
people spend most of their time in an indoor space, and most of that time at their
houses, improvement and enhancement of the acoustic environment in inevitable.
Thus, a well-designed indoor environment of a residential space leads to a better
quality of life and wellbeing.

One of the main factors regarding indoor environmental quality is acoustics.
While sound is unseen it can affect the way users feel and experience an indoor
environment and the way they interact with it, which can be referred to as soundscape.
Soundscape is the field of study that cares about human perception of the acoustic
condition. Studying indoor soundscape of domestic spaces benefits users’ comfort and
wellbeing. This study’s goal is to investigate the acoustic condition of smart houses in
literature, the effect of embedding smart technology on the indoor soundscape of
houses, and the cultural difference between Arab and Turkish users living in Turkiye

regarding indoor soundscape perception in residential setting.

1.1 AIM AND SCOPE OF THE STUDY

The study aims to identify the current situation of smart houses by studying
literature and investigating the smart houses market. Furthermore, since cultural
differences can have a huge influence on users’ perception of the indoor soundscape,
exploring smart technology effect on indoor soundscape perception of residents living
in Tarkiye, focusing on users whose native language is either Arabic or Turkish to
distinguish possible cultural differences among the two groups, other demographical

factors (e.g., age, gender, education level) are examined to test whether they have an
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effect on the perception of the indoor soundscape. Residential area or location of cities
are not the focus of the study as the participants evaluate digitally created residential
sound samples. Furthermore, people whose native language is neither Arabic nor
Turkish are not included in the study. Additionally, only the auditory sense is
considered in this research, while other senses (e.g., visual, tactile, etc.) are excluded.

1.2 GAP IN THE LITERATURE AND IMPACT OF THE STUDY

The study mainly aims to make a better understanding of smart technology’s
effect on the indoor residential soundscape perception. The study focus on answering
the following questions:

RQ1. What is the current situation of smart houses regarding the acoustic condition?
RQ2. How does smart technology affect the soundscape of indoor domestic spaces?
RQ3. The following sub-questions discuss the relationship between demographic

factors and indoor soundscape perception of houses:

RQ3.1. Do the cultural differences between Arab and Turkish groups have an

influence on the perceived indoor soundscape?

RQ3.2. Do they get affected by smart technology differently?

RQ3.3. Do other demographic factors influence the perceived indoor soundscape?

PRISMA review was conducted to identify the gap in the literature. Scopus
and ScienceDirect data bases are used to conduct the PRISMA review, looking for
articles having the following keywords in their title, abstract, and keywords:

(("smart house™ OR "smart home™ OR "automated home™ OR "automated
house™) AND ("acoustics™ OR "acoustic environment” OR "sound environment” OR
"soundscape™)) OR (("soundscape” OR "acoustic environment” OR "sound
perception™) AND ("domestic” OR "residential")) OR (("'soundscape” OR "acoustic
environment™) AND ("cultural difference” OR "cross-cultural” OR "cultural variation™

OR "sociocultural™ OR "cultural influence™))



The compiled articles (e.g., 624 from Scopus, 66 from ScienceDirect, and 29
previously collected articles) were 728, and 649 articles after removing duplicates.
Afterwards, 248 articles were retrieved. Then, the remaining articles were screened for
eligibility (articles which are not related with indoor soundscape, articles which are
not related with smart houses, and articles which are not written in English were

excluded), resulting in 43 articles which were reviewed, Figure 1.

‘ Identification of studies via databases and registers

S
= Records identified from:
-% Databases (n=719): Record d bef .
(3] P}’GV!‘OHS.(}' coz’.’ec.fed (” — 29) ecoras .remove ejore screenthg:
EE Scopus (1 — 624) > Duplicate records removed (n = 70)
= ScienceDirect (n = 66)
- Registers (n = 0)
—
Y
S
Reports sought for retrieval Reports not retrieved
(n =649) (n =401)
o \d
-E ~ l. . .l.
g Reports asiesieg 4f§r eligibility —» | Reports excluded: (n =205)
7] n ) Reason 1: Not related to indoor soundscape
Reason 2: Not related to smart houses
Reason 3: Not written in English
etc.
—
A4
2 Studies included in review
'g (n=43)
o] Reports of included studies
g
- (n=0)

Figure 1: PRISMA review flow digram.

After conducting the PRISMA review, no work in the literature regarding the
effect of smart technology on the indoor soundscape of residential buildings was
found. Additionally, neither house level of smartness scale, that identifies how smart
a house is and can be used as a questionnaire, nor other methods that can be applied to
a survey were found. This study contributes to literature by suggesting translations of
indoor soundscape scale to both Arabic and Turkish languages, a study of the
relationship between embedding smart technology into domestic spaces and the
perception of indoor soundscape, and presenting a method to distinguish traditional

and smart houses.



