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Abstract

Sound has an important role in how users perceive their environment. Under this context,
a soundscape approach was followed for the evaluation of indoor spatial experience of
university architecture studios. A tailored framework of factors affecting sound percep-
tion and spatial experience was proposed for this study and used in the questionnaire. An
indoor soundscape questionnaire investigating architecture students” perception of their
acoustical environment and how it affects their spatial experience was designed and ap-
plied. The survey was conducted with a total of 191 first-grade and fourth-grade students.
Demographic characteristics were found to be statistically associated with users” indoor
environment expectations and acoustic perception. Among many statistically significant
correlations between soundscape perception and spatial experience, correlations between
intelligibility perception and architectural design expectations, as well as between percep-
tion of and reaction to sound sources and perception of spatial experience factors, stood
out.

Keywords: sound perception; spatial experience; indoor soundscape; education;
soundscape

1. Introduction

Sound is considered an invisible, nonetheless significant component that remarkably
impacts our daily life experience. Soundscape studies tend to be a prevalent topic being
discussed within the frame of acoustic studies. Findings in this context presume that
soundscape arises through the space user’s perception. It has been stated that perception
relies on expectations, preferences, moods, and actions [1]. ISO 12913-1 [2] states that per-
ception is the factor that defines soundscape, and that it is significantly influenced by the
acoustical environment and the sociodemographic traits of users.

Once aural environments are incorporated into people’s everyday lives, they are re-
ferred to as soundscapes [3]. Hence, the occupants’ sensory experience within an enclosed
space is a notable element to take into consideration throughout the acoustic environment
evaluation process. Soundscape was also defined by the ISO as “acoustic environment as
perceived or experienced and/or understood by a person or people, in context” [2]. Space
users are the key feature in obtaining accurate information regarding sonic environments.
Therefore, the subjective aspect considered by the occupants experiencing the space is
particularly required in order to conduct a relevant analysis within the soundscape field.
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Sound elements within architectural spaces create an acoustic environment, which in turn
must be integrated into the overall architectural design [4]. To put it another way, a sound-
scape can enhance the feeling of being somewhere, which is reminiscent of actual places.
It has been discovered that our perception of a space is significantly influenced by the
components that make up our acoustic environment [5]. Thus, indoor soundscape percep-
tion largely contributes to the spatial experience, emphasizing the user’s attentive engage-
ment with their surroundings.

Some research done in the literature has studied indoor or urban soundscape, by fo-
cusing on the objective acoustic variables [1,6-8]. However, socio-cultural properties, spa-
tial parameters and multisensory factors affect the perception of space and the sound-
scape. Focusing on users’ psychological assessment of the indoor soundscape of the space
they occupy is an important factor to be examined in the interest of investigating the rela-
tionship between sound and space. Therefore, integrating psychological approaches into
the indoor soundscape questionnaire design as a method of evaluation leads to significant
results under the subjective analysis scope [9-15].

Recent research [16-23] have emphasized the significance of examining users’ psy-
chological and emotional characteristics in addition to spatial components, environmental
elements and activities, in order to better understand the indoor soundscape. Users’ audi-
tory perceptions vary depending on the sound sources, acoustical considerations, and ar-
chitectural characteristics. As the function of space changes, the users change and the
sound source types alter within the indoor environment. Indoor soundscape studies are
fragmented across room types and building uses. Various public and semi-public spaces,
such as railway stations [24], restaurants [1], exhibition spaces [24], open-plan offices
[12,21,22], healthcare buildings [19,20], nursing homes [6], sports buildings [24], libraries
[10,25,26] and high school classrooms [13,14,23] have been studied. The development of
standardized, context-sensitive indoor soundscape assessment protocols is still underway
and requires more evidence from various space uses. Socio-cultural and demographic ef-
fects, as well as embedding multisensory methods, need to be examined across diverse
contexts. An important context is how architecture students, who will be designing future
spaces, perceive and experience their environment and soundscape, which is missing in
the literature.

The main purpose of this article is to reveal the possible relations between sound
perception and spatial experience through a specially designed indoor soundscape ques-
tionnaire. This study has focused on the evaluation of the factors affecting perception and
experience notions through assessments of architecture studio classroom users. A tailored
framework based on previous studies [16] that includes different variables related to user,
sound and space has been considered for this study to help shape the questionnaire de-
sign.

Main questions asked during this research are: How do the sound and space-related
factors affect the users’ soundscape perception in an educational space? How do architec-
ture students perceive and experience their environment and soundscape?

In order to answer these research questions, a novel indoor soundscape framework
and questionnaire design methodologies [9,16] were adapted and used. This study aspires
to examine the applicability and performance of these new methods on the indoor sound-
scape of public spaces and explore their applications in other indoor spaces. Checking the
consistency of the questionnaire results, on how soundscape perception and spatial expe-
rience concepts affect each other, is also intended in this study. It is believed that the rev-
elation of influences on spatial experience will provide an understanding for especially
architects on the importance of sound environment.

2. Methodology
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The evaluation method in this research was pursued through a subjective perspective
to observe the intricate associations between sound perception and spatial experience var-
iables. This research evolved through three steps. First, a tailored framework (adapted
from Aburawis and Dokmeci Yorukoglu [16]) was created based on demographic factors,
soundscape perception and spatial experience. In the second step, an indoor soundscape
survey (based on Dokmeci Yorukoglu and Kang [9]) was created for this evaluation. And
finally, results provided from the questionnaire through statistical analysis were evalu-
ated and discussed under the context of this research.

2.1. Case Study and Participants Selection

The survey was conducted within the architecture studio classrooms located at
Bahcesehir University in Istanbul, Turkiye. Architecture studios are identical on each floor
(3rd, 4th, 5th and 6th floor) of the Faculty of Architecture and Design, and their layout
follows an L-shape form (Figure 1). Moveable partition walls are located in the studio,
which allows space to be separated into smaller rectangular studios between 33 and 75
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Figure 1. Architectural studio classroom floor plans, (a) without and (b) with partition walls.

The entire facade of the studios is glass cladding and overlooking medium-density
traffic roads. The studios are separated from the corridors by translucent glass partitions.
Few opaque walls at farther ends of the studios are made of gypsum drywall. The floor
finishes are linoleum, and the ceilings are finished with NRC (Noise Reduction Coeffi-
cient) 0.85 mineral wool suspended ceilings with only 10 cm of suspension. The clear floor
height is 2.5 m, which provides the acoustic absorption of the suspended ceilings to be
very effective within the space. The movable partition walls, which have 37 kg/m? weight
panels with rectangular steel frames and melamine panel coating, are hung with alumi-
num rails from the top and sealed with magnetic bands all around. Weighted sound re-
duction index (Rw) measured in laboratory conditions for this wall is 48 dB. The studios
have a 6 m steady width and have axes every 6 m in the other direction.

