‘ Jau 2630 .-ml SOCIAL SCIENCE DEVELOPMENT JOURNAL
C%D e SSDjournal

II @ Open Access Refereed E-Journal & Refereed & Indexed

http://www.ssdjournal.org / journalssd@gmail.com

Article Arrival Date: 25.04.2026 Published Date: 15.05.2026
Doi Number : 10.5281/zenodo.20151644

Vol 11 / Issue 56 / pp: 38-50

ACOUSTIC INTIMACY IN AUDITORY SPATIAL PERCEPTION: THE
PSYCHOLOGICAL DYNAMICS OF AUDITORIUM ACOUSTICS

Derin Hilal BILMEZ

Mimar Sinan Fine Arts University, Graduate Education Institute, Department of
Building Physics and Materials, derinhilalb@gmail.com

Istanbul / Tiirkiye

ORCID: 0000-0002-3318-1982

Umit ARPACIOGLU

Mimar Sinan Fine Arts University, Faculty of Architecture, Department of
Architecture, umit.arpacioglu@msgsu.edu.tr

Istanbul / Tiirkiye

ORCID: 0000-0001-8858-7499

ABSTRACT

The human mind, instead of passively recording stimuli from the external environment, actively
constructs a subjective representation of reality informed by prior experiences and cognitive
expectations. Within this framework, auditory data serves as a primary determinant of spatial
belonging and the emotional resonance between the listener and the performer. Acoustic intimacy
represents a psychological sense of proximity, governed by sound reflections that mediate distance
perception.

The inability to achieve this perceptual integration in design creates a disconnect that increases the
listener’s cognitive load, thereby weakening aesthetic satisfaction. Modern psychoacoustic
approaches argue that this experience is shaped not only by sound waves but also by visual cues,
owing to the integrated nature of the brain. This article examines the hypothesis through an
extensive literature review that architectural interventions such as lighting strategies, volumetric
configurations, and textural choices function as 'perceptual compensation mechanisms.' It aims to
explain within a theoretical framework that architectural acoustics is a process of managing spatial
cognition and emotional integration in the human mind, rather than mere technical data
management. This study investigates the effects of visuospatial parameters including lighting focus,
volumetric segmentation, and material texture—on the listener’s perception of acoustic intimacy.
The objective is to demonstrate that multisensory design, comprising the management of light,
volume, and texture, possesses a dimension capable of cognitively masking the physical acoustic
flaws of a space. Ultimately, the literature review concludes that acoustic design is not a purely
engineering discipline, but a form of 'perception design' that governs the sensory integration
capacity of the brain.

Keywords: Psychoacoustics, Acoustic Intimacy, Auditory Perception, Spatial Cognition,
Perceptual Compensation
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1. INTRODUCTION

Perception is the process of collecting, organizing, and assigning meaning to complex sensory data
from the external world; it is an active construction of the brain (Jeon, Santika, et al., 2026). The
human mind, while processing clusters of stimuli from its environment, creates a subjective reality
map by utilizing past experiences, cognitive expectations, and contextual cues. In this context,
senses are not neutral windows that convey the external world as it is, but rather sensitive channels
through which reality can be mentally constructed and manipulated. Specifically, the sense of
hearing becomes a tool for managing an individual’s perceptual judgments regarding the
environment, thanks to its ability to mentally map phenomena such as spatial depth, distance, and
continuity (Altan et al., 2024). Interventions performed on the components of auditory stimuli such
as frequency, timing, and reflection can lead the mind to perceive the boundaries of physical space
or the distance to a sound source differently from objective reality (Santika et al., 2023). This
situation allows for the construction of a new spatial experience that has no equivalent in the
physical world but is felt as psychologically real, enabling the individual to be repositioned within
this constructed atmosphere (Jeon, 2023). The perception of architectural space is a mental
construction of sensory stimuli beyond physical boundaries; one of the most critical and mysterious
components of this construction, acoustic intimacy, is the fundamental element that determines the
listener's sense of presence in space and the psychological bond they establish with the performance
(Lee et al., 2023). While the physical boundaries of a space are visible, the soul of that space and
the sense of belonging it evokes in an individual are largely constructed in the mind through
auditory stimuli (Altan et al., 2024; Yoon & Jeon, 2024). Especially in auditory oriented spaces
such as concert halls and auditoriums, architecture is not just the coming together of stone and
concrete; it is the management of the process of converting sound waves into mental representations
(Jeon et al., 2023). In this regard, the concept of acoustic intimacy is not merely a physical
parameter of modern acoustic design, but the most critical psychological dynamic determining the
listener's spatial cognition and the emotional bond they form with the performer (Bronkhorst,
2015).

From a psychological perspective, the perception of proximity is the auditory manipulation of an
individual’s personal space boundaries. In an auditorium, although the listener is physically in a
general area, they can be drawn into an intimate zone mentally through the texture of sound
reflections (Santika et al., 2023). This allows the listener not just to hear the sound, but to exist
within it. When this psychological management of auditory perception is not provided, regardless of
how magnificent the space is, an impassable acoustic distance and emotional disconnect form
between the listener and the performance. This disconnect causes the mind to exert more effort to
interpret auditory stimuli, leading to an increase in cognitive load and thus lowering the quality of
the aesthetic experience.

When examining the historical development of acoustics, it is seen that for a long time, focus was
placed on purely physical and measurable data such as reverberation time and sound intensity.
However, since the second half of the 20th century, with the shift of focus from the physics of
sound to the listener's experience, the subjective and psychological dimensions of acoustic design
have gained importance. At this point, one of the concepts we encounter is acoustic intimacy; it
concerns how close and involved the listener feels toward the performer and the performance,
regardless of their physical distance from the stage. This feeling is actually the product of a
complex illusion used by the brain in its process of mapping the external world.