1.3 THESIS STRUCTURE

The first chapter of this thesis is the introduction part, it has general information
about the importance of this work, its’ aim and scope, and the gap in the literature that
inspired it. In the second chapter, a literature review is conducted. It has three main
focus areas, indoor soundscape, smart houses, and evaluating indoor soundscape of
residential buildings. The third chapter discusses the study objectives, the design of
the study, data collection and analysis methods, and detailed explanation of the
translation phase of the used indoor soundscape scale. Results and discussion are
presented in the fourth chapter of this thesis, the chapter provides study results, their
description, and statistical analysis. The last chapter of this thesis concludes the
research aim, findings, and possible future research areas.



CHAPTER II
LITERATURE REVIEW

Soundscape deals with the human perception of the acoustic environment. It is
defined as the acoustic environment as understood, perceived, or experienced by users
in a certain context (ISO 2014). Soundscape involves more factors than hearing only,
even though it is mainly related to the acoustic environment. Though hearing and
memory are the main associations of soundscape, many other psychological,
physiological, and sociological aspects affect its’ process (Schafer 1993).

Designing soundscapes correctly can improve quality of life and strongly affect
the user’s experience (Alkan et al. 2023). Lately, indoor soundscape study area has
become an important part of research within the field of acoustics. With the
advancement of technology and the appearance of smart houses, the indoor residential
soundscapes are significantly affected. Thus, considering the concepts of soundscape
while designing the indoor built environment can be called an innovative designing

approach of the indoor environment (Alkan et al. 2023).

2.1 INDOOR SOUNDSCAPING

Sounds have different types and natures; some are caused naturally and some
artificially, certain sounds are beneficial and pleasant to hear or listen to, while others
are the opposite. Improving users’ quality of life is the task of an architect or designer,
which can be achieved by taking into consideration both vision and aural aspects of
the designed environment. However, architects nowadays often been called “deaf
designers” since they lack consideration of the acoustical principles while designing
(Mackrill et al. 2013). Hospitals are a great example of this issue, they are tied with
beeping sounds, gurneys wheels in the hallways, sounds of footsteps, and calling
vocalizations. These and other examples are considered disturbing and worsen the
hospital soundscape, especially if the patient’s perspective is considered. They
necessitate sleep to properly recover, instead they hear such disturbing sounds day and

night, intervening the process of healing (Mackrill et al. 2013). This design issue is not
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exclusive to hospitals, schools also suffer from poor design leading to less efficient
learning outcomes and health problems for teachers and students. Similarly, domestic
buildings suffer from poor designed soundscape, causing less comfort and negatively
affected overall health for users (Alkan et al. 2023).

Designers must consider that the acoustic design of a space is more crucial and
effective than sound design of the sources, since the acoustic properties of space are
permanent and harder to modify. Additionally, the properties of a space (e.g., finishing
materials) have larger influence on the indoor soundscape relative to the equipment-
based sound sources (Alkan et al. 2023). A study made in Italy focused on semantical
differences and found significance in flooring material impact over the designed sound
of a product on participants. Advising designers to deeply consider materials’
acoustical characteristics and assure that spaces have a suitable acoustical condition
for the users is crucial in every architectural project and application (Dal Palu et al.
2017).

An initial step into designing the indoor soundscape of a space is understanding
the possible sound source types emitted in that space, sound source taxonomy can be
created to classify the various audible sounds in a space, this classification can differ
according to the usage of the space. According to ISO standard, sound sources in
general can be classified into three categories. Sounds emitted from humans, sounds
emitted naturally by non-human influence, and sounds emitted by man-made
technology (ISO 2018). A sound source taxonomy was proposed by Lindborg for
restaurants that classified the sounds according to whether they were designed, a result
of the cuisine and the kitchen, or emitted by customers (Lindborg 2016). In some cases,
while creating an indoor sound source taxonomy, outdoor sound sources should be
considered as well as they affect the indoor soundscape. Another study, which has an
initial taxonomy proposal for indoor acoustic environment for shopping centers
separated outdoor and indoor sound sources, where outdoor sounds were less audible
(Ercakmak and Y 6riikoglu 2020).