Reverberation time (RT) has been measured in accordance with ISO 3382-2:2008 [27]
for the interconnected L-shaped studio and one of the smaller studios using a B&K 2270
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sound level meter. The measured reverberation levels are given in Figure 2. RT can be
considered to be appropriate for educational spaces. This might be due to the strong effect
of the low suspended ceiling. In terms of spectral distribution, the studios show similar
profiles because the same materials are used in both the larger and smaller studios.
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Figure 2. Measured reverberation time of large (studio 6) and small (studio 6B) studios.

The survey was directed at first and fourth-grade students of architecture. Both
grades take their classes for 8 h per week. The first-grade architectural design course is
held once a week for 8 h, while the fourth-grade architectural design course is held twice
a week for 4 h each. Students are also welcome to use the studio classrooms 24/7. During
the course hours, the architecture studio reserved for the fourth-grade students tends to
be separated by the movable partition walls, where groups of about 15 students with one
advisor use each of the separated classrooms. These students sometimes work together
on group discussions but mostly receive individual comments from their advisors. On the
other hand, first-grade students spend more interactive course hours; therefore, they tend
to use the studio with no partitions, adding up to an L-shaped studio with a total area of
about 320 m2. Photographs from interactive studies of first-grade students and individual
feedback of fourth-grade students at the studios are given in Figure 3.

First and fourth grade students clearly have different levels of education. However,
there are other varying factors, such as physical volume of space, interaction between
themselves and also their instructors and course format. In this study, all of these factors
are integrated with the education level; grade-level differences cannot be attributed to ed-
ucation level alone.
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Figure 3. Photographs from (a) first-grade studio lesson and (b) fourth-grade studio lesson. Note:
Individuals in the photograph have been fully anonymized to protect their privacy. Photo by [Mine
Ascigil-Dincer].

Laeq (A-weighted Equivalent Continuous Sound Level) was measured over 1 h dur-
ing first- and fourth-grade courses using a B&K 2270 sound level meter. The measured
reverberation levels are given in Figure 4. The values show an increase, mostly in human
speech frequencies, for the first-grade studio.
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Figure 4. Measured Laeq (A-weighted Equivalent Continuous Sound Level) values during first-

and fourth-grade courses.

Convenience sampling was used for participant selection. Studios were visited and
questionnaires were distributed to all the students during class hours. Participation was
voluntary. Students were asked whether they had an identified hearing problem prior to
the survey; if so, they were not included. The survey was conducted on three different
days of the same week during studio class hours, in the same studio where they were
evaluating. The population of registered first-grade and fourth-grade students were 141
and 140, respectively. Standard sample-size formulas for a 95% confidence level and 5%
margin of error were used as a benchmark for the target sample size; as participation was
voluntary rather than random, these figures are reported as descriptive benchmarks ra-
ther than formal statistical guarantees.
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2.2. The Tailored Framework

In order to go further in this investigation, identifying the factors affecting the three
main features of this study: user, sound and space, has been achieved by establishing a
new tailored framework, related to the case at hand, as shown in Figure 5. This study
evaluates psychological aspects of Expectation, Perception, and Reaction, based on users’
demographic factors to comprehend how occupants perceive their indoor spaces.

DEMOGRAPHICAL FACTORS

SPATIAL EXPERIENCE FACTORS

ontor | | | | |
PERSONAL USAGE TEMPORAL ARCHITECTURAL ‘ ‘ PHYSICAL ‘ ‘
CONTEXT ‘ DESIGN ENVIRONMENT PSYCHOLOGICAL
Gender
Design Temperature
Identity Age Time spent
course Indoor air
Registered class

Humidity

Light
SOUNDSCAPE PERCEPTION FACTORS
Form and function Expectation
SPATIAL ‘ ‘ SOUND TYPES ‘ ‘ PSYCHOLOGICAL Proportion and scale Sound: Perception
. . Acoustic comfort :
Circulation Reaction
Community Types of sounds
Space characteristics Activity Expectation Loudness
Space types Musical Perception Intelligibility

Services & activities Mechanical Reaction Echo
Overall noise Noise

Figure 5. The tailored framework of soundscape perception, demographic and spatial experience
aspects utilized in this study (adapted from [16]).

The tailored framework was mainly based on Aburawis and Dokmeci Yorukoglu's
model [16], which presented a set of new factors related to each of the soundscape per-
ception and spatial experience variables.

This article introduced an integration of various previous research on spatial experi-
ence and soundscape perception. The combined factors of soundscape perception were
given as spatial, temporal, sonic, personal, psychological and behavioral. The factors re-
lated to spatial experience were recommended as usage, user, architectural features, phys-
ical environment and social context [16].

Pascual et al. [28] found that the spatial experience is gained over a mixture of various
social and psychological elements, including pleasantness, expectation, space identity, fa-
miliarity, and information. The literature has addressed a number of additional elements
that affect the spatial experience in addition to these. These include environmental factors
like sound, temperature, and lighting; design elements like layout, color, and materials;
and social traits like age, gender, education level, and experience [29]. Chen and Ma [24]
found that the impact of the soundscape in wide spaces may be categorized based on the
viewpoints of users, including the influence on behavior and thinking skills, emotional
impact, and attention. Expectations about the space and sounds were also found to be
effective in soundscape perception [30].

Another base point was Dokmeci Yorukoglu and Kang’s [9] research, which deter-
mined variables of an indoor soundscape framework, focusing on spatial experience, to
be used for creating an indoor soundscape questionnaire. This framework brought to-
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gether space use, psychological and demographic aspects under the heading of contextual
experience; functional, space and environmental aspects under the heading of built fea-
tures; physical factors, acoustical and psychoacoustical factors under the heading of
sound environment.

Aburawis and Dokmeci Yorukoglu’s study [16] classified soundscape perception fac-
tors and spatial experience factors separately and placed user factors such as usage/tem-
poral (time spent, usage frequency, purpose) and personal/user (socio-cultural, identity)
into these factor models. The questionnaire results [9] found demographic and usage fac-
tors to be quite effective in soundscape and spatial experience. In order to make the sta-
tistical analysis and comparisons more comprehensible, a third headline, demographic
factors, was added to the framework, while soundscape perception and spatial experience
aspect headlines were kept.