Architectural acoustics typically defines the quality of performance spaces through objective
physical parameters such as reverberation time (RT), energy loss, and sound transmission (Beranek,
2004; Pastusiak et al., 2025). However, the listener's subjective experience within the space is
shaped by the complex interaction of visual stimuli alongside auditory signals (Chen & Cabrera,
2021; Jeon, 2023; Spence, 2011).
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Modern psychoacoustic research reveals that the human brain processes sensory data not as
independent channels, but as an integrated "multi-sensory" system (Talsma et al., 2010; Yang &
Jeon, 2023). In this context, auditory perception in a space is influenced by the visual environment
(Spence, 2011). Especially in large-scale halls, the perception of "acoustic intimacy" depends not
only on the initial time delay gap (ITDG) of the sound; it is also directly related to the clarity and
hierarchy of the visual focus (Beranek, 2004). The phenomenon of audio-visual capture, known in
the literature as the "Ventriloquism Effect," proves that visual focus can dominate auditory
localization (Bertelson, 1999). If the angular difference between the visual focus (light) and the
sound source is within a tolerance of approximately 15°, the brain fixes the sound directly to the
visual focal point it sees (Godfroy et al., 2003). This situation can be explained by "Cognitive Load
Theory," which is the brain's way of managing its limited processing capacity. In a dark or visually
cluttered environment, the brain exerts more mental effort to extract the performance from
background noise. Conversely, strategic lighting triggers the "selective attention" mechanism,
thereby reducing this cognitive load (Talsma et al., 2010). This study is written to investigate the
hypothesis that 'lighting, volumetric segmentation, and the controlled roughness/porosity of
materials in auditoriums create a multisensory perception of acoustic intimacy by establishing a
perceptual compensation mechanism' through an extensive literature review. The data gathered
from the literature are as follows: Within the scope of this research, how visual focus dominates
auditory localization via the 'Ventriloquism Effect' and enhances auditory acuity by reducing
cognitive load has been examined in light of cross-modal studies in the literature (Bertelson, 1999;
Spence, 2011). It has been determined that volume management strategies create a 'psychological
envelopment' beyond physical boundaries, while material roughness influences the timbral
character of sound through the perception of 'warmth' alongside physical diffusion(Cox &
D’ Antonio, 2004; Pallasmaa, 2012).

Moving beyond classical acoustic parameters, this study systematically interrogates the cross-modal
interaction between the visual focus of light, the psychological boundaries of spatial volume, and
the tactile character of materials. Within the framework of the study, the psychological tactics
employed to achieve the perception of acoustic intimacy in auditorium design and how these tactics
transform the listener's spatial experience are elucidated through the literature.

1.1 The Perception of Acoustic Intimacy

The psychology of acoustic perception is an interdisciplinary field that examines how physical
sound waves are organized, interpreted, and transformed into experiences by the brain after being
captured by the auditory system (Pastusiak et al., 2025; Santika et al., 2023; Yang & Jeon, 2023). In
psychological literature, this process is defined not as passive data recording, but as an active
cognitive construction formed through the interaction of processing mechanisms. As a mental
construction process, this sense of proximity strengthens the listener's emotional bond with the
performance while maximizing participation in the auditory experience and triggering a sense of
aesthetic envelopment by creating an "illusion of personal space" even in massive volumes
(Bronkhorst, 2015; Hyun & Jeon, 2021). This distance estimation of the auditory system directly
influences the listener's spatial cognition, dissolving the invisible boundaries between the performer
and the audience and converting physical distance into psychological proximity (Winkler &
Denham, 2024; Yoon & Jeon, 2024).

The phenomenon where listeners perceive a sound source as close or intimate based solely on the
duration and texture of reflections, even when sound intensity remains constant, is explained by the
concept of "Acoustic Intimacy" in psychoacoustic literature. Leo Beranek established that the
primary factor in perceiving a concert hall as intimate is the time difference between the direct
sound and the first reflection (Initial Time Delay Gap - ITDG), rather than the sound intensity itself
(Beranek, 1962).
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The perception of acoustic proximity is a subjective quality parameter describing the sense of
distance to a sound source within an enclosed space. This perception relies on the millisecond-scale
ITDG between the direct sound and the initial reflections reaching the ear from surfaces, rather than
physical sound pressure(Pastusiak et al., 2025). If the first reflection reaches the ear within 15-20
milliseconds after the direct sound, the listener feels very close to the source even at low intensity
levels (Cavanaugh & Wilkes, 1999). As the ITDG duration increases (e.g., exceeding 30—40 ms),
the brain codes the space as arena-like or disconnected, creating the illusion that the source is
physically distant. In an auditorium, an ITDG of 15-20 ms causes the brain to categorize the sound
as originating from within the boundaries of personal space. Conversely, when reflections are
delayed and the direct sound is weakened, the sound is pushed into the "general space" category,
leading the listener to feel disconnected from the environment as a merely passive observer(Seo &
Jeon, 2019).

The ratio of reflection energy to direct sound is more significant than intensity in distance
perception (Chen & Cabrera, 2021). The brain integrates reflections arriving within less than 50 ms
with the direct sound—a process known as the Haas Effect. Early reflections enlarge the perceived
"body" of the sound without increasing its physical intensity, thereby creating a sense of "presence"
for the listener (Jeon et al., 2023). Participants psychologically associate this sense of embrace with
proximity and safety, a state termed envelopment. From a psychological perspective, this
envelopment allows the individual to feel safe and a sense of belonging within a large space.
Independent of intensity, response times are shorter for sounds with brief reflection periods
compared to those with longer durations; the former are perceived as being closer. Consequently,
warning signals are typically designed to be "drier"(Alhanbali et al., 2022). In auditoriums, acoustic
proximity can be shaped by architectural space, as spatial form directly influences the perception of
sound (Yoon et al., 2023). In a space with high perceived intimacy, the listener can more easily
focus on the technical details of the performance and feel an invisible emotional bridge established
with the performer. In shoebox-type auditoriums, the proximity of side walls produces strong early
lateral reflections, drawing the physically distant general space into the auditory depth of personal
space (Jeon et al., 2023). Recessed architectural elements (balconies, boxes, etc.) manifest the
"acoustic bubble" around the individual by refracting or diffusing sound waves toward the listener,
elevating the sense of envelopment to a level of proxemic privacy. Finally, ceiling reflectors
artificially shorten the ITDG, thereby maintaining the distance of intimacy with the performer
within the listener's spatial cognition.