Soundscape studies which examine indoor acoustic environments consider this
classification while asking participants about the sounds they hear in space (Torresin
et al. 2023). In Torresin et al study, the participants were asked about the number of
sounds they hear and distinguish, where these sounds were divided into sub questions
regarding being outdoor or indoor sound sources with respect to their characteristics;

natural, human, or technology sounds. Similarly, another study focusing on the indoor
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soundscape of houses during the Covid-19 pandemic asked participants about the
audibility of various sounds. Outdoor and indoor sound sources were divided.
However, the division was less complex in general (Peixoto et al. 2023). Sound sources
differ according to the space function. A study conducted in Chile found that compared
to workplaces, houses have more diversity in the sound sources originated by humans
(Gale et al. 2022).

2.1.1 Residential Soundscape

The influence of the soundscape is great on humans, both mental and physical
aspects of users’ health can be affected. Thus, a poorly designed soundscape can have
negative effects upon the health of users in the long term. A study done in the UK
investigated the relationship between soundscape and users’ physiological
measurements found that unpleasant sounds cause participants’ heart rate to be
increased by a mean of 2 beats per minute while pleasant sounds affected respiration
rate, elevating it by one breath per minute (Hume and Ahtamad 2013). Another study
was conducted in China suggests that people’s psychological and physiological
conditions may get directly affected by the soundscape and overall sound environment
(Wang et al. 2022).

Regarding residential buildings, sound sources can be sorted into indoor
sounds such as TV, human speech, and mechanical noises, and outdoor sounds such
as people outside the house, traffic sounds, and weather. Indoor soundscape can be
affected by outdoor sounds. A study conducted by Torresin et al found that despite the
decrease in level of comfort caused by outside noise, with the presence of noises inside
the house, negative effects of noises from outside can be diminished in relation to
comfort (Torresin et al. 2020). Another study was conducted in 2021 found that the
same indoor acoustic environment can be perceived differently from the same user
depending on their activity (Torresin et al. 2021).

Factors such as the elevation of the house, users’ behaviors, and social
differences have an influence on acoustic environment evaluation (Cheng 2020). In a
study conducted in Indonesia found that both motorized sounds and human voice and
activity sounds negatively affect the soundscape in residential spaces, while the sounds
of animals have the opposite effect (Djimantoro 2022). Moreover, another study found
that the presence of other people might affect someone’s soundscape perception even

though they are living alone (Baharin et al. 2013).
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Examining today’s houses, which can be considered as smart, artificial
intelligence becomes the main element to be analyzed in future houses, yet still can be
speculated. It can be expected that; tonal sound notifications will be mostly replaced
by verbal speech generated by machines. Maybe in the near future, humans and
machines will have better communication, allowing clearer understanding of the smart
house conditions by users, deeper understanding of smart technology and the possible
applications of it, and possibly helping users understand themselves better sonically
(Alkan et al. 2023).

2.1.2 Cultural Differences in Perceiving Indoor Soundscapes

Cultural differences, experience, and beliefs are known for their influence upon
people’s perception, understanding, and the way they give meaning to sounds in the
indoor spaces. Thus, considering these differences during the design phase is crucial
(Elghadaffi and Dokmeci Y 6riikoglu 2020). In a previous work (Alkan et al. 2023),
the author discussed different studies on cultural differences while perceiving
soundscape and how it’s crucial to consider it. A study was conducted on France,
Korean, and Sweden participants found that participants’ background culture affected
their perception on sounds, that effect was bigger regarding birdsongs, water sounds,

and human sounds (Jeon et al. 2018).

2.2 SMART HOUSES

Smart grids (e.g., smart houses, smart technology, and smart energy) are
expected to add $14 trillion of economic value to the global economy by 2030. Such
an increase in the use of technology will undoubtedly attract many companies and grab
their attention, motivating them to have an investment in the smart houses market,
leading to the establishment of new companies in this field. Several leading companies
(e.g., Google, Amazon, Apple, and Samsung) are investing in smart houses and the
loT market. Each company has its own smart assistant and works on its own platform.
By 2021, 31% of households in the US own smart assistants such as Amazon Echo
and Google Nest. The technology of 10T is powerful, it connects and controls multiple
devices inside space, making it easier than ever to give orders and modify the
connected devices. For instance, through their smart assistant, Google can interact with
more than 20,000 devices across 1200 brands (Alkan et al. 2023).



Smart houses can be defined as the technology consisting of different devices,
functions, and wireless networks inside the house (Saizmaa and Kim 2008). Others
describe them as the application of integrating intelligence into the management of
domestic buildings (Mocrii et al. 2018). More recent definitions comprise the existence
of 10T technology for a house to be considered smart (Almusaylim and Jhanjhi 2019).
Thus, a smart house can be referred to as the living space that contains devices which
are using the internet to form a network to remotely execute different functions around
the household (Korneeva et al. 2021).