Demographic factors considered for this study were (1.1) social context [16,28], (1.2)
personal [29], (1.3) usage [9,16] and (1.4) temporal [9,16]. Some of the demographic factors
are stable in this study, such as the student identity and usage of space for design courses.
Others, such as age, gender, registered class/grade and usage duration each week in the
case indoor space, vary. Spatial experience can be evaluated through (2.1) architectural
design factors [9,11,16], which architecture students are expected to be aware of; through
(2.2) physical environment factors [9,11,16], such as thermal, visual and acoustics comfort
conditions; and through (2.3) psychological factors [9,11], such as what users expect form
the space, how they perceive it how they react to it. Soundscape perception factors are
related to (3.1) spatial factors [16], for instance, space activities and characteristics; (3.2)
sound source types [9] and (3.3) psychological factors [9,24,28,30], again through Expec-
tation, Perception and Reaction.

This adopted framework was used to determine the factors to be studied in the ques-
tionnaire to comprehend their relationships with each other.

2.3. Questionnaire Design

This questionnaire design was based on Dokmeci Yorukoglu and Kang's study [9],
which presented an evaluation of the indoor soundscape of a public library environment
through the contextual experience model. In this study, psychological factors, which are
Expectation, Perception and Reaction, were studied in relation to the demographic char-
acteristics of the space users, in order to understand their perception of the architecture
studio classroom. The factors included in the indoor soundscape questionnaire were iden-
tified according to the tailored framework designed for this study.

The questionnaire was addressed to the first-grade and fourth-grade student archi-
tecture students in order to evaluate the differences in their assessment of the indoor
soundscape of the architecture studio classrooms. The survey questions were subdivided
into three sections:

a. Demographic information.
b.  Spatial experience.
c.  Soundscape perception.

The first section, which is about demographic information, includes general individ-
ual facts about students, such as gender, age, education level (first or fourth grade) and
time spent each week in the studios.

The second section, evaluates architectural design and physical environmental fac-
tors, which are listed under the Spatial experience variable, in terms of importance and
quality. This section includes a 5-point Likert scale that allows students to rate 16 different
factors related to architectural design (form and function, proportion and scale, circula-
tion), physical environment (temperature, indoor air, humidity, light), and sound (acous-
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tic comfort, types of sounds, loudness, intelligibility, echo, noise). The first table of ques-
tions aimed at evaluating users” Expectation through the importance assessments, by ask-
ing them to rate the elements given, based on the level of importance in evaluating the
Spatial experience in the architectural studio (Table 1). The second table in this section
aimed at evaluating user’s Reaction to their architecture studio through the quality scores,
by asking them this time to judge the elements on the quality in their own classroom (Ta-
ble 2).

Table 1. Question on the importance levels in assessing Spatial Experience. Q: Please rate the fac-
tors given below according to how important you think they are in evaluating the Space Experi-

ence in an architectural studio.

Ratings on Importance

Fact
actors Rate from (1) not Important to (5) Very Important
1 Level of indoor air quality 1 2 3 4 5
2 Level of indoor humidity 1 2 3 4 5
3 Level of thermal comfort 1 2 3 4 5
4 Brightness of lighting 1 2 3 4 5
5 Level of sounds (loudness) 1 2 3 4 5
6 Level of acoustic comfort 1 2 3 4 5
7 Different types of sounds 1 2 3 4 5
8 Intelligibility of sounds (definition) 1 2 3 4 5
9 Level of reverberation (echo) 1 2 3 4 5
10 Ability to locate via sounds 1 2 3 4 5
11 _ Way-finding 1 2 3 4 5
(ability to find your way around)
1 ,Level ‘of ?rowd 1 ” 3 4 5
(users’ density in the space)
13 Level of spaciousness 1 2 3 4 5
14 Noise from neighboring spaces 1 2 3 4 5
15 Architecture studio planning in terms of hu- 1 5 3 4 5
man scale
16 Form and function relationship 1 2 3 4 5
Table 2. Question on the quality levels in assessing Spatial Experience. Q: Please rate the factors
given below according to their quality in your architectural studio.
Factors Ratings on Quality
Rate f 1 bad to (5 d
1 Level of indoor air quality ate from (1) very bad to (5) very 0o
1 2 3 4 5
Rate f 1 humid t
2 Level of indoor humidity ate from (1) very humid to (5) very good
1 2 3 4 5
3 Level of thermal comfort Rate from (1) very uncomfortable to (5) very comfortable
1 2 3 4 5
Rate f 1 11t ight
4 Brightness of lighting ate from (1) very dull to (5) very brig
1 2 3 4 5
Rate f 1 loud t iet
5 Level of sounds (loudness) ate from (1) very loud to (5) very quie
1 2 3 4 5
6 Level of acoustic comfort Rate from (1) very uncomfortable to (5) very comfortable
1 2 3 4 5
” Different types of sounds : Rate frc;m (1) very sin;ilar to (D) Very4diverse -
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Intelligibility of sounds (definition)

Rate from (1) very blurred to (5) very defined

1 2 3 4 5
9 Level of reverberation (echo) Rate from (1) very echoey to (5) very absorbed
1 2 3 4 5
10 Ability to locate via sounds Rate from (1) very hard to (5) very easy
1 2 3 4 5
1 Way-finding (ability to find your way Rate from (1) very hard to (5) very easy
around) 1 2 3 4 5
1 Level of crowd (users’ density in the Rate from (1) very crowded to (5) very empty
space) 1 2 3 4 5
13 Level of spaciousness Rate from (1) very enclosed to (5) very spacious
1 2 3 4 5
14 Noise from neighboring spaces Rate from (1) very audible to (5) very inaudible
1 2 3 4 5
15 Architecture studio planning in terms Rate from (1) very irrational to (5) very rational
of human scale 1 2 3 4 5
16 Form and function relationship Rate from (1) very incoherent to (5) very related
1 2 3 4 5
The final part is dedicated to the subjective assessment of sound sources through a 5-
point Likert scale in order to evaluate soundscape perception. The 17 different sound
sources that are identified within the case space took place in this part of the questionnaire.
These sources were identified under five different groups: community (speech, laughter,
whispering, group discussion, individual feedback), activity (mouse click, computer key-
board, model making, page-turning, walking/footsteps, doors slamming), musical (mo-
bile phones, personal music player), mechanical (elevator, mechanical fan/ac, traffic
noise), and overall noise. In this section, students are asked two different questions. The
first one determines users’ Perception of sound sources in terms of annoyance (Table 3),
while the second question determines their Reaction to sound in terms of disturb-
ance/preference rates (Table 4).
Table 3. Question on sound source annoyance to assess Soundscape Perception. Q: Please rate the
factors given below according to how annoying you think they are to be in your architectural studio.
Sound Sources Rate from (1) Not at All Annoying to (5) Extremely Annoying
1 Speech 1 2 3 4 5
2 Laughter 1 2 3 4 5
3 Whispering 1 2 3 4 5
4 Group discussion 1 2 3 4 5
5 Individual feedbacks 1 2 3 4 5
6 Mouse click 1 2 3 4 5
7 Computer keyboard 1 2 3 4 5
8 Model making 1 2 3 4 5
9 Page-turning 1 2 3 4 5
10 Walking/footsteps 1 2 3 4 5
11 Doors slamming 1 2 3 4 5
12 Mobile phones 1 2 3 4 5
13 Personal music player 1 2 3 4 5
14 Elevator 1 2 3 4 5
15 Mechanical fan/AC 1 2 3 4 5
16 Traffic noise 1 2 3 4 5
17 Overall noise 1 2 3 4 5
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18 Cite other annoying sound sources

Table 4. Question on sound source preference level to assess Soundscape Perception. Q: Please

rate the factors given below according to how preferable they are to be in your architectural studio.