2. Methodology

This study utilizes a comprehensive literature review to identify the psychological factors
influencing auditory perception and explores how these factors are applied within the framework of
acoustic design for auditoriums. To create an interdisciplinary synthesis, the research focuses
specifically on the intersection of psychoacoustics and architectural acoustics.

3. Psychological Factors Influencing Auditory Perception

The transformation of sound from a mere physical wavelength into a subjective experience is the
result of complex psychological mechanisms in the human mind (Altan et al., 2024). Psychological
needs necessitate the formation of architectural responses. In multi-layered acoustic environments
like auditoriums, the listener's experience is shaped by four fundamental psychological processes.

3.1 The Distinction Between Hearing and Perception

The first stage of the auditory experience is the distinction between sensation (hearing), which is the
physical capture of a stimulus by the ear, and perception, which is the process of assigning meaning
to this data in the brain(Winkler & Denham, 2024).
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Hearing is a physiological process. It occurs when sound waves reach the human ear, vibrate the
eardrum, and are converted first into mechanical and then into electrical signals that reach the brain.
Hearing is a mechanical process that evolves from physical data into a psychological experience.
The collection of sound waves—a physical event—by the pinna, their transmission through the
ossicles in the middle ear, and their conversion into electrical impulses in the cochlea constitute the
physiological dimension of hearing. At this stage, sound consists solely of raw data such as
amplitude, frequency, and duration.

Perception, on the other hand, is the blending of this sound with past experiences and expectations
to form subjective judgments such as intimacy, distance, or tonal quality. Perception cannot exist
without hearing, but not everything heard is necessarily perceived. Auditory perception is not a
passive recording process but an active cognitive construction (Shinn-Cunningham et al., 2017). In
this context, acoustic intimacy is a perceptual process related to how the mind positions the sound
rather than the physical intensity of the sound heard.

3.2 Multisensory Interaction

In contrast to traditional sensory processing models, multisensory interaction refers to the process
by which the brain constructs an integrated and dynamic perceptual representation of the external
world. Through the cognitive integration of auditory and visual stimuli, individuals make sense of
complex environmental data. Due to the link between our visual and auditory senses, auditory
perception is supported by visual data(Jeon, Lee, et al., 2026). Perceptual studies in this field
examine:

o The "McGurk Effect" and the "Ventriloquism Effect," which focus on the congruency
between what is seen and what is heard (Alais & Burr, 2004) (Shams et al., 2000)

o The "Bayesian Integration Model" and the "Flash-Beep Illusion," which investigate which
data arriving simultaneously at the brain are consistent with one another(Shams et al., 2000)

. Cross-Modal Attention" and "Cognitive Load and Resource Theory," which explore how the
visual focus influences the primary auditory stream(Spence, 2011)

o "Blindness, Synesthesia," and "Virtual Reality," which examine how the sense of spatial
presence is formed (Jeon et al., 2025).

3.3 Auditory Scene Analysis

Developed by psychologist Albert Bregman, the concept of "Auditory Scene Analysis"
(Bronkhorst, 2015), explains how the mind segregates and focuses on a specific sound within a
complex environment composed of multiple sound waves. In chaotic acoustic environments, the
brain performs scene analysis to extract meaningful auditory objects from a background of noise
(Calcus, 2024; Peelle, 2018). A listener in a concert hall utilizes the brain's grouping principles to
differentiate orchestral timbres, reflections, and ambient noise (Alhanbali et al., 2022; Peelle, 2018).
Complex sounds are highly prevalent in auditoriums, concert halls, and similar venues(Hake et al.,
2025) Auditory scene analysis involves utilizing auditory grouping to segregate sound and
subsequently focus on a single stream (Hake et al., 2025; Shinn-Cunningham et al., 2017). It is a
vital component of auditory perception. In spaces where acoustic intimacy is correctly established,
auditory scene analysis is facilitated; the brain organizes direct sound and reflections more
efficiently, thereby enhancing the clarity of the performance (Bronkhorst, 2015; Yoon et al., 2023).

3.4 Spatial Cognition

Spatial cognition is the expression of where a sound originates and its localization within the mind.
In auditorium acoustics, spatial cognition does not only answer the question "Where is the source?";
it also enables the listener to form a subjective judgment regarding the size and intimacy of the
space.
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By utilizing auditory cues (e.g., angle of arrival, time differences), the listener determines their
position in space and their distance from the performer within a coordinate system (Bosen et al.,
2016; Epstein et al., 2017). The listener assesses proximity based on loudness, determines distance
according to audible frequencies, and finally creates a "depth map" by comparing the ratio of direct-
to-reflected sound. This process removes psychological barriers between the listener and the
performance by strengthening the sense of spatial belonging.

3.5 Cognitive Load

Cognitive load refers to the limited information-processing capacity of the human mind and the
mental energy expended during a task. The more difficult it is for sound to propagate and reach the
listener in a space, the more effort the brain must exert to perceive and localize that
sound(Alhanbali et al., 2022; Peelle, 2018). This phenomenon is termed "Listening Effort"
(Alhanbali et al., 2019) which leads to an increase in cognitive load. High cognitive load eventually
causes mental fatigue, resulting in the listener disconnecting from the aesthetic experience and
experiencing a lapse in attention.

To encode sound as "near," the location of the sound source must be determined rapidly. The faster
the auditory scene analysis process is completed, the sooner the listener can focus on the content of
the music or speech (Knight et al., 2026). Therefore, determining the position of the sound source
lightens the cognitive load and enables the initiation of the auditory perception process.