In contemporary times, communication between humans and devices mainly
relies on a predefined keyword, usually followed by the request, and ends with the
smart devices providing feedback. Signals, notes, or tones may sometimes support this
communication process, which can be designable sonic objects. This communication
process has number of requirements (i.e., advanced speech coding, high level of speech
intelligibility, low level of background noise, and high sound intensity of speech)
(Alkan et al. 2023).

Smart houses mainly have four functions: alerting, monitoring, controlling, and
intelligence. The first and simplest function is alerting, it gives users the information,
this information can be transmitted either through sound notifications or digital text on
screens. Alerting notifications are highly customizable in smart houses, making them
one of the dominant sound marks of smart houses that can be designed. Monitoring is
the second function of smart houses. It is crucial to have graphical and aural interfaces
while creating smart houses. The role of these interfaces is to present information
regarding smart devices installed throughout the household such as air conditioner
temperature, a vital alert, live footage of a security camera, etc. The third fundamental
of smart houses is control. While observing the state of their houses, users can modify
and arrange the environment of their houses using 10T technology of smart devices
multiple ways (e.g., monitoring screens, voice commands, smart switches, and phone
applications). scheduling future events and organizing smart devices to act
automatically can be achieved leading to reduced wasted time for the users. The most
complex function of smart houses, intelligence, is the fourth function. Past smart
houses devoid actual smartness. Smart devices in the past were called smart, though
they lacked smart functionality even while listening to sounds and executing specific

tasks. However, their applications were mostly a combination of several machines and



their functions or by including electricity for essential duties in the early stages (Alkan
et al. 2023).

Current smart houses include artificial intelligence and machine learning
mechanisms which by accomplishing a higher level of smartness. A great example of
this is smart assistants: they acquire the ability to listen to users’ voice commands,
process them, control the devices around the household, do a search on the internet,
and learn the users’ habits, and act upon them. Monitoring and control functions affect
the indoor soundscape of smart houses in a different way compared to alerting
function. Monitoring and control functions require two-way communication methods
among the user and the device. Thus, the need for speech intelligibility increases a lot
(Alkan et al. 2023).

2.2.1 Internet of Things (1oT)

loT technology is the heart of a smart house; most recent definitions use 10T
as a condition for a house to be called smart. The definition of loT differs according
to the intended field. However, according to literature, describing the definition of IoT
can be categorized into four categories (Aagaard et al. 2018):

1. As intelligent objects,

2. As an extension of the Internet,

3. As a global network infrastructure and
4. As an interaction of information.

Regarding smart houses, 10T can be referred to as the number of devices that
form a connection among each other via global network to a communication system
(Mamatnabiyev and Suliyev 2018). Another way to define 10T is as the system of
different devices, appliances, and machines in the house that are interconnected and
inserted with hardware and software and have the ability of transforming data over the
network without the need for human-human or human-machine interaction (Ayan and
Turkay 2020).

2.2.2 From Traditional to Smart Houses

The early smart house systems were used by wealthy individuals between
1960s and 1980s, these systems were not affordable for the public, and they were
focusing on lighting and heating control mainly. Home automation started to emerge

between the 1990s and early 2000s, smart house concept became more widely
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available to the public, and more features were included in them regarding security,
entertainment, and other aspects. In the mid-2000s the loT era started, the
advancement of 10T technology led to the concept of smart houses improving and
becoming more available. 10T made it possible to integrate different devices and
appliances, which created seamless and more connected house environment (Alkan et
al. 2023).

Between the 2010s until the present day, smart houses became more advanced,
installed with more complex systems (i.e., machine learning and artificial
intelligence), giving smart houses the ability to learn the behaviors of users and adapt
to them, making it more comfortable and increasing energy efficiency. Future
inspections of smart houses are associated with 5G advancement, edge computing, and
other aspects which are expected to improve smart houses making them more
connected and aware of the needs of users. Augmented and virtual reality is a
promising technology that can also help smart houses become more engaging, while
data exchange with higher security can be achieved with blockchains (Alkan et al.
2023).