Sound Sources Rate from (1) Very Disturbing to (5) Very Preferable

1 Speech 1 2 3 4 5
2 Laughter 1 2 3 4 5
3 Whispering 1 2 3 4 5
4 Group discussion 1 2 3 4 5
5 Individual feedbacks 1 2 3 4 5
6 Mouse click 1 2 3 4 5
7 Computer keyboard 1 2 3 4 5
8 Model making 1 2 3 4 5
9 Page-turning 1 2 3 4 5
10 Walking/footsteps 1 2 3 4 5
11 Doors slamming 1 2 3 4 5
12 Mobile phones 1 2 3 4 5
13 Personal music player 1 2 3 4 5
14 Elevator 1 2 3 4 5
15 Mechanical fan/AC 1 2 3 4 5
16 Traffic noise 1 2 3 4 5
17 Overall noise 1 2 3 4 5
18 Cite other preferable sound

sources

3. Findings and Discussion

The first and fourth-grade students were requested to fill out the surveys during their
architectural design studio course hours. Of the 141 registered first-grade students, 107
volunteered to participate (76% response rate); of the 140 registered fourth-grade stu-
dents, 84 volunteered (60% response rate). Based on standard sample-size formulas, these
correspond to an approximate margin of error of 5% for the first-grade group, 7% for the
fourth-grade group, and 4% for the combined sample of 191 out of 281. As the sample was
voluntary rather than randomly selected, these figures serve only as a benchmark for sam-
ple precision and should not be interpreted as formal confidence intervals. This study re-
lied on convenience and voluntary sampling within a single university architecture stu-
dio, which may introduce self-selection bias and limit generalizability. Reported margin-
of-error values reflect sample size relative to population size and do not imply a repre-
sentative probability sample.

Out of the 191 participants in total, 111 were female and 80 were male. The time range
dedicated to the architectural design studio for both grades is 8 h. However, 44% of the
participants stated that they spend more than 8 h each week using the architecture class-
room. On the other hand, while 52% of the participants tend to spend 8 h in the studio,
the other 4% leave in less time.

Responses for the spatial experience factors were analyzed. d.evel of indoor air qual-
ity” and dBrightness of lighting” were ranked as the most important, while different types
of sound’ and d.evel of reverberation (echo)” were ranked as the least important factors
within the architecture studio. Factors with the highest quality ratings were eBrightness of
lighting” and édNay finding’ factors. @ coustic comfort’ and d.evel of indoor air quality’
factors were rated to have the lowest quality.
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The measured reverberation time values (Figure 2) in large and small studios were
adequate for room volumes and functions. This could be the reason d.evel of reverbera-
tion (echo)’ was ranked as one of the least important factors; they may have found it more
important if they were dealing with a troubled situation. The measured Laeq values (Figure
4) were quite high, so that may be the reason @Acoustic comfort’ was found to have low
quality.

In addition, averages of the sound sources defining the architecture studio’s sound-
scape showed that d.aughter’ is perceived as the most annoying sound source by the space
users, while dPage-turning’ was considered as not annoying. Averages regarding the pref-
erence/disturbance scale have revealed that students rated dndividual feedback’ as a pref-
erable sound and édoors slamming’ as the most disturbing one.

Table 5 shows the mean, median and standard deviation values for the importance
and quality ratings of spatial experience factors and annoyance and preference ratings of
soundscape perception factors.

Table 5. Descriptive statistics for importance and quality of spatial experience and annoyance and

preference of soundscape perception.

Spatial Importance Quality
Experience Mean Median Std. Dev. Mean Median Std. Dev.
Air Quality 4.36 5.00 1.025 2.69 3.00 1.058

Humidity 3.87 4.00 1.083 2.99 3.00 1.078
Thermal 4.31 5.00 0.909 3.16 3.00 1.192
Lighting 4.44 5.00 0.805 3.59 4.00 0.929
Loudness 3.90 4.00 1.003 2.99 3.00 0.971
Acoustic 3.72 4.00 1.134 2.73 3.00 0.993
Sound Type 3.28 3.00 1.001 3.03 3.00 1.102
Intelligibility 3.55 3.00 0.904 3.01 3.00 0.846
Echo 3.30 3.00 1.183 3.17 3.00 1.073
Locate 3.44 3.00 0.976 3.03 3.00 0.934
Way Finding 3.98 4.00 0.970 3.65 4.00 1.035
Density 4.04 4.00 1.060 2.75 3.00 1.182
Spaciousness 3.84 4.00 1.084 291 3.00 1.045
Noise 3.72 4.00 1.306 2.94 3.00 1.307
Human Scale 4.29 5.00 0.988 3.18 3.00 1.222
Form Function 4.10 4.00 0.987 2.98 3.00 1.149
Soundscape Annoyance Preference
Perception Mean Median Std. Dev. = Mean Median Std. Dev.
Speech 3.09 3.00 1.047 2.98 3.00 1.121
Laughter 3.38 3.00 1.181 2.70 3.00 1.148
Whispering 2.56 2.00 1.280 2.90 3.00 1.302
Group Dis 3.04 3.00 1.230 3.15 3.00 1.187
Indv Feed 2.25 2.00 1.290 3.52 4.00 1.260
Mouse 2.01 2.00 1.199 2.99 3.00 1.416
Keyboard 1.97 2.00 1.235 2.96 3.00 1.423
Model 2.50 2.00 1.297 3.18 3.00 1.291
Page 1.82 1.00 1.087 3.14 3.00 1.374
Footstep 2.30 2.00 1.286 3.11 3.00 1.270
Door 2.64 3.00 1.346 2.55 2.00 1.292
Phone 2.34 2.00 1.393 2.98 3.00 1.338
Music 2.72 3.00 1.452 2.73 3.00 1.461
Elevator 2.24 2.00 1.419 3.04 3.00 1.463
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Fan 2.29 2.00 1.387 2.94 3.00 1.422
Traffic 2.46 2.00 1.417 2.60 2.00 1.395
Ovr Noise 3.14 3.00 1.232 2.72 3.00 1.327

The results of the conducted questionnaire were statistically analyzed using IBM
SPSS Statistics (Statistical Package for the Social Sciences) 20 software.