4. Enhancing the Perception of Acoustic Intimacy in Auditoriums

In the hierarchy of auditorium design, acoustic intimacy is a refined optimization process that
follows the stabilization of fundamental volumetric data such as reverberation time and sound
pressure levels. The sense of proximity established at this stage bridges the chasm between the
monumental scale of the venue and the human sensory scale by bringing the dynamic details of the

stage performance into the listener's psychological range(Hyun & Jeon, 2021). When the
performer's every breath and the subtlest timbres of the instruments meet the listener in a
simultaneous intimacy, the artistic success of the space is transformed from technical data into a
living experience (Jeon, 2023). When the parameter of acoustic intimacy is neglected, several issues
arise regardless of the physical size of the hall: spatial disconnect, loss of clarity, lifeless acoustics,
and low dynamic range. These technical deficiencies sever the autonomous bond between the
listener and the sound source, reducing the impact of the performance to functional data
transmission (Santika et al., 2023). Such disruptions in physical parameters emphasize that the
primary factor determining design quality is not mathematical precision, but rather the way it
resonates within the human mind (Altan et al., 2024; Santika et al., 2023). Acoustic intimacy is a
subjective parameter (Beranek, 1962). Small changes in space can create significant differences
(Lee et al., 2023). These changes can be examined under four main headings within the scope of
visual and auditory senses.

4.1 Line of Sight and the "Ventriloquism Effect"

Our visual and auditory senses support one another, much like the senses of taste and smell.
Consequently, in spaces where auditory perception is paramount, visual factors are emphasized, and
vice versa (Bosen et al., 2016; Jeon, 2023; Yoon & Jeon, 2024).

The perception of acoustic distance is related not only to sound intensity but also to the visual
confirmation of the direction from which the sound originates (Chen & Cabrera, 2021; Jeon, 2023;
Jeon et al., 2023; Yoon & Jeon, 2024). The Ventriloquism Effect is a phenomenon in cognitive
psychology and psychoacoustics also referred to as "audio-visual capture" (Vroomen et al., 2001). It
occurs when the brain perceives the source of a sound not from its actual location, but from the
location of a visual stimulus moving in synchronization with that sound (Alais & Burr, 2004; Hyun
& Jeon, 2021).
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The line of sight is critical for the perception of proximity (Jeon, 2023). If a listener has a clear line
of sight to the performer, the brain fixes the sound on the performer even if sound reflections reach
the listener from different angles (Altan et al., 2024; Bosen et al., 2016).

This results in a clearer and more intimate perception of the sound. The ventriloquism effect is a
method the brain uses to reduce cognitive load. By determining the point of origin, it prevents the
brain from remaining in a state of uncertainty. This is due to the brain's tendency to rely more on
visual data than auditory data when integrating sensory information. Maintaining a clear line of
sight essentially enables the brain to utilize this ventriloquism effect. If the listener sees the
performer clearly, acoustic flaws in the hall may be ignored by the brain through this effect, and the
person still perceives the sound as coming from the stage (Chen, Cabrera, & Yadav, 2023). When
visual contact is severed, the ventriloquism effect disappears, leaving the brain to rely solely on
auditory cues, which increases the perception of distance. The brain is programmed to visually
locate the source of any sound it hears (McBeath et al., 2019). If the line of sight is obstructed, the
brain tends to perceive the sound as more distant or diffuse. Seeing the stage clearly strengthens
auditory perception (Yoon & Jeon, 2024) ensuring that the listener remains connected to the
performance even at low volume levels.

The brain's capacity to match images with sound is limited. Research identifies the effect of the
angular difference between visual and auditory stimuli as follows: In the horizontal plane
(Azimuth), if the difference between the visual stimulus and the sound source is between 10° and
15°, the brain typically integrates them as a single source. When the difference exceeds 15°, the
illusion weakens; at 30° and beyond, the brain begins to perceive them as separate events (Godfroy
et al., 2003). Interestingly, our error margin in the vertical plane (Elevation) is higher (Blauert,
1996). Even with larger vertical differences between the actual sound source and the visual focus,
the brain may continue to fix the sound to the visual source. Auditory stimuli can deviate from
visual stimuli by 50-100 ms. However, the brain is more inclined to accept this if the image
precedes the sound (Dixon & Spitz, 1980). If the sound precedes the image, the illusion breaks
down rapidly. In a concert hall, the strength of the ventriloquism effect is directly related to the
Direct-to-Reverberant Ratio. When the origin of the sound is very clear, it is difficult to deceive the
brain. As reflected sound arrives from all directions, the brain's "auditory localization" ability
weakens. In such cases, visual dominance increases. Thus, the more reverberant a hall is, the more
the brain is forced to fix the sound to where it sees it.

4.2 Lighting and Focus

Lighting design is not merely an aesthetic element; it is an aid that increases the efficiency of
cognitive processing for auditory signals. The stronger the visual communication with the sound
source, the more powerful the auditory perception (Chen, Cabrera, & Yadav, 2023; Urrutia et al.,
2025). The lighting design described under this heading facilitates the "Ventriloquism Effect" and
the strength of visual communication. Light is a hierarchical tool that tells the brain what is
important in a space.

Focusing reduces the threshold of auditory intimacy by lowering the brain's processing load. The
effect of light on sound perception has been a focal point of "Cross-Modal Perception" studies in
recent years. The relationship between "Light, Focus, and Cognitive Load" is one of the most
intriguing topics in modern architectural acoustics and environmental psychology (Yang & Jeon,
2023). This concept is based on the principle of "Multisensory Integration": our brain processes
data in a space not as independent senses, but as signals that support or mask each other (Alhanbali
et al., 2019).