2.2.3 Indoor Soundscape of Smart Houses

Space design and positioning smart devices inside it, both are significant
aspects of the quality of smart house indoor soundscape. Acoustic characteristics and
designing smart devices positions are unavoidably connected, and the importance of
smart houses acoustical design is rendered through this relationship (Alkan et al.
2023). The integration of sounds making the acoustic environment of space is called
indoor soundscape. This integration covers both intentional sounds and unintentional
sounds (e.g., human speech, appliances, music, and background noises). Smart houses
have multiple sound sources (e.g., smart speakers, smart TVs, and other smart
appliances), all these sound sources play a rule in forming the indoor soundscape since
they are intentionally designed to emit sounds to be heard (Alkan et al. 2023). This
integration of sounds must be considered while designing the indoor space and the
smart devices implemented in it. Having a large number of sound sources inside the
space can affect the voice commanded devices in that space. Which requires
processing steps to aid the devices understanding the speech instructions (Alshammri
2023).
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2.2.4 Sound Sources in Smart Houses

Sound sources in traditional houses (e.g., TV, radio, and music) are limited
compared to smart houses. They are usually designed separately rather than having a
correlation, and they are manually controlled by users. Moreover, since they are
designed separately instead of working seamlessly together, their quality of sound
depends on the individual effort put into it by the brand. Meanwhile, the interconnected
grid of sound sources in smart houses (e.g., smart speaker, smart thermostat, smart TV,
smart security system, smart doorbell, and other smart appliances) create the
possibility of a better controlled system via smart apps or with voice commands.

Smart speakers are the heart of smart house, it is the most owned smart device
among users, it can control most functions around the house, it can provide information
regarding multiple aspects of the house, and it can verbally interact with the users. An
investigation of the smart house market was conducted by (Alkan et al. 2024), the

study reviewed the most purchased smart devices, as shown in Figure 2.
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Figure 2: Numbers of owned smart devices in millions (Statista 2022).

The study found that smart speaker was the leading among most owned smart
devices in 2022 in US (Alkan et al. 2024). Thus, the study proceeded with investigating
the available sound notification files of different smart speaker companies of free
access since the study wasn’t funded, acquiring 316 Verbal sounds & 14 Tonal sounds

found Amazon Echo on official developers’ pages (Speechcon Reference n.d.; Voice
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Service n.d.). And 55 Verbal sounds & 17 Tonal sounds found for Apple HomePod on
unofficial sites (HomePod Sounds n.d.).

The found audio files were categorized according to the four smart house
functions (i.e., Alerting, Monitoring, Controlling, and Intelligence) while classifying
whether they are Verbal or Tonal sound notifications. In result, most emitted sounds
were verbal generally and for the intelligence function, alerting and monitoring
functions showed variety in the type of emitted sounds, and tonal sounds were
dominant for the control function (Alkan et al. 2024).

2.3 EVALUATING SOUNDSCAPES

Multiple approaches can lead to collecting, analyzing, and visualization of
soundscape data. The debate on collecting and analyzing data regarding the way
people perceive and understand the acoustic environment is recent compared to the
time where the field of soundscape appeared as it’s known today (Mitchell et al. 2022).
It is hard to assume the existence of a perfect method in collecting and representing
soundscape data. However, well designed models can be enough to use while
integrating multiple methods can lead to more sufficient results. Axelsson et al
demonstrate the importance of discussing current soundscape study models to review
their effectiveness, while considering the possibility of integrating different models to
achieve a better understanding of that soundscape (Axelsson et al. 2019). A study
conducted by Aletta et al compared two soundscape measuring methods which was
proposed by ISO standard (Aletta et al. 2019). The study compared soundwalk and
questionnaire methods and found strong statistical significance among the two

methods. The study suggested that both methods can categorize different soundscapes.

2.3.1 Soundscape Evaluation Scale

Soundscape evaluation scale has been previously published within 1SO
standards in 2018, which consists of two main dimensions (Pleasantness and
Eventfulness) and two sub dimensions rotated 450 as shown in Figure 3. The scale
can be adapted into the questionnaire, giving five possible values for each attribute
ranging from Totally agree to Totally disagree, and asking participants to choose
which answer suits them best for each attribute. While the two main dimensions are
independent, the two sub dimension values affect them using triangle equations

allowing results to be plotted into a 2-D plane (1SO 2018).
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Figure 3: Urban soundscape evaluation scale (1ISO 2018).
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Figure 4: Indoor residential soundscape evaluation scale (Torresin et al. 2020).

An indoor soundscape evaluation scale specified for residential usage was

Comfort dimension is associated with the level of comfort a user feels within

Empty
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adapted by Torresin et al. The study considers three main dimensions (Comfort 58%,
Content 25%, and Familiarity 7%) focusing on indoor soundscape evaluation. Thus,
the study proposed an evaluation scale consisting of two main dimensions (Comfort
and Content). The scale is represented on a 2-D plane as shown in Figure 4 where the
two dimensions are defined as main axes with two sub-axes (Engagement and
Privacy/Control) rotated 45° (Torresin et al. 2020).

the indoor acoustic environment of a space, while the Content dimension is focused



on the number of acoustic events occurring in that indoor space from the user’s
perspective. Another soundscape dimension consisting of 7 factors (e.g., Pleasant,
Calmness, Vibrant, Eventful, Softness, Relaxing, and Variant) on a 2D plane that was
used to evaluate indoor residential soundscape in different cities in Indonesia
(Djimantoro and Sakina 2021) is also present in the literature.