Although the data were homogeneous, the normality test (Asymp. Sig. < 0.05) indi-
cated a significant departure from normality. Therefore, non-parametric tests were used,
which are also appropriate given the ordinal nature of the Likert-scale data.

To assess internal consistency, ordinal alpha values based on polychoric correlations
were calculated for each group. For the Quality subscales, three items (brightness of light-
ing, diversity of sound types, and level of crowding) were excluded from their respective
composites, as higher scores on these items (very bright, very diverse, very empty) do not
necessarily correspond to better quality outcomes in an architecture studio context and
including them would impose an unjustified directionality assumption. Importance for
spatial experience: physical environment questions (k = 4; a = 0.823), sound questions (k
= 6; a = (0.735), architectural design questions (k = 6; o = 0.791). Quality levels for spatial
experience: physical environment questions (k = 3; a = 0.748), sound questions (k =5; o =
0.641), architectural design questions (k = 5; a = 0.723). Annoyance for soundscape: com-
munity questions (k =5; o = 0.733), activity questions (k = 6; o = 0.863), musical questions
(k=2; a =0.698), mechanical questions (k = 3; a =0.716). Preference for soundscape: com-
munity questions (k =5; o = 0.614), activity questions (k = 6; ot = 0.876), musical questions
(k=2; a=0.786), mechanical questions (k =3; a = 0.791). Although most subscales reached
or approached the conventional 0.70 threshold, sound quality, annoyance to musical
sounds and preference for community sounds showed marginal internal consistency with
a values between 0.614 and 0.698.

Inspection of polychoric factor loadings, which indicate each item’s contribution to
its respective subscale, showed that most items loaded adequately (loadings generally
above 0.55). However, two items showed notably weak loadings: noise from neighboring
spaces within the sound quality subscale (loading = 0.240), and preference for individual
feedback sounds within the community preference subscale (loading = 0.510). The weak
loading of the noise item is consistent with the low ordinal alpha observed for the sound
quality subscale. Noise from neighboring spaces may be perceived differently from other
sound quality items, such as loudness, acoustic comfort, intelligibility or echo, which are
parameters of room acoustics.

Given this, the relatively small number of items in some subscales (k = 2-3), and the
case-study scope of this research, the questionnaire should be regarded as an exploratory
instrument requiring further refinement and validation in future studies rather than a
fully established measure.

3.1. Effects of Demographic Factors

Demographic factor differences were analyzed according to the different factors eval-
uated in this study. The Mann-Whitney U test is a non-parametric statistical test used to
determine whether there are differences between two independent groups. It was used to
understand the statistical differences in the expectations, perceptions and reactions of us-
ers according to their demographic features (gender and education level). The significant
results of the Mann-Whitney U test are summarized in Table 6. Another non-parametric
test, the Kruskal-Wallis test, which is used to determine whether there are statistically
significant differences between three or more independent groups, was applied to identify
these variances according to the élime spent’ variable.
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Table 6. Means, U, significance level (p < 0.05 two tailed) and effect size (r) of Mann—-Whitney U test

on demographic factors (sample sizes: 80 male, 111 female, 107 first-grade, 84 fourth-grade).

Factors Demographic Mean U p r
Imp Thermal Fz/[n?:e j:}g 3693 0028 -0.16
Imp Lighting Flz/lniele iég 352 0.005 —0.20
Imp Human Scale Flz/[rilele iig 3600 0.012 -0.18
Annoy Model Fle\z/lriie i;g 3521 0012 -0.18
Annoy Door deniele EZZ 3643 0.030 -0.16
Annoy Fan Flt\e/[niﬁe 2?411 3613 0022 -0.17
Annoy Page Flz/lniele igg 3394 0.002 -0.22
Prefer Ovr Noise Ftdn?iele 223 3379 0.004 -0.21
Imp Reverberation Fig:hg;jze gg 3627 0018 -0.17
Qua Air Quality Fii::hg;:ze izg 3471 0005 -0.20
Qua Humidity Fig:hg;i:ze 2;2 3550 0009 -0.19
Qua Thermal Fizftthg;jze 2::;1 3198 0000 0.6
Qua Human Scale Fig::hg;jze igg 2572 0.000 —0.38
Qua Form Function Fig:hg;jze zig 2956 0000 -0.30
Annoy Speech Fi:::f;i:(:e izi 3766  0.045 -0.14
Annoy Laughter Fig:hg;ijze géz 3503 0.007 —0.19
Annoy Whispering Fi::if;caize i;g 3764 0.047 -0.14
Annoy Group Dis Figftthg;‘:ze gii 3752 0044 -0.15
Annoy Indv Feed Fig:hg;jze igg 3515 0.007 -0.19
Prefer Speech Fi:::f;i:(:e z;g 3697  0.029 -0.16
Prefer Laughter Figftthg;j;e i:gg 3262 0.001 -0.24
Prefer Model Fizftthg;jze 2;2 3694 0030 -0.16
Prefer Fan Figftthg;‘:ze iég 3614 0018 -0.17
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Table 6 presents the statistically significant differences (p < 0.05, two-tailed) in im-
portance, quality, annoyance, and preference factors between genders (male and female)
as well as between education levels (first and fourth grades). As noted earlier, grade-level
differences cannot be attributed solely to education level; factors such as physical space,
course format, and human interactions may also play a role. Interpretation of the U values
indicates that the lowest U values (for human scale quality and form—function quality)
correspond to the greatest differences between first and fourth grade groups. The effect
size (r) supports this interpretation. Human scale quality and form—function quality dif-
fered by grade-level differences, with a medium effect size (0.30 < |r| <0.50), whereas all
other differences exhibited small effects (0.10 < Ir| <0.30). The proportions of the physical
space changed between the two grade levels, so these differences in human scale quality
and form-function quality are to be expected.

Users’ expectations (in terms of importance) of indoor environmental (¢hermal com-
fort’” and érightness of light’) and architectural (dhuman scale in design’) factors high-
lighted significant variances based on gender (Figure 6). These findings are similar to the
ones presented by Dokmeci and Kang [9,25], who found that users’ expectation of the
devel of thermal comfort’ differed according to their gender. Acoustic (eeverberation
level’) factor showed significant variance based on education level (Figure 6). Understand-
ably, reverberation level expectation is significantly higher in the fourth-grade students
because they receive education on acoustics in the second and third grades. The smaller
studio classroom space and the course format may also contribute to this variance in ex-
pectation.