In dark or visually cluttered environments, the brain expends more energy to isolate the sound
source. Bright light focused on the performer reduces visual noise (Urrutia et al., 2025). Tests have
shown that sound coming from a well-lit stage is perceived as 15-20% closer and clearer compared
to the same sound level in pitch darkness.
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If the stage is dim or visually cluttered, the brain exerts more cognitive energy to select the target
signal—the performer. This increases cognitive load. When cognitive load increases, the listener's
auditory attention weakens, and the sound begins to be perceived as more distant or ambiguous. If
lighting in a concert hall is poor or if areas outside the stage (audience, decor) contain too much
visual detail, the brain expends energy to filter out this unnecessary information.

Dynamic lighting on stage confines the listener's attention to a limited area while allowing them to
filter out spatial "visual noise". Dynamic and focused lighting acts as a "spatial filter" for the brain,
triggering selective attention. Strong light focused on the artist masks visual "noise" outside the
stage (Chen, Cabrera, & Alais, 2023). Consequently, the brain fixes its visual focus on a single
point and transfers the conserved cognitive energy to the sound. Research indicates that listeners
watching a well-lit source perceive the sound level as 10—15% higher and the timbre as brighter
compared to a poorly lit source (Chen & Cabrera, 2021). A powerful spotlight emphasizing the
artist relegates the rest of the space (audience, ceiling, side walls) to a secondary visual plane.
Studies have proven that light color does not change the physical properties of sound, but rather its
"character" (Urrutia et al., 2025; Yang & Jeon, 2020). Lights with low color temperatures (3000K,
warm/orange) result in a softer perception of sound (Yang & Jeon, 2023). Conversely, lights with
high color temperatures (6000K, cold/blue) lead to a sharper sensation of sound (Wang et al., 2022).
Most listeners report enjoying music more and perceiving sound as being closer in halls lit with
darker, warmer tones (Viollon et al., 2002). In short, light (and lighting design) reduces cognitive
load by minimizing or filtering acoustic flaws (Drouzas et al., 2026; Yang & Jeon, 2020). From this
perspective, lighting is an auditory manipulation tool.

4.3 Volume Management and Psychological Acoustics

In large-scale performance venues, volume management is a psychoacoustic intervention used not
only to control reverberation time (RT) but also to optimize the listener's sense of spatial presence
(Howard & Angus, 2006). The primary issue in massive concert halls is the listener's feeling of
being lost within the space. Volume management and psychological acoustics serve as strategies to
prevent this sense of spatial disorientation and strengthen the bond with the sound in large-scale
environments such as concert halls, cathedrals, or multi-purpose halls (Cox & D’Antonio, 2004).

In acoustic literature, "Intimacy" relates to the first reflection reaching the listener immediately after
the direct sound (approximately 15-20 ms) (Beranek, 2004). However, if the ceiling of a physically
massive hall is very high, it takes too long for the sound to reach the ceiling and return. Visually
segmenting the space creates the perception that the sound is coming from closer range and
eliminates the feeling of being lost. Our brain tends to accept the visible ceiling as the acoustic
boundary. If there are hanging panels from the ceiling, the brain enters an illusion that the sound
originates from that distance, feeling as though it is in a small, intimate room acoustic even if the
physical volume is large. Large, empty volumes can create feelings of vulnerability or loss of focus
from an evolutionary psychology perspective. Visual segmentation can make a space be perceived
as smaller and more accessible than it actually is (Hidaka et al., 1995). Dividing the hall vertically
and horizontally with balcony levels, columns, or suspended ceiling elements allows the listener to
define the space they are in. Once the space is defined, the listener can focus more easily on the
sound source (the stage) (Jeon et al., 2023). Instead of a sense of sound dissipating into a vast void,
a sense of sound being "protected" within a defined volume is formed. In architectural acoustics,
this is called envelopment (Beranek, 2004).

4.4 Material Texture: Surface Roughness and the Porous Structure Effect

This section, which constitutes the most technical and physical foundation of architectural
acoustics, explains the energy transformation a sound wave undergoes when it strikes a surface. The
macro and microstructures of a material are the primary units of change that determine whether
sound will be reflected, absorbed, or scattered (Cox & D’Antonio, 2004).
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Material texture is not just an aesthetic choice in acoustic design; it is a physical boundary that
determines the thermodynamic and geometric management of sound energy. Surface roughness
provides acoustic diffusion by controlling specular reflections, while the porous structure of the
material determines absorption capacity by converting the kinetic energy of air molecules into heat
through friction (Long, 2006). The attenuation of high-frequency components by micro-geometries
in surface texture is a parameter that directly affects auditory comfort and sound clarity. The
properties determining the sound absorption of a material can be classified as follows (Bilmez &
Arpacioglu, 2022):

o Surface Roughness and Friction Losses: Micro-roughness on the material surface increases
the viscous losses of air particles during contact with the sound wave. A rough texture absorbs high-
frequency sound waves more than a smooth surface.

o Porous Structure and Viscosity: The "porosity" of the texture determines how deeply a
sound wave can penetrate the material. The shape, depth, and interconnectivity of pores directly
alter the absorption coefficient.

o Surface Shape and Scattering: The macro-level texture of the material (grooves, protrusions,
irregular geometries) prevents sound from reflecting in a single direction. As surface shape becomes
more complex, sound waves are distributed more homogeneously throughout the space, reducing
"echo" problems and increasing clarity. The direction of sound reflection changes according to
whether the surface is concave, convex, or flat (Jeon et al., 2020).

o Changes in Hardness: The textural hardness and surface resistance of the material determine
the acoustic impedance of the environment. Textured and softly transitioning surfaces facilitate the
absorption of sound rather than its "bouncing" off. Various ceiling panels currently used function on
the principle of converting sound energy into kinetic energy.

By collecting, reflecting, or absorbing sound, materials can cause the listener to perceive the

orientation of the sound or the location of the source differently (Seo & Jeon, 2019). In this way,
they influence acoustic intimacy.