2.3.2 Translating & Adapting Soundscape Attributes

Though the soundscape scale can be applied regardless of the participant’s
cultural background, a translated version of the scale is more effective and suitable for
covering larger sample of the targeted cultural groups, allowing for more accurate
representation. A guideline article suggests two translation methods as most popular:
translating an instrument and then back-translating it to the original language, and two
or more independent translations of an instrument then comparing them to provide one
alternative to be evaluated by a bilingual as third party (Gudmundsson 2009). When
translators in the focus group know that a back translation method will be used to
evaluate their translation, they will purposely choose words that can be translated back
to the original language correctly rather than focusing on the optimal possible
translation (Geisinger 1994). Therefore, relying on independent translation methods
can be recommended. However, a study conducted by Epstein et al compared different
methods and stated that there is no golden standard for cross cultural translation
methods (Epstein et al. 2015).

Previous works provided translations of the eight soundscape attributes given
by 1SO standard (ISO 2018). Karn et al made a focus group translation method for
soundscape scale, where five linguistics proposed a set of translation for each of the
eight soundscape attributes. The proposed translation alternatives were validated using
an online survey among bilingual Thai and English participants (Watcharasupat et al.
2022). In Anugrah et al research, the participants in the translation phase provided
several alternatives to represent each one of the English attributes. The alternatives
provided must be formal terms indexed in the official dictionary. Then, the participants
selected one term to represent each English attribute considering the naive people to
understand it easily (Sudarsono et al. 2022). In the research conducted by Dokmeci
Yorukoglu et al, a focus group method was used as well. However, participants of the
focused group were provided a word pool of the Turkish equivalents for each English

attribute prepared by the author. Participants of the focus group voted for 1% and 2"
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preference translation (Dokmeci Yoriikoglu et al. 2023). Another study by Nikolaos et
al relied on independent translations from bilinguals, then the translations were
compared and back translated to English in for evaluation (Papadakis et al., 2022).

A validation phase of the translated attributes is mandatory, proper method
must be used to ensure the end translation and make it reliable in surveys for different
cultures (International Test Commission 2018). Several methods can be used to
validate the proposed soundscape attributes translations (e.g., online survey, listening
tests in lab, sound walk in situ, applying questionnaire). In Dokmeci Yorukoglu et al
article, to validate the soundscape attributes translation a listening test method was
conducted. Participants were given 27 audio scenarios to listen to and asked to answer
a Turkish questionnaire, the same audio scenarios were given one week later with an
English questionnaire to eliminate any memory effects on participants’ answers
(Dokmeci Yoriikoglu et al. 2023).
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CHAPTER Il
DESIGN OF THE STUDY

The main goal of this study is to understand the varying effects of traditional
and smart technology related sounds on indoor soundscape perception in residential
settings of different cultural groups. The study has three main concerns, current
situation of smart houses, the effect of smart devices on indoor soundscape, and
cultural differences between Arab and Turkish people in perceiving indoor soundscape
of both traditional and smart domestic spaces. Both a method of distinguishing
traditional and smart houses and a method to evaluate indoor soundscape were needed.
Thus, the study design consisted of solving these two requirements individually before

proceeding in answering the research questions.

3.1 OBJECTIVES AND RESEARCH QUESTIONS
The research aims to focus on indoor residential soundscapes. Moreover, the
study aims to analyse the effect of smart technology on Arab and Turkish people living
in TUrkiye in perceiving indoor soundscape and the cultural differences among the two
groups. The study has three main questions:
RQ1. What is the current situation of smart houses regarding acoustic conditions?
RQ2. How does smart technology affect residential indoor soundscapes?
RQ3. The following sub-questions discuss the relationship between demographic
factors and indoor soundscape perception of houses:
RQ3.1. Do the cultural differences between Arab and Turkish groups have an
influence on the perceived indoor soundscape?
RQ3.2. Do they get affected by smart technology differently?

RQ3.3. Do other demographic factors influence the perceived indoor soundscape?