EXPECTATION (IMPORTANCE ASSESSMENT)

Architectural design factors
Human scale in design
Gender 4_ Indoor environment factors
Thermal comfort
Brightness of lighting
Grade level &
. . . _> Acoustic factors
Studio configuration
& Course format ‘— Level of reverberation (Echo)

Figure 6. Demographic factors differences regarding Expectation ratings (Importance) of the space

factors.

Fourth graders typically work in smaller studios, receive primarily individual feed-
back, and encounter lower Laeq levels (Figure 4). They are significantly more annoyed by
speech, laughter, whispering and group discussions than first graders (p < 0.05). On the
other hand, first graders work in a larger studio, participate in group discussions and ex-
perience higher Laeq levels (Figure 4). They are significantly more annoyed by individual
feedback than fourth graders (p < 0.05), and they significantly prefer speech, laughter,
model-making sounds, and fan sounds more than fourth graders (p < 0.05).

These findings may be related to the course process and nature of each of the stu-
dents” groups, as well as the arrangement of the movable partitions within the classroom.
First-grade students work in an open-plan studio and focus on group work; therefore,
individual feedback may be perceived as useless and increasing the general sound level.
On the other hand, fourth-grade students work individually in smaller studios; therefore,
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hearing somebody else’s individual feedback does not annoy them, given that the general
sound level is controlled and they feel that individual feedback is useful. Another varia-
tion was found based on users’ gender regarding their perception of annoyance from ac-
tivity and mechanical sounds.

Findings have also revealed that spending time in the architectural studio affected
the indoor sound perception of the users. According to Kruskal Wallis test, there were
statistically significant differences between sound perception of users who spent different
amounts of time (<8, 8 or >8 h per week) in the studio. While people who spend less than
8 h a week were statistically more annoyed by whispering (H(2) = 9.234, p = 0.010) and
mouse clicking (H(2) = 7.786, p = 0.020), people who spend more than 8 h a week were
statistically more annoyed by model making (H(2) =7.266, p = 0.026) and mechanical fan
sounds (H(2) = 8.151, p = 0.017). Epsilon-Squared (&?) for these differences were 0.05, 0.04,
0.04 and 0.04, respectively, pointing to small effects (between 0.1 and 0.6). Post hoc pair-
wise comparisons were conducted. A statistically significant difference (p = 0.050) was
observed for the whisper sound, whereas other comparisons were not statistically signif-
icant, possibly reflecting limited statistical power due to the small group (8 students who
spent less than 8 h in the studio, 4%). Kruskal-Wallis differences for mouse clicking, model
making, and mechanical fan sounds should be interpreted with caution, as the source of
these differences could not be localized to specific group comparisons. A similar result
was also found by Dokmeci Yorukoglu and Kang [9], who stated that whispering in a
library is significantly correlated to the long time spent by the users in that space. Figure
7 presents a summary of these findings.

PERCEPTION (ANNOYANCE ASSESSMENT)

Activity sounds

Doors slamming
_’ Model making
Page turning

Mechanical sounds

Gender

Mechanical fan/AC

Community sounds
Grade level & Speech
Studio configuration Laughter

& Course format ~ Whispering
Groups discussion

Individual feedbacks

ty

Community sounds
Whispering

Time spent Mouse click

Model making

_’ Activity sounds
o

Mechanical sounds

Mechanical fan/AC

Figure 7. Demographic factors differences regarding Perception ratings (Annoyance) of the sound

sources.

As presented in Figure §, it has been found that participants’ ratings of the quality of
environmental conditions (¢hermal comfort’, dndoor humidity’, dndoor air quality’)
highlight their level of awareness based on their education level. Natural ventilation op-
portunities change when moving indoor partitions are closed, which may result in differ-
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ent thermal, humidity and air quality conditions. It may also be related to the difference
in using these spaces for 4 h and 8 h a day, according to the course format. Supporting
findings presented in Dokmeci Yorukoglu and Kang’s research [9] referred to the differ-
ence between Undergraduate, Master’s, and PhD degree students regarding their reaction
to the space’s indoor air quality and indoor humidity conditions.

REACTION (QUALITY ASSESSMENT)

Architectural design factors
Human scale in design
Grade level & _> Form and function relationship

Studio configuration
& Course format '

Indoor environment factors

Indoor air quality
Indoor humidity
Thermal comfort

Figure 8. Demographic factors differences regarding Reaction ratings (Quality) of the space fac-

tors.

On the other hand, participants’ reactions to community, activity, and mechanical
sounds varied by education level, whereas overall noise reaction varied by gender (Figure
9). Differences in reaction to sound sources by education level can be attributed to course
format, due to varying group vs. individual feedback sessions and model-making prac-
tices. Similar findings were identified by Ikhwanuddin et al. [26], who found that space
users perceive community and musical sounds as distracting.

REACTION (PREFERENCE/DISTURBANCE ASSESSMENT)

Gender Overall noise sound

ty

Community sounds

Speech
Laughter
Grade level & '
Studio configuration Activity sounds
& Course format (<= Model making

Mechanical sounds
Mechanical fan/AC

Figure 9. Demographic factors differences regarding Reaction ratings (Preference/Disturbance) to

the sound sources.

3.2. Correlations of Spatial Experience Factors

Spearman correlation test was employed to analyze all the factors constituting the
architecture studio environment. Table 7 presents Spearman’s correlation coefficients (rs)
and significance between spatial experience elements regarding Quality and Importance.
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Table 7. Spearman’s correlations of spatial experience factors regarding Importance and Quality.