5. Evaluation and Conclusion

Architecture is not merely stone and concrete; it is the art of constructing a secure and intimate
realm within the human mind. In performance spaces, the user experience is the product of a
dynamic interaction between the physical behavior of sound waves and the brain's interpretation of
these waves within a visual-spatial and tactile context. This study demonstrates that the concept of
"intimacy" in auditorium acoustics is not merely a technical parameter measured in milliseconds
(ITDG), but a profound psychological construct that shapes the listener's spatial experience. In this
process, where the act of hearing evolves from a physiological sensation into an active cognitive
perception, we have analyzed how architectural form can redefine the boundaries of human
personal space. To establish the subjective parameter of acoustic intimacy, the roles of "lighting
hierarchy, color temperature, volumetric segmentation, and the textural properties of materials"
were examined. Based on the literature review and conceptual analyses, the following primary
conclusions have been reached:

o Auditory Personal Space: Data indicates that properly managed initial reflections can
psychologically shorten physical distance (Postma & Katz, 2017). Architectural interventions, such
as shoebox-type halls or strategic balcony placements, envelop the listener in an "acoustic bubble,"
reducing social distance to a level of personal privacy, thereby establishing a profound bond
between the performer and the audience.

o Reduced Listening Effort: It has been determined that in spaces where acoustic intimacy is
achieved, the Auditory Scene Analysis (ASA) process is facilitated, and the listening effort load on
the listener is reduced. Low cognitive load allows the listener to shift their energy from the effort of
segregation to an aesthetic flow experience.
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o Spatial Cognition and Safety: Supporting spatial cognition processes clarifies the listener's
positioning within the space, creating a sense of psychological safety. This not only enhances
auditory comfort but also minimizes the psychological fatigue often observed in long-duration
listening sessions.

o "Audio-Visual Integration: The process of "Audio-Visual Integration" must be evaluated
across a broad spectrum, ranging from the classic "Ventriloquism Effect" (Bertelson, 1999) to
contemporary psychoacoustic findings. Research by Drouzas and friends (Drouzas et al., 2026)
proves that the visual color design of a hall (particularly cool tones like blue and green) creates a
"cool" tonal perception in listeners, whereas dark and low-saturation spaces significantly increase
auditory preference scores. This finding takes Spence’s cross-modal attention theory a step further,
demonstrating that the visual is not just an accompaniment but a direct manipulator of the auditory
signal (Spence, 2011).

o The Engineering-Design Bridge: The relationship between volume management and
Material Texture builds a bridge between engineering and design. While Barron emphasizes that
ceiling canopies and panels physically optimize initial reflections, studies conducted in Virtual
Reality (VR) environments have identified that visual boundaries (ceiling and wall placement)
directly influence the listener's distance estimation, creating a sense of proximity and belonging
independent of physical acoustics (Chen et al., 2022).Regarding materials, it is confirmed that
micro-roughness optimizes absorption at low and mid-frequencies; this technical success, combined
with the perception of "tactile warmth" as articulated by Pallasmaa, evokes a sense of
psychoacoustic richness in the listener (Pallasmaa, 2012). Studies confirm that a visually defined
volume and a surface with textural depth raise the listener's threshold of psychological intimacy.

In conclusion, the success of architectural acoustics should be measured not by the intensity of the
sound, but by how qualitatively it manages the "illusion of proximity" within the listener's mind.
Therefore, auditorium designs must be shaped with a "human-centered" perspective that focuses not
only on the rules of physical acoustics but also on the spatial cognition and psychotechnical needs
of the human being. This approach elevates architecture from the act of merely constructing a
building to the level of designing a holistic psychoacoustic experience.

BIBLIOGRAPHY

Alais, D., & Burr, D. (2004). The Ventriloquist Effect Results from Near-Optimal Bimodal
Integration. Current Biology, 14(3), 257-262. https://doi.org/10.1016/j.cub.2004.01.029

Alhanbali, S., Dawes, P., Millman, R. E., & Munro, K. J. (2019). Measures of Listening
Effort Are Multidimensional. Ear & Hearing, 40(5), 1084-1097.
https://doi.org/10.1097/AUD.0000000000000697

Alhanbali, S., Munro, K. J., Dawes, P., Perugia, E., & Millman, R. E. (2022). Associations
between pre-stimulus alpha power, hearing level and performance in a digits-in-noise task.
International Journal of Audiology, 61(3), 197-204.
https://doi.org/10.1080/14992027.2021.1899314

Altan, E., Morgan, C., Dakin, S., & Schwarzkopf, D. S. (2024). Spatial frequency adaptation
modulates spatial tuning in human visual cortex. Journal of Vision, 24(10), 765.
https://doi.org/10.1167/jov.24.10.765

Beranek, L. L. (1962). Music, Acoustics & Architecture (G. Stone, Ed.). John Wiley & Sons
Inc.

Beranek, L. L. (2004). Concert Halls and Opera Houses. Springer New York.
https://doi.org/10.1007/978-0-387-21636-2

Bertelson, P. (1999). Ventriloquism: A case of crossmodal perceptual grouping (G.
Ascherleben & T. J. M. J. Bachmann, Eds.). Elsevier.

http://www.ssdjournal.org Social Science Development Journal journalssd@gmail.com

47




Social Science Development Journal 2026 May Volume: 11 Issue: 56 pp: 38-50
Doi Number : 10.5281/zenodo.20151644

Bilmez, D. H., & Arpacioglu, U. (2022). Classification of Architectural Acoustic Materials. In
U. Arpacioglu, S. Ertas Besir, & 1. E. Giil (Eds.), Architectural Sciences and Building Materials (pp.
173-205). Iksad Publications.