17



3.2 HYPOTHESIS
The focus of this research is to understand the effect of smart technology on
indoor residential soundscapes. The current acoustic condition of smart houses is more
chaotic compared to traditional houses since they have increased sound sources. The
study has three hypotheses:
RH1. Smart technologies are mostly designed individually and a grid design
coordinating all sound sources yet to exist.
RH2. Increasing the number of sound sources in houses will lead to overall less
acoustic comfort while being more eventful for users.
RH3. The following sub-hypotheses discuss the relationship between demographic
factors and indoor soundscape perception of houses:
RH3.1. The two cultural groups perceive the indoor soundscape differently.
RH3.2. Smart technology influences Arab and Turkish residents in a different way.
RH3.3. Other demographic factors (e.g., education, age, gender, and sensitivity to

noise) have an influence on the perceived indoor soundscape.

3.3 DATA COLLECTION METHODS

To answer the first research question, an extensive study of the literature, which
most of was published as a book chapter titled: Indoor Soundscapes of the Future:
Listening to Smart Houses, and an investigating of the smart technology market which
was published as a conference paper titled: An investigation of sound sources in smart
houses for improved machine-to-human communication. Both are original works done
by the author and his supervisor and were cited in the literature review section in this
thesis. Regarding the second and third research questions, a questionnaire was
designed to measure the effect of smart technology on perceived indoor soundscape
and the cultural differences among Arab and Turkish people living in Tlrkiye
regarding that perception. The questionnaire is targeting Arab and Turkish people
living in Tlrkiye. Thus, translating the soundscape scale used in the questionnaire will
aid participants in understanding it easily. Participants were asked about their native
language (English, Turkish, Arabic, or other), to determine the two cultural groups
which are the focus of this study. Responses from English or other language natives
will not be included in the analysis, rather it is in the questionnaire to eliminate any

possible answers from outside of the targeted groups.
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To conduct the questionnaire successfully and to achieve the desired study
goals both a method to distinguish traditional houses and smart houses and a
soundscape scale were required, Figure 5. An indoor soundscape scale for residential
buildings found in the literature was used in the questionnaire. However, the scale is
in English and needs to be translated to Arabic and Turkish languages to make it easier
for participants to understand it. Regarding distinguishing smart houses, no measuring
scale was found in the literature. Moreover, according to the literature, distinguishing
or defining a house’s level of smartness precisely isn’t an easy task and the transition
from traditional house to smart house isn’t in a perspicuous way. In result, recording
for an indoor residential space were taken using “ZOOM H6 Handy Recorder” to
represent a traditional household environment. For the smart environment, the same
recording was adapted by adding smart devices’ voices to represent the smart house

environment in the questionnaire.
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Figure 5: Indoor soundscape evaluation questionnaire design requirements.

3.3.1 Distinguishing Traditional Houses from Smart Houses

Initially, the selected approach was to ask participants about the soundscape of
their houses and to measure the effect of smart technology on different groups’
perception in that matter. Literature review was made to find a measuring scale to
distinguish between traditional and smart houses, no direct measuring tool that can be
used in the questionnaire was found. However, literature has some key elements that
can be used to create a scale to be used in a questionnaire. For instance, smart sensor
system to determine users’ existence and activities, smart management system to

coordinate the functions around the house according to users’ needs, smart control
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system which consisting of smart speaker with machine-to-human communication
system, and smart appliances (e.g., smart refrigerator, smart TV, smart oven) are the
conditions for a house to be called smart (Diegel et al. 2005).

Utilizing this knowledge, the author created a house level of smartness
measuring scale to be used as questionnaire in the questionnaire. The scale consists of
several questions to whether the house of the participant acquire certain smart devices
or not, according to the amount of available smart devices in the participant’s house, a
numerical grade is addressed representing the level of smartness of that house.
However, it’s not promising to easily find enough number of households that satisfy a
high score in the created scale in Tirkiye with the available tools of the author. Thus,
a completely different approach was used. Participants will be given certain audios
representing traditional and smart house indoor acoustic environments which will be
designed by the author. Participants will be asked to listen to these audios and rate the
acoustic environment of them using the soundscape scale.

At first, the author decided to create the intended audios synthetically using Al
sound generating models. AudioBox Al model was used, since it’s higher performance
compared to baselines (Vyas et al. 2023), to generate the intended acoustic
environments audios. Prompt for generating the sounds were written using ChatGPT
Al model to get more accurate results, since an Al model will better communicate to
an Al model. Yet, the generated sounds did not match an indoor soundscape of a house
rather the model can design individual sounds and merging them, noting that the
generated sounds have a distinct background noise for each. Thus, the house indoor
soundscapes were created using an actual house acoustic environment in Ankara.

Recordings using “ZOOM H6 Handy Recorder” were performed at the
author’s house. The recordings were performed in the living room of the author’s
house representing the traditional house acoustic environment. Later, the sounds of
smart devices were added to the performed recording to create the smart house acoustic

environment. See Figure 6.
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Figure 6: Choosing a method to distinguish traditional and smart houses.