Factor 1 Factor 2 Is Strength p 95% CI Padj
Imp Humidity 0.469 Moderate <0.01 [0.350, 0.573] <0.001
Imp Thermal 0.534 Moderate <0.01 [0.424, 0.628] <0.001
) ) Imp Lighting 0.427 Moderate <0.01 [0.303, 0.536] <0.001
Imp Air Quality :
Imp Spaciousness 0.489 Moderate <0.01 [0.373, 0.590] <0.001
Imp Human Scale 0.481 Moderate <0.01 [0.364, 0.583] <0.001
Imp Form Function 0.453 Moderate <0.01 [0.332, 0.559] <0.001
Imp Air Quality 0.481 Moderate <0.01 [0.364, 0.583] <0.001
Imp Thermal 0.429 Moderate <0.01 [0.306, 0.538] <0.001
Imp Human Scale Imp Lighting 0.454 Moderate <0.01 [0.334, 0.560] <0.001
Imp Spaciousness 0.428 Moderate <0.01 [0.305, 0.537] <0.001
Imp Form Function 0.599 Moderate <0.01 [0.499, 0.683] <0.001
Imp Air Quality 0.453 Moderate <0.01 [0.332, 0.559] <0.001
fmp Form Function Imp Acoustic 0.411 Moderate <0.01 [0.286, 0.522] <0.001
Imp Spaciousness 0.407 Moderate <0.01 [0.281, 0.519] <0.001
Imp Human Scale 0.599 Moderate <0.01 [0.499, 0.683] <0.001
. Qua Intelligibility 0.430 Moderate <0.01 [0.307, 0.539] <0.001
Qua Acoustic
Qua Loudness 0.474 Moderate <0.01 [0.356, 0.577] <0.001
R Qua Lighting 0.403 Moderate <0.01 [0.277, 0.515] <0.001
Qua Intelligibility Qua Echo 0.273 Weak <0.01 [0.136,0.399]  <0.001
Qua Loudness Qua Echo 0.253 Weak <0.01 [0.115, 0.381] 0.001
Qua Locate Qua Way finding 0.422 Moderate <0.01 [0.298, 0.532] <0.001
Qua Echo Imp Echo 0.211 Weak <0.01 [0.071, 0.343] 0.004
Qua Intelligibility Imp Intelligibility 0.197 Very weak <0.01 [0.057, 0.330] 0.008
Qua Spaciousness Imp Density 0.159 Very weak <0.05 [0.017, 0.294] 0.031
Imp Loudness 0.156 Very weak <0.05 [0.014, 0.292] 0.034
R Imp Spaciousness 0.160 Very weak <0.05 [0.018, 0.295] 0.031
Qua Intelligibility )  H manscale 0148 Very weak <0.05 [0.006, 0.284] 0.041
Imp Locate 0.153 Very weak <0.05 [0.011, 0.289] 0.036

To address the possibility of false positives arising from the large number of statisti-
cal tests conducted, the Benjamini-Hochberg false discovery rate (FDR) procedure was
applied to the p-values of the Spearman correlations within Table 7, with the family-wise
false discovery rate set at q = 0.05. In addition, 95% confidence intervals (Cls) for each
correlation coefficient were calculated using Fisher’s z-transformation, to provide a meas-
ure of the precision and plausible range of each estimate alongside the point estimate and
significance level. All 28 correlations remained statistically significant after FDR correc-
tion (padj < 0.05), indicating that these associations are unlikely to be attributable to chance
despite the large number of tests performed. The strongest associations were observed
among Importance ratings for architectural design and physical environment factors (e.g.,
Importance Human Scale-Importance Form Function, rs =0.599, 95% CI [0.499, 0.683]; Im-
portance Air Quality-Importance Thermal, rs = 0.534, 95% CI [0.424, 0.628]), as well as
among several Quality ratings (e.g., Quality Acoustic-Quality Loudness, 1s = 0.474, 95%
CI [0.356, 0.577]). For these moderate correlations, the confidence intervals exclude
small/negligible values, supporting the interpretation that these represent meaningful as-
sociations. By contrast, several correlations between Quality and Importance ratings of
the same or related factors (e.g., Quality Intelligibility—-Importance Human Scale, rs=0.148,
95% CI[0.006, 0.284]) were classified as very weak. Although these correlations remained
statistically significant after FDR correction, their confidence intervals extend close to
zero, indicating considerable uncertainty about the true strength of these associations.
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These weaker correlations should therefore be interpreted with caution and considered
preliminary rather than as evidence of substantively important relationships.

Significant correlations were found between spatial experience factors in terms of
importance assessment. Architectural design and physical environment features were
found to be correlated with the dhuman scale in design” and dndoor air quality” factors. In
addition, dorm and function relationship” factor was found to be correlated to architec-
tural, physical and acoustic factors. These findings suggest that the importance of all these
factors is related to one another, which may in turn be associated with users” experience
within the space.

In terms of quality assessment, the space factor variables have been demonstrated to
have correlations with the sound sources of the case space. dluman scale in design’ and
dorm and function’ variables were correlated with music, activity, community, and me-
chanical sound sources. Moreover, dndoor air quality’ showed significant correlations
only with activity sounds and community sounds instead.

Statistical findings have also revealed that the reverberation quality was significantly
related to mechanical, community, and overall noise sounds. In contrast, this variable’s
importance assessment was found to be correlated with loudness and intelligibility. This
suggests that acoustic factors are associated with one another, which may in turn be re-
lated to the perception of the acoustical environment. These are all summarized in Figure
10. The lines connecting these factors indicate statistically significant correlations; as this
is a cross-sectional correlational design, the direction of any underlying relationship be-
tween these factors cannot be determined.

[ IMPORTANCE ASSESSMENTS | ] QUALITY ASSESSMENTS \

Community sounds
Architectural design factors

Form and function Activity sounds
relationship

Indoor environment factors

. Musical sounds
Acoustic factors

Mechanical sounds

Community sounds

Activity sounds

Architectural design factors Human scale in
: Musical sounds
Indoor environment factors design
Mechanical sounds
Overall noise
Architectural design factors X X Community sounds
Indoor air quality
Indoor environment factors Activity sounds
Community sounds
Level of

Musical sounds Acoustic factors

reverberation (echo)
Overall noise

Figure 10. Non-causal diagram of spatial experience elements that exhibit statistically significant

correlations with sound sources and other spatial elements.

Moreover, several statistically significant correlations between different acoustic and
architectural features were found within the scope of this research. The significant corre-
lations found between the acoustic comfort feature and other architectural and acoustic
variables suggest that the space factors defining an indoor environment are associated
with the level of acoustic comfort. Similar results found by Dokmeci and Kang [25] dis-
closed correlations between the level of acoustic comfort and several space variables. All
these findings highlight the role of occupants’ soundscape perception in relation to the
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quality of the spatial experience features, which underlines the relationship between
sound perception and spatial experience.

3.3. Effects of Spatial Elements and Sound Sources on One Another

Correlations between spatial elements and sound sources were investigated. The sig-
nificant results are presented in Table 8.