Blauert, J. (1996). Spatial Hearing. The MIT Press.
https://doi.org/10.7551/mitpress/6391.001.0001

Bosen, A. K., Fleming, J. T., Brown, S. E., Allen, P. D., O’Neill, W. E., & Paige, G. D.
(2016). Comparison of congruence judgment and auditory localization tasks for assessing the
spatial  limits of  visual capture.  Biological = Cybernetics, 110(6), 455-471.
https://doi.org/10.1007/s00422-016-0706-6

Bronkhorst, A. W. (2015). The cocktail-party problem revisited: early processing and
selection of multi-talker speech. Attention, Perception, & Psychophysics, 77(5), 1465-1487.
https://doi.org/10.3758/s13414-015-0882-9

Calcus, A. (2024). Development of auditory scene analysis: a mini-review. Frontiers in
Human Neuroscience, 18. https://doi.org/10.3389/fnhum.2024.1352247

Cavanaugh, W. J., & Wilkes, J. A. (1999). Architectural Acoustics. John Wiley & Sons Inc.

Chen, Y., & Cabrera, D. (2021). The effect of concert hall color on preference and auditory
perception. Applied Acoustics, 171, 107544. https://doi.org/10.1016/j.apacoust.2020.107544

Chen, Y., Cabrera, D., & Alais, D. (2022). Separate effects of auditory and visual room size
on auditorium seat preference: a virtual reality study. Perception, 51(12), 889-903.
https://doi.org/10.1177/03010066221125864

Chen, Y., Cabrera, D., & Alais, D. (2023). Modelling audiovisual seat preference in virtual
concert halls. Applied Acoustics, 212, 109589. https://doi.org/10.1016/j.apacoust.2023.109589

Chen, Y., Cabrera, D., & Yadav, M. (2023). Finding the Seat With the Best View: Stage-
View Preference for Orchestra. Sage Open, 13(2). https://doi.org/10.1177/21582440231181585

Cox, Trevorl., & D’Antonio, P. (2004). Acoustic Absorbers and Diffusers Theory, design and
application: ISBN 0-203-49299-4 (First Press). Spon Press.

Dixon, N. F., & Spitz, L. (1980). The Detection of Auditory Visual Desynchrony. Perception,
9(6), 719—721. https://doi.org/10.1068/p090719

Drouzas, C., Steffens, J., & Weinzierl, S. (2026). The influence of the color design of
auditoriums on room acoustic impression. The Journal of the Acoustical Society of America,
159(2), 1674—1684. https://doi.org/10.1121/10.0042275

Epstein, R. A., Patai, E. Z., Julian, J. B., & Spiers, H. J. (2017). The cognitive map in humans:
spatial navigation and beyond. Nature Neuroscience, 20(11), 1504-1513.
https://doi.org/10.1038/nn.4656

Godfroy, M., Roumes, C., & Dauchy, P. (2003). Spatial Variations of Visual—Auditory
Fusion Areas. Perception, 32(10), 1233—-1245. https://doi.org/10.1068/p3344

Hake, R., Miillensiefen, D., & Siedenburg, K. (2025). Individual differences in auditory scene
analysis  abilities in music and speech. Scientific  Reports, 15(1), 24048.
https://doi.org/10.1038/s41598-025-10263-z

Hidaka, T., Beranek, L. L., & Okano, T. (1995). Interaural cross-correlation, lateral fraction,
and low- and high-frequency sound levels as measures of acoustical quality in concert halls. The
Journal of the Acoustical Society of America, 98(2), 988—1007. https://doi.org/10.1121/1.414451

Howard, D. M., & Angus, J. (2006). Acoustics and Psychoacoustics (Fifth Edit). Elsevier
Academic Press & Focal Press.

Hyun, J. 1., & Jeon, J. Y. (2021). Soundscape restoration model based on psycho-
physiological response with audio-visual interaction in natural environment. INTER-NOISE and
NOISE-CON Congress and Conference Proceedings, 263(3), 3035-3043.
https://doi.org/10.3397/IN-2021-2290

http://www.ssdjournal.org Social Science Development Journal journalssd@gmail.com

48




Social Science Development Journal 2026 May Volume: 11 Issue: 56 pp: 38-50
Doi Number : 10.5281/zenodo.20151644

Jeon, J. Y. (2023). Soundscape and Digital Therapeutics: Psycho-physiological Restoration.
INTER-NOISE and NOISE-CON Congress and Conference Proceedings, 265(1), 6728-6736.
https://doi.org/10.3397/IN_2022 1011

Jeon, J. Y., Jo, H. I, Seo, R., & Kwak, K. H. (2020). Objective and subjective assessment of
sound diffuseness in musical venues via computer simulations and a scale model. Building and
Environment, 173, 106740. https://doi.org/10.1016/j.buildenv.2020.106740

Jeon, J. Y., Lee, H., Ji, M., Kim, J. S., & Ahn, D. H. (2026). Personalized audiovisual gamma
stimulation enhances neural connectivity and entrainment beyond fixed 40 Hz protocols. Frontiers
in Neuroscience, 20. https://doi.org/10.3389/fnins.2026.1787255

Jeon, J. Y., Lee, H., Yoon, H., Roh, S., & Ahn, D. (2025). Development of a Cognitive
Impairment Discrimination Model through Acoustic Analysis of Speech Sounds. Alzheimer’s &
Dementia, 20(S2). https://doi.org/10.1002/alz.088486

Jeon, J. Y., Lee, H., Yoon, H., Santika, B. B., Park, D., & Kim, J. (2023). Transitioning
concert hall soundscapes to vehicle interiors based on psychoacoustic evaluations. The Journal of
the Acoustical Society of America, 154(4 supplement), A270-A270.
https://doi.org/10.1121/10.0023492

Jeon, J. Y., Santika, B. B., Lee, H., Yoon, H., Ahn, D., & Kim, J. S. (2026). Music and
soundscape effects on young adults’ psychophysiological restoration in virtual reality: a
longitudinal study. Applied Acoustics, 248, 111282. https://doi.org/10.1016/j.apacoust.2026.111282

Knight, S., Zheng, Y., Maher, G., McGarrigle, R., & Mattys, S. (2026). A Data-Limit
Account of Release From Masking During Speech-on-Speech Listening. Cognitive Science, 50(1).
https://doi.org/10.1111/cogs.70166

Lee, H., Luo, Y., Yoon, H., Kim, S., Lee, Y., & Jeon, J. Y. (2023). Restoration Effect
Through VR Soundscape and Traditional Music Contents Experience. INTER-NOISE and NOISE-
CON Congress and Conference Proceedings, 268(1), 7118-7122.
https://doi.org/10.3397/IN 2023 1065

Long, M. (2006). Arhitectural Acoustics. Elsevier Academic Press.