Prior to conducting the recording session, the author prepared a sound sources
taxonomy of the indoor spaces of houses regardless of their smartness level. The
taxonomy divides the hearable sounds in houses to indoor and outdoor sound sources,
each divided to either natural, human, or technological caused sound as shown in

Figure 7.
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Figure 7: Sound sources taxonomy in houses.

Indoor recording of the living room was conducted using “ZOOM H6 Handy
Recorder”, for technical specifications see Appendix 1. The device was set in front of
the sofa as shown in Figure 8. The room window was closed to eliminate the
dominance of outdoor noises over the recording. During the recording, the author
created sounds mimicking an activity of someone eating at the dining table, receiving
a phone notification, standing up, turning off the fan, and leaving the room. The
recording session intended to create a scenario of a user sitting in the living room eating
their food, receiving a phone message, then turning off the fan while leaving the room.

See Figure 9 for sound sources positions in the traditional house sound scenario.
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Figure 9: Sound source positions of the traditional house scenario.
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Table 1: Typical sounds included in the traditional house scenario.

Sound No | Sound context Time started/ended (seconds)
Sound T1 | Eating (Plate and spoon sounds) 0-13

Sound T2 | Phone notification 9-10

Sound T3 | Walking (With home shoes on) 20-28

Sound T4 | Fan 0-22

Sound T5 | Door opening and closing 28 - 30

Sound T6 | Outdoor noises (Cars and people) Uncontrolled

Table 1 shows the included typical sounds for creating the traditional house
sound scenario and the time during the recording which they start or end, sound source
for each one and the microphone positions are shown in Figure 9. The recording was
then adjusted using Audacity software to increase the overall decibel (dB) by 25 to
make it easier to hear. Also, the door closing sound at the end of the recording was
reduced to avoid any possible distortion. The resultant audio file was chosen to
represent the traditional house acoustic environment.

For the smart house acoustic environment and to make the smartness
measuring factor fair, the traditional representing recording was adapted using
Audacity software, implementing smart devices’ notification voices. The sound files
of smart devices were taken from developers’ site (Speechcon Reference n.d.; VVoice
Service n.d.). The used sounds, represented in Table 2, intended to create a scenario
of a user sitting in their living room eating, a smart assistant waking up S1 and saying
“Good afternoon” S2, then the user receives a phone notification which activates a
smart notification as well S3, the user which is a girl speaks to the smart assistant
commanding it to set all notifications as read S4, the smart assistant wakes up again
S1 and replies with confirmation S5, then the user stands up, turns the fan off which
activates a smart notification S6 then leaves the room while the smart assistant wakes
up S1 and says “Good bye” S7.

In total, there is one traditional living room and one smart living room indoor
acoustic environment audios which were used in the thesis questionnaire, see

Appendix 2 for both traditional and smart house scenario audios links.
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Table 2: Sounds added to create the smart scenario.

Sound No | Sound context Time inserted (seconds)
Sound S1 | Device wake sound 1.05 + 15.95 + 23.15
Sound S2 Device saying “Good afternoon” 1.7

Sound S3 | Notification alarm 8.7

Sound S4 | Girl speech commanding Alexa 9.5

Sound S5 | Device saying “Alrighty” 16.6

Sound S6 | Notification sound of device getting off 22.45

Sound S7 | Device saying “Goodbye” 23.8

Concisely, sound recording of a living room in a traditional house was
conducted, dB levels were adjusted, and the audio was used to represent the traditional
house scenario. Also, external sounds were added to the resultant audio to create the
smart house scenario. Then, both scenarios were uploaded to SoundCloud and
embedded as links into SurveyMonkey online platform so that the questionnaire
participants can hear them without the need of leaving the survey page. Within the

survey platform, participants were asked to listen to the audios and rate them while

asking them to use headphones, see Figure 10.
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Figure 10: Sound design phase and listening session.
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SPL level measurements for the traditional and smart house audios were done
using MATLAB software as shown in Figure 11, also SPL measurements for the
added smart sounds, from Table 2, were made as shown in Figures 12 and 13, the
separation is due to the major time difference in one of the smart sounds. Both SPL
measurements used real-time SPL with A-weighting and fast time weighting
measuring tool. Furthermore, psychoacoustics measurements were performed using
MATLAB software, Loudness shown in Figure 14, Sharpness in Figure 15,
Fluctuation strength in Figure 16, and Roughness in Figure 17.
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Figure 11: Real-time SPL with A-weighting and fast time weighting measurement for
traditional and smart house audios (Smoothing set to 0.3).
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