Table 8. Spearman’s correlations between sound sources and spatial experience factors on each

other.
Sound Source Space Experience Is Strength p 95% CI Padi
Factor

Imp Air quality -0.176 Very weak <0.05 [-0.310, -0.035] 0.034
Imp Sound type 0.165 Very weak <0.05 [0.024, 0.300] 0.036
Imp Spaciousness -0.175 Very weak <0.05 [-0.309, —0.034] 0.034
Prefer Laughter guf Density 0.306 Mo}clierate <0.01 [0.171, 0.429] 0.001
Qua Human scale 0.161 Very weak <0.05 [0.019, 0.296] 0.036
Qua Form function 0.162 Very weak <0.05 [0.020, 0.297] 0.036
Annoy Laughter Imp Noise 0.182 Very weak <0.05 [0.041, 0.316] 0.034
Imp Loudness -0.145 Very weak <0.05 [-0.281, —-0.003] 0.047
Imp Sound type -0.146 Very weak <0.05 [-0.282, -0.004] 0.047
Pref Indv feed Imp Human scale 0.178 Very weak <0.05 [0.037,0.312] 0.034
Imp Form function 0.145 Very weak <0.05 [0.003, 0.281] 0.047
Imp Density -0.154 Very weak <0.05 [-0.290, -0.012] 0.042
Annoy Indv feed  Imp Intelligibility -148 Very weak <0.05 [-0.284, -0.006] 0.047
Imp Lighting 0.147 Very weak <0.05 [0.005, 0.283] 0.047
Annoy Group Imp Locate 0.160 Very weak <0.05 [0.018, 0.295] 0.036
Imp Acoustic 0.173 Very weak <0.05 [0.032, 0.307] 0.034
Imp Echo 0.184 Very weak <0.05 [0.043, 0.318] 0.034
Annoy Echo 0.185 Very weak <0.05 [0.044, 0.319] 0.034
Pref Ovr Noise Annoy Thermal 0.188 Very weak <0.05 [0.047, 0.321] 0.034
Annoy Locate 0.209 Moderate <0.01 [0.069, 0.341] 0.034
Qua Way finding 0.178 Very weak <0.05 [0.037, 0.312] 0.034
Pref Ovr Noise Qua Density 0.179 Very weak <0.05 [0.038, 0.313] 0.034
Qua Human scale 0.196 Very weak <0.05 [0.056, 0.329] 0.034
Qua Air quality 0.153 Very weak <0.05 [0.011, 0.289] 0.042
Qua Thermal 0.187 Very weak <0.05 [0.046, 0.320] 0.034
Pref Door Qua Acoustic 0.166 Very weak <0.05 [0.025, 0.301] 0.036
Qua Human Scale 0.200 Moderate <0.01 [0.060, 0.333] 0.034
Qua Form function 0.210 Moderate <0.01 [0.070, 0.342] 0.034
Annoy Door Imp Noise 0.166 Very weak <0.05 [0.025, 0.301] 0.036
Qua Thermal 0.161 Very weak <0.05 [0.019, 0.296] 0.036
Prefer Footstep Qua Noise 0.161 Very weak <0.05 [0.019, 0.296] 0.036
Qua Human scale 0.169 Very weak <0.05 [0.028, 0.304] 0.036
Qua Form function 0.144 Very weak <0.05 [0.002, 0.280] 0.047

The same FDR correction and confidence interval procedures described for Table 7
were applied to the correlations between sound source preference/annoyance ratings and
spatial experience factors in Table 8. All 33 correlations remained statistically significant
after Benjamini-Hochberg correction (padj < 0.05); however, the majority of these were clas-
sified as very weak (rs = 0.14-0.21), and the corresponding confidence intervals were wide
and, in most cases, came close to including zero. The only correlation reaching a moderate
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strength was between preference for laughter and quality of density (rs = 0.306, 95% CI
[0.171, 0.429]). While these correlations are unlikely, as a set, to be entirely attributable to
chance (since they survive correction for the large number of tests performed) the small
magnitudes and wide confidence intervals indicate considerable uncertainty about the
true strength of these associations. These findings should therefore be interpreted as pre-
liminary and exploratory, identifying candidate associations between sound source per-
ception and spatial experience that warrant further investigation in future, larger-scale
studies, rather than as confirmed, substantively important relationships.

Statistically significant findings regarding sound source correlations showed that dn-
dividual feedbacks’ sound was correlated with acoustic and architectural elements. In
contrast, the egroup discussion” sound was related to the indoor environmental and acous-
tic features. The existing variance between these two results may relate to differences in
the acoustical source-path-receiver relationship between group discussion and individual
feedback situations. Sound sources that were determined as the most annoying within the
classroom soundscape were daughter’, aloors slamming’, and @verall noise’. As pre-
sented in Figure 11, these sounds were found to have significant correlations with the
architectural, acoustic and environmental variables. These results suggest a possible asso-
ciation between users’ auditory perception and physical, environmental, and architectural
factors within an indoor space, though, as noted above, these correlations were generally
weak and should be interpreted as preliminary. In Figure 11, the lines connecting factors
indicate statistically significant correlations; as this is a cross-sectional correlational de-
sign, the direction of any underlying relationship between these factors cannot be deter-
mined.

] SIGNIFICANT CORRELATIONS \

’ IMPORTANCE ASSESSMENTS QUALITY ASSESSMENTS ‘

Acoustic factors

Architectural design factors Laughter

Architectural design factors

Indoor environment factors

Acoustic factors

Acoustic factors DOOI’.S Architectural design factors
slamming
Indoor environment factors
Acoustic factors Overall
g i al ign f r:
noise Architectural design factors

Indoor environment factors

Figure 11. Non-causal diagram of statistically significant correlations of sound sources with spatial

experience factors.

4. Conclusions

This research aimed to evaluate the spatial experience of users within architecture
studios through the soundscape approach. To that end, a new indoor soundscape frame-
work and method [9,16] were adapted and used. Applying it to a new indoor space, and
comparing the previously found relationships were also intended.

Statistically significant findings revealed that demographic features affect users” Ex-
pectation, Perception and Reaction regarding spatial experience and soundscape percep-
tion factors.
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e Gender was found to affect expectation (importance assessment) of architectural de-
sign and indoor environment factors. The results indicate that gender also affects
perception (annoyance assessment) of activity and mechanical sounds.

e  Reverberation expectations and the perception of community sounds differed be-
tween first- and fourth-grade students; however, given that grade level in this study
is confounded with physical volume, partition use, course format, and instructor in-
teraction patterns, these differences should be interpreted as reflecting a combined
effect rather than the effect of education level alone.

e  Time spent in the related indoor space was found to affect sound perception.

e  Evaluating spatial experience through expectation and perceived quality of architec-
tural design and indoor environment framework was found to provide many mean-
ingful relationships.

e Expectation of architectural design, especially designing according to human scale
and form-function relations, were found to be correlated to expectation of many of
the indoor environment factors.

e  Perception of acoustical factors were found to be correlated with each other. Intelli-
gibility quality was correlated with architectural design factors as well.

It was found that occupants” auditory perception of the sound environment is asso-
ciated with their experience within the indoor space through both design and environ-
ment.

In this study, the indoor soundscape methodology was applied in an educational en-
vironment. The findings corroborated previous results on the effects of demographic fac-
tors and the correlations between acoustic perception and spatial experience. It was de-
termined that soundscape perception and spatial experience were associated with each
other. Similar studies under different case studies will help to understand the perception
of sound and space, and may lead to new design strategies to improve indoor experience.
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