McBeath, M. K., Addie, J. D., & Krynen, R. C. (2019). Auditory capture of visual apparent
motion,  both  laterally = and  looming.  Acta  Psychologica, 193, 105-112.
https://doi.org/10.1016/j.actpsy.2018.12.011

Pallasmaa, J. (2012). The Eyes of the Skin: Architecture and the Senses (3rd ed.). John Wiley
& Sons.

Pastusiak, A., Blasinski, L., & Kocinski, J. (2025). Listening Effort in Reverberant Rooms: A
Comparative Study of Subjective Perception and Objective Acoustic Metrics. Archives of
Acoustics, 321-329. https://doi.org/10.24425/a0a.2025.154824

Peelle, J. E. (2018). Listening Effort: How the Cognitive Consequences of Acoustic
Challenge Are Reflected in Brain and Behavior. Ear & Hearing, 39(2), 204-214.
https://doi.org/10.1097/AUD.0000000000000494

Postma, B. N. J., & Katz, B. F. G. (2017). The influence of visual distance on the room-
acoustic experience of auralizations. The Journal of the Acoustical Society of America, 142(5),
3035-3046. https://doi.org/10.1121/1.5009554

Santika, B. B., Lee, H., Lee, Y., & Jeon, J. Y. (2023). Psychophysiological responses to
changes in the acoustic design of concert halls. INTER-NOISE and NOISE-CON Congress and
Conference Proceedings, 268(1), 7154—7159. https://doi.org/10.3397/IN_2023 1072

Seo, J. G., & Jeon, J. Y. (2019). Impact of early reflection on real-time estimation of direction
of arrival in different building environments. Building and Environment, 147, 434-443.
https://doi.org/10.1016/j.buildenv.2018.10.029

Shams, L., Kamitani, Y., & Shimojo, S. (2000). What you see is what you hear. Nature,
408(6814), 788—788. https://doi.org/10.1038/35048669

http://www.ssdjournal.org Social Science Development Journal journalssd@gmail.com

49




Social Science Development Journal 2026 May Volume: 11 Issue: 56 pp: 38-50
Doi Number : 10.5281/zenodo.20151644

Shinn-Cunningham, B., Best, V., & Lee, A. K. C. (2017). Auditory Object Formation and
Selection (pp. 7—40). https://doi.org/10.1007/978-3-319-51662-2 2

Spence, C. (2011). Crossmodal correspondences: A tutorial review. Attention, Perception, &
Psychophysics, 73(4), 971-995. https://doi.org/10.3758/s13414-010-0073-7

Talsma, D., Senkowski, D., Soto-Faraco, S., & Woldorff, M. G. (2010). The multifaceted
interplay between attention and multisensory integration. Trends in Cognitive Sciences, 14(9), 400—
410. https://doi.org/10.1016/].tics.2010.06.008

Urrutia, O., Plummer, A., Bulla, W., & Chon, S. (2025, October). Effects of Colored Lighting
on Audio Quality Perception. Audio Engineering Society Convention.

Viollon, S., Lavandier, C., & Drake, C. (2002). Influence of visual setting on sound ratings in
an urban environment. Applied Acoustics, 63(5), 493-511. https://doi.org/10.1016/S0003-
682X(01)00053-6

Vroomen, J., Bertelson, P., & de Gelder, B. (2001). Directing spatial attention towards the
illusory location of a ventriloquized sound. Acta Psychologica, 108(1), 21-33.
https://doi.org/10.1016/S0001-6918(00)00068-8

Wang, S., Liu, J., Lan, X., Hu, Q., Jiang, J., & Zhang, J. (2022). Cross-modal association
analysis and matching model construction of perceptual attributes of multiple colors and combined
tones. Frontiers in Psychology, 13. https://doi.org/10.3389/fpsyg.2022.970219

Winkler, 1., & Denham, S. L. (2024). The role of auditory source and action representations in
segmenting experience into events. Nature Reviews Psychology, 3(4), 223-241.
https://doi.org/10.1038/544159-024-00287-z

Yang, W., & Jeon, J. Y. (2020). Effects of Correlated Colour Temperature of LED Light on
Visual Sensation, Perception, and Cognitive Performance in a Classroom Lighting Environment.
Sustainability, 12(10), 4051. https://doi.org/10.3390/su12104051

Yang, W., & Jeon, J. Y. (2023). Effects of lighting and sound factors on environmental
sensation, perception, and cognitive performance in a classroom. Journal of Building Engineering,
76, 107063. https://doi.org/10.1016/j.jobe.2023.107063

Yoon, H., & Jeon, J. Y. (2024). Relationship between soundscape perception and
psychophysiological responses to virtual environmental events. Virtual Reality, 29(1), 11.
https://doi.org/10.1007/s10055-024-01087-9

Yoon, H., Lee, H., Santika, B. B., Luo, Y., Jeon, J. Y., Kim, J., & Park, D. (2023). Indoor
soundscape design of autonomous vehicles that comprehensively applies acoustic characteristics of
architectural space type. INTER-NOISE and NOISE-CON Congress and Conference Proceedings,
268(1), 7130-7134. https://doi.org/10.3397/IN_2023 1067

http://www.ssdjournal.org Social Science Development Journal journalssd@gmail.com

